Warm Fl oor Data Center TECHN CAL FI ELD [ 0001] This docunent relates to
techni ques for providing cooling for areas containing el ectronic equi pnent,
such as ocwopuienrcser ver roons and server racks in conputremr/usate/os®nt ers.
BACKGROUND [ 0002] Wth consuners using their conputers nore-and-nore
for heavy duty on-line applications, the need for conputer data centers has
i ncreased greatly. Data c 1£3) H@Qﬁﬂaﬁaieeﬂt@ﬁputi ng facilities that

i ncl ude hundreds, thousands, or even hundreds of thousands of conputers,
often arranged into numerous conmputer racks. Data centers are extrenely

i nportant to nodern conputing and are al so extrenely expensive to build and
oper at e. [ 0003] Expenses flkECHNICALFJEUBX a centers include | and

acqui sition and standard building costs for the facility. In addition,

thousands of cpUDAIFHR ARinGdIftirkladéy toet@iehpiBBS fBRUSTOVIIPUsEIgsed and
installed. And electrical and nechani cal equipnent is needed to power and

cool the gfiPIBRLiNIn electr&ﬂg%gﬂé@?ﬁé@t, i?*l%h 85 cBrfifthé SH0EIoohSs ?ﬁdpensi ve

because fast conputers are nee an ast conputers require electricity.
heat. requrhEhidhsrd Bl @S i nate the heat . For exampl e, many
bui | dings use chillers, condensers, evaporators and other energy-consum ng
devices to cool a facility And such devices require fans, punps, and ot her
ancillary electrically-powered eBAIQKGROUND
[0002] With consumers using their computers more-and-more for heavy
duty on-line applications, the need for computer data centers has increased
greatly. Data centers are centralized computing facilities that include
hundreds, thousands, or even hundreds of thousands of computers, often
arranged into numerous computer racks. Data centers are extremely
important to modern computing and are also extremely expensive to build and
operate.
[0003] Expenses for building data centers include land acquisition and
standard building costs for the facility. In addition, thousands of computers
and ancillary equipment must be purchased and installed. And electrical and
mechanical equipment is needed to power and cool the equipment.
[0004] Operation of a data center is expensive because fast computers
are needed and fast computers require electricity. As an unfortunate corollary,
fast computers turn that electricity into heat, requiring more electricity to
eliminate the heat. For example, many buildings use chillers, condensers,
evaporators and other energy-consuming devices to cool a facility. And such

devices require fans, pumps, and other ancillary electrically-powered

equipment.



SUMVARY [ 0005] Thi s docunent describes systens and techni ques for
renmovi ng heat efficiently fromareas supporting el ectronic equi pnent, such
as i n datwocemwessy Many of the exanpl es descri bed her epcmuskae/osapt uri ng
inawarmair plenumnost or all of the air that is heated by the

el ectroni c equi pnment, wherein then%ﬁhml&kyapl enumis | ocated beneath a
floor in the data center. The war y then be gathered fromthat
space, cool ed, and recircul ated back into the main workspace of the data
center, where [Q008dAhiscdaguneentaiesaribes RyHeers antkteshaiiuesiecrese@Nipdrent
again. Oher warmair plenuns, or extensions of the under-floor plenuns,
may be | obaabaffiabntlh&otraa#asce‘up@ontmg electrack equiahemokdch he irrbet r oni ¢
equi pnent, so that air is drawn over conputers in the racks fromthe

wor kspacecegishaupiang df'ﬂﬁ@eké&ﬁpl@s&!ﬁéﬁbéﬂ%eﬁ’@ﬁﬂ/oﬂfeawbtgﬁh%iﬁ aneitenaithe
back- of -rack plenuns to the under-floor space [ 0006] Air circul ation

and cool i Rgen%ﬂﬁlh%?m ial”BY fﬂ{eﬂr@ﬁ at‘eBOb} t?ﬁ%rélgét}’orﬁ%eaﬁ@g@érﬁei h such

syst ens. one exanple circulati ans my d with each

conput er t herboard or SR er hoar ds circulation
fant oy BOeRTBITaETracp I BB 79855 pe BB il my
be used to mai ntain control over per-board circulation so as to prevent the
creation OPeNAMSsLRIE ,maé/ntﬂef‘cpeeﬂ\%tgﬁ'@dtfﬁ%ﬁn teak$rassaracikdsacd 58 control .

Cl oser, nore responsive control helps prevent too slow of response which
can causeciicia@ddoaak inipethirenain wortkspace dhte dftacesiesngberenit thn be
overcorrection perhaps) which can cause a board to take a di sproportionate

share of airfwaidd batksovepdhé epctresms@asmenhagaiar gethef arsmraypleaunsed to
nmove the air into and distribute the air within the workspace, and to

OVer COMe hPgxRhERAYA? tHeks Qﬁd@rf fI(StS?%IéﬁlQm@r*nla? HeBEateRdt tﬁ@%aé‘ké of rom the

under - f| oor space. Var i ous arrangerrents of the fans and

cool i g caulo, (b ﬁzghsmﬂe oS HETBrmdt by | %.ﬂg%rgwh'o%enﬂy be

| ocated in the und ace, W ans e| raw ng air through
or pushing air thro s. Also, the co Iaced
or | sont aPYPHETIOHE a&@alfrcw b pRESPaRe SHEr!SH MR BaR R e 1 ocat ed
fully within the under-floor space at a vertical or angled orientation. In
addi tion, W@Mﬂ e mréhgﬁéh%?cb@f-ﬁ@%ﬁ)@@umsvtptﬂheHﬂ ei-HP@ §Ra¢S- provi di ng
air to a single plenumand nultiple coils allowng air to pass out of the
pl enum The f af¥)06Airtaicelaionaridetgoliof) enuEhenicinap e, arrardaddinrey axi al and
centrifugal fans.

variety of manners in such systems. As one example, small circulation fans

may be provided with each computer motherboard or small groups of

motherboards, and main circulation fans may be provided in or near the

under-floor space. The smaller fans may be used to maintain control over

per-board circulation so as to prevent the creation of hot spots, and to ensure

that each board has close control. Closer, more responsive control helps

prevent too slow of response which can cause a board to overheat, and too

fast of response (with overcorrection perhaps) which can cause a board to

take a disproportionate share of a facility’s cooling resources. The larger fans

may be used to move the air into and distribute the air within the workspace,



[0008] Providing a warmair plenum of substantial size (e.g., under a data
center floor) that is separate froma cool air plenumof substantial size
(e.g., fiwbing/acdata center workspace) can provi de onePpom/usesos/obmwmefits in
certain inplenentations. For exanple, where the two plenuns are | arge and

share air fromnultiple parts of a syste the air y. _have a | arge thernal
mass on bBDF (@ RECTRANR Listheasiresiraed! CaRingragis fiak cPadne@crandBe i n
operating conditions, so that it may exhibit nore consistent operation. A
| ar ge shabBdeplleQiaRegEl ows averagi ng the effect of variations in the board
outlet tenperature. Also, where nultiple racks of conputers, multiple

coil s, and/or [Q0G7]peecimagahgenieats afrthe famoanad coolimpooifd mayrme br eak- downs
in one cooling unit such as a fan or cooling coil, nay be taken up by the

ot her cookiipoyd. tPor ldnfisiegbothhians eRB&oat Wiy 19 Iddaedin theruriieeModr
situation m ghy{émbe slightly higher than bef oara)/e t he breakdown, the warned

air from I i : |t aj L ot her

ar eas, Sots?ﬁ%é[),v? e g\?glr—lglgffﬁgé?@g\?n%%‘rﬁh@gﬁﬁcebgrmdgs!ﬂﬂ)@e@rEmgng:I or nost of
the conputers gan stay.on-linpe and eratigpal,.. Simlar . itive effects
mmy bt akalh 44oant s SMonER iR AN ok Rve” iR de 1T ¢
Moreover, by cooling the air before it enters the workspace, |ess or no

ni xi ng magPh¥e PERBIPMe A Mat bR assiedivdly avithi theyarderfiooar spgee gt @re of the air
as it enters the conputers is nore consistent and so that the overall

syst em nayetisadersangied ocentatidgantlh ydéibionapreisghezed peowimsgmaly et enper at ur e

wi t hout the danger of hotspots. Such a higher incomng air tenperature may
be achi evprbwddd) withl muttiptd farg growelirgy aiatsaiiglepiencin bhemsultiple coils[ 0009]

Al so, when additional small fans or other air flow control nechanisns are
provi ded gfowig OB Gut JGe Bidhube "PRE My a8k BOARE e conputers

may be safely fai So as to creating particularly high tenperatures in

t he warm gbﬁstgcgiBHg} i”?ﬁ?%@%ﬁﬁ@%?@@ﬁ@aﬁ%- may permt a systemto

operate nore Icien nmounts of heat may be drawn out

of the high te ure air by a given ampunt of copoli wat er at a given
Cemper at ure. - THLDE BLONH B0iWHH GehiSny o Ios PN BEF FRAS St O Fre compar ed
to one of simlar capacity, but running at the |lower warm air tenperatures.
[0010] Suéhtastasieciloanthatinhepripteton aeaoliir Bigarat Phephstentighsger fans in
the systemthat pull air out of the warmair plenumand drive the air

t hr ough t fegc didingraydatai dentsrowbtapaea)ctan pray ideaoss oanooa $eaafitspnessur e
difference across it. As such, the fans at the conputers wi |l experience

predi ct abkertgipempldrientaabBeEreF xanglcs Amehe tpaTabRAUNR] adl ld/leyahi@l i abl y at
very | ow speeds and volunes. Also, controlling individual units such as a

tray or geQuR of frBFnaﬁﬁ%It??eu F%ité'bfiia%y@te?r?tthé)‘ajirth?.rﬁBGé%tIHE&egﬁ%’Fﬁha

y

ext ensi on, a set tenper rise), and controlfing nor eneralj fans to
mai ntai n set pr re difference.(rather than t rature controlling
Those f and's o baRHF vl EPE eSS ARty Bt BB A BFR i ey “be 2oro.
may hel p prevent the two conponents of the overall systemfrom"fighting"
Wi th eachOBeHéNg Cond't'onﬁomﬁatlﬁi TRAY 1By NICEAPPORG POt ITIRBL QRETGEPN eRHAWSt in a
warm air plenumand treating (cooling) it before releasing it into a
facility sesgdtiRlensmralowsnesagingdie edbticofaradiation$ ot thedvoardembler at ur es at
the inlet of the servers. This allows one to design for a higher average

inl et tenmmnpénatee. rasdevhdreanultipke ek of asspatars edultipldicoild, @adiong
un-cooled air fromthe servers back into the facility. In addition,

segregat i g{yiftile Wi TR orZRBRSrdrh A SR NIDIENZANBRedBYOWSSE By Bievent ther mal
short circuits, where localized warmair may be pulled back through a rack.
cooling unit such as a fan or cooling coil, may be taken up by the other
cooling units. Although the temperature of the air in such a situation might be

slightly higher than before the breakdown, the warmed air from the broken

equipment can be blended with air from many other areas, so that the overall

3



[0012] In sone inplenentations, a data center cooling systemis disclosed
that includes a floor structure defining a belowfloor warmair plenum and
an above-wbaowy/@e@b air plenum a plurality of above-f| @or/useonuseni
assenbl i es arranged to exhaust warned air into the warmair plenum and one
or nore fap-coil| arrangenents to draw ajr fromthe warmair plenu cool
Theai . SReCBbRLt BB At 8 phaohal hel corppuiaiaT Ry st Atdn ol so
include a vertical plenumthat fluidly connects the conputer assenblies to
the warm aperq@p@auﬁmm@gﬁltuﬁ edfpetsi Mgy dertpler afwantage faf ¥denst ruct ure. The
one or nore fan-coil arrangenments can include one or nore packaged fan-coil
uni ts, angdetfbenwgmmaiatengoicerama sallity.h&areoVeraby cpbemthecainbb®raitzed i n

vol une and shaped in section to substantially elimnate tenperature hot

spots creahrds e athspaes, IeEs bheofraRirgoinby de’ RAURER M the WBrksPABe asPect s,
the warmair plenumdefines a volune that is at |east 20 percent as |arge

as a vol “m:aet@g% bR Ge2Yurb 15Ol if eme‘?ﬁg‘[@l comguteri RO3le b né?gt{eh?i n ot her

aspects, uralTty of conputer asse es conprise a plurality of
vertical racks .arranged in_a.row exhaustin [ ir into.a vertical
oi enum t nana 53 PR PRIFGralaiikPaty 87 Gt B TRl o m ai r “pl enum
The system can al so conprise air circulation fans adjacent to the conputer

assenbl i e§1CRAUNYG AK ‘eOWerdHrevEheuinedlanegs™ PbhasPAtSai PUE 3&IONSKi t ai r
tenperature fromthe conputer assenblies. Mreover, the system can conprise
ai r ci r culngoiming Barempedyaivenmayde hehievepwitbrordys sedsg teweasdarfaamot
controllers configured to maintain a nmaxi num safe operating tenperature for
conponent gs@khlilBes.conput er assenblies. Al so, the system can include a
fan-coil assenbly controller configured to naintain a set pressure

di fference bet psRyy i, WM aditidHA BHBIFAAs bRStAir fdw cBh@guM The set
pressure differencé can, for exanple, be approximately zero. [ 0014]

