MULTI - MODE COCLI NG SYSTEM AND METHOD W TH EVAPORATI VE COOLI NG BACKGROUND

[ 0001] El ectronic conponents generate waste heat energy when in use. This
heat enerw9 28tvaabztsbe renoved to nmitigate a potential fecTaseEoneyss

over heating and subsequent nal function. Conputer systens typically include
a nunber of such conponents, or waste heat sources, that include, but are

Suppl i 05, “and_ pr ocesdaLTIALE FUDENCIELINARIVEAOR DM C my
generate 100 watts to 150 @ﬁ@@%@qﬁ@f‘%@@ﬁs&ﬁe | ar ger conputers
with nmultiple processors nmay genera (e: 250 ts of waste heat. Sone known
computer systens include a plural |®—5‘§§9ﬁ\§ﬂarger, mul ti pl eprocessor
conputers that are configured into rack-nounted conponents, and then are
subsequent|ly positioned within a racking system Sonme known racki ng systens

i ncl ude 40 H0OH] r adKectmint @onmoame gemirate avadteshgahencagykivhen siysse e rhisdidat

t her ef ore gener at much as, 10 ki.l owatts of ste heat. Mbreover one
Known dat a GeTER oY AR EFEIR o I TFiE foPOIGRA PR CRMRGISS) SPBETNEOMD]  Some
known data gaRbflcht indfuregodTethapsicARKIARPAVREMS GRMdOY! Beinbd bRGLIH tate

wast e heat renoval froma El urality of racking systens. Moreover, sone
known dat a esnpaestsi oicivadieheat sourees, thay instude alewiangnedylznidedstor pranted aiyeuih

plurality og cgnf i %rsﬁti on? t.hat are non-luni formw.th relggrec}tg L 9.conmponent
density and W88y SUcH PHal “dach PPACk PHY §7 st gerier dt es " hast e Feldl” at a
non- uni f or Mhéradrdl REMBHP 8YBE trayt BéheF RIBDOGRIHsAD tIVEWABC KT MEsts trbeami | n
such data centers, application of uniform heat renoval nethods and

appar at us t ¥R EREHOFMMINI® MWD I PstcegforremaY | asAceBUL R svaltRPt igste
full'y efficyent 5%3% gidwif tt:b]%ﬁuﬁeps £ %nr&ﬁﬁl‘é d g@%{ﬁ% of 43P %Jarger??ﬁﬂgﬁg—a

centers use out sl air as a ortant sourc ool'ng

char act er i sprioe&sanebnipiddrs that afe @ufigindé idb radkeniowaed covhp@icyts, halvdeetre even

at a given |logcation. Aside fromthe significant changes in tenperature and
humi.dity t hEtOSeRRIEE PEFItgRed, Withi & HARGEE ssle®as SABIE EHNTY SYSIERBal i ty

of the outsjdgjais FRY rack-mounted components and such racking systems will therefore
generate as much as 10 kilowatts of waste heat. Moreover, some known data centers

include a plurality of such racking systems.

[0002] Some known data centers include methods and apparatus configured to
facilitate waste heat removal from a plurality of racking systems. Moreover, some
known data centers include a plurality of racking systems that have a plurality of
configurations that are non-uniform with respect to component density and usage such
that each racking system generates waste heat at a non-uniform rate as compared to
the remainder of the racking systems. In such data centers, application of uniform
heat removal methods and apparatus to such non-uniform waste heat generation

sources may not be fully efficient and effective in waste heat removal.

[0003] Some data centers use outside air as an important source of cooling air.
The characteristics and quality of outside air may vary widely, however, even at a
given location. Aside from the significant changes in temperature and humidity that
can occur with the change of seasons, environmental guality of the outside air may
vary due to a myriad of external factors. For example, smoke, smog, and airborne

by-products of industrial and/or agricultural activities can all affect usability of
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vary due to a nyriad of external factors. For exanple, snoke, snobg, and

ai rborne by-products of industrial and/or agricultural activities can all
af fect usabibiotoyszsBout si de air for cooling purposes. Thesg/uUsarvasdiens over
time in availability, cooling capacity, and quality of outside air create
chal l enges in effectively sizing and operating cooling air systens for a
data center, : ni ] Ak 3i+S| or
cool er i SpeRle X RINBling pIRERATTRR . FERLLRTORTHETR] SRkIsbnR Bhnt ot
hum d weat hespaclBpnuet sphlity af macideniatratrestoothallgnggsine effedtavelyi siziigzedd t o
provi de effectiyve co?J i ;%tduri n% hot, humd ag;rmer nt hs C,rﬁaﬁé resul.t in a
syst em t hat PPEARGHRF AR $5eBPPE f Fald $BIer c olitTeramgls armgahipigal foolag,
BRI EF DESCRLRTAMNL £ s TiedDRAIONES. 1090Hhe flo@yedr Ityamachiepmlide éi!egiﬂi’t@m
illustrating one enbodi nent of a data center "cooling systemincluding a
mechani cal sydingrm &ntl hamididicabat i Corsystlym njcobdijal Fo@Bg sPstamdhd® iasiged | ow

diagranms illustrati one enpbodi ment of operating a,coolin stem.in

mul tiple no&b%‘iof’?}@(?g%fn I°@°H§g gW%%‘FQ? ! iSW?mt%i%ﬁﬁ%lfﬁ%ﬁﬁeﬁi ng an
al ternate eghol dmEntcfly 408818 Rirkbolen dekehidbi Hysarde for anbi ent

t enper at ures above an naxi mum anbi ent tenperature set point. [0007] FIG 5

illustrates is a flow diagramillustrating an alternate enbodi nent of

det erm ni ng condi tions T HefE ' de. [0008] FIG 6
is aflowdiagramill usb&?@%@i}lm @g?(.l.iim u%{ﬁgﬁgg a cooling system
havi ng an adi abatic system bypass. [0009] FIG 7A is a side elevation view
of one enbodi nent of an air handling systemincluding a nechanical system

and an adi ab¥0AL sydEBemis # sthepticfiagrappillustrating o eprhedinggmt oha dpigientel evel
of the air i ' I : I is a plan view
of the upper@qq%\ggpgglﬁxﬁﬁgﬁgg rg %H ?Arflsgstey%@éénglg%%\%\%@cgyﬁ%@ 7A. [0012] FIG
7D is a front elevation view of the air handling systemshown in FIG 7A

[0013] FIG 8 is a_schematic di gagram of aq evaporativei) (C:lool [ n(f‘; system
accor di ng [0005] FI1GS. 2 and 3 are tlow diagrams 1llustrating one embodiment of opérating

a cooling system in multiple modes.

[0006] FIG. 4 illustrates is a flow diagram illustrating an alternate embodiment of
determining an operating mode for ambient temperatures above an maximum ambient

temperature set point.

[0007] FIG. 5 illustrates is a flow diagram illustrating an alternate embodiment of

determining conditions for operating in a free cooling mode.

[0008] FIG. 6 is a flow diagram illustrating one embodiment of operating a

cooling system having an adiabatic system bypass.

[0009]  FIG. 7A is a side clevation view of one embodiment of an air handling

system including a mechanical system and an adiabatic system.

[0010] FIG. 7B is a plan view of the lower level of the air handling system shown
in FIG. 7A.



to one enbodi nent. [0014] The various enbodi nents descri bed herein are
susceptible to various nodifications and alternative forns. Specific

enbodi menwe 2aroe7s3s8wn by way of exanple in the draw ngspramasasilochies ei n be
described in detail. It should be understood, however, that the draw ngs
and detailed description thereto are not intended to limt the disclosure

cover al 1 miiifcar FioheTt BRBEFisnrd up bkl BafRIhERL naddie SEERRAAn B ©

spirit and sgpng 7f the appended claims. The headi ngs used herein are for
or gani zati onal purposes only and are not neant to be used to limt the
scope of the description or the clainms. As used throughout this

appl i cation, i ng
avi ng the. SAEE s S e A HRFH B B AN BAEAR R b inREEL 10
must). Simb7arly, the words "i ncI ude, " "including," and "includes" nean

i ncluding, but not Ilimted to. DETAILED DESCRI PTI ON QF EMBODI MENTS [ 0015]
Vari ous enbodi ments of a system and nmethod for cooling el ectronic equipnent
in adata c 1@; arﬁ@'8%§£%§%at@%%gh%ga£@v atRARQHIAE ﬁtsten?a%}ctﬂg for
cool ing conputer systenms In a room a data nter i ncl'udes providinhg an
ai r channel ingnesab@lser@m The air channel i ng sub-system i ncl udes a

mechani cal cooling section and a direct evaporative cooling section.
Cooling air is channeled through the air channeling sub-systemand into the
room If a fyg1g{ SefhOlufARt ERbodifRMist HQBSHIIS hévin atehSusdbptividas Nkiond
sub-systemis operated | an adiabatic node. The adiabatic node includes
channel i ng cudificatjors and hitoogkvet fwelnal r%@ﬁl%v@l@@@@ﬁﬂé aé@)élllqvﬁg byeway 6h to

evaporate water .into.the cool | n cond set o] I ngdi tions
is net, the“3{PP 18 HBnHE) ﬁ%ﬁ grﬁergng%eeggﬁc %eé " &)%algr nfél S?rln‘gﬂ géf

hybri d modeuha&!;w@&smmﬁf\edhw%ecqmmﬁgs ahd detwleagdes&mmoﬁeﬂ@mm cad n@t)ol i ng
section to renove heat fromthe cooli ng air and channeling the cooling air

through t heird¢ndsd o émabtheacbso\l@uteom the gagisslar & disdosedo et @ NSIOPIRNE 0 t he
cooling air %he 1111%119 forl is t% nglnéli c?!aﬁ'g:atlgfs reglg{falglgt? %ﬂﬂ%ft&hat%@qghh%bl thﬁr? net,

and t he systemil1sS oerate In a € neasure ent air
t enper at ur etliessyitit and abeeofathcaapperddd éaluims. The headings used herein are for

organizational purposes only and are not meant to be used to limit the scope of the
description or the claims. As used throughout this application, the word “may” is
used in a permissive sense (i.e., meaning having the potential to), rather than the

¥ ae

mandatory sense (i.e., meaning must). Similarly, the words “include,” “including,”

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

DETAILED DESCRIPTION OF EMBODIMENTS

[0015]  Various embodiments of a system and method for cooling electronic
equipment in a data center are disclosed. According to one embodiment, a method for
cooling computer systems in a room of a data center includes providing an air
channeling sub-system.  The air channeling sub-system includes a mechanical
cooling section and a direct evaporative cooling section. Cooling air is channeled
through the air channeling sub-system and into the room. If a first set of control
conditions is met, the air channeling sub-system is operated in an adiabatic mode.
The adiabatic mode includes channeling cooling air through the direct evaporative

cooling section to evaporate water into the cooling air. If a second set of control

3



tenperature maxi mum set point and the supply air enthalpy is at or below a
supply air enthal py set point. The second set of control conditions is net,
and t he syetemvi7s3ssperated in hybrid node, if the nmeasuret/ispimoosd1sai r
tenperature is at or above the anbient air tenperature maxi num set point
and the supply air enthal py is above the supply air enthal py set point.
[0016] In certal:n e i . - al [ .G el i -~ S, b

operat ed i n%gﬁﬁgg%sn%%%é&%%ﬁghﬁagﬂt ule%%S@@[ fSo rcagn i oé?lﬁ@%[r?dﬁ%lx%nghﬁs nmet .
Oper at i ng i mybtié necle ntsiudee rchamdtingeyolingcait deogdhaihs ehdchgnieal abblige sdctioh hr ough
the direct evaporative_cooling section to evaporate water _into thg, cool i ng
air, and cof® Fenqvedigabirpriherea)ingralisandpthpnaging e eopding ferathrayghnthg direct
controlling AL o a j . 00]k: iroi

di rect evapgrgébtol ve c%%qq%lﬁ\é\@éggéltl ﬁ}én%ﬁ{%ﬂe"b&g@ﬁ% {S‘ﬁ%ﬁtéﬂo%lﬂg dthﬁii rdﬂlstgggof
control coneénibbdinsnt, sherBist seainal doerob yatditinnsss aperakiate systan anopdrated imode,
if the measured anbient air te raLure is bel ow an anbi ent ten’gerat.ure

m ni mum set 2B@PHEC BAL: £ eé‘l?ﬁfh‘qg‘f%‘in ICBHRH ETRRFTAEre g Rl 2R OE P FRROINE 81T

ent hal py setepirithre h&lhhh dPp&sf 4 Re SRR LiFRRhSIpy iO& @'b%lo@ﬁ@?.g?l)}oﬁlg

sub-system may be operated in a free cooli'ng node if a fourth _
control condithalppsef poinet . Ti@pecand say dfrvontrel fanddionsds imeyy amddbe wpsernngl ude

h | ir f t tside th h, t he. while th i cal
ool 1 ng secopBAetif biied ditiBe s T HsOHEH VS ehORT Iisatiieon “hPEaans Mown or
i nhi bi ted fpemMAPsHE ArhSRatuANAa xRy Sdtigdthtahd thd QiFplihar EMBAHY s hlgeqHé door s.

I n one enbodiment, the fourth set of control conditions is nmet if the

anbi ent ai r seppipair anthelpy isef pwinthi n a desired tenperature control band.

[0018] In certain enbodi nents, the air channeling sub-system may be
operated in a nechanical node if a fifth set of control conditions is net.
Qperating i (0016p nEahaALs @inbaBEeniR Yhd 41€ thitaelatpasubalykive wobé bgerated it hr ough
t he nechani cal coolingsection to renove heat framthe cooling air. The

cool i ng ai r aggonsanizercinpdy ot deird seinvl eratiod spadiHpRsusHNEh e ORFratiag 4R ks i ng

sub- system eéorﬁgﬂ'g%% ?xggrﬁgqi[lg Heiudk Qﬁaﬁﬂeﬁihg t{):ﬁaﬁngoéir i : %pﬂhe Rl HapRStkS et

if the nmeasure nperature 1s ove Tan a nt tenperature mnmaxi mum

set point, tdhsingnsbeteoni torevhpdrateevaiemint thy cosligbaiy,endoantblliept huelidity v

gglm n? I ty Seguprl)) )!’ Qitr’toat g dzltgerocs)rlfllpl:%! Xon%éoﬁlit?gngl?grlngﬁntl gf x?vgt%}/ %va?pr(])raeter:]ci ?n%(l) F%I‘lle set
cooling air in the direct evaporative cooling section. In one embodiment, the third set
of control conditions is met, and the system is operated in economizer mode, if the
measured ambient air temperature is below an ambient temperature minimum set

point and the supply air enthalpy is below a supply air enthalpy set point.

[6017] In certain embodiments, the air channeling sub-system may be operated in
a free cooling mode if a fourth set of control conditions is met. Operating in the free
cooling mode may include channeling air from the outside through the room while the
mechanical cooling section and the direct evaporative cooling section are shut down
or inhibited from operation, and exhausting air from the room to the outdoors. In one
embodiment, the fourth set of control conditions is met if the ambient air temperature

is within a desired temperature control band.

[0018] In certain embodiments, the air channeling sub-system may be operated in
a mechanical mode if a fifth set of control conditions is met.  Operating in the

mechanical mode may include channeling cooling air through the mechanical cooling
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I n anot her enbodi nent, the fifth set of control conditions is nmet if the
outside air is unusable. [0019] According to one enbodi ment, a system for
cool i ng cwopuotear7sxdgstens in a room of a data center i nclPolas2@9/069154
channel i ng sub-system The air channeling sub systemincludes a nechani cal
cooling section that renoves heat fromthe cooling air and a direct

evaporati ve cqooling section.dowistream fr t he. mechani section.
N P ol | e abmab et peah RS L bk Ak SISO AN B8 LRl AT e
direct evap%eaitdomi‘thﬁﬁ%h'tﬂﬁgal? %ﬁéﬂﬂéﬂn%&htﬁ@sﬁ:% apabhCeBEBmeht, hefiiblet 96t of
control conditions is net and hi bri'd node if a second set of control

condi ti ons ﬂgntlﬁltconflmozﬁ}s mecdrthe ngeasltse@ﬁ@bmbmmﬁme iq abpxe amafdientool i ng

cub. syt em LRy PRUBREb St Rptoh? b aeb e MeRRuR A PRORLE2,
center. The r@htiveahhainRy bdlofidmanhé QIpphynal elasip ighiore tan @UEARK LI Mentc 00l i ng
section that evag@_r ates water into the cooling air._ The air channeling

sub- syst em ihenabrsserabagyperdsthgifth s OEﬁamfﬁéwovwéwemﬂ mpigt dhe outeidepisdss t he
di rect evap%g% blve cool ing section, and one or nore danpers configurable to
direct at |east a portion of the cool ing air through the bypass duct
|nstead of the direct evaporative cooling section. [0021] As used herein,

"data center" includes any facility, or portion_of a. facility in whjich
conput er op&?ﬂéﬁ onSAEPEIRG Y PreFIRPdImont (fhgvatese i SPOIRE COMRIGFESIEEF 3 s and

other syst epg,2pf, gamRONEhSASACH 8nhGi Fé%B' Emf UPGR 4iPBBnh&;

g ?ét I%S‘I.lb-

e-conmerce transactions, database nmnagenefit serving multipl

functions. Bsanplieudet a(meqhﬂmeal @pingaskéains thatcrbmdeem hehofromt the nogingc@s si ng,

conmmuni cati on 8 $| nmul ati ons, Operatl nal , cont 0022] As . used herein,
I

"mechani cal 1t eYPé’é?F?éWEd"t?P TRg SEHI0; OW T8y ‘H’é © feghanicd) PO doi ng

mechani cal Qi On A@Eoﬂtﬁﬁ§¥ sae&w‘elylbgerat%y% BRCIREEA SobliheY $RAGE QAR RS ST ON
refrigeration systens. [0023] used herein, "evaporative cooling" neans

cool i ng of directbavaparapos ao«)lmg @ﬁctllon qul zh a{habatm] masle uid eadl finsdr ssi o cogirobet
evapor at | Ve S tlugnrs]% meband in a%?fl) n%m%e 1fa a sec01¥d set of control conditions is met.

[0020] According to one embodiment, a system for cooling computer systems in a
room of a data center includes an air channeling sub-system that provides cooling air
to electronic equipment in the data center. The air channeling sub-system includes a
direct evaporative cooling section that evaporates water into the cooling air. The air
channeling sub-system includes a bypass duct to channel the cooling air to bypass the
direct evaporative cooling section, and one or more dampers configurable to direct at
least a portion of the cooling air through the bypass duct instead of the direct

evaporative cooling section.