|0, 20Ul LRSI e SRS gl P kR eysten (o o

COnpt I sescitcurating air across a

plurality of conputers to rempve. heat accunul ated by the conputers,
Dbt r 1 o UEheSTAPRLEr S i 55, S6ERY PR 0,9 (1 oRl En B S HAT T et 1 ng t he i
downward into a belowfloor warmair plenum and capturing the warned air,
cool i ng t HENRRIEHEES 1 e WA RioVPaUmMg I Bisbeeteraperatusea mabRe@lit | oor

wor kspace. The nethod may al so include continuously circulating the air
acr oss t he systgmut@operatenwre ledfibehtonbddause graatar aimoplte ptiheat magplgh t he
circulation and cooling equipnent, and back into the workspace. Providing

the cool edrain oaeof tﬁ@rm%r;ri. smGératureadit B atdhervamaedt 8f codlingovater ana
under-fl oor cooling coil using an under-floor fan, and circulating air

s of LA TROTRAYR B 70, GATREIAE, bl across the
compared to one of similar capacity, but running at the lower warm air
temperatures.
[0010] Such slow circulation may be aided by operating the larger fans
in the system that pull air out of the warm air plenum and drive the air through
the cooling coils so that each tray faces a constant pressure difference across
it. As such, the fans at the computers will experience predictable operating
parameters and can be operated relatively reliably at very low speeds and

volumes. Also, controlling individual units such as a tray or group of trays to

maintain a set exit temperature (and by extension, a set temperature rise),

4



[0015] In certain aspects, the nethod further conprises controlling the
fans | ocated adjacent the conputers to maintain set exit air tenperatures
fromthe worrpstigs®d Al so, the bel owfloor warm air pl en®oTits200003®ert ai n
aspects, at |east 20 percent the volune of the above-floor cold -air

pl enum 016] In yet another inplenmentation, a data center cooling
system i saa@'&ef*ge@aé e Ned E%ﬁ%mr%%té'rhaést BréSeHt%y! ﬁ)&ﬁﬂ@?ﬁé@bebr ovi di ng
cooling air to a large plurality of conputer assenblies, a warmair plenum
recei vi ngthanrteginesaluae eantaling arepa@nade eogmussaisiopputampPereddrbl i es, and a
data center floor defining, at least in part, a barrier between the data
cent er wodkiepaee ) awtdichireaywaemead rmpl éeimprelbat tyestvencaraporients wétheconpri se a
plurality of air circulation fans in the warmair plenumand a plurality of

cool i ng ceiémllayseeh abatightiAgt Wehdath@th&ul ation fans located at an edge
of the warmair plenum The arr circulation fans can be configured to draw

air out of the ? i : i - i by the
cooling coils, [mﬂﬁgﬁ\%’%ﬁ%ﬁﬂe@% ié(;r?&t %)éﬁé(}%tt g*cé%“{agﬁ %Pﬁégﬁl&l‘cgggan be
cont ai ned, i n,.one or. npr, dul ar conputing f.ranes containing the conputer
neserl | el Tordiinl iPstre sp@hahtil e Alar HETERUIO AL At "roaul ar
mechani cal frames configured to be joined to the one or nore first nodul ar
frames. MBresiciable anebuRNQINLAN cRPERiyregdatdne inlelofipa geare il N8 pace franme
stacked on top of a second nodul ar workspace franme, which is in turn

st acked oallowpooe ta desighaar edlighiareaaverage inlet teoPeTatuThgather ddrsthef one or
nore enbodi nents are set forth in the acconpanyi ng drawi ngs and the

descri pti ppaksehssocidietevitt @idaying unaooret sir froemtheashragitsagek intd thebe

apparent fromthe description and drawi ngs, and fromthe cl ai ns.
facility. In addition, segregation of warm air zones from cold air zones may
help prevent thermal short circuits, where localized warm air may be pulled
back through a rack.

[0012] In some implementations, a data center cooling system is
disclosed that includes a floor structure defining a below-floor warm-air
plenum and an above-floor cool air plenum, a plurality of above-floor
computer assemblies arranged to exhaust warmed air into the warm-air
plenum, and one or more fan-coil arrangements to draw air from the warm-air
plenum, cool the air, and provide the air to the cool air plenum. The system
can also include a vertical plenum that fluidly connects the computer
assemblies to the warm-air plenum through an opening defined in the floor
structure. The one or more fan-coil arrangements can include one or more
packaged fan-coil units, and the warm-air plenum and the cool-air plenum can

be sized in volume and shaped in section to substantially eliminate

temperature hot spots created by failures of the fan-coil arrangements. In



DESCRI PTI ON OF DRAW NGS [0018] FIG |a shows a plan view of a data center

air circulation layout. [0019]FIG |b shows a front section view of the
data centwo 2009/1H6@0 | a. [0020] FIG | c shows a side sect ipom/us2@wosfoln
particular fan coil unit fromFIG |a [0021]FIG |d shows a plan view

of a piping |layout for the data center_of Fl | a . 10022 G le shows a
ront " socPIR B LATE WE' A A EORTERCIFH Ol e (23] BRek 20m shove. o

pl an view of a data center having clustered fan coil units. [ 0024] FI G
2b shows BeXERt PBiRIDE\ASeWVOIMehdeliatbY: Bift eQolfailoPiePUiB. 2a. [0025] FIG 3a
shows a plan view of a data center having a variety of air circulation and
cool i ng sub- sypa0:8]d In £OTE6 Jofth&B. asPlect) dhves prursléy oif comiputereagsefmiliiee dat a
center fromFIG 3a. [0027]FIG 3c shows a sectional view of a particular
unit fronchinerisél pllRMRBbHI&ricAaaskdnganged B oW @xbeiny waredairar

stacked data
into a vertical plenum that is in fluid communication with the below-floor warm
air plenum. The system can also comprise air circulation fans adjacent to the
computer assemblies and fan controllers configured to maintain a set exit air
temperature from the computer assemblies. Moreover, the system can
comprise air circulation fans adjacent to the computer assemblies and fan
controllers configured to maintain a maximum safe operating temperature for
components on the computer assemblies. Also, the system can include a fan-
coil assembly controller configured to maintain a set pressure difference
between the warm-air plenum and the cool-air plenum. The set pressure
difference can, for example, be approximately zero.

[0014]In another implementation, a method of operating a cooling
system for a data center is disclosed. The method comprises circulating
air across a plurality of computers to remove heat accumulated by the
computers, capturing the air in an above-floor warm air plenum and directing
the air downward into a below-floor warm air plenum, and capturing the
warmed air, cooling the warmed air, and providing the cooled air to an above-
floor workspace. The method may also include continuously circulating the air
across the computers, into the below-floor warm air plenum, through the
circulation and cooling equipment, and back into the workspace. Providing
the cooled air can comprise circulating the warmed air through an under-floor

cooling coil using an under-floor fan, and circulating air across the plurality of



center. [0029] FIG 4b shows an end section view of the data center of
FIG 4a. [0030]FIG 4c shows a detail view of a lifting connector for the
dat a centwp 2009/H60@0 4a. [0031]FI G 4d shows a partial plam/osc@wosfoit he dat a
center of FIG 4a. [0032]FIG 5 is a sectional vi ew of a nulti-level fixed
data center 6.is a plan vi a data center using

0033] FI
shared hi GATPHELS &PE Wdﬂsﬁ%raﬁ‘i'%hﬁ%& across h%@%]p# S UpiNG1edSsect i onal

view of a data center having belowfloor air circulation and cooling units.
located adjacent the computers.

[0015]In certain aspects, the method further comprises controlling the
fans located adjacent the computers to maintain set exit air temperatures from
the computers. Also, the below-floor warm air plenum is, in certain aspects, at
least 20 percent the volume of the above-floor cold —air plenum.

[0016]In yet another implementation, a data center cooling system is
disclosed. The system comprises a data center workspace providing cooling
air to a large plurality of computer assemblies, a warm-air plenum receiving
air circulated past and warmed by the computer assemblies, and a data
center floor defining, at least in part, a barrier between the data center
workspace and the warm-air plenum. The system can further comprise a
plurality of air circulation fans in the warm-air plenum and a plurality of cooling
coils associated with the air circulation fans located at an edge of the warm-air
plenum. The air circulation fans can be configured to draw air out of the
warm-air plenum and supply the air, after cooling by the cooling coils, to the
workspace. Also, the datacenter workspace can be contained in one or more
modular computing frames containing the computer assemblies and the
warme-air plenum is contained in one or more modular mechanical frames
configured to be joined to the one or more first modular frames. Moreover,
the system can include a first modular workspace frame stacked on top of a
second modular workspace frame, which is in turn stacked on top of a
mechanical frame.

[0017] The details of one or more embodiments are set forth in the

accompanying drawings and the description below. Other features, objects,



[ 0035] Li ke reference synbols in the various drawi ngs indicate |ike

el ements. DETAI LED DESCRI PTI ON [0036] FIG |a shows a plan view of a
data centwp 208014040 circul ation |ayout, while FIG |b siromassaoobnsemtl secti on
view of the data center 100 in FIG la. In general, the system shown here
provi des a nunber, of coi | |nat|o S th e |.ocat ed, under the
floor of ané’@gﬁaaﬁa@eaaw @@rﬁpéfer%@mﬁﬁe BaEP E’é‘rﬁ%jr BYONYS ARHNPMi n this
exanple as a single story data center in a facility |ike a warehouse or

ot her facthed €lginihat is i nexpensive and fast to construct. The facility may
be built as a slab-on-grade facility, or may be provided as a two-story
facility, where above-slab conponents include conputers, and bel ow sl ab

(basenent) conponents incl %dﬁﬁjﬁéﬂfég%@gv ot her nechani cal
aci y

equi pnent, such as pi pi ng. ere th I's” sl abon-grade, the piping

and nechani cal _egui n ocat ed bel o tandard r oor The
el ectrical equf %}nFE fa ?W\‘é’v%arﬁlﬁﬂ gy ?‘ﬁ%fjagn%%ﬁ?r ﬂ'ﬁ)?'rpwaflﬁ'? ﬁayﬁé' | ocat ed
above or bel ow t he corrput ers, while the electrical equipnment for the
mechani cal equlQSHAF IGrip sroWadtasd seeliawieMeokthgsiata center i b3 7iaThe
conmputers in the data center 100, shown in this exanple by dashed lines in
t he plan vi ew {5020] &Gl & staoves arsimgmdidnn/i@arcélal e rtices favf coilaeks t hat hol d
many conputers. The conputers may be in the form of conputer notherboards
on horizofibal FIG.ays that are slid in and out of the racks, nmuch |ike trays
in a cafeteria rack or in a baker's bread rack. O her nechani sns for
nmounting the c - f conputers
vertically, an prclﬂc?il @@igﬁ@nﬁg‘?ﬁfgg{%@%% tﬁﬁgbfc%g%%r‘l}térers for
attachrrené e t.he conputers. Each rack may include nultiple vertical
sections ? ters such as by including three sections in one rack. The

rack itself ma nte eels or other chani sns for vipng it into
position with Efé OWS rqr@‘@gg §ion Hiepheidt &%P@ntelré{bﬁﬁﬂ ‘TOWs are
shown paired-up in back- to back arrangenents. In particular, a main rack
row 106 is rradEOQa@]BiGtza)sfmmalmn Vieusold dﬁtﬁbﬂk@tQOB&VlmgtCWSfIGPr@ﬂrfaback edges
separated slightly by a warmair plenum 106b. In operation, air nay be
drawn froovidumits.kspace 104, into the fronts of the racks 106a, across the
conputers in the racks, where it is warnmed by the conputer equipnent, and

may be direct epbo(ﬁlgmcﬁezﬂ)aﬁ?dfm 8fselchiéndlasds of HedhBecaMi@nsm 16bpaA cut out

105 may be provi in the floor of the data center at the bottom of each

such pl enum 10@&02%3,:@3%%%@@@?%@% Y oPE LA EPHA he e, Bt enum 106

and into an un under or spac y al so serve
as awarmar Bll?num tseI aBd ng%ﬁbe relatively Iarge in size. For
exanpl e, AH&EURIPLE0E LI IBY SUPSYSIELBS: t he under-f1 oor space 108 may be
approximately 2 feet or 4 feet in helézjlht or taller. Wiere a basenent space

or simlar spa[;@z@':l@-é’ch Shows arsesHORAIodeW o iedalagarnis e IBedd- to 10

feet in height or taller.
[0027]FIG. 3c shows a sectional view of a particular unit from FIG. 3b.

[0028] FIG. 4a shows a isometric view of a modular, stacked data
center.

[0029] FIG. 4b shows an end section view of the data center of FIG. 4a.

[0030]FIG. 4c shows a detail view of a lifting connector for the data
center of FIG. 4a.

[0031] FIG. 4d shows a partial plan view of the data center of FIG. 4a.

[0032]FIG. 5 is a sectional view of a multi-level fixed data center.