[0021] As used herein, “data center” includes any facility or portion of a facility
in which computer operations are carried out. A data center may include servers and
other systems and components dedicated to specific functions (e.g., e-commerce
transactions, database management) or serving multiple functions. Examples of
computer operations include information processing, communications, simulations,

and operational control.



evaporation of liquid directly into a streamof air to be cooled. [0025] As
used herein, "adiabatic system neans a systemthat cools by evaporation of
a |iquid.wpaongyj7s3xs used herein, "anbient” refers to a eomdistéovneass out si de
air at the location of a systemor data center. An anbient tenperature nmay
be taken, for exanple, at or near an intake hood of an air handling system

[ 0027] As u erei v €« i y ”i}g%! : f tion

i n which an%gidzrﬁhanggi’uﬁgd lsl% -éyl(shtg‘cé“m pul Fgﬁgl'gr a Fggglfﬁpgfg?gglay&p%s% an
ext ernal souhatdnt¢dushddsg aiethanidab imaek anfaadeasi dye) flaidd s sesctil3enaiapot-0

el ectroni c equi pmrent withoyt active chilling in the air-handling sub-system
(e.qg., flui GFPHRFPRFSUGHUPRSERMS er coils in the air handling sub-system
is shut off by closing a flow control valve). [0028] As used herein, "roonf
means a roomor a space of a building. A "conputer roonf neans a roomin
whi ch conput{@8233yst Asesedsechn dsvamekiveowntiegl’ means epslingeimiopecapeditiofi 0029]
As used herei E’l Sconmput er systent includes any of various conputer systens
or conponentog 1fi¥idr eof . One exanpl e of a conputer systemis a rack nounted
server. As used herein, the termconputer is not limted to just those
integrated circuits referred to in the art as a conputer, but broadly
refers to alWdtessds used deroiter digciricearowive rasioling”, neans croldaghplitagr by a

programuabl e | ogi.c controll.er .(PLC), an appljcation specific integrated
circuit, anﬁv?ﬁogaé]ron (r%(glﬂ}”%rfl“rﬁeﬁﬁég’llf?éﬁﬁa@ Ogﬁﬁ{({cl?fecé)gpe[dm nms are used

i nterchangeably herein. In various enbodi nents, nenory may include, but is
not limted to, a conputer-readabl e nmedium such as a random access nenory
(RAM) . Al t ed¥BSi vel4s usedonpain: “afigbatic spgemdnmyanse posysteshaoppols by

magnet o- opt i.cal . di IY@ and/or a digital versatile disc (DVD) may al so
be used. Al gga,?poéagié)?lﬁf%n d|'nput channel s may i nclude conputer peripherals
associated with an operator interface such as a nouse and a keyboard.

Al ternati vel ot her cor1£ut er peripherals may al so. be used that, may
llée

i ncl ude, f ol0Eh I s EgtHer AMREN haFlEY &) a) sprdHonshmeusidsodr mérte,
addi tional eubput ¢RAARRES oFkial QGldde AN JARRNRYGhpdrRibR Fa§ SeMaRES, Ay and/ or

a printer.
example, at or near an intake hood of an air handling system.

[06027] As used herein, a “free cooling mode” includes a mode of operation in
which an air handling sub-system pulls air at least partially from an external source
(such as air outside a facility) and forces the air to electronic equipment without active
chilling in the air-handling sub-system (e.g., fluid flow through the chiller coils in the

air handling sub-system is shut off by closing a flow control valve).

[0028] As used herein, “room” means a room or a space of a building. A
“computer room” means a room in which computer systems, such as rack-mounted

servers, are operated.

[0029] As used herein, “computer system” includes any of various computer
systems or components thereof. One example of a computer system is a rack-
mounted server. As used herein, the term computer is not limited to just those
integrated circuits referred to in the art as a computer, but broadly refers to a
processor, a server, a microcontroller, a microcomputer, a programmable logic

controller (PLC), an application specific integrated circuit, and other programmable
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[ 0030] As used herein, a "danper"” includes any device or conponent that can
be noved to control (e.g., increase or decrease) the flow of fluid through
a duct orwothavo7pEEssageway. Exanpl es of danpers i ncl udepplratseag/obdiades,
panel s, or discs, or any conbination thereof. A danper may include nultiple
el ements. For exanple, a danper may include a series of plates in parallel

relation to one another that can be sinulta sly rotated to cl.ose a duct.
As used heréifﬁ‘msﬁén st dergarg Cl??é‘&?ﬁ\%%f gefﬁ}nac@ WIS SbodHBEES nor e

el ements of f rgqﬁ'%efnc 2GS VBt Hﬁﬁﬂe& GheRAGR haliues shﬂ{ gugh the

danper, such as sed or parti al ?y ope In a systemw th ei ghteen
ai r handl i ngamsioby mim&mogoﬁmm/k)nmi@mmﬂreb’ua&n@aal discdlamgeer esnlyrmmyenmarg | ude

T danper s (CPORAND: A Phereinaics] gk Muobycpali < KBualperngafroavoy = °°
enbodi ment s ;.3 4QPhd ﬁ‘&ds VS I rﬂdﬁﬁfonﬂl ?ﬁtﬂ:hﬁﬁ{btlseﬁlamlddécdo&ﬂlﬂﬁte@ peHphdralst age

cool ing arrangement. | n one embodi nent, the nulti-stage arrangenent may
i ncl ude a nemamtedawltlm@mbpﬂgtoswcr&cﬁandn & adimoost alﬁk/@b@foa@ndveﬁ%@mtlwa system

downstream fromt he rrecha A cool i.n emthat

el udes boeHeBeERHE R RRe g s PLpStih fa taibde D BBEE o1 f ng
system may ghtRWnRréasi@Ee sbxﬁe‘@ﬁlﬂéﬁnﬁ@ﬁd" aAHoRM hAgutachsh®dld flayGafasd by t han
a system having only a nechanical cooling systemor only an evaporative

cool i ng sysppmtOF@U@cheFm@ltolam@OlaaBferﬁ@frrat| c view of an enbodi ment of a
data center cooling systemincluding a nechanical cooling section and a
di rect evaporative cooling section. Cooling system 100 nmay renove heat from

conmput er sy$s030F Oopgs adddngrdindat@ngeit @eludiéany devidereohpdhdie that ichh bst r at ed
in FIG 1, cooling system 100 includes air_ handling. sub-system 104. A

e
handl i ng sum%%ﬁ%ﬁqnfm(%ynwaiﬁw Q?&?F‘?)ﬁbe Hpy af dluid thgo éﬁmfwthe[ooss]

e e A R T

systens 104 cotbinatien ﬁ[dm;d“ n}lndiammaha)nmd;g@t it eh&ymsncFmdexdmple air

handl i ng sub-systens. 1 I n ano r enbodl cooling system 100
i ncl udes onﬁ@‘nB‘ﬁem%X Fnc o PRES & IB 5§‘§?S‘Pé?‘?f tl"’ftf‘?nftﬁ&nlelatnf)é@ ﬁ]af FhE t i pl e

ai rhandl i ngi SiRnSHRCRR8IY Close a duct.  As used herein, to “position” a damper
means to place or leave one or more elements of the damper to achieve desired flow
characteristics through the damper, such as open, closed, or partially open. In a
system with eighteen air handling sub-systems, positioning the outside air dampers
may include opening outside air dampers in eight of the sub-systems and keeping

outside air dampers closed in the other ten sub-systems.

[0031] In various embodiments, a cooling system for a data center may include a
multi-stage cooling arrangement. In one embodiment, the multi-stage arrangement
may include a mechanical cooling system and a direct evaporative cooling system
downstream from the mechanical cooling system. A cooling system that includes
both a mechanical cooling system and a direct evaporative cooling system may allow
a design in which each system has a smaller capacity than a system having only a

mechanical cooling system or only an evaporative cooling system.

[0032] FIG. 1 is a schematic view of an embodiment of a data center cooling
system including a mechanical cooling section and a direct evaporative cooling

section. Cooling system 100 may remove heat from computer systems operating in
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mul tiple data centers, cross-over ducts may be provided (e.g., on the
supply side, the return side, or both) to allow cooling air fromair
handl i ng wokesyssasss to be distributed and/ or redirected#Criushiog/osoidat a
center or anong data centers. Air handling sub-systens may be commonly
controll ed, separately cont roI | ed, or a conbination thereof. In certain

nbodi t I t he t I b- t
ata cont ot dcelia Dl G ervatismudharmcy ik . Teofhokamrb e " ¢
handl i ng sysfefmaah hy Quialaent ¢04. erAmxn&lal\gesula%aemtoauﬁgy BhdnnVIEHoBn@ AR

return air vents, ilethe other half the aif handling systems at a data
cent er have todht ceeteut(®.ai r vents. [0034] Each air handling sub-system 104
may be coupled to data center 102 by supply duct 108 and return duct 110.
Cooling air may flow fromair handling sub system 104 through supply duct

108 into pl qpusB8)1127hEHembad @fwfrhaﬂeﬂmgcsagls]l,ﬁanguoz; rrwocnafgssytsiaﬁpmn»ratow
restriction deV| ces 114 into room 116. Coo air may pass over racks 118.

After the aivary.s Inewmsdebodinents, qm@gtsmmallr() mayiué%@aﬁm@d@n lrnw g#n duct

110. Air may ul ated,t hr ou no tems
or di schargegﬁs?lpgiﬁ%hgngf}gte%o?w ggfﬁgp%%ﬁte i/(gon aﬁ% ‘%xflﬁaus ven 120

i ncl udes exhabsystelasnes. lﬂ%noiﬂl@ﬁé’rﬁl])odﬂnéntf edoliRayktem HysihelidOshlyreye bie dr awn
fromoutside air, recirculated air a conbi nati on of outside air and

reci rcul at edwadling subrsysiamdiOdng ls fasil §V>§ et nrataplerpdn hapding sibssygtems ad{pgnt
124. CQutsid t 6.
sub syst om 1690 Pl ilpchfs, SRS 0 AlckCul by SANREY A2% ol sOAN0SaBne

i ncl udes fi lrétarn BRiBK o Idth)cti hllew cmﬂmg duliromy sfiemidBihg eabapoteatsi e beool er

136, and supply fan 138, and return fan 144. I n one enbodi nent ter bank
132 i ncl udeslsiiusd @%dffeﬁre%%ﬁtedr wrtb]@rasf?a’fmtfrrr?g agipag dataresBterh 1{113&‘1518% pass

duct 140. Bxéﬁ@% stdHS Inad A% oersnfufane@'éegératg POE1IRE, &f atdGbaiaRBhY ai r

to bypass evapo at1ve cool er 6 Evapor at | ol er bypass danper 141 and
evaporative thmexifer Mmtemdamtpminmmﬂz andyy a beb-sa [of dtel towl yir hosdlingomwbesystemeont r ol

flow throu oratlve cool er, 136, Coal.ing s te 100|nlu return air
bypass 1519 Wda &, Ponter qre&g@gggdl ava%rét}ts@%?ﬂ' etits. ©"For exampe ﬁiﬁf

handling systems at a data center may have both outside air vents and return air vents,
while the other half the air handling systems at a data center have only return air

vents.

[0034] Each air handling sub-system 104 may be coupled to data center 102 by
supply duct 108 and return duct 110. Cooling air may flow from air handling sub-
system 104 through supply duct 108 into plenum 112. From plenum 112, cooling air
may pass through flow restriction devices 114 into room 116. Cooling air may pass
over racks 118,  After the air is heated by racks 118, the air may pass through return
duct 110. Air may be recirculated through one or more air handling sub-systems or
discharged from the system through exhaust vent 120. Exhaust vent 120 includes

exhaust damper 122.

[0035] Air for cooling system 100 may be drawn from outside air, recirculated air,
or a combination of outside air and recirculated air. Air handling sub-system 104
includes outside air vent 124. Outside air vent includes outside air damper 126. Air

handling sub-system 104 includes mixing air damper 130.



[0037] Supply fan 138 and return fan 144 are coupled to VFDs 146. VFD 146
is coupled to control unit 150. [0038] Chilled water subsystem 134 is
coupl ed iwohesto7s35ansf er conmuni cati on with air handl i ngcsuis2ewasans 104.
Chill ed water sub-system 134 includes coils 154 and val ve 156. Valve 156 is
coupled to control unit 150. Valve 156 may be opened and cl osed by signals
fromcontrol unit 150. The position of valve 156 nmay be used to regul ate

the use of dA93btled Gaeling sysiemndi00aneludes Hlter hapkdlihgrhaidng wpist sHP-8YMEM | n one
e od | . . . E
crbod Tt CONRLG LS4 18] o PLBBISEM AR PR U o ke (0

two nore air “handl*i'ng - I each air
handl i ng sulentdinesnt,i Sltardsinkd 3Byinaludedh catiedoL fiuk [fdadravaCeoslisg bsyest 00 134,

o eSS 30 ST R B SeR PR 0P
i n 1 ow compypiieat @bk, Goliveli sk thaporhivk bedl §drp 4y ough

§
coils 154 is ita e air OWS across coils 154. C§0ils 154 are
coupl ed i n fahdevayomtiveicoaler Gie dimperal42l reasbe saieetivbliyl poeitionet rcohtalt flow

exchanger 162 via a pluralit tybes. that are co ed in flow
cormuni cat i HORER ﬁ"a}?BF?EiViS@‘?I\é][ 8%540;@@8 iS ﬁe@fgpéﬂ‘ﬂg%é e "I’fégy?aﬁﬁllahes a
chilled wat ghq Re@dh JiEBPPYA| dafipr $¥5t em 168. Heat renoval sub-system 168 may

be any sub-systemthat" facilitates operation of system 100. In one
enbodi nent, heat renoval sub-system 168 is an airconditioning refrigerant

Cover subr <00 1 Rk TRl GEH s R Bh ol TR oo e BT )P Tes ™

i's a serviceolgib€fo ablobyEt B0, | n certain enmbodi nents, a nechanical cooling
system such as an air-conditioning refrigerant systemmy be in direct heat
transfer comunication with cooling air in air handling sub-systens 104.

bosi 1 oned AAEHEET EhEA Sokerty Byt Tal JESBIE) FTHOE SfSAF b BB on e
progr anmed twaihcanhamlling ewb-sesernd1 1@4. r Chidled Wang sabhiysyratiédandds cofis | b4d

wat er sub-systens 134, and/or heat renoval sub-syst ) ntrol unit 150 is
coupl ed to andpilyedah Madve Fadiscaunlehtogpatrobypik ?%% Sﬁgfveoﬂgﬁﬂw hogpened

and closed by signals from control unit 150. The position of valve 156 may be used
to regulate the use of chilled water to cool air in air handling sub-system 104. In one
embodiment, a common chilled water subsystem 134 provides chilled water to two
more air handling sub-systems. In certain embodiments, each air handling sub-system

is cooled by a dedicated chilled water subsystem 134,

[0039] Chilled water sub-system 134 includes at least one pump 160 coupled in
flow communication with a flow control valve 156. Valve 156 is coupled in flow
communication with coils 154 such that chilled water flow through coils 154 is
facilitated while air flows across coils 154. Coils 154 are coupled in flow
communication with at least one chilled water heat exchanger 162 via a plurality of

tubes that are coupled in flow communication with pump 160.

[0040] Cooling system 100 further includes a chilled water heat removal sub-
system 168. Heat removal sub-system 168 may be any sub-system that facilitates
operation of system 100. In one embodiment, heat removal sub-system 168 is an air-
conditioning refrigerant sub-system. In another embodiment, heat removal sub-

system 168 is a cooling tower sub-system. In still another embodiment, heat removal
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exhaust danper 122, and m xing air danmper 130. Control wunit 150 is in data
communi cation with tenperature sensors, humdity sensors, and pressures
sensors. WwonosxgasBe, control unit 150 is in data commuRCTAS2@/06%154H
tenperature sensor 151 | ocated near the intake hood of cooling system 100.
In one enbodi nent, all of the air handling sub-systens and chill ed-water

sub-systens at a data center, are controlled with .a c n control unit. In
ot her  enbodiSHRWY€emdap a %F@V@Bmaf%ls}r}@'ﬁﬁst%{?e IBFBW‘H@HI%P%QQ%H néﬁc‘lflam%ﬂludl i ng

sub- system ol condiki i fintdifecBhéat
handl i ng su@gﬁgﬁggﬁ%g %FE?{?ICE (ﬁ\{;/a&ggg réﬁl}g{:%ggfyg%&é&?%%gﬁéces inair
handl i ng suliraayfst eosamitatihi |Widd coeliter as ulb- sy redengrenb-ksteoont #bl | d@r

aut omati cal | ;/{ rTEnuaI ly, or a, CO i nat.i on %{h.ereof. %0045{3 ImBr%certtai n
enbodi ment s SXRBRE, FYARTHEIT 1801 06 B! ORI, FEUTP o GRENRROPSIEg ¢
control | er. gihgsfidm FBY fi1RTBRgk piher things, open and close danpers in air
handl i ng system 104 based upon conmand signals from an operator to channel

air flow through data center 102 as necessary for the prevailing

oper at i onal itians. ,Alte tively, the P l.at e %‘%{n@ir et ween
fully open a[ﬁ@{ﬁ_ul |§°%tf‘85‘8’&‘ Os]ﬂﬁ%&ﬁ?g%ﬁﬁg@%ﬁf&%@ﬁs Td04 endffggl i ng
system 100 al5Qydtéhd uoBsScalldd Waktk istiy-s@fierh € NPT @iditrehca® snthalreil-sghesmc es
that, in one enbodi nent, are thernocouples. Alternatively, the tenperature

nmeasur enent (aobesit | Heiswaupledin supply foa 15 8.ietuar fanol 44y eulpide i damp ature

detectors (RT, n evice..t.hat_- L]t o] ., OfcnCQOL I system
100 as descref’(%%l(%aj)ét %31% 8%&%0@%%&% eafnf g&% %rl the(g \A/akﬁ)él?fgit ﬁglrt Orrlosgo%p e&&n%y be
posi ti oned Wwhinhiuhicatibh Ivith waipREatsrebeysire rhubd8ity Gelsacy, land gressures sensorsy a
tenperature _of the chilled water upondi scharge from a heat exchang%b In

the one enbd@r FEnEplesinuob Rl Il diswatdar SouHBRT ANy FENRCBTIRTF SF1S0
appr oxi mat el y..p.q6,q E%ﬁékeqlﬁ%ogdf%o&l@r@ S}'&%ﬁl dﬂiﬁgrﬁl e%ﬂmoﬁﬂﬁ@ﬁ,tall(é}@é air [ 0044]

In the enbodi nent shown 1 n alr g sub-system 104 may force
ai r t hr ough hatufijpigysutherybted Smidndhitlqub eatamsubistens att shdataeebied areeergtolledol i ng

air may be farced directly . into_rogm 116 f.hrough a supply. duct w thout
goi ng t hr oudHth? HIRRERLO tﬁ)i\}%ﬁti 5{598“@% ?‘i@‘ﬁf‘@’, SGPF@% ‘Ir)"g‘gf\;]rl?réﬁfeomoﬁl ces
114 may be GHOSER alrPandling sub-system and chilled water sub-systems, or for a subset of the
air handling sub-systems and/or chilled water sub-systems. Devices in air handling
sub-systems and chilled water sub-systems may be controlled automatically,

manually, or a combination thereof.

[0042] In certain embodiments, control unit 150 includes at least one
programmable logic controller. The PLC may, among other things, open and close
dampers in air handling system 104 based upon command signals from an operator to
channel air flow through data center 102 as necessary for the prevailing operational
conditions. Alternatively, the PLC may modulate dampers between fully open and
fully closed positions to modulate airflow.