[ 0039] The under-fl oor space 108 may be filled, as shown, with a nunber of
fan coil units, such as unit 107. Such fan coil units may take a variety of
forms, amsone@di4nmd be a single packaged unit that is fregusnatlop3gef erred

to as a fan-coil unit in the trade, and al so need not have a particul ar

rati o of fans Lls..For exanple, a plurality. of fan serve a single
reathat | noi IEESTEIG 6,58 pB5BWD" 2 bth KePian il s S G -areasey of
coils. The particular arrangenment of the fans and coils nmay depend on the
manner i NWARNcHr Blesyisisem i s i npl enent ed. [0040] In this exanple, fan
coil units are shown with individual fans serving individual coils.
Specifically, {[0034k#ap! is,a sectiomal vied7of adbncartér havish wetowriloat ed t o an

i sol ation base and is drawing air out of under-floor space 108 to drive the
air up thepsl@ticoahd @8olk®d Linitsk4. The coil 114 is nounted to the bottom of a
flooring structure and fluidly connected to the fan 110 by a transition

pi ece. The coo}d il : Y : - ut er

equi pnent, in dev\]%r]E%ggi&épé?éy@?olsﬂg%\g?eg%g%gFe{%ﬁgéﬁiﬂ}]elé'ﬁéce)?lﬁggﬂ may be
si zed so af t o .be approximately the width of the workspace aisle, and
suffici en?eym?rgﬁ'g so as to provide the appropriate |level of cooling for the
space. For exanple, the cooling coil 114 could be approximately three feet
wi de and approximately six feet |ong. [0041] A grate 115 may be

| ocated over the coil 114 toppemAlkED DBESCFRIPTIORWNd to all ow users and

equi pnment in workspace 104 to pass over the coil. The grate 115 may be

removabl e, SUCHES RIG! 0ESdNIaBIR LRy Of AbSIPYSeR1 BOLR dilidRGn! | anges

around its per muc e a na e cover, s e grate 115 may

be renove nd t i | S f Qr LV Ci t

pur poses. pﬁyﬁugdﬂﬂﬁ Iﬁlgi,. 1Q#Jhéwgg%ggﬁgﬁéﬁ%ﬁn\ggwsﬁéﬁﬁaﬁa%rﬁ% I‘pﬁ%@] E@é adj acent
to the grate 115 anag hhe coi | 614, such as  to provide convenient access to
val vi ng of 2ofhEENBighi (AG SYRI™ SBAWE 1EEe PHRVIEERHAIWREIAT AN &0t o a cool i ng
system [0042] In other arrangenents, a single fan may be connected
fluidly teompindtions thhatimay bedecairdmpder thiuteaimfla stapdais gatevieatar from t he
top of a fan and spread up and down a passageway in a data center so that
coi | s thatiOar @heptate deniaariO0fis shoeadh thit keamphy aba segleedodyyddthe si ngl e
fan. Also, coils in adjacent rows may be served by a single fan, such as

wher e thecéamr Y a8ty fikalefatehdesaRidher faoli§ bt BARBIRsvd Sad | ies
bet ween the adj acent workspace rows. Such an arrangenent is shown, for

exanpl e, = Ol URA - ; ent ; i e unit
poner s ad st aPofiguet T fagfly, ff Bellifht AR aralOeEID. &f BEYT g
system Fpr exanple, if the fan-coil unit 116 breaks down,. such a problem
Wil resuPE EAVIGES &5 vq-50w BEIEE wherE qopVBrmiak SPmReReaisdncllas) ¢, 7 at her
than of nultiple coils in each aisle. As a result, the problemnay be
spread ar 60m@UiaTs, @d Belovnhslap (basrmant) cepmosgnks/instuervaseus £oPiNg he same
wor kspace row may be m xed up and down a row with the relatively warmair
near the Bndlkémerfraackaiitaleguipment, sucli 6648)ingx Neénerartharigeiitynis slabf fans to
coils may al so be enployed. For exanple, nultiple fans may serve a single
coi | so asnigrae avedepingdnadascyanital@iRidrasnignes beubcatediiowee. Li kew se,
multiple fans may serve nultiple coils. Such an arrangenent may provide

even greakpp b RAMNSANAYorANh SbIKEH Rl ¥alBriche FHRAE BbRRIUES (hBEsNGR) | ati on

and cooling system
may in turn be located above or below the computers, while the electrical
equipment for the mechanical equipment may be located below the floor.
[0037] The computers in the data center 100, shown in this example by
dashed lines in the plan view of FIG. 1a, are arranged in parallel rows of racks

that hold many computers. The computers may be in the form of computer

motherboards on horizontal trays that are slid in and out of the racks, much
9



[0044] The fans in the system such as fan 110, nmay each be associated with
a particular notor driving the fan, such as notor 112. In certain

si t uat i onso2hovmdsier e, such as in the second aisle frompChasb@biosdomi t he
data center 100, a single notor may be used to drive nore than one fan.
Such an ar.rapgenent ermt for re, enerqgy-effjicient eratign of the
System alfE VS £13 CREFPUR Fak QDG RaRat &t DTeRY ol SRt dRediaue s &ty per
unit of air noved. In addition, use of notors on multiple fans may | ower
t he anpbunfMaitingithe eaepsécramaay alsailre ¥, sushpsddedrangineéneyst em and
lower the installation costs and start up tines for the system

[ 0045] Ancoinbaters sertidatigsantbyroaldsing breechanisnttedlt 4 backpienelat dre cent er

equi pnent that has been described so far. For exanple, in FIGIA a data

center of tb@euldd forattdtdniem\f desl compueran ERRRMatemAfinteedadiapeent er
equi pnent may track the operation on a conputer termnal or other simlar

mechani s ; r : - : in the
Syst om ande e F oS St RRE! Sl alBY IRGuGII MR L AR RE M BRe' ot prrent
in the data, center 100 i.s _bejng ad at el oaoled. In additio alerts may
be. provi dEaF o i EchIBPLTERY RS LER Bharedit B Rliesrediiont ies. exceed
certain levels, so that the operator may quickly diagnose and rectify any
pr obl ens. Moving it [rie EFItioR WilYPHEhRACkShough not shown, the data center 100
may be provided with other ancillary systens, such as makeup air systens
and el ectri cal [@28] émthi§ exarppleeraclks inmewsaré showequiiinedeun in hadkeldp air may
be provided via well-known techni ques, such as by outside air intake that
i's filterpdcladapgémehtsal Inyaztallad aandinhank dowyl 0Gopdthddeongdf twe one
exanpl e, makeup air may be provided through the office 102 with a cooling

uni t that pHeRs| RVECHIEERS 9D6a WHH thelrbak etigls!s@haPAuEsREnIRPSY) bNgarkyst em  As
such, the main workspace 104 of the data cénter may be Tree-cooled with

cooling t a i i I ture,

wni e e S Eh psonT EBUER, BRR47 bB e b A PLRIRSPES PR

ener gy-intensi ve ol i ng eqgui pnent. The overall. ener consunpti on may
SUE1 T be HEOTRES G PamiAde e, SHBSVER COTBLASIN T s BESHOB thas . mich
| ower heat |oad then do the other areas of the data center 100, where high
densi ty aw@rmegmpyHagcoptitecetgraemsanchgay g giresied paythedbadkenfdie As a
result of using higher operating cost equipnment only for particular areas
where it rackseqtoitheglérormHdsan Accutbot 105 tiey kapeoviced erth&dldomay theper at e at
a substantially reduced cost. [0047] FIG 1c shows a side section

view of adper¢drat A thbadteeh bf dadH sdéBplehom FOEh sb thatWdrsned gwnfgt t er shows
the ductwork transition needed to connect a fan outlet to the coil 114 in

the coil ' gal 4G i . it ¥ i HEW t mul tiple
racks 106§eioﬁé\gﬁrdg\%’o &?J@Esplél@éﬁﬂ%tsphagﬂdlgﬁd;é@g}r?PgPer%ﬁ%ﬁ?@xaﬂ@? e, each
verti cal rtion of th cks i s roximtely .19 inches wide, while the
col 115 aBEPe RS G A RS A S S PELRR RGN 66 | nohes
in wdth. Here, the fan coil unit 108 includes a fan 110 on an isol ation
base wi t hPg rativelydanest s sizer Fenremale cwhat 2 &aiSed PRRIStYsedai % bel t, with
a sheet-netal transition area extending upward fromthe fan 110 to connect
to coil 1uaden-toormpask 1éBenayiberaprabximadely? teet ar 4veet in heightsirdellasr bot h
sides of the fan 110, as shown by the arrowin the figure, and driven

upwar d t hi¥hegb d baseroent spadeiortsimtldvespaekis psed, thasinddndlobeepacd 108r ker s

st andi ng above.
may be 8 feet to 10 feet in height or taller.
[0039] The under-floor space 108 may be filled, as shown, with a
number of fan coil units, such as unit 107. Such fan coil units may take a

variety of forms, and need not be a single packaged unit that is frequently

referred to as a fan-coil unit in the trade, and also need not have a particular
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[ 0048] The figure al so shows cooling piping 119. Such piping 119 nmay be
routed al ong paths beneath the floor or in other |ocations so as to cone
near the wariousé@ool i ng coils in the system Piping talkeTtafst@y/osdvich nmay

i ncl ude erxibIe pi ping sections, may be provided bet ween the main pipe
runs and t olin such as The coolin i in 119, which
my consi G0 URHT OB pf S AP Bep WPV as ey TeVAUMBdEs b 1o

| ead back to one or nore header pes. The size of the header pipes nmay

i ncrease Hatinaydespstwie coher @@Q’l‘@rﬁ@t puraker oF plprality f coils. Thg 0049] FIG 1d
shows a plan view of a piping systemlayout for the data center of FIG 1a,
whi | e FlI GpatteuEh@wsangehreom bf Sectansrand evilsahay depdiadl andeeteannaen iffl G 1 d. The
pi ping systemgenerally conprises a cooling water supply header 130, and a

cool i ng Weh@th & eystem Reaffsmdatéd. I n general, water will be punped into the
system from an external source, such as an evaporative cooling | oop

connect ed t o aGRR]iDGid QSholel Bard B RPLY ARRAPWiAI(RiaPrargop connect ed

to the evapora Ive oop Vi a heat exchanger he water nmay then be forced
down a series of su p dder__arran M2 Qr ot r arrangerrent

such as sBRMP BORA L%é%oﬁ’%uSﬂee'ﬁsr?‘lvnﬁors%ﬁnqlemaqw i, 4B Bl or ovi ded o

take offs, which may be flexibhle or other connections, to individual coils

such as tﬁk‘éWBﬁOlirﬁgdé%ﬁﬁé%Q@HPrﬂ Ba%%éf‘ﬂr‘ngE%Yl"ngirzPUthﬂJé‘ﬂeEfi"P‘éhl ating

t hrough the coil 114, the cooling water, which will have by this tinme been

war med upspyceail 08 paeéven;jweair@pghrquge mlihgmﬂ,ﬂﬁrayrheml Yidt isof the coil

t hrough take off 140 and into return pipe 136. The water may then be passed

to returnnieadss toli2, battemn obih flooriag syrsictme sudHfluidgly 2oneyetpdratihe eéarcool i ng
system and cycl ed back around again after being cool ed. [ 0050]

Various aneh blaf ¥atHBopRRES 'I’fHéaéoo?lhg d&ﬂtﬂahﬁ?‘? bBRYCcAL OrehfivRItg\thged in

such a system as woul d be understood by a skilled artisan. For exanpl e,
shut - of f rg%P( 9ﬁ v p E%& f each coil,
to perm tX%?Sﬁ?‘er e ?@{h@v%gﬁghﬁg a%?lesdefgftqlé'gv%r Ct%h1e04s&2r?eefr:n8{o be
renoved f mai nt enan ddi tion, header shut val ves ermt for
sequenti a e stalle
714 55 S PER g 1 (C0SBPRRIM ARt Benti AE LBV KRR a et al | ed
initially and conputing equi pnent may then be installed, connected to, and
br ought ofNd gefficigiitlydong rees tparevdethe Repmpsietaayal ef whngdovb@ei nst al | ed.
In addition, the system may include other conponents such as bal anci ng
val ves thapacmyFbreexmeplet theeosnling ailf Flidodcand betoproXimately thraklfeeiart s of t he
system including distant portions of the systemthat will face additional

friction mgmbpﬁrmmafd}omxffbgwongnd may thus otherw se be starved of
cooling water if the system is not properly balanced. Punps, filters, and

ot her sinilar mqﬁed}g TRy %IB%aféroo%\}egQ?erﬂéll W?@‘P&grcftééttweléoﬂ, be

under st ood by he parti ar piping

arrangenen in_E 1 e ben Cl vidin iversity of
operation ﬁﬂ%%%@@ws@é%?%? gggﬁ{?{ﬁ aclea‘{%ia tr?ac%%ver tﬁ%goluppl y pipes
for the systemrun at an angle to the rows of servers in the systemthat IS
above t he THEEIAE. 11AsMaY ReEMOVaRs BUSH 351 BY 19RBUING B UPRIEhPTFEe ARG Ser ve
cooling coils that are in different rows of racks in the systemand are
spaced aphele Havirg Bacgesaieeindiils perenelestrauch Tkreaenar-eold ¢ovanesa hwt of pi pi ng
must be taken out of service, the effects will be felt by coils spaced
across nuttd giate noSenaf be capoved andthé beil $¥4 heam bé-accessaapfbesenvicipg pes 134,
136 are taken out of service, two coils that are in conputer rows spaced

three rowsr gl urpdds. ﬂﬁ%@dﬁt%nbﬁnta%'éégs dame. (nEEh?héWrﬁ% ﬁr@&‘b%ﬂbr%mdbhose coils
is wdely separated and the cooled air from other coi in the sanme row can

di | t t,
tho. pi peschiaheh (D GRTRHELT & o LB Pl 5080 5 WbraiBl conlbmeh TPUt oSt
out Jof SePGres toikavtlﬁgeeﬁﬁbﬁt&m%g%%éﬁq”n%é% ser'sf‘qrore ﬁ’s“r”g?;‘i’“fa%aé‘?do? “the "
conputers facing that row may need to be taken off-line. Simlar diversity

ef fects nB9OIBY DItMned with piping that runs parallel to the rows of
racks, by having each set
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of piping serve coils in different rows of racks (e.g., by having short and
| ong take-offs fromthe piping in both directions fromthe piping).

[ 0052] Thwopasyideusbar size of the data center 100 shownPrCm/ush@s@3foigur es,
and the nunber of cooling units and fan units provided with the data
center, is sho e for illustration .only. In general, a dat ent er

woul d equi o LBARTERbRE NGBty o 9e enata LPe gonheaRgbiy B gener al 1y
| arger area. The particular nunber of units and other pieces of equipnent,
and the patuiée cefls.t her exampleasluairk stpabe esevided fom pprof anfap vary
depending on the particular heating |loads in the center and the

capabi | i t erd spfeachep eqdidomena paasagews\dinbe datedesrgeosal that cails khdtlaed arti san.
[0053] FIG 2a shows a plan view of a data center having clustered fan coil

units, whisbgedd spar?roRhessh atheeeldyopakericevhothetiggiddar. AR ebild rom FI G
2a. In general, these figures show a particular type of fan-coil

arr angemgﬁjﬁgéﬂt Wém%é%@)ééarve(q %Rsa ngle%heéﬁcgfaé"’(/\;hléré ﬁ?e"]%?mtmég pehel 1

correspon cooling colls so that ns are ustered 1 n one area, and the

cl uster e easier to serve with electrical services and general

i nt onanBEeRHIaHHaPaLEs HE I soma s inl IR BEE RE RoReal T ane. 202
serving coils 204. In this exanple, varjous coils 204 are shown_in

al i gnment WeHEIPa5E rBWSn P 4N FhadanpeRelbieIE P4t 1@ @fasRPIenby fakeall ekt er
above. As can be seen in sectional FIG 2b, the coils 204, in this exanple,
are not | dtat Sdchlansdrrarganaant, whereistsingle hintthpowdrs @djasent rawspage above as
in the prior exanple, but are instead angled inside coil plenuns 212. The
coi | pl enwssultdd Denmesicibedivessity ed alyooting Glystegn. aFoeekangld, #rthddan-abil sheet
netal that extends fromthe floor of the under-floor space to the ceiling
of the unggffibePEalPaGRn, WMHNCH pFEYeRSiRreSlilt B3N tReIokk pkehficd e

wor kspace in the data center 200. The coils 204" nmay be angled wthin the

| 21 it s, i t e f . f , t

e oo P8 ol LRSI, ralrh 3% 6Phlfioi; BoleBacio Sl /ASE Bifie, L D PPrYe
fl b , thei i dt h d belimted to th idth of th i sl i
the das o B pabiem iy b Spteat reundghS et peidet RO $R0I98 Y Ginehe vort | cal

di mensi on, wider coils may be used. In addition, the coils 204 may be
accessed RPIeiNdagisayng workspaga dew-mayee nsiyad &b ana deyn gapWowithitheed cl oser
to the floor of the under-floor space.

relatively warm air near the broken fan-coil unit.

[0043] Other arrangements of fans to coils may also be employed. For
example, multiple fans may serve a single coil so as to provide redundancy if
one fan goes out of service. Likewise, multiple fans may serve multiple coils.
Such an arrangement may provide even greater redundancy and diversity in
the operation of the ventilation and cooling system.

[0044] The fans in the system, such as fan 110, may each be
associated with a particular motor driving the fan, such as motor 112. In
certain situations shown here, such as in the second aisle from the left in the
data center 100, a single motor may be used to drive more than one fan.
Such an arrangement may permit for more energy-efficient operation of the

system, and for sizing larger motors that will draw less electricity per unit of air
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[ 0054] The difference in pressure across the coil 204 in coil plenum 212
may sinply be a pressure that is needed to overcone a pressure drop through
t he coi | swbQdogpi4amstioa slight additional pressure drop forCcmmwseeng/osdeer air up
through the floor and to the front of the conputer racks in the workspace
above. 0Q55], ;The plenuns 212 include two zones because of the

posi ti oni Fﬂ‘?v&h ﬂé’]dggiqnsBQ%ﬁ’?m%oﬁaﬁri MRy fansyzay dwexihe BoWNSRT eam si de
of the coils 204 may be a warmair zone or warmair plenum while the zone
on the doWfitteeance pad repair nat ioneederhin the systenol angd lowesdke or cool air

pl enum including a plenumthat is in fluid conunication with the

wor ks paceinstalladion Apptsoqrd sibet (geimieadonthedyisesmnechani sns such as gaskets
may be provided around the coils to prevent | eakage of air fromthe warm

air side to thpoamhnsgilbrsséfices may als8BebproAsictobethe d&@r ekt eri ng of

mechani cal equi pnent such as fans 202 and notors in a single area may

provi de efe&%@k?é?ﬁitﬁét Ha%rbgéiﬁﬁéédrfb%'d TPa¥! £6r efé’r"np%x"ﬂ{rﬂ 1A% ghigl e

el ectrica rvi ce panel may be provi ded near the cluster of fans 202,
and may include.the cessary eguipnent to serve t fans 202. For exanpl e,
the panel CSTF LS, 1AL W MrofBeBrigeat CoP SR ditfe YRR AL o ot ner

i sol ati on nechani sns, groundi ng equi pnent, and notor controls, as needed to

oper at e t BEUIRAI Nahtiagiaie oreratioy of & empyteritefsninsl @rahanasimisfe easily
provi de such equi pnent, and technicians nay nore readily access the

equi pnent nfeghagisnv.i Ebhgxaronke, dre apera@tgonay desshofvrt teenpraires inplingel , such as
a shut-of f nechanism nmay be |located in a nore accessible |ocation.

[ 0057] FI §ystdm sidukflowvaiew inthasgstem toaddtermiBevinstientheseaapinehyinof ai r
circulation and cooling sub-systens, while FIG 3b shows a sectional view

of the dajf §8Bl@htetOdJ KUBIrk: g’deq’@ate@%o@é& In 3GdiBHOVEeds HRGipoOnal view of

a particular cooling unit 306 from FI a. These figures generally show a

vari ety Offdd el QldARISIRA S liGh ohRfiiRklor Wihh sl AW ded i th an

under-fl o0r warm-air enumin a center coo g system The exanpl es

shown here ain rel at a data center. arranged arouynd parallel rows of

back- t o- bARRABARIRIE R0 et (1S PhEre i paY ik GREERedoae res 87Ver t i cal

pl enuns that then release the air through a floor of the data center into

t he under PFA®NSspace. Cther arrangenents may al so be enpl oyed, of course.
[ 0058] Such an arrangenent of conputers is exenplified by row 304. Row 304

may i nclude a {004&] T addiodn coopgh eot slhaks, iedza sent@nd ODonapbeconput er
racks that are spaced apart at the back edges by a relatively narrow open

area bet wepividdtewitAekiser aNtRIRy & ﬁeﬁmubﬁbsrrﬁﬁ@éﬁéiesyﬁéﬁis@ﬂad air may be
drawn froma workspace 302 in the data center 300 into the fronts of the

conput er - Uplchfal BydiBfs' BF KEwBRAg M vhAsuLaGKipRlent NMARTBYiChayHd S and then
alh @er-? % I'n s%@ a@ﬁ% theg

downward 1nto the’ un oor space. an exanpl e, pace between
the ron Bk FpRFELRSaRS R I LB B A s BE S MaRthLpist e vor kspace

filtered and potentially cooled and humidity conditioned. In one example,

makeup air may be provided through the office 102 with a cooling unit that

uses a compressor, chiller, or similar powered cooling system. As such, the

main workspace 104 of the data center may be free-cooled with cooling tower

water, and may be maintained at an elevated temperature, while the office

102 may be kept at a lower temperature using more energy-intensive cooling

equipment. The overall energy consumption may still be reduced

dramatically, however, because the office 102 has a much lower heat load
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[ 0059] As a first exanple, of an arrangenment for providing cooling and
circulation of air in the data center 300, a cooling unit 306 is shown
provi ded wo 2bdagcosnt h t he cooling racks in row 304. Thepparuse@yloagoitool i ng
unit 306 includes one or nore cooling coils 310 and nmay have axi al
circulatign fang 308 | ocated. above the cqil or cojl 10.. Sugh.g cooling
it ¢ 306 HE Gt Qbenst A g e cRder (168, Whes hePaBrEin: SIS over
cutout located in the floor beneath the coils 310. In this manner, the fans
308 may dPa@anPiRsuaingi GonupuUtindoedYip@cal By Bratate As adesdhef ¥$iP8ugh t he
coils 310, and then expel the air out the sides of the row 304 and into the
wor kspacehBb2r opbeatimgi doshrayuipenaritiooly i @drtidutariaybas desy tie neqgesdn.

[ 0060] The unit 306 may be part of a specially equipped portion of a rack in
the data gpMHuphan Bb@fEtcRERIGEEDESe NBD nidpbgterats BRS Isybb@neaamputers in the
rack are replaced with the coils 310 and fans 308. By this arrangenent, the
cool i ng quc}UC%QGCgégy be located with flexibility wherever an operator of
the data center ) believes additional cooling may be needed. In such a

situation, a pgl o) ter racks on. either .side,.of row 30 e
ermved. and URIIAGIEE it AR s eeRL R ot B Cutal B Dtes

| ocated. Access panels to the under-f| oor space may al so be renoved so as
to i ncr ead8M RIS ddeal g Vi RER NPV NerRiyCtvPBWIraRTRNBeeRd Busl y narrow
area underneath the hot air plenumthat was | ocated between the conputer
racks, tocomedcicdefaaroudlieeto thef ddilclidnin the cpil svorigeraiimensionoilh agitidion,

[ 0061] Alternatively, the opening for passing hot air into the under-fl oor
space undgfis vieekslsoryohs theenultipleadckais06hdwa royw opeitksd 0840 thd datapassi ng
of air downward. The over-sized portion of the opening 340 may normal |y be

bl ocked byekiae [ R¥SeRimpREEabBRVEHRAI bHRIoAUTINE BAcKdNs b pABGYEtd@gopeni ng
340, and by sealing nechani sns between the bottom of a conputer” rack and

the fl oor; j | om:war. i it . eat ed
under 1 ool Rs Witk Phls, He i HERRAGR a7 R BN S slhfeeléclionlBekor “Uni ¢
such as unit, 306, hoyever, . at n the c ter racks are renoved and
Cop aced At £Rod BQMCEER 1t i, HiRte. BidRniesT wel B RELERS BRI S th t ho
fan-coil unit. [ 0062] As can be seen nost clearly in FIG 3c, the
unit 306 AAYsSQlakan base wie aitivingimaier ¢hafhatds cenradied hhengy Y @0 be
provided with conputers 307 in an area above the unit 306. Such conputers
may be | obaltaedittabeheectmatgldranditadn areansddeading apsiard tloat thectaol 118 o out and
away fromunit 306, and may

connect to coil 114. In normal operation, air would be drawn in one side or

both sides of the fan 110, as shown by the arrow in the figure, and driven
upward through the coil and into the workspace past the feet of workers
standing above.

[0048]The figure also shows cooling piping 119. Such piping 119 may
be routed along paths beneath the floor or in other locations so as to come
near the various cooling coils in the system. Piping take offs, which may
include flexible piping sections, may be provided between the main pipe runs
and the cooling coils, such as coil 114. The cooling piping 119, which may

consist of supply piping and return piping, may be arranged so as to lead back
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permt for additional density in |ocating conputers inside data center 300.
[ 0063] An alternative approach to providing circulation and cooling to data
cent er 3080i280%1emn by cooling unit 314. In this exanpl ecTaspackayed
commercial fan-coil unit is |located on the floor of the under-floor space.
The packagfd uni t mat¥1 i HCI ude a_cool.i ng g}oi I%%Ma.and a fan 314b in a
famliar 5 P3nQEMAENCPHET BRERadE® F14nOLEIG NGRS PSS MaY IBECERG a5f a nunber
of types of comercially available fan coil units they may be obtained from
conpani esthayadprreaglEthecrgeingrlanter Riehisrs. The fan coil unit 314 may in
turn be opened to the under-floor space at its intake, but may include a
filter (such a9 FIG.etd sipewabiphan aievaotta aipsey systpmelajoltfer tHeegath) at its
openi ng, and rmay be ducted to an opening in the floor so as to provide

cool ed ai ehtaelof FIG.01d, hehiledF IS PB&R0RRZ frbit $abtioni Viddh ST ahiacdbnteful ti pl e
packaged fan-coil units would be scattered across an under-fl oor area.

[0064] 1nidpics 1!333'?718rpipit’lﬁis&st%i"fﬁg%ra‘ﬁ93%5@“%%%?%%@%@&&%p@- rcul ation

and cooling simlar to e’ nmechani sns ere In i s docunent,

For a1achPray 15620 4 6Bkt Off Paliet BRoe S RESSherl bt W engeront

that nay be used to provide air froma bel owfl oor space intg a workspace,
and to coBHMPgE iBiortheigysiem e ap exigigaleauree. ENA%aN s¥ap@tivertical |y as
part of a replacenent for a conputer rack. The coils 322 may be | ocated,

f or exanprteoling lopheosndetefidoescasdling tbwando tiheisupglytheadspd8® 401 @ lcopd si zed
to slide into the space normally reserved for a conputer rack. Such an

ar r angeneobnmagte@ &s the evaporeidid Bopawa adheaeexchatigee). sThé acgeamagshe@and t hus
having | ow i npedance to airflow. A protective panel may be provided over

each coi | pbQoREERINN S3BREE of SubRY Phd infd REBEAREAgEMehNEr YPIkspace 302.