[0043] Cooling system 100 also includes a plurality of temperature measurement
devices that, in one embodiment, are thermocouples. Alternatively, the temperature
measurement devices include, but not be limited to, resistance temperature detectors
(RTDs) and any device that facilitate operation of cooling system 100 as described
herein. For example, a chilled water thermocouple may be positioned within chilled

water subsystem 138 to facilitate measuring a temperature of the chilled water upon
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control the flow rates and distribution of cooling air anbng various racks
118 in room 116. [0045] In various enbodi nents, operation of one or nore
ai r handlwogosubsisgst ens of a cooling system nay be contcolusea)ioswisesponse
to one or nore conditions. For exanple, the controller may be programred to
switch the air source for an airhandling sub-systemfromreturn air to

outside air n_ong or r redet ermi ned conditions are t ... Such, as

t enper at ur e ﬁ.%garﬁa r’fr% ?7?6?%62%113%?{‘ vg]?i tﬁﬁs"“@nﬁ‘@h?ﬁ@ﬁ’f@, St Qg%%llkiﬂﬁév At em
for a data Q@fﬂ%&étu?@y;@r@%oﬁ@@léﬂt ®Uagprodi@ied) 5mod&rsksf Casiaateapdesdegihe nmode
of operation at any given tine may be sel ected based on characteristics of
t he outsidefﬁhﬁmh@h§%ﬁ€teristics of air in various locations in the cooling
system and other characteristics prevailing at or near the data center. In
vari ous enbodi ments, the multi-node cooling systemmay mnimze the anount

of energy rqoedqred LotheoshbaliaitashesatiarFIGTHe afuhindlin®dabsyst@amozayagal | ow
for a nore efficient use of conponents of a cooling air system allow for a

reducti on i $owF 2/ uapel sunpliofuch hES Bito pspandlénBhetciimearimesiscopiing Bduce
operating C%ga{y;%eofor@ed%ﬁl%kﬁ heS YOI Tho BRELAT 2 LIRIPUE SARAUNGRE hiaSbi gneSS

(such as thr ower operating tenperatures conmputer Sy n the
data center plenuf047ln Vvaricse rebetinoahtselats resaicivh tdevived é 14 aadyl g clsossh eon

i ncl udes an adi abatic syste nd.a nmechanj.cal. cool i ng.section. The

adi abat i ¢ syg@féﬂ]%ﬁowﬁt% ghd @ﬁ%ﬁl@} olrogripgai agpRs SREeYSFackSoldPdR 19 KR
includes a wggted nedia. The nechanical cooling systemnay be, for exanple,
an air-conditioning refrigerant system The adi abatic system and nechani cal
system may be sel ectively enpl oyed and adj usted based onestabli shed control

condi tions. nmechani cal cool j.n tem may.cool the ir directly,
Coairecty (W) RO, SraSodimenY R o 08 o o Aotk B o Bl
handl i ng SV%&S@&”&S oP4 cébli @?&té}ﬁtﬂl@nbé HRE80Ed i spiombd B dheeFRQSE BRI fonsd

cooling system may include an evaporative cooling system (direct or
i ndirect) upst exsamplé.r ibmoaningdeh ardychd proguimmegl toysvieah the ajr seyresfior an ajrn

addition to, _ap. evaporative cqolin stem (direct or indirect wnst ream
From the nelREmrgARBe)bbnfort S8k & 1 PLSHRe ! LRSLoR of B SENCARNAEt T CoT
for a cool i ggndi&isen meh) stdh & temperature and humidity.

[0046] In various embodiments, a cooling system for a data center may be
operated in two or more different modes. The mode of operation at any given time
may be selected based on characteristics of the outside air, characteristics of air in
various locations in the cooling system, and other characteristics prevailing at or near
the data center.  In various embodiments, the multi-mode cooling system may
minimize the amount of energy required to cool a data center. The multi-mode
system may allow for a more efficient use of components of a cooling air system,
allow for a reduction is size/capacity of one or more elements of the system, reduce
operating costs of a cooling system, and/or improve cooling effectiveness (such as

through lower operating temperatures of computer systems in the data center).

[0047] In some embodiments, a multi-mode cooling system includes an adiabatic
system and a mechanical cooling section. The adiabatic system may be, for example,
a direct evaporative cooler that includes a wetted media. The mechanical cooling
system may be, for example, an air-conditioning refrigerant system. The adiabatic

system and mechanical system may be selectively employed and adjusted based on
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exanple, the cooling node at any given tine is based on the conditions of
outside air and the air at selected locations in the cooling system [0049]
Tabl e 1. woanless8 Cool i ng Modes for Air Handl ers Mode PCT/USc@0nd12£r
Control Conditions Anbient Tenperature: < mninumset point (typically
720F) Supply Air Enthal py: < set point (typically >30) Cooling Systens
Qutside Air Danper controlled Re-Crcul ation System Danper con roll?d

Adi abat i c Systeklishefsorirdl porditionsol The srshinienl coplngerwsiont MRy e the Spply

exanple, in_th g d ' ' | ir and
blends it w'th e@f@%@%@&#&%ﬁ? @gﬁﬁé&g@{ﬁgf&gggﬁpﬁﬁ%ﬁ eﬁﬁvgrg?]h% Aeired
supply air $ehdlp@i $iistchfnpeaadontténatioh théreof. et uinnceafain embadimesatshardodlitg i s
bel ow the m ni num the adi abatic systemw || a&*ust th hum di t . There
i s no MechasYeem RayonFluge AT REANOEHIF CPOIRE Histem HIEChFdBALS ?H?ﬁ?%%@“énbi ent
tenperature,i . . b S oPdtive tanpligal |
7208, i anf BB B b O e P hee i o
end because sgstankiditanbr indatctsdowmseredrs droveths)mdchapedwysled- t hat i nhibits
condensati on. Mdde 2: Free-Cooling Mdde Control Conditions Anbient
Tenperature: Set point control band (typically 764F) Anbient Air Relative
Hum di ty: > [6@43, UMKk 1PR1 AlexbinpRi SR AcYatig2Q08esHBE BIcBold sySRinat iy this

Hum dity: >"mninum set point (typically >"20% Supply Air Enthalpy: < set
poi nt (typi ezdhyle~hor@udlg modeSyisng pbveaitnag uéaamdrorqbeﬁomu@&fcfmuwpeow System

Cl osed . P .
and the air at selected locations in the cooling system.

[0049] Table 1. Example of Cooling Modes for Air Handlers

Mode 1: Economizer

Control Conditions

Ambient Temperature: < minimum set point (typically 72°F)

Supply Air Enthalpy: < set point (typically >30)
Cooling Systems

Outside Air Damper controlled

Re-Circulation System Damper controlled

Adiabatic System Humidity control

Mechanical System off
Notes

In this example, in the Economizer Mode, the system mixes cooler ambient air and blends
it with heated return air from the data room to achieve the desired supply air set point
temperature. If the return air relative humidity is below the minimum, the adiabatic system
will adjust the humidity up. There is no Mechanical cooling. The conditions for this mode
are that the ambient temperature is less than the low end of the desired set-point (typically
72°F). Tight control of relative humidity may not be required on the high end because a

constant heat source (servers) is provided that inhibits condensation.

Mode 2: Free-Cooling Mode

Control Conditions

Ambient Temperature: Set point + control band  (typically 76=4°F)
Ambient Air Relative Humidity: > minimum set point (typically > 20%)
Retwrn dir Relative Humidity: > minimum set point (typically > 20%)
Supply Air Enthalpy: < set point (typically >30)
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Adi abatic System O f Mechanical System Of Notes In this exanple, in

Free- Cool i ng Mbde the systemutilizes 100% outside air to cool the data
center. AvD22tm7s88urn air is exhausted to atnosphere. RoTMsScéansmad or
Evaporative cooling is required. The conditions for this node are that the
anbi ent tenperature is within the set point control band (typically 764F).
Tight control of .majntaining a high humdity | evel may not be required
because a Iar&%‘gjﬁ% YOMdf the return ajr can be exhausted so no water
bui | d-up occur s VU Hbcause a constan?gﬁ%at source (servers) is provided
that inhibit coRédrizaddation SyNee 3: Adi &bedc Mode Control Conditions

Anbi ent Tenper atdiddaticSyseeri mum set poi B (typically >8(fF) Supply Air

Ent hal py: < set Meohaticd/tSygemal | y >30) Gfbl i ng Systens Qutside Air Danper
control | ed ReNGtascul ati on System Danper controll ed Adiabatic System On

-control | ed Masharidglk, BBt Hig NIbRsthe tytBinsutiikasieX. Aaiiadairite chbidéei s
simlar to Free-Cool1ng Mde as tﬁe systemmainly utilizes outside air,

however it difafcenter. Allithareturnairdy gpenister Je almasphdie SYSYeRabEAEY BYPPIHE  as
a cooling squrece. . chani cal i j i,red. Mfﬂ ‘Ee%ﬁe‘i y
be carried 88?1%} lsyﬁ%ﬂ%{%ﬁjﬁ:dghg% m?lﬁglﬂér gcgu{rhfls %lsgéjrm(ta gjta}ve u%r)nfeégty faﬂns(?ngg
bel ow t he miwiihithcset pddsi ddhtrolt yaptlc @ybicalPF§-+4°F). p dlighit eontod] df menihtedrireh ighnp)
return air nmay_ be bl ended back to the supply %irr to bring.the relative

humi di ty uphueidii lvel Bey Rt BquirPdribecaUsag (g POEn FeBeasBiT Y Rifude
tight contraly, ol fai Wiea\?vﬁ{e?g)uﬁd-rﬁbgé‘bcnﬁ% b¥eau&Y §l colB¥nt Rt REuEE Wekvedd). is
however, because a large portion of the return air can be exhausted so no
wat er bui | dpttrided that inhibit condensation.

Mode 3: Adiabatic Mode

Control Conditions

Ambient Temperature: > maximum set point (typically >80°F)

Supply Air Enthalpy: < set point (typically >30)
Cooling Systems

Qutside Air Damper controlled

Re-Circulation System Damper controlled

Adiabatic System On — controlled

Mechanical System off
Notes

In this example, Adiabatic Mode is similar to Free-Cooling Mode as the system mainly
utilizes outside air, however it differs in that the evaporative cooling system comes on line
as a cooling source. No Mechanical cooling is required. Humidity control may be carried
out in this mode. If the return air relative humidity falls below the minimum set point
(typically 20%), a portion of the heated (damp) return air may be blended back to the
supply air to bring the relative humidity up to within set control limits. As with the Free
Cooling Mode, tight control of maintaining a high humidity level may not be required,
however, because a large portion of the return air can be exhausted so no water build-up

occurs, and because a constant heat source (servers) is provided that inhibits condensation.