[0066] A fan 318 draws warmair fromthe under-fl oor space and directs it

2 PLERUmL ARl of BehiPaReceld Soad ot S Ep R c1 ot oo

by the fan ut” t hroug ere’ it " may be
cool ed, apd addi,tional ai be drawn i.n fromthe under-floor space. In
an al t er nAEIRVRVILES I Gushealls, Wiieh Fiy oL Betikly B MECeRNPCHRIREEN ¢ he col | s
322 above the floor |evel and may discharge air into the space between the
coi | s 322individyqceilasuah pargkerefit! 38 erangcied torcoaling soilIAd. #dier318 nmay be
ducted down to the under-floor space so as to draw in warmair and mai ntain
a positi veireulessytreough theecql €Wuih@200ling water] @& wikkinaaeranbenteme simi | ar
to unit 316 is shown by unit 326. In this arrangenent, however, the

venti | ati pgeh SsveBBledWib b afgaE st thedughinthe conel18i geyadass hadt th@chipck row of
servers. Thus, the uni tpSZgj?nﬂgudes ggﬂ:‘ an 328 thatyqiﬁs arranged simlarly

e 0. 3o G 420 LAl en 9a0lA 00 68 hoAR gl ace of
to return header 132, and out to a system such as an evaporative cooling
system, and cycled back around again after being cooled.
[0050] Various ancillary components that are not shown may also be
provided in such a system, as would be understood by a skilled artisan. For
example, shut-off valves may be provided at each piping take off, and for each
coil, to permit coils to be removed and other sections of the system to be
removed for maintenance. In addition, header shut-off valves may permit for

sequential commissioning of a system, where main headers may be installed

initially and computing equipment may then be installed, connected to, and
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air to the other side of the conmputer racks, which instead are filled with
conputer racks. A baffle between a warmair plenum 332 that draws air away
fromthe worrpsrigs®sp and the pressurized pl enum behi nd t reTaB20983D;11
prevents m xing of such air and permts proper pressurization of both

ones. Again, fan.328 n e pl aced, above. the floor in th ce behind
o 330 Bihight ARt R e Rerbpa S RulaSiRIem Sakenahi B Vel Fow fans.
like in unit 306, which may be set against the fl oor. [0068] FIG 3c

al so showgdditioax@epiyetesn praiginesisiectbeoeomppnentgsiuch asdralarcingivelvess. As is
shown, cooling water piping 340 runs below the floor level, with take-offs
or taps rthatinmgy bpwsed td enshre sudbtiengwei@r flow to allepdrés of thepdysteent at i ons, a
smal | punp or punps may be | ocated near the cooling coil to provide

assi st ancgcRidife HistantGRticr olersybiten ehdtGull #deoaddiosMatictish ¥@d er t hrough
the coil. In addition, though not shown, shut-off valves may be provided to

c¢ | | val ves my be provi
W th oper S GaTar oy haOu0 R MACRRSTe Ak e YT BPLRAE S Bruca [0

control the_,amount ,of copli wat ep, that.is proyvided to.the coil. ,An access
pane! *ray SHUBRRS flos Soet e Shr PHE. G sSAt D8R VRiv e E8nsnt
personnel can easily reach the valves w thout having to go into the
under - f | oB1YsHaR €€ Rfp¥Hed @sdieedes, gs Yrudd Rpangiersiepe Ry isafkitRg adisANt he
under-fl oor space and the above-fl oor space, sealing materials may be

provi ded ar ounfPQ3d The pesticutrmapingrairangestérdrshoinming- 16 ddgnaneef | oor | evel .
[0069] In one exanple, a tenperature sensor may al so be provided in the

wor kspacebeneficigldh proddingrdiversiy bhepation s acixis icegtes @oblngraystee.t hrot t | ed
or boosted to naintain a tenperature set point for the workspace. The fans
may, in ty Parti@@la?,ﬁﬁé%uﬁ?@tdiﬁéé RSt the sYBleRt AlMaPas bhle! BlthFews Bt e

differentials in the systém For exanple, fans provided wth the conputer

units may tral r.oVi L cu i across a
board or t g&%g?ﬁt@gnéyg%&ﬁ#ég g&%&eﬁé@%ﬁ bAe \%é%%ﬂ?ﬁ%a%h;%@g a%@d and an
exhaust portion for a board. Fans.servi ng.tagf unoler-%légor S .acE may then be
cont rol | elFHE HRPADAY R E0lpE £OUs At ATF o FRIGERN NG FatReNd8E ks~ of t he
conmputers and the workspace (i.e., to overconme the pressure drop of the
warm ai r pY€RinaNd arfesSeasid arpreiPMseacinethgnin BerasterquiTheesiors wceneas
filters and the like). [0070] FIG 4a shows an isonetric expl oded

vi ew of arowaipging stust kedalkkat autoaraeevicd 00e ediedtsRviB. betteltdhoesisan end
section view of that sane data center 400. In general, the data center 400

exhi bits gpasedhcroBs ni@asierewsf ceabutshsse Wss egsteRUt Fomexarhgemif act or t hat
can be factory constructed, transported to a site, and quickly erected at

the site. okpcthiss 9uarphscert be diAEENR oAb NS e pidiigerdiRaul es: a

mechani caP base nodul e 4, and two conputing nodul es onal

For m of  a bRt bERRY [ aDeraF s T o hsetust Pulffbe R are

separ at ed b_i/ a central aisle. 5;07_1% The conputing nodul es 402 may
each be apPtoRiWHEY SERardiediand he cRolahalara Siep PRy thFtSaMRFO%o t hat
they may be | oaded easily on a trailer of a commercial tractor trailer (or
may act uakay rezdilyesease theecanpuierairefront eflibet'dawneeqil. ak, inicontrefi, gpg ng
containers). In this manner, the nodules 402 may be transported easily to a

const r uct piprssidderunaaidngraythathe solwe andverabdbipe hiadtsarpedibnly osingleher
materials so that the equipnent in them can be obscured fromview and from

the el emepd\g LUsfitRE colldRsRABE particular rdW@égld f&etoahd Yakehutlofames of the
conputi ng nodul es 402 nmay be forned of standard wel ded steel box beam or
rolled orfof med GhAROEESt of localized heating may result, or the computers facing

that row may need to be taken off-line. Similar diversity effects may be

obtained with piping that runs parallel to the rows of racks, by having each set
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Support pieces (not shown, for clarity) may be placed along the ends and
sides of the nodul es 402 as is needed for structural support. In this
exanpl e, wbeomodwldies 402, 404 are shown havi ng gener al | yCraSeH90G9011

di mrensions so that they may be stacked on top of each other in a nodul ar

fashion, ipcluding by formng a rectangular grid of nodules ip the

hori zont aP! BIPIRSHESTYR Catid S PBRETH JOWS U 85 (6°4-hkY Dar BT ifbeBon, much
i ke the stacking of LEGO bl ocks. To further extend the anal ogy to LEGO
bl ocks, atﬁi(ethfﬁog@mitb@ FiRing o BpBY disgGtignadiam MRIPHEM)i ng of nodul es on top
of each other, cylindrical extensions may be provided al ong the upper
portion (e.g., [G52)Fheparixedanpdiee p) thef datedehés dshatre im thgsey! | ndri cal
insets nay be applied along the |ower portions of other nodules (see FIG

4c). The gyteBSshAMhaAdmMbRE Bt SodTiy ARt E@HtEdn GiMsATyviRBNAET tHt gatgmt eri al ,
and certain strong plastics my be used so that sone "give" may be

exper | encegn@s it WoRdi TR AP B gSR6H, 91088 coflatofe part ! oul ar

pl astic may b€ col or-coded (e.g., blue; SO t A assenbl ers
inthe field.may nore readil tch. modul es that are designed to fit

oget her oL HalY viory SLEh chelPe COLneeH iERe v BhaRof: £ BRREZTHO8E used,
and forklift pockets may be provided for maneuverability (not shown).
[0073] Thérafodlitepadissldraymites o peitp andi ey PiseesrbeayPEIaNG Y Bf or e
transport to a site. For exanple, if a nodule is intended to be a top
nmodul e i npattetnafkhetersias dpplied sicepdserl daia cerdgr, maayevaryragpendjngl ored to it
before shipping - simlar approaches nmay be used for walls of end nodul es.
Q her i nt ¢renpdrtistiaadentryy Raadseh theloskienaad tag dapaisiitid oot @quigrgentpdul es.
Thus, after the nodules are installed, the nodul es may be open to novenent

of peopl e;aRhAd beWindBistodd 8YifsiQfedBAidhRS, Which differs from _
i npl ementations that m ght have every nodul e cl osed upon installation.

Al so, although i s . 4 j rom one
end all the m&%?ﬁ%%ﬁ%@%%ﬁﬁ%ﬁ Q?’Wegﬁ%gafgé\%&ﬁgg”é\ﬁﬁ@ C!:doé?r%t?pg?ﬁracks may
be stopped short af. t d,of the nodul es so.as permt _workers to nove
ot or ol | yoPd Boiisdat: EDsavses seoral Sy Shbedla BEhE o BiG] *rhus, o
full-scale installation could involve a grid of a dozen or nore nodules in
two di rec2folisgenasak Hresedigyraassewd pertictign tyreodlfapswd asrangsmeniter s and

| ong ai sles between the rows may be created. In the crossw se direction,

mul ti pl e troikes exaroplep tdrey areaorienied wiithl respectko piaeie caire$endimy coeliny ovi ded.
The inside workspace of the data center then may be relatively

i ndi sti ngubishabtraatfammitdgusaysdin shwwred, antltie dusterf @By BaEdi&- to
[ 0075] The nodul es 402, 404 may be installed outdoors or indoors. For

out door i Bkl i@ bRRIridaNEeARUY S8 dO%erafRibifMBYafie: SHi BIRE Riviphgof f-site

and may be sealed to nmaintain appropriate pressure an ep t el enent s

out. Various utilit ervices, inclyding air, . , d electrical may be
orovi ded Do itdlpEE SR ny S SR ¢ol S MRS EEDE: ovi dec

adj acent to . the npdul es 402, 404, such as in the formof ¢ooling towers and
modul es t MaTOYRPRYISplifhare s Byt sSuchRs Rrinefligeethstiical and

el ectrical equipnent. Such equi pnent may be | ocated in nodules simlar in

f or m f act viorkspagedusles ima2lataioanteThbeee wikIcabde edast inekbcationakk§e2bi ce

nodul es. For exanpl e, punps and heat exchangers nay be located in the

modul es ( & ooils 204, lih €1is ewheiples wed nat Bcatdd tugradenkedny fiessheitiessary for hi gh
tenperature days) that are installed adjacent to nodul es 402, and pi ping

header s mayober thespakt ebol8 a%ﬁﬁﬁheg'ériéhé*arﬁbl%, bOsAR! ih%a@%rﬁﬁ&!‘hsﬁd@ modul e

404. Al of the nodules may the e connected together, w t he pi pi ng
header nody i P i 404, and cool i ng
foner s berdPRaleE 4n s SBLPIEHER P2t BaHAT LTI AS S

rectangular box of sheet metal that extends from the floor of the under-floor

space to the ceiling of the under-floor space, which may be at or near the floor

of the workspace in the data center 200. The coils 204 may be angled within
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[0076] Particular conponents w thin nodul es 402, 404, and their
arrangenent, are best seen in FIG 4b. (Certain detail, including the

equi pnrentwprzoomwidwide 404, has been elimnated from FI G 2atfuseoooloagoit y. )
Rows of conmputer racks 406 are shown with their front edges formng a
central cgrridor t ugh whi ch rkers may pass, and with their back edges
Form ng viia PEBIMAI4Pars 1B reRTATE0 Calo I h T Pl BLeaToRnd SRt o5 405
In operation, air may be drawn fromthe aisle 412, across the conputers,
and i nto theeargarfor eadlingarlmraricipee ifthe cail® 204 weerelfiveh vath thedlaasp conputi ng
nodul e 402 and the ceiling of the bottom conmputing nodul e 402 may be

per f or at edbovesftheiopedihsavoudd berlimits toethewititruofdhe @astesirctie dataso t hat t he
warmair may flow all the way down the exterior walls of the computing

nmodul es 4@@nteRd wdtkspddeeatirehamy aaglingPehel ®ildPh4 iAshe hewal Biniéisiorexanpl e,

the racks 406 in the | ower rmﬂe may be positioned farther inward than are

the racks, 4@ ddfls Hhs, BRI MHULEIBAZRAGAN DA RE) War BALE PRI 410 of

t he | ower needs to carry alr exhausted’ by conmputers In both

nodul es. By creating the additiopagl area, in. the |ower duyl e e aisle of
The | over SHaaLnane DAk GnBr SodeerT Bl nen sk et 808P L elPE HoBre Moo

nodul e, but the velocity of the air in the warmair plenum may be kept
fairly eqUBfer-BQRI SA%€Cpr essure drop may be nininized. In addition, an
optional circulation assist fan 416 is shown to provide additional nonmentum
to the warm ai [00d}Thg diftarance omprassulgpperosatiriCell 202 in coitplenuol 283 st em may
be used in conjunction with fan 416 to correctly nanage airflow. A row of
such fansnmysimiply b prrpssareenst is cigeriednc @serdoenghagesswabangpt he | engt h of

t he nodul es 402. [0077] When the warmair is circulated down to the

mechani cayrgngikife 48 204 plus 4 S adBitioRRI SREBuRE Gep BY nidbvirythefaif ans 422.

In this exanple, the fans 422 are centrifugal fans, though other forms of
fans may Qg tﬁr%%gh'tMe%SPané\t&ﬂ{ef fr{}rﬁt &%Ré'c%f{y‘z?ﬁ@r %Bkéﬁrhfh %&%g%é' oor space
into | ower"pressure areas around The fans an i gher” presSsure area in
front of tge fan exit points. Cooling coils 424 are |ocated at the other
side of tHABOYf-gher pressure areas, so that air passes through the coils
424, is cooled, and_then nmoves upward into aisle 412 in the | ower conputer
modul e 402. ThE0GEREhe plenusas Ao d N @ude werggnee bpeayss aft leg RASItiaedY so as to
permt the cooled air to pass upward nore freely. [ 0078] Vari ous

ar r angeneof tenmjilst04prlovpattecllam thehronean itlad upsséanAlde obthesiilst2G4n t he
operation of the data center. First, a circulation assist fan 414 may be

provi ded whgrise h%r%ﬁi@&oﬁé@rWai??@h@?ﬁ,%ir@mwz@ﬁeﬁith@et each ot her,
so as to hel'p nore cool air fromcoils 424 reach the upper nodule, and to

prevent ¢ BewAbired e Pie GlibGHby bBS LIMIOHOR RAIRIS LR 1ERImL e Dot L om of

t he | ower conputing nodu sh i nes above coils

424 show ar for il \Y for servi r .replacenent. ln particular,
' he coching Bnufiftng AR IF o bardBlcaRof bt B HEE SRt Bo B Col 1o ney
be provided where technicians can readily draw the coils upward, such as by
lifting I 8*885096@@1§ﬁﬁ'|'r&°ro%th€ﬁE‘QFG?%”@Z%UCW%S?S%&tééﬁ%\/ baRerddety be sized
so that fans 422 may be renoved through the workspace, such as by sliding
the fans Bmunsriemoils & prevend laakegelaffain frgmtthe mason aivsiderHe th@icookan aft er
renmoving the interfering coils and disconnecting fan electrical service. In
an al ternaideve arrangenent, and because fans typically need nore servicing
than do coils, the fans 422 may be | ocated between the coils 424 and bel ow

the central ai gdgs6iA3.nolée tﬁé%‘ms‘i@rﬂa% bmadknidaséduiphiefNsudiys Hw air
through the colils (which may seal oft between a warmair plenum between the

coils and?b?%nﬂ?ﬁﬁfo&%ﬂ é%in%fle LR 3\ 1or808e AftdeibOYorRiESTELIGFORE. al T

pl enum between

For example, a single electrical service panel 214 may be provided near the
cluster of fans 202, and may include the necessary equipment to serve the

fans 202. For example, the panel 214 may include circuit breakers, shut-off
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[0080] FIG 4c shows a detail view of a lifting connector for the data
center of FIG 4a. The connector includes a hook | oop 434 that may be
nount ed iwoea®n4e@ner of a unit and be positioned so agcrash@ohowked by a
crane for lifting the unit into place. The |oop 434 may then be renoved by

unbol ting after. the unit. has been placed so that, for exanple, an

addi t i onal"SMPL ISR oﬁéerdﬁéﬁeﬁan HP?CP@B'S(S‘?S’M@U'W'F‘QtequR'“ﬂ‘?”tAPrTE% MQtRE
cylindrical LEGO|ike connectors between units are shown in this figure

al ong t heCprirolphes peeded keoperiate theametorsiead fans i2Rg. Msok refuyt, H1séalepe
recessed into the structure of the nodule so as to not require any renoval
af t er i nstralyl mbreveasiksproeidiel suvbce@bmvent, @odriechriiciahs mgsy moke réddilye used on
standard i nter-nodal shipping containers, nmay al so be used. [ 0081]

FIG 4d shevsssetheaduigthel R seheh@f Ortcordabre g6ibAs 0dthd b&rvicka. In
particular, this view shows particular detailed structures that nmay be

provi ded | h I i i prﬁao out er edge
of the un ?n%léggé%gaﬁu}%ﬁ@%q%,t t ?@%E@nﬁ%qﬁggggiﬂﬁgel ow t he
unit so tg)at ar m air may travel freely down to an under-floor space. The
pl enum 41 Cﬁﬂ? be sized to pass sufficient air dowward even if the
particular unit is the bottomunit in a stack and thus needs to pass the
air for multi p[@WAAF{G. 3a shows potgy P ptate eanter 309y intha vrEeRftalmy be
positioned and slid backward or forward al ong tracks 432. Specifically, in
a | ower unireylativreandckelinggulbeystente wWhilevidd b shawstpsextjpneevie ofof pl enum
410, and in upper units, the racks my be slid backward to bl ock sone of
pl enum 41the dath demtdér300 fromnelke 3a, get Fi@l 3asisdes afsectienainii¢wwfder The
tracks 432 may take a variety of forms, such as raised ribs in the floor

al ong whi ghriifiRelcdofiy LIAR 308tHFARE |Cf Bé.h%é@@h@u@YQéﬁ@rbIQ/ §ndwg awheel s may be

| ocked when the rack Ts in place and rack may be secured near its top and

bottom t o, pr > i ppLOg, rticul arl L

tr anapor ¢ "Ry & Hiere LA AR NS el RIS ol P ER L BBRENES: 1 e
unit floor intaq ich .V\/nealts or other. stru turﬁ.g on the bottom of the racks
may be pl %8G ARBIERHD ©19 dater gl tPoing Sé(égqmvar e examples oWl N&Eeess panel
430 may provide ready access to coils and valving | ocation bel ow the

conput i ngagaintrefate &y a dasa cerignprangasarevnd prale! MwsealdPran@-ackcor ner of

t he panel 430 may be | oosened or renoved, the access panel 430 may be
Iifted upoamgutexnohita tical éxpet theewr negtetaid infa eettiocaitplefumbehdighem- f | oor space
once it has been di sconnect ed. [0084] A floor grate 420 may |i kew se

pernt acefssgsd the &iethrodgh afflgeriof #ipesta @mtlemBiethealindetloar kpac@y perm t
cool air to flow up fromthe underfl oor space and into the aisle of the

ook o ST REIRL R Bt e L 01l Ty, be 1T Lec
otors, or ot hfdo:‘:%‘igiueﬁr%warrangement of computers is exemplified by row 304.

Row 304 may include a first row of computer racks and a second row of

computer racks that are spaced apart at the back edges by a relatively narrow

open area between the racks. Where the computer racks are located, air may

be drawn from a workspace 302 in the data center 300 into the fronts of the

computer units in the racks and out the back of the computer units and then

downward into the under-floor space. In such an example, the space between

the rows of racks serves as a vertical warm air plenum, while the workspace

serves as a cool air plenum.
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[0085] FIG 5 is a sectional viewof a multi-level fixed data center 500.
In general, this data center 500 is simlar in arrangenent to others
descri bedwvardosiaemn above, but is a doubl e-decker so asPCo/UsS2a09mBM1
conputing power into an equal footprint. In this exanple, the data center
500 i s arrange j shelves in the "stacks"” section of a librar wher e
The racks pacs AN Racolist SXaimale & P aAREIS T T BRING COMNGHE D | or
figures, a row may include a pair of racks 510 on each side of a warmair
pl enum 512ircuradort ohpinin e dataLeotertIHB, ectnodng 500 J06cis sHewnaprovisieer | evel
502 and a | ower |evel 504, and an underfl oor area 506 is al so provided for
recei vi ngirdlirre wih el coglingecks mprave 8641 M heheartiadkscodtghani 8@ equi pnent
for circulating and cooling the air has been omtted for clarity, but may

take a vaficfidesdnd O Mbr@Bdolaig EBEIENASd Mdichad agat hesetdesiens bed above.
[ 0086] Access to the racks at the upper level is provided by wal kway 508.

The wal k : k i : : rt between
adj acent “?g%%t@%’gﬁg\éﬁerfé’%@grsw&%ﬂfm k%g é%gbﬁggﬂlt?@gtégpggrti cally so
as to pern.t _convepi ent, access.to nmputers at all, levels aof .fthe facility
by wor ker BAROCHECRUEIE 68781 b iRk o Pangyliotatodh tFTRplr o aiea
center using shared high-pressure warmair plenuns. In this exanple,

mul tiple Bﬁ@%@ﬁﬁéhﬁﬂ@”%gﬁ@t Ay Etiedanes thelfane BPe sna feee) WaleRind by
building walls fromthe floor of the bel owfloor space to the ceiling of

t he bel owirbiole arpadelewdhes Badr ang theuglt tescafs 3HE apidghanexpehibesianyl e

pl enumis plenum 608, whose interior space nmay be |ocated beneath a

pl uralityoof theasiiégf hei rosy 304 An@ntodhé wotksgaoeBGR] waterot mapbea fl oor of
the data center. Pressurized air that enters the plenum 608 may be directed

upward t hepeghtediahto RHhaNY stdth @gbfie Wor kspace above, in a manner simlar
to other systens descri bed above.”™ The conponents nmay be | ocated i nmedi ately

under rows of i , ; - ] The air
may be driven Wgﬁ%%ﬁ%ﬁ%ﬁ BveggérgﬁgﬁEg%glagﬁgﬁﬁrggegé)ﬁr%%g&g%he fan 606
dr aws warmci(isir fromthe main area of thf R%I OWLL:Loor gl etglum and transfers
it under PFESEIPE 9PH PHtRE IR GTEPEENTHINBRINOUG AEIalY b FOBBBIE™S one of
four fans in a group 604 serving three different gl enuns. Such duplication
pernits fbrthgdarkieemegrlacaewshiye cails A0 apdifans BAS mBiyriBissarsangamaent o t he
ot her systens di scussed above. In particular, if one fan in the group

br eaks dotire cooling wtihédtwnesy daloeateavitioflesieiliy wberavee anepraiongf frens nmay
keep the plenuns pressurized so that air continues to circulate through the

cool i ng cahtaScerbsB00 bBReVeansddidh N eoslifEthaa sk Aeb®sd.eth Sahas to operate
well, on their fan curves, both at a level in which all four fans are

woror cont e Y Bl N ATt arotlod b s o 2
Certain agpoury e Pk ceafttsHRr St ERF well and i Ko dfd cabfens"
| ocations, such as for safety purposes. As anot her exanple, a

[ 0089
separ ate PPBRSAP HIuUnders PRCE ARV ASORE (RANPVESsE SQ %% tyiicseasnther 600. This

pl enum 616 includes a single row of coils 620 at its upper surface, and is
pressur i zetbabiproygh Waieh, air maydtiw fofmaa pea\8ousiy aarrowdarearyideynéaih t he system
may be obtained by having multiple fans and multiple coils on a conmon
pl enum sthd hattaiopleaunt tas wers lccated betyesake odmpbter sheick to fncude pm ece of
equi pnrent fails.

area sufficient to provide air to coil 310.

[0061] Alternatively, the opening for passing hot air into the under-floor
space under racks may be over-sized, as shown by opening 340, for passing
of air downward. The over-sized portion of the opening 340 may normally be

blocked by the trays or rack holding the computer units above the opening
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[0090] FIG 7 shows a section view of a system using nodul ar underfl oor
fan-coil units 710. The conponents used with this system may be arranged in
a manner WOrEndsarei40 those in FIGs. la-Ib. In particul ar pcras2@oioBsouni ts 710
may be in an under-floor space that serves as a warmair plenumthat

recei ves ted air fromcopputer racks 706 above the floor The fan-coil

i ts 710 0SB SePTOHEG RS T ben (66 BREOHbOt PREPURIGPER B8 up | nt o
wor kspace aisles 708 in the datacenter 700. [0091] In this exanmple, the
fan-coi | the teprysothaiyirdsem werkspere 307 deeangtimix WMithdhe heatachgnds al f ans
712 at its upper surface and cooling coils 714 arranged in a v-formation

i nsi de t h@obraneThd beehags34tamagreanpraperly saedt foea daceoH Undeuck@@ce 716
through the coils and may expel it into the workspace as cool ed air. Each

of the unih® 30BYhbRE¥eersb endtwhdtie csmpaRY estkedrefremodbli-sidt e
construction, followed by transportation and installation on-site. For

exanpl e, i r b 5 Ne® ay be
provi ded \;Fﬁ lﬁ%&{(‘%g %‘% nireias{I Lﬁﬁt‘f m%%ga gﬁé;{ﬂg?rja?% Bﬁ?@nerwylg? Q‘Lécejfgﬁﬁp easily
by a forkli.‘t noved onto and off of trucks, and noved into position in a

data cent & \’—_Lg'ct:h such unit may be a standal one unit under, for exanple, a
single coil. In such an arrangenent, the sides of the units near the
downst r eam por IQAGE AsiCaniRe eefn B10RbGledrndel®.03%dN@ H0EPE8 A ek dNed to
prevent cooled air fromre-entering the warmair plenum

[ 0092] Al t rexatithvadhgr, cqmpiier nackss andynaealsods predided with camputers 3§ 7par al | el
under the workspace aisles above. The ends of the units may then be |eft

open to eacdn atdreabswe tHaadnit®06. Suth reyndutery mpy asdockta abbee mawvealbove t he
coils. In such an arrangenent, if fans in one unit stop, the air entering

the coi | sypft id Retdétitd cifQiAtd depI dir WP ARl ey iPYEs, nldymbgns i n

adj acent units in the row Again, such an arrangenent may provide

addi ti ona j ] Si ] SYSt - r handl e
ool at oa- RenY frdludyy bERsRY R e L Abul e iiidd ERTRASIAET O B
descri bed abov omati c danpers may be used in appropriate circunstances
Lo prevent -t holopel ABEeraiE SenRadl Improvid gt oW e ahA soofegis “such
accessories nmay al so be provided to inprove the circulation of air and the
effici enc?atﬂ eantahd@Gis shawn by cealing vaih 314. In this example, a packaged

commercial fan-coil unit is located on the floor of the under-floor space. The
packaged unit may include a cooling coil 314a and a fan 314b in a familiar
arrangement. The packaged fan coil unit 314 may be any of a number of
types of commercially available fan coil units they may be obtained from
companies such TRANE, CARRIER, and others. The fan coil unit 314 may in
turn be opened to the under-floor space at its intake, but may include a filter
(such as a filter operating at a coarse or pre-filter level) at its opening, and
may be ducted to an opening in the floor so as to provide cooled air back into
the workspace 302. In full implementation, multiple packaged fan-coil units
would be scattered across an under-floor area.