Mode 4: Hybrid Mode

Control Conditions
Ambient Temperature: > maximum set point (typically >80°F)
Supply Air Enthalpy: > set point (typically >30)
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occurs, and because a constant heat source (servers) is provided that

I nhi bits condensation. Mdde 4: Hybrid Mdde Control Conditions Anbient
Tenper at Wwe:20mw/aT83s8num set point (typically >80F) Suppl yCAus2etobabpy: >
set point (typically >30)Cooling Systens Qutside Ar Danper controlled
Re-Circul ati on System Danper controll ed Adiabatic System On Mechani cal
System On Not ec,rs?ﬁin his exanple, Hybrid Mbde is simlar to Adiabatic Mde
as the syst em“P81H% éyﬁﬁ?_rfl?i zes only outside air .and the adi abatic system
however, the mecH#idedl” syst ems al so%@ﬁﬁ’é"&‘f”’fqlﬁg. Mechani cal systens cool
the bl ended suppR&Cicrlatiahie¥a® ur e t OaPEnreta&dpar aneters of Mde 3 -

Adi abati c Mvde. AdfabadiByari ¢ systemool s the supply air to within the

t enper at ure set Meihatgal Bistdrhe retur@mir relative humdity falls below the
m ni mum set poioads (typically 209, a portion of the heated (danp) return
air is bl engeehibaeknile, e BupRk Ys ghiilat @ AiaP@id Mede ek 8id yetehtimaiily wtiligest o
within set control limts. As with the Fee Cooljng Mdde, tight control of
mai nt ai ni ng calyMuEHdhairand the adishatic srsjenokowycr.dBtiMmeslpniad sYEnHalpe FofEe on
portion of t.h tyrn air s P53 and
because o odnee Mt Ml ey uRBHEN SunP Al e Ry il Pt e
condensat i oaf Mbue3 5: 4dvbshaniedl. NhdeadGhatic ey sténndblsi thasuppihiadnto within the

iSRRI TR oW ST
(typically 5391} (I%C% %b%, Qiﬂ’orﬁo?l YPHR AR (@Qﬁ{b} RuraY St €MBlended back to the
supply air to bring the relative humidity up to within set control limits. As with the Fee
Cooling Mode, tight control of maintaining a high humidity level may not be required
because a large portion of the return air can be exhausted so no water build-up occurs, and

because a constant heat source (servers) is provided that inhibits condensation.

Mode 5: Mechanical Mode

Control Conditions

Ambient Temperature. > maximum Set point (typically >80°F)
Ambient Relative Humidity: > maximum set point (typically > 80%)
Enthalpy: > set point (typically >30)
OR
Outside air is unusable.
Cooling Systems
Quitside Air Closed
Re-Circulation System Open
Adiabatic System off
Mechanical System On
Notes

In this example, Mechanical Mode may include recirculation of all air such that no outside
air is used. The air may be cooled to within the temperature set point by passing it across
mechanically cooled coils. When this mode is relied upon, the mechanical cooling plant is
preferably sized to cool the entire heat load. Humidity is monitored and controlled. The
system may be operated in this mode when the wet bulb temperature is above the desired
temperature control set point or if outside air is unusable. As used herein, “unusable”
refers to air that contains an unacceptable of contaminants, such as airborne matter from

agricultural or industrial processes.

14



Qutside Air Cosed Re-Circul ation System Open Adi abatic System O f

Mechani cal System On Notes In this exanple, Mechanical Mde nmay include
recircul awvoenioaf7saBl air such that no outside air is usedI/Ush@oacyissay be
cooled to within the tenperature set point by passing it across

mechani cal |y cool ed coil s When this node i s reI i ed upon, the mechani cal

[i | d t ad.. d
oot oen oot Slfelh drexepelciainy dsatistthediPRat RodeyiuBinken {he
wet bul b te%&é@%%w% amws mdgﬁaﬁ achobBAP §fshink! iy CHRIAOIn &7 spaént or

if outside air is unusable. As used herein, unusable refers to air that
contai ns anaf m]m:nmpit:samsenbefd mohataeril nalfursegiam@bh agwoling lsystere majt eparate iom

Gescribes 11068 8 PREPEIR PRGRESs BBt TOBe. UhaubavEcy bl SRRYSPISR° *
enbodi Ment s y,A0E0RhbAEMEMS PRIBM ABESAeaddicANbYthe@BesefibddhgbovedeThe
described in Table 1. For exanple, a cooling systemmy operate in only an

adi abati ¢ nwdetrelmenditingy spercespefair, mpeagered velges. and y@qu@ew@g%Wrﬁ n
various embod Tent2u0BRbAl S bl IBSR b HaBAY kbt OBolRSGY hed sabove:

neasur e r'i ous

operating pakAsw embodihenfte magr irﬁuﬁienﬂﬁ‘ﬁ&eﬂt Nncdnbrel exadipbes, i mat Tigdihte, hnd or
illustrative purposes only, and in various enbodi nents may include

di fferent coReEBRE PEABREIONS, set points, and operating paraneters. [0051]
FIGS. 2 and 3 are flow diagrans ill ustrati ng one enbodi nent of operation of
a mul ti-node cooling system Milti-npde operation of a cooling system such
as descri beqoeipve ma,s aemaczmaﬂbinsdiegiamslﬁlhmﬁ@bﬂwemhmmmaﬁld opa]atian
conbi nati on ther eaf . In tal n enmhqdi msné swtc (glfl kf.et ween no may be
acconpl i she® \ﬁnr{l‘l”ltléﬂo%ﬁ e iSESteBn B Epde pRaration é’sg‘?q PV G S é‘? ative
to FIG 1. Abe2804 aB6le BRYMS a@lofpBSh QLSRG nEAANR! CQ'&G!n%hﬁﬂ&a At
202, charact esrclglst(li(?s of H%’? are 0mét‘)%sure acsau?emant S }guocfh dry bulb
t enper at ur e thenstf. biih bett@npertatliments, swatchmg between modes may be accomphshed
with an automatic controller such as described above relative to FIG. 1. At 200, set
points are established for control conditions. At 202, characteristics of air are
measured. Measurements such as dry bulb temperature, wet bulb temperature,
humidity, and pressure may be taken for outside air, supply air, return air, or at any

other location.

[0052] At 204, the measured ambient temperature is compared to the established
ambient temperature maximum set point. If the ambient temperature is greater than
the maximum set point, the supply air enthalpy may be determined and compared to
an established supply air enthalpy set point. If the supply air enthalpy is below the
set point, the system may be operated in an adiabatic mode at 210. The adiabatic
mode may employ only the evaporative cooling system, without any mechanical
cooling. In certain embodiments, different properties, such as wet bulb temperature,

may be used as control conditions instead of, or in addition to, enthalpy.

[6053] If the measured supply air enthalpy is equal to or greater than the supply
air enthalpy set point at 208, the ambient relative humidity is compared to a maximum
relative humidity set point at 212. If the ambient relative humidity is equal to or less

than the maximum relative humidity set point, the system may be operated in a hybrid
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hum dity, and pressure may be taken for outside air, supply air, return
air, or at any other location. [0052] At 204, the neasured anbi ent

t enper at we 20m/083%par ed to the established anbi ent tenpecatuse@omexassrum set
point. If the anmbient tenperature is greater than the maxi num set point,
the supply air enthal py may be determ ned and conpared to an established

supply air enthal py set point. If the supply air enthalpy is bel ow the set
poi nt, the gyalcenh %&eﬂy He thp dvbriddeds. &ﬁﬂamea@é@ﬂ)p@ﬁﬁweogmg sytem g the

adi abati c nmopde, may .enpl. 0 IV L10G | thout any
mechani cal c%ec?lh?lﬁ a.d P 1%%59%%%1]&%%5?%%%{12%&0&?#% gs(raéﬂ? %6? %gl](iaere(ggitaeé\%n such as
wet bul b tenperature, may be used as control conditions instead of, or in

addition to, enthal py. [0053] I|f the neasured supply air enthal 1.s equal
to or greatdf034han ﬁyﬁbe ampIRy relativediditp s dhave S HpXRUD 6§ ?ﬁ‘f%ﬁyrﬁ'ﬁm’ent
relative hunqdity is.C t M, W81 lﬁngedgttyléet 1ROiRt at
212, |If the%tngééﬁt&seﬁg%?{/%u% %P?F;&%Eds e&u@llea%ag%or ess than the nmaxi mnum
rel ati ve humghinics @hodeoitetsystinemsy stnploynenfy e mpdnatcealdedohing syspémi ditbde at
214. In the hybrid node, both the evaporative, cooling systemand the
mechani cal é@fowaa@ragy%9%@&&%6@8@&@?&@@@@6%@%@ supply air to the
data center. [0054] If the anbient relative humdity is above the maxi num
relative humdity set point, the systemmy be operated in a nechani cal

nmode at 216.[0055] t heRaferimerigenl tordvdeif thhembiest emperapure iplesy than|oy etiwd to
mechani cal cooling syste ith the evaporative coglin st.em. bein

di sabl ed an(ﬁl_?eora%@ﬁ% stgﬁ‘g%rﬁ)é\%%Sf“aﬁéIﬁ‘H?r gﬁtg pé’érgi n° lt%g, ?‘%/rf 1? ngg#%%%nt
tenper at ur e (lig,dr8fes tANbOEv B att 06! e REisTtwHigMeiRbstfed@xITIB. set
point, conditions for I'ow noderate tenperatures nmay be eval uated at 206,

t he det ai | s Adf22@hthermnahientit¢hperatueg iscomparcddy azmpgnt fomperpiyee BpBIgAE set

tenperature is, co red to.a anmbient t .at ur 1 'En!m i f-the

anbi ent tem?8}n§“t u?@gﬁet aﬁ’g’feﬁlf %?n%p%% oewggphég@n& g%@?%nper%%&r%%ﬁ?ﬁuﬁ%m set

poi nt, a neasHin@dn SEPR)iN, dinkcatitd akRYy AR gnielpyanpabecbrigared SLPPIpplakic

ent hal py set point at 222. If the neasured supply air_ ent haﬁlﬁg% is less than
the set poi enthalpiiesel painbas 3 bl thpaeasuser swPPhn 2B HHBIRYZSrlesrodan theset he

I g%?fﬁﬁ% %g%ﬁ AR opEhtdE M B otini2RGhAIE A 1t fhe ORI e HBAL LY

An econom z
an adiabatic system may be operated to control humidity. An economizer mode may
be used, for example, when the weather is cold and dry. If the supply air enthalpy is

at or below the set point, a user may select the operating mode at 228.

[0056] If the ambient temperature is at or above the ambient temperature
minimum set point at 220, the ambient temperature is compared to a defined
temperature control band (e.g., 76 + 4°F). If the ambient temperature is within the
control band, the system may be operated in free cooling mode at 232. In the free
cooling mode, outside air may be channeled through the air handling system and
supplied to the data center while the adiabatic system and mechanical systems are off
or disengaged. Air from the data center may be exhausted to the outside. If the
ambient temperature is not within the control band, a user may select the operating

mode at 234.

[0057] FIG. 4 illustrates is a flow diagram illustrating an alternate embodiment of
determining an operating mode where ambient temperatures are above the maximum

ambient temperature set point. As in FIG. 2, set points may be established and air
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be used, for exanple, when the weather is cold and dry. If the supply air
enthal py is at or below the set point, a user nay select the operating node
at 228. [WO026]o/d76358he anbi ent tenperature is at or abovecrhs2ewiosesnt
tenperature mni mum set point at 220, the anbient tenperature is conpared
to a defined tenperature control band (e.g., 76 40F). If the anbient
tenperature is within the control band, the system nmay be operated in free
cool i ng nodehamcREics|measheedf r e 2066 thagupphdeir ethalpyies egmpared théhcbnnel ed

through the air ndling systemand su ied to t ta. r i.le the
adi abatic sf?ﬁrﬁmhﬁntge %‘%ﬁﬁ‘&%ﬁéﬁpgﬁf 5%@%’1}’ elsol?e?mg:][ﬁ%lggte %lgggéfg S)&lg{g%flgom t he
data center 1dd6n 8K RalShRImbEe.t NEmesusddiRipplyfait dithappisenior hiesReahatdr e is
not within the control band, a user may sel ect the operating npde. at 234.

[0057] FI G peint) thgsystemds operatedfin dbad arpdgm Thpside carirash toalc smbodipgnd
enbodi nent of det.erpdni . at | e ent ~teme S are
above the n&i?'i"?ﬁ.’:%aﬁe@%ﬁe@%@%‘%&@%%%& n?ﬂh (%%lﬂr?%@l &e"g},ﬁ fs)(getﬂu%gi nts
may be est abiiashdmandal the habad trexie slepadlesraiihe edativithudiidity cotudticnspdl y air
enthal py is conmpared to the set point. If the neasured supply air enthal py
i s bel ow t hdhaxnbig#ia | the systemis operated in an adiabatic node. |f
nmeasured supply air enthalpy is at or above the set point, the systemis
operated in hybrid node. Thus, in contrast to the enbodi nent shown in FIG
2, the adi aljpn3ss syBlGem ittastrat@nmiafloopdinaminitlabtratingen altemateainibadireersdif abat i ¢

node and the hybrid node) regardl ess .of the relatiye m dity .condi.tions of
t he ambi ent dgie,rr_mr?. ltlﬁﬂn@a?g%oﬂeﬁt’@gtl? adess cfglil%g ’fnf’g‘?/v ?#’ﬁ@geg#?lpf F?S#Oati ng
an al ternat e, £nMogi"BRk Kfshd&heh TOSNY 268701 141019’ T8 ABRNAIdMErdiBreds f I ee

cooling node. "The steps prior to 230" may be the sane as shown in FIGS. 2
and 3. At 230mpateti¢o adbiiewt tetmpagasratents] band; ot asabic temperhivpets within

tenperature control.b . 1t the anbient  tenperature is within t.he control
band, the rélFer;l‘f‘?r\%’E h%‘ﬁ]g!?ets?i%lfve?’ﬁgq%hb? e aﬁ%}exﬁ%gré%ﬁ%ﬂé?aergﬁ Poo‘r‘lé]f1 A um set
poi nt at 25Qet Jdfinttdn @50, I1RThe Elattbnghidity OF tHehentaehiag it alive the madigen dae

m ni mrum set point, the relative humdity of the return air is conpared to a

nmi ni num set ppwit.nthe aglapghumidityed the Feiennvadr isuganarsd i9fa rRinyE: 6t Poatrati s

above the m2r§.§.mirfnthseertela%% Hﬁm?cfityzo%%he return air is above the minimum set point at 252,
then the system is operated in free cooling mode. Thus, in conirast with the
embodiment shown in FIG. 3, the free cooling mode is used only after it is determined

that the ambient air and the return air ar¢ above a threshold humidity level.

[0059] As illustrated in FIG. 1 above, a multi-mode cooling system may in some
embodiments provide for bypass of an adiabatic system. The adiabatic system may be
bypassed in those modes in which adiabatic cooling is not used. FIG. 6 illustrates
operation of a cooling system with selective bypass of an adiabatic system. At 300,
one or more air handling systems are provided. At 302, one or more control
conditions are measured. At 304, control conditions are ecvaluated. If the control
conditions are met, air is passed through the adiabatic system and the adiabatic system
activated to cool the supply air at 306. As an example, air may be passed through the
adiabatic system and the adiabatic system may be operated if the ambient air
temperature exceeds a maximum set point and the supply air enthalpy is less than a
supply air enthalpy set point (such as described above with respect to “Mode 3:
Adiabatic Mode™).
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then the systemis operated in free cooling node. Thus, in contrast with
t he enbodi nrent shown in FIG 3, the free cooling node is used only after it
i s det er mvoadindiadsst he ambient air and the return air areTalsowe/0e015hr eshol d
hum dity level. [0059] As illustrated in FIG 1 above, a nulti-node cooling
system may i n sone enbodi nents provide for bypass of an adi abatic system

The adi abat i stem may be bypassed in those.nodes jin ich adiabatic
cooling i s NOAOOS el U R8nTg! FATEiNS A1egiot SRR PRIEFHODH S5t HeIRGCGLID wi t h

sel ective bypass @f anvad %Qﬁatn& CnagYisd BPasRld A0S, ONRyr QxalPlee iPédndfiamd! i Ng
systens are provided. At 302, one’or nobre control conditions are neasured.

At 304, contindtate tatsufifioiest erodingwah bataehicvdd intehec eontlinglmeden thet adoaistiar e

ot ivated ;PR SR B, FoBb R LRI RT ) AR SR L o
t hrough t he 180ispb@h iif FIESY eMraidmbhe crshcdinlel Gokd Hypmsn@imMe 1apahat 8d if

the anbient air tenperature exceeds a naxinun1setéFO|nt and the supply air
ent hal py i sopewd and graporafiigpopleaface damper b2 may bpeloaed. ( Subtequentiyesrier bed

above wi th respect oc{rcrag tt};é%/?%? ftf?é a&%e&%?yigfeé{nwg?ee dgm%c%g%%%lg:q% inH}ebeCPlete{sg

conditions are no a Secon con ons 1S net, the

adi abati ¢ sysdhetnt®Mphretity@asaespals ddBPer FOIisexasphed evdpordindicbolontice
indicate that sufficient coaling can _be achieved in a free cooling node,

t he adi abat Fampeiski@ris ppsnepe Ipicatan epbodippads therysisygaasbeopgssiearitdhe ool er
136 in cooli i I f X3P, L =00l er
bypass danpgg&f%%ﬁﬁggb%gg@%ﬁ%ﬁ%ngﬂdﬁg$%%§¥§?%§g co&#@#ﬂgﬁggﬁ{ ﬁ%ggziﬁz may
be cl osed. padiabgupntpositione reenter a node that uses the adi abatic system
t he danper positions nmay be reversed such that evaporative cool er bypass
danper 141 is closed and evaporative cool er face danper 142 is opened. In

certai n embadigipnt Saiddin I SheMpiPhabS AHFRH FICY I, [BRENaRRNRAL e COO! er

bypass danper 141 and/or evaporative cooler face danper 142 in partially
open posi ti esssssefl 006 phrtidihsagubndenittvill bieluovlerstvad ttleat 4 otiar embedi®Snts2he,

Cinder st ood FRIENEoY P TEIBDAT TSR FE “CaHtanea S MBG Par el BV
addi tion, t}jgeCPnliRhoERNrt hORSoUIRY ob EirfdRflat GhRSVAVErand mode switching

accomplished based on changes in the conditions.

[0062]  FIGS. 7A-7D illustrate an embodiment of air handling unit including a
mechanical cooling section and an evaporative cooling section. FIG. 7A is a side
elevation view of the air handling system. FIG. 7B is a plan view of the lower level
of the air handling system. FIG. 7C is a plan view of the upper level of the air

handling system. FIG. 7D is a front elevation view of the air handling system.