[0064] In this manner, unit 314 may conveniently provide air circulation

and cooling similar to the mechanisms described elsewhere in this document,
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[ 0094] A nunber of enbodi nents have been described. Nevertheless, it wll
be understood that various nodifications may be nade w thout departing from
t he spiriwoand/sempe of the disclosures in this docunentCTRsR0C039U] €,

addi ti onal conponents may be added to those shown above, or conponents may

be renove arran artl r.v I eratures and ot her
such val o8y Cigy oumons reiiy pbtaBoe eadeapued higre Gt v THas BESHEh T anged.
added, or rem)ved as appropriate. Accordingly, other enbodinents are within
t he scopefofa fagdit.ol low ng claims. WHAT IS CLAIMED IS: 11. A data center
cooling system conprising: 2a floor structure defining a bel owfl oor

war m ai r pl enuf065] Uait HivtosreowsSahatoer tavetoibamrapyenant that may be used

to provide air from a below-floor space into a workspace, and to cool the air.
Here, the cooling coils 322 are located vertically as part of a replacement for a
computer rack. The coils 322 may be located, for example, at the side faces
of a frame that is transportable and sized to slide into the space normally
reserved for a computer rack. Such an arrangement may permit for coils
having very large surface areas, and thus having low impedance to airflow. A
protective panel may be provided over each coil to prevent damage to the coil
from people in the workspace 302.

[0066] A fan 318 draws warm air from the under-floor space and directs
it into a plenum 320 created between coils 322. The elevated pressure
created by the fan 318 may force the air out through the coils, where it may be
cooled, and additional air may be drawn in from the under-floor space. In an
alternative arrangement, the fan 318 may be located between the coils 322
above the floor level and may discharge air into the space between the coils
322. In such an arrangement, the air intake for the fan 318 may be ducted
down to the under-floor space so as to draw in warm air and maintain a
positive pressure in the plenum 320.

[0067] An arrangement similar to unit 316 is shown by unit 326. In this
arrangement, however, the ventilation is set up to come out of only one side of
a back-to-back row of servers. Thus, the unit 326 includes a fan 328 that is
arranged similarly to fan 318 of unit 316, and also includes a cooling coil 330

at a face of one row of computer racks. However, the unit 326 does not direct
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4a plurality of above-floor conputer assenblies arranged to exhaust 5warned
air into the warmair plenum and 6one or nore fan-coil arrangenents to
draw ai r Wwoamatieodsnar mair 7pl enum cool the air, and proviuseomhavoair to
the cool air plenum 82. The system of cI ai m 1, further conprising a

et LR e SERRACIA DR Ko SRS aaR o e verm i

computer racks. A baffle between a warm air plenum 332 that draws air away
from the computers, and the pressurized plenum behind the coil 330, prevents
mixing of such air and permits proper pressurization of both zones. Again, fan
328 may be placed above the floor in the space behind coil 330, and in such
an example, may include a bank of axial flow fans, like in unit 306, which may
be set against the floor.

[0068]FIG. 3¢ also shows an example piping connection for a unit such
as unit 306. As is shown, cooling water piping 340 runs below the floor level,
with take-offs or taps running upward to the cooling coil. In certain
implementations, a small pump or pumps may be located near the cooling coll
to provide assistance or better control over the circulation of cooling water
through the coil. In addition, though not shown, shut-off valves may be
provided to permit easy connection and disconnection of the coil without
interfering with operation of the system, and control valves may also be
provided to control the amount of cooling water that is provided to the coil. An
access panel may be provided in the floor near any shut off valves so that
personnel can easily reach the valves without having to go into the under-floor
space. Where there is a pressure differential between the under-floor space
and the above-floor space, sealing materials may be provided around the
access panel and at other points along the floor level.

[0069]In one example, a temperature sensor may also be provided in
the workspace in a data center, and the various cooling coils may be throttled
or boosted to maintain a temperature set point for the workspace. The fans

may, in turn, be speed-controlled to maintain particular pressure differentials
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i13. The systemof claim1l, wherein the one or nore fan-coil arrangenents
12i ncl ude one or nore packaged fan-coil units. 4. The systemof claim1,
wher ei n twe 2@vmws@br pl enum and the cool -air 2pl enum ar eCsiusea9iosorpl une to
substantially elimnate tenperature hot 3spots created by failures of the

bl enum detl HESISTBI 16 S5 Rbte. s raaes v3h e bodRtI e srga B8 & vol ure
defined by the cool-air

controlled to provide a particular temperature rise across a board or to
maintain a particular pressure between the workspace and an exhaust portion
for a board. Fans serving the under-floor space may then be controlled to
maintain a set pressure difference between the backs of the computers and
the workspace (i.e., to overcome the pressure drop of the warm air plenums,
the cooling coils, and any other equipment such as filters and the like).

[0070]FIG. 4a shows an isometric exploded view of a modular, stacked
data center 400, and FIG. 4b shows an end section view of that same data
center 400. In general, the data center 400 exhibits many of the features
already discussed, but in a form factor that can be factory constructed,
transported to a site, and quickly erected at the site. In this example, the data
center 400 includes three modules: a mechanical base module 404, and two
computing modules 402. Additional levels of modules may also be used. The
computing modules 402 may take the form of a box beam frame that supports
two rows of computer racks that are separated by a central aisle.

[0071] The computing modules 402 may each be approximately the
size of a standard shipping container so that they may be loaded easily on a
trailer of a commercial tractor trailer (or may actually serve as the structure of
the trailer, as with shipping containers). In this manner, the modules 402 may
be transported easily to a construction site, and may also be covered with
tarpaulin or other materials so that the equipment in them can be obscured
from view and from the elements during transport.

[0072] Generally, the frames of the computing modules 402 may be

formed of standard welded steel box beam or rolled or formed channels.
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3pl enum 6. The systemof claim1l, wherein the plurality of conputer
assenblies 2conprise a plurality of vertical racks arranged in a row
exhaust i nyowasymaa40 WO 20091146040PCT/ U S2009/ 039011 3ai iPCirntseoca/os®nt i cal
plenumthat is in fluid communication with the bel owfloor 4warm air

I
pienum Support pieces (not shown, for clarity) may be placed along the ends and

sides of the modules 402 as is needed for structural support. In this example,
the modules 402, 404 are shown having generally matching dimensions so
that they may be stacked on top of each other in a modular fashion, including
by forming a rectangular grid of modules in the horizontal dimension and
stacking modules in the vertical dimension, much like the stacking of LEGO
blocks. To further extend the analogy to LEGO blocks, and to provide for
proper alignment and sealing of modules on top of each other, cylindrical
extensions may be provided along the upper portion (e.g., along the
periphery) of modules and matching cylindrical insets may be applied along
the lower portions of other modules (see FIG. 4c). The extensions and insets
may be made from any appropriate material, and certain strong plastics may
be used so that some “give” may be experienced as the modules slide on top
of each other. Also, the particular plastic may be color-coded (e.g., blue, red,
or yellow) so that assemblers in the field may more readily match modules
that are designed to fit together. Alternatively, standard container corner
fittings may be used, and forklift pockets may be provided for maneuverability
(not shown).

[0073] The modules 402 may also be partially or wholly skinned before
transport to a site. For example, if a module is intended to be a top module in
a stack when it is installed, it may have a roof applied to it before shipping —
similar approaches may be used for walls of end modules. Other internal
areas may be left unskinned and open to adjoining modules. Thus, after the
modules are installed, the modules may be open to movement of people and

air within a grid of modules, which differs from implementations that might
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17. The systemof claim1, further conprising air circulation fans adjacent
2to the conputer assenblies and fan controllers configured to maintain a
3set exitwaiznov@np@er at ure fromthe conputer assenblies. PL8/USTHNG/03y3t em of
claim1l1, further conprising air ci rcul ation fans adjacent 2to the conputer

bR b A AR R T Rl
modules 402 show computers running from one end all the way to the other
end of the modules 402, the computer racks may be stopped short of the end
of the modules so as to permit workers to move laterally from one module to
the next along one end.

[0074] Thus, a full-scale installation could involve a grid of a dozen or
more modules in two directions. In the lengthwise direction, long rows of
computers and long aisles between the rows may be created. In the cross-
wise direction, multiple rows of computers and multiple workspace aisles may
be provided. The inside workspace of the data center then may be relatively
indistinguishable from the layout shown in FIG. 1a, for example.

[0075] The modules 402, 404 may be installed outdoors or indoors.
For outdoor installation, the modules 402, 404 may be skinned on or off-site
and may be sealed to maintain appropriate pressure and keep the elements
out. Various utility services, including air, water, and electrical may be
provided to the modules 402, 404. Also, utility plants may be provided
adjacent to the modules 402, 404, such as in the form of cooling towers and
modules that hold pumps, heat exchangers, and other mechanical and
electrical equipment. Such equipment may be located in modules similar in
form factor to modules 402, 404. These will be referred to as service
modules. For example, pumps and heat exchangers may be located in the
modules (as may chillers when such are anticipated to be necessary for high
temperature days) that are installed adjacent to modules 402, and piping
headers may be installed in modules that are installed adjacent to module

404. All of the modules may then be connected together, with the piping
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9. The systemof claim1, further conprising a fan-coil assenbly controller
2configured to maintain a set pressure difference between the warmair

3pl enum awmad 2dvei46@ol - ai r pl enum 110. The system of cl ai mCo/USabNEI0M1 t he set
pressure difference is 2approxi mately zero. 111. A method of operating a

oot 15, SYERSEE BB S BB B RERTRA g Wi 5 PR OB gl 270 @

cooling towers being mounted on top of the other service modules.

[0076] Particular components within modules 402, 404, and their
arrangement, are best seen in FIG. 4b. (Certain detail, including the
equipment in module 404, has been eliminated from FIG. 4a for clarity.) Rows
of computer racks 406 are shown with their front edges forming a central
corridor through which workers may pass, and with their back edges forming
vertical warm air plenums 410 at the perimeter of the modules 402. In
operation, air may be drawn from the aisle 412, across the computers, and
into the vertical warm-air plenums 410. The floor of the top computing module
402 and the ceiling of the bottom computing module 402 may be perforated,
left open, or otherwise be in fluid communication so that the warm air may
flow all the way down the exterior walls of the computing modules 402 and
into the mechanical module 404. As shown in this example, the racks 406 in
the lower module may be positioned farther inward than are the racks 406 in
the upper module 402 because the warm-air plenum 410 of the lower module
402 needs to carry air exhausted by computers in both modules. By creating
the additional area in the lower module, the aisle of the lower module is
slightly narrower than is the aisle in the upper module, but the velocity of the
air in the warm air plenum may be kept fairly equal, and the pressure drop
may be minimized. In addition, an optional circulation assist fan 416 is shown
to provide additional momentum to the warm air coming down from the upper
module 402. A control system may be used in conjunction with fan 416 to
correctly manage airflow. A row of such fans may, in appropriate

circumstances, be placed along the length of the modules 402.
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3accunul ated by the conputers; 4capturing the air in an above-floor warm
air plenum and directing the 5air dowward into a bel owfloor warmair

pl enum am0 26@atuni ng the warnmed air, cooling the war mpdTAISEQ09ABE11
provi ding the 7cooled air to an above-fl oor workspace.

[0077]When the warm air is circulated down to the mechanical module
404, it is taken up, on each side, by a row of fans 422. In this example, the
fans 422 are centrifugal fans, though other forms of fans may be readily used.
A pair of baffles 426 split the below-floor space into lower pressure areas
around the fans 422 and higher pressure area in front of the fan exit points.
Cooling coils 424 are located at the other side of the higher pressure areas,
so that air passes through the coils 424, is cooled, and then moves upward
into aisle 412 in the lower computer module 402. The floor of the module 402
may be perforated or mesh so as to permit the cooled air to pass upward
more freely.

[0078] Various arrangements may be provided in the central aisle 412
to assist in the operation of the data center. First, a circulation assist fan 414
may be provided where the upper and lower computing modules 402 meet
each other, so as to help more cool air from coils 424 reach the upper module,
and to prevent the air from short-circuiting through computers near the bottom
of the lower computing module 402.

[0079] Also, dashed lines above coils 424 show areas for coil removal
for service or replacement. In particular, if the coils 424 fail or otherwise need
service, zones above the coils may be provided where technicians can readily
draw the coils upward, such as by lifting loops or handles on the coils 424.
Also, access panels may be sized so that fans 422 may be removed through
the workspace, such as by sliding the fans forward on rails and then lifting
them out of the unit 404 after removing the interfering coils and disconnecting
fan electrical service. In an alternative arrangement, and because fans

typically need more servicing than do coils, the fans 422 may be located
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12. The nethod of claim 11, further conprising continuously circulating the
2air across the conmputers, into the belowfloor warmair plenum through
3t he cirocwbaviwore@nd cool i ng equi pnent, and back into tRreTws2ésp3DE1

113. The method of claim 11, wherein providing the cooled air conprises
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across the plurality of

a situation, may draw air through the coils (which may seal off between a

warm air plenum between the coils and the outer walls of the unit 404, and a

low pressure cool air plenum between the coils.

[0080]FIG. 4c shows a detail view of a lifting connector for the data
center of FIG. 4a. The connector includes a hook loop 434 that may be
mounted in each corner of a unit and be positioned so as to be hooked by a
crane for lifting the unit into place. The loop 434 may then be removed by
unbolting after the unit has been placed so that, for example, an additional
unit may be placed on top of the first unit. Also, the cylindrical LEGO-like
connectors between units are shown in this figure along the periphery of the
unit frame. The lifting hook may also be recessed into the structure of the
module so as to not require any removal after installation. As mentioned
above, corner fittings like those used on standard inter-modal shipping
containers, may also be used.

[0081] FIG. 4d shows a partial plan view of the data center of FIG. 4a.
In particular, this view shows particular detailed structures that may be
provided in the floor of a computing data center 402. Along the outer edge of
the unit is a warm-air plenum 410 that is open to the space below the unit so
that warm air may travel freely down to an under-floor space. The plenum
410 may be sized to pass sufficient air downward even if the particular unit is
the bottom unit in a stack and thus needs to pass the air for multiple units.

[0082] Particular racks in the unit may be positioned and slid backward
or forward along tracks 432. Specifically, in a lower unit, the racks may be

slide forward so as to expose all of plenum 410, and in upper units, the racks
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2conputers conprises drawing the air across the conputers using fans

3l ocat ed adj acent the conputers. 115. The nethod of claim 11, further
conpri si yocowaldbi ng the fans 2l ocated adj acent the ceopaisess/s®imai nt ai n
set exit air tenperatures from 3the conputers. 16. The method o

Che. Vol urBIEdiod He! BRGVERTEIG SHOTane & PIS-ERAAD. AUt ATadPd akheer Lol | ng
system C(c):grgtrrélseiisnlg:of the unit wider. The tracks 432 may take a variety of forms,

such as raised ribs in the floor along which wheels on the bottoms of the racks

may roll. (The wheels may be locked when the rack is in place and rack may

be secured near its top and bottom to prevent it from tipping, particularly

during earthquakes, transport, and the like.) The tracks 432 may also be

indentations in the unit floor into which wheels or other structures on the

bottom of the racks may be placed and may slide forward and backward.

[0083] Access panel 430 may provide ready access to coils and valving
location below the computing unit floor. For example tabs or screws at each
end or corner of the panel 430 may be loosened or removed, the access
panel 430 may be lifted upward, and a coil below may be lifted out of the
below-floor space once it has been disconnected.

[0084] A floor grate 420 may likewise permit access to the under-floor
space, and more particularly may permit cool air to flow up from the under-
floor space and into the aisle of the unit. Where fans are located below the
grate 420, the grate may be lifted out of place to provide access for servicing
and replacing the fans, fan motors, or other equipment.

[0085]FIG. 5 is a sectional view of a multi-level fixed data center 500.
In general, this data center 500 is similar in arrangement to others described
and shown above, but is a double-decker so as to fit more computing power
into an equal footprint. In this example, the data center 500 is arranged like
shelves in the “stacks” section of a library, where the racks pass continuously
upward from floor to floor. As in the prior figures, a row may include a pair of

racks 510 on each side of a warm air plenum 512. The computing area of the
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2a data center workspace providing cooling air to a large plurality of
3conputer assenblies; 4a warmair plenumreceiving air circul ated past
war med bywoheodsaenput er assenblies; and 6a data center Proas2aefsmning,
| east in part, a barrier between the data 7center workspace and the

warmair plen .
! gentelrj%o includes an upper level 502 and a lower level 504, and an under-

floor area 506 is also provided for receiving air warmed by the computers in
the racks. Mechanical equipment for circulating and cooling the air has been
omitted for clarity, but may take a variety of forms and arrangements,
including those described above.

[0086] Access to the racks at the upper level is provided by walkway
508. The walkway may be an elevated walk provided between and support
between adjacent rows of computer racks. The walkway may be located
vertically so as to permit convenient access to computers at all levels of the
facility by workers in the facility.

[0087]Fig. 6 shows a plan view of a data center using shared high-
pressure warm-air plenums. In this example, multiple plenums are
constructed in a below-floor space, such as by building walls from the floor of
the below-floor space to the ceiling of the below-floor space and sealing the
edges of the plenums. One example plenum is plenum 608, whose interior
space may be located beneath a plurality of cooling coils such as coil 610
located at or near a floor of the data center. Pressurized air that enters the
plenum 608 may be directed upward through coil 610 and into the workspace
above, in a manner similar to other systems described above. The
components may be located immediately under rows of computer racks 602 in
the space above.

[0088] The air may be driven into plenum 608 by various fans such as
fan 606. The fan 606 draws warm air from the main area of the below-floor
plenum and transfers it under pressure into the plenum 608. In this example,

fan 606 is one of four fans in a group 604 serving three different plenums.
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118. The system of claim 17, further conprising a plurality of air
2circulation fans in the warmair plenumand a plurality of cooling coils
3associ atwd % tacidhe air circul ati on fans | ocated at anpeudgs2@b/osduel
warmair 4plenum 119. The system of claim 18, wherein the air circulation
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similar to the other systems discussed above. In particular, if one fan in the
group breaks down or is otherwise taken out of service, the remaining fans
may keep the plenums pressurized so that air continues to circulate through
the cooling coils. Also, the fans may be sized and selected so as to operate
well, on their fan curves, both at a level in which all four fans are operating,
and at a level at which only three of the fans are operating. A motor control
center 614 may interact with a control system so as to provide consistent air
flow, even when one fan is out of service, and certain aspects of the center
614 may be located in more accessible locations, such as for safety purposes.

[0089] As another example, a separate plenum 616 is shown along a
side wall of the data center 600. This plenum 616 includes a single row of
coils 620 at its upper surface, and is pressurized by two fans, including fan
618. Again, diversity for the system may be obtained by having multiple fans
and multiple coils on a common plenum, so that other fans or coils may take
of the slack if one piece of equipment fails.

[0090]FIG. 7 shows a section view of a system using modular under-
floor fan-coil units 710. The components used with this system may be
arranged in a manner similar to those in FIGs. 1a-1b. In particular, fan-coil
units 710 may be in an under-floor space that serves as a warm air plenum
that receives heated air from computer racks 706 above the floor. The fan-coil
units 710 may be positioned and arranged so as to direct cooled air up into
workspace aisles 708 in the datacenter 700.

[0091]In this example, the fan-coil units 710 may each include a

rectangular frame having axial fans 712 at its upper surface and cooling coils
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120. The system of claim 17, wherein the datacenter workspace is 2contained
in one or nore nodul ar conputing frames containing the 3conputer assenblies
and t he wsom@/re@benum i s contai ned in one or 4nore noddairars2emeobami cal
frames configured to be joined to the one or 5rmre first nodul ar frane.

wor kepace 1 AHENGEY R B CHTVORN 9 S5 B ot Grvbek dpea o
the under-floor space 716 through the coils and may expel it into the
workspace as cooled air. Each of the units may have a length that is
convenient for off-site construction, followed by transportation and installation
on-site. For example, each unit 710 may be approximately 5-10 feet wide and
may be provided with skids on its bottom edge so that it can be picked up
easily by a forklift, moved onto and off of trucks, and moved into position in a
data center. Each such unit may be a standalone unit under, for example, a
single coil. In such an arrangement, the sides of the units near the
downstream portions of the coils would need to be covered and sealed to
prevent cooled air from re-entering the warm air plenum.

[0092] Alternatively , the units may be provided in a row running parallel
under the workspace aisles above. The ends of the units may then be left
open to each other so that cool air may flow up and down the row above the
coils. In such an arrangement, if fans in one unit stop, the air entering the
coils of that unit could be drawn outward and upward by fans in adjacent units
in the row. Again, such an arrangement may provide additional diversity in the
system so that the system may better handle isolated equipment failures.

[0093] For each of the forms of units described above, automatic
dampers may be used in appropriate circumstances to prevent the passage of
air when a unit is not operating. Other such accessories may also be
provided to improve the circulation of air and the efficiency with which it is
circulation.

[0094] A number of embodiments have been described. Nevertheless,

it will be understood that various modifications may be made without
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3frame, which is in turn stacked on top of a nechanical frane.

WO 2009/146040 PCT/US2009/039011

departing from the spirit and scope of the disclosures in this document. For
example, additional components may be added to those shown above, or
components may be removed or rearranged. Also particular values for
temperatures and other such values may be varied. Moreover, steps in
processes may be rearranged, added, or removed as appropriate.

Accordingly, other embodiments are within the scope of the following claims.
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WHAT IS CLAIMED IS:

1. Adata center cooling system, comprising:

a floor structure defining a below-floor warm-air plenum and an above-
floor cool air plenum;

a plurality of above-floor computer assemblies arranged to exhaust
warmed air into the warm-air plenum; and

one or more fan-coil arrangements to draw air from the warm-air

plenum, cool the air, and provide the air to the cool air plenum.

2. The system of claim 1, further comprising a vertical plenum fluidly
connecting the computer assemblies to the warm-air plenum through an

opening defined in the floor structure.

3. The system of claim 1, wherein the one or more fan-coil arrangements

include one or more packaged fan-coil units.

4. The system of claim 1, wherein the warm-air plenum and the cool-air
plenum are sized in volume to substantially eliminate temperature hot

spots created by failures of the fan-coil arrangements.

5. The system of claim 1, wherein the warm-air plenum defines a volume
that is at least 20 percent as large as a volume defined by the cool-air

plenum.

6. The system of claim 1, wherein the plurality of computer assemblies

comprise a plurality of vertical racks arranged in a row exhausting warmed

35



WO 2009/146040 PCT/US2009/039011

air into a vertical plenum that is in fluid communication with the below-floor

warm air plenum.

7. The system of claim 1, further comprising air circulation fans adjacent
to the computer assemblies and fan controllers configured to maintain a

set exit air temperature from the computer assemblies.

8. The system of claim 1, further comprising air circulation fans adjacent
to the computer assemblies and fan controllers configured to maintain a
maximum safe operating temperature for components on the computer

assemblies.

9. The system of claim 1, further comprising a fan-coil assembly controller
configured to maintain a set pressure difference between the warm-air

plenum and the cool-air plenum.

10. The system of claim 9, wherein the set pressure difference is

approximately zero.

11.A method of operating a cooling system for a data center, comprising:

circulating air across a plurality of computers to remove heat
accumulated by the computers;

capturing the air in an above-floor warm air plenum and directing the
air downward into a below-floor warm air plenum; and

capturing the warmed air, cooling the warmed air, and providing the

cooled air to an above-floor workspace.
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12.The method of claim 11, further comprising continuously circulating the
air across the computers, into the below-floor warm air plenum, through

the circulation and cooling equipment, and back into the workspace.

13.The method of claim 11, wherein providing the cooled air comprises
circulating the warmed air through an under-floor cooling coil using an

under-floor fan.

14.The method of claim 11, wherein circulating air across the plurality of
computers comprises drawing the air across the computers using fans

located adjacent the computers.

15. The method of claim 11, further comprising controlling the fans
located adjacent the computers to maintain set exit air temperatures from

the computers.

16. The method o claim 11, wherein the below-floor warm air plenum is at

least 20 percent the volume of the above-floor cold —air plenum.

17. A data center cooling system, comprising:

a data center workspace providing cooling air to a large plurality of
computer assemblies;

a warm-air plenum receiving air circulated past and warmed by the
computer assemblies; and

a data center floor defining, at least in part, a barrier between the data

center workspace and the warm-air plenum.
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18. The system of claim 17, further comprising a plurality of air
circulation fans in the warm-air plenum and a plurality of cooling coils
associated with the air circulation fans located at an edge of the warm-air

plenum.

19. The system of claim 18, wherein the air circulation fans are
configured to draw air out of the warm-air plenum and supply the air, after

cooling by the cooling coils, to the workspace.

20. The system of claim 17, wherein the datacenter workspace is
contained in one or more modular computing frames containing the
computer assemblies and the warm-air plenum is contained in one or
more modular mechanical frames configured to be joined to the one or

more first modular frame.

21. The system of claim 20, wherein the system includes a first
modular workspace frame stacked on top of a second modular workspace

frame, which is in turn stacked on top of a mechanical frame.
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