[0063] Air handling system 400 provides supply air to a data center through
supply vent 402 and receives return air from the data center through return vent 404.
Air handling system 400 includes supply fans 406, return fans 408, filters 410, chilled
water cooling coils 412, and evaporative cooling system 414. Supply fans 406
channels air from air handling system 400 into the data center through supply vent
402 on the lower level of air handling system 400. Return fans 408 channel air from
the data center to air handling system 400 through return vent 404 on the upper level
of air handling system 400.
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time (continuously or at regular or irregular intervals), and node

swi tchi ng acconpli shed based on changes in the conditions. [0062] FIGS.
7A-7D i | lwetzomresma enbodi ment of air handling unit inclpaaiusgoe/osashani cal
cool ing section and an evaporative cooling section. FIG 7A is a side

el evation view of the air handling system FIG 7B is a plan view of the

| ower level of the air handling system FIG 7Cis a plan view of the upper
|l evel of thd08¢4 hahdpienembydimem, srprly o 406 arer FEH00equbicafccb e mEWiGE ¢ he

ar hand!§ ngysy sy S kO083) A COAREL N0 YAl SRARRBON BSrAUPRYEL T (o

a data cent supply-ven receives return air fromthe data
center through,onetulsio faceptr midite, ATLI 0240012 mgnsystiredbd @dnicfic! udes supply
fans 406, return fans 408, filters 410, chilled water cooling coils 412,
and evaporative cooling system414. Supply fans 406 channels air fromair

handl i ng Y8 400ak Gl DBpHaE B HETLES il QU Bl AN Ko ORe B he

| oner | evel l'Tng System eturn tans 408 channel ait” from

t he data cergwet through opdndmghithgnd yieneirod@b fitersodifh Aét isrfioroed sicekSlvan t he
upper level of air handlipg.s e 00. [ 0064 n e enbodi t, supply
e, 406 ar dvpud: piso ue & legel thie bt kel R fre ntydios bR

G eenheck. Igkepngseuhodi duih, plkAtdR0 JeRfe ARnahsuid0rP Wrdili ¢ Te@he per

m nute, ATLI 0-40T2 manufactured by Comefri. [0065] AiT to be supplied to

t he data certodingent,dimaédltdoditvaradl F-ineo6 té fillsp emanudaatired thy \itgvanheditng 416

and then through filters 410. Air i forced successivel hy ough -filter
218, final FRFREIOOIBSRHORA Hish 4221 et et S RS OBt EHEon IR 1 ¢ or
418 is a twondnnehnpbEr SphBY % filter manufactured by Airguard. hi one
enbodi ment, final filter 420 is a 12-inch 95 % filter manufactured by

Al rguard. In one enbodinment, carbon filter 422 is a 12-inch high nass

422, air 1 o S oo SRR ALKz ity BROETporn e LMo PR 2

cool i ng coi Ichidi2viteravtng edits 412aembhehait froasthe hirpa fgasseovedr thdreoilsoi | s.
[ 0067] Evaporative cool er 414 includes upper evaporative nedia bank 430,
| ower evaporative nedia bank 432, internediate sunp 434, and bottom sunp

436. In one [0067] Evaporative cooler 414 includes upper evaporative media bank 430, lower
evaporative media bank 432, intermediate sump 434, and bottom sump 436. In one
embodiment, the evaporative media is Celdek media manufactured by Munters

Corporation.

[0068] Air handling system 400 includes evaporative cooler bypass duct 438,
evaporative cooler bypass damper 440, and evaporative cooler face dampers 442.
Depending on the mode of operation, air that has passed over cooling chilled water
cooling coils 412 is either forced through evaporative media in evaporative cooler
414, through evaporative cooler bypass duct 438, or a combination thereof. In one
embodiment, the evaporative cooler face velocity is about 652 feet per minute, based

on a flow rate of 180,000 cubic feet per minute.

[0069] In certain embodiments, the evaporative cooling system may be operated
using only one of the evaporative media banks (e.g., upper evaporative media bank
430) while the flow through the other evaporative media banks (e.g., lower
evaporative media bank 432) is inhibited. Air from evaporative cooler 414 may be

channeled through supply vent 402 to one or more rooms of a data center.
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enbodi ment, the evaporative nedia is Celdek nmedi a manufactured by Miunters
Corporation. [0068] Air handling system 400 includes evaporative cool er
bypass duw0 24B8)7538apor ati ve cool er bypass danper 440, &od/USe@9o6HEts ve
cool er face danpers 442. Dependi ng on the node of operation, air that has
passed over cooling chilled water cooling coils 412 is either forced

t hrough evaporative nedia in evaporative cool er 414, through evaporative
cool er bypass duct 438, or a conbination thereof. In one enbodi nent, the

evaporative [é%ef REGH ¥EHBR thY dbfa C@R@Hhaﬁ%eaéocgeg;ed RS Fetlh i GramB@sSeh. On a

flowrate of 180,000 cubic feet per m nute. In certain enbodi nents,

t he evapor afli yeme embbdignesiss tie i netyrober dpertat 450 osiy by cohdystedrie thf oythide
evapor ati ve nedi.a banks ) r ev rative.nedia pank 430) while the
1 ow thr ougTEHEr ster wokara: IR H I ERBEAL FaTEE o GRRCOhmmPabr ve
nedi a bank 432htelStol AMAWbEdeH or A lof RO PBr@NaRO ALY &/ithoibahing Ihtdidy aiden
channel ed t hr ough supply vent 402 to one or nore roons of a data

cent er . [ 007 d}ixiRgtragian 456. f novariainecrdbadimentat at imig{rp airrcda@pedpl is fewedrn air

hanmb 450., | di T - Al h
xnaust ed 1+ 47P et BFa FRISPRTaOn TRk ibtel Bt Ebivef ALy SO,

m xing air @gmgf@iﬂ%amr@m},at ed to allow some or all of the return
air tomx wth incomng outside air in mxing region 456. In certain

enbodi nents, air in return air chanber 450 is forced through return air
bypass 458. t . g ?55 p 5 . he €0 : eturn
air bypass éégdn@gr shllel?oqghfs(r)gﬁ?&]ﬁ %xi @5% I wu?és{%:n%e%r%t %B(g:!lglg&a%/aﬁ
i | Iustrati ngvgeatdabadlingndysefh arhelapappdri yel toodri agpsmptve mddic baoksng
upper and | ogwer evaporative nedia banks. Evapor.ative_ coolin yst.em 500
i ncl udes evEb’éﬁ’%fﬂi“(ﬁec?f%@%asyﬁffﬁbéggdﬁﬁlu%ze‘ﬁlﬁgraW%ﬁ%?dé% i@%ern&i’?‘agégo% bank
504. Supply Re SRR lober VBACS04SUBRYy 8l QthElRE vl g gliveyal ve
506. Water F£&$@% Fo eacﬁk%¥ evag%ratl eynegﬁa upper baﬁkmgggﬁgﬁd ©
evapor at i ve thredghasdpplyeraliead(lo. SBétdrhis tudgh ealibstfravhprritove medih ippat Haslo 8§02 Wat er
may al so be supplied.to di.stribution ni folds 508.from hott S 512
usi ng punps? Ggqgﬁﬁﬁﬁdpﬁba@@WV&?ﬁ%ﬁﬂ%ﬁ%mﬁ%‘ﬁgﬂgW6F1gﬁnﬁﬁdﬁgﬁgnﬁgg?fom/to
mani fol ds  may also be supplied to distribution manifolds 508 from bottom sump 512 using

pumps 510. Balancing valves 514 may be controlled to balance flow to manifolds

508 and/or water levels in the media. Water may be recirculated to sump 512 using

three-way valves 520, Water may be expelled or removed from the system through

drain valve 522.

[0072] In certain embodiments, operation of one or more of subsystems (e.g.,
CRACs) may be controlled to increase or decrease the total output of the cooling
system. In certain embodiments, the number of units switched from normal to free
cooling mode may be selected to achieve a desired level of cooling performance. In
some embodiments, switching between outside air and return air and/or shut down of

the chillers may be programmed to occur in stages.

[0073] In some embodiments, air handling sub-systems may be used to remove
smoke from a data center. In one embodiment, a system includes smoke detection
devices in the data center. When smoke is detected by one of the devices, some or all
of the air handling sub-systems are switched to outside air. Exhaust dampers may be

opened to allow smoke to be purged or extracted from the data center. In one
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508 and/or water levels in the nedia. Water may be recirculated to sunp 512
using three-way val ves 520. Water nay be expelled or renpoved fromthe

syst em t wougtv/ds&#Esn val ve 522. [0072] In certain enbodipo@nissgoopasat i on of
one or nore of subsystens (e.g., CRACs) may be controlled to increase or
decrease the total output of the cooling system In certain enbodinents,

the number q ArhhiSin b6 Qﬁ%éﬁlg@eﬁ%g%emtsqgtrﬁ% %ﬁ%kdenaqr Mfeﬁgg%e Rl?ly

sel ected to achieve a desire cool1'ng pertormance. ne

enbodi ment s,opsied whemgvdaehsechomtiesdattecantdr. and return air and/or shut down
of the chillers may be programmed to occur in stages. [0073] In sone
enbodi nents, air handling sub-systens nay be used to renove snoke froma

data center.jgfflyong gaqdi ho@fﬁy%ﬁﬂg?%@ﬁ%%y%@ndﬁ&ﬁﬁio‘?rh dgyi ces

in the data center. en snoke Is detect one”“of the devices, sone or
all of the aentehaodipripiggsub-systens are switched to outside air. Exhaust

danmpers may be opened t0o all ow snoke to be.purged or extracted fromthe
data center. In one%ﬁ%lﬁ@‘il%ﬁé‘%ﬁ or Zefe Bf Cg‘?’i‘“eh’g&lﬁ?’%‘w&t%%{?@?é}% chﬁg"? Mave

outside air HAMELS ‘bSykidnsY cARGNESL (0 fRARME SERIE T QMDA Nhadat air&gnt er .
[0074] Cause 1. A nmethod for cooling conputer systems Iin a roomof a data

center, conprvagirgive qeobrg stictignione or nore air channel i ng sub-systens, at

| east one of the air,_channeli suh- systenms conpri Si a .nmechani cal

ool | ng sect i on ancEnaR PECEO R FE PpTIEE S8t PREOLLA Panr RSy TGS
cooling air ahfigeahe rb&mORBeRin BRnGelRig c&ﬂiﬁgﬂﬁ‘ﬂ tHhsughUibe SYSEiRiRRela}dsibdt 0 t he
room wherein channeling cooling air through the air channeling sub systens

conpri ses: @p¥¢Eas FHEPRATCS] east one of the air channeling sub-systens in an
adi abatic node if a_ first f_copt oI.c%rﬁlglijti ns,is_met .. wierein..
operating in the adtabari it e Rt Eat HlE e Sothh ip WEHs gn
the direct ewapadratfiieseas dongobeaiditihstio watapaeRireop@hidiy Inihe ddigdatiool i ng
air; and operating at |east one of the _air _ channeling sub-systens in a
hybrid node mgde comprises channeling cooling air through the direct evaporative cooling section

to evaporate water into the cooling air; and

operating at least one of the air channeling sub-systems in a hybrid mode if

a second set of control conditions is met, wherein operating in the hybrid mode

comprises channeling cooling air through the mechanical cooling section to remove

heat from the cooling air and channeling the cooling air through the direct evaporative

cooling section to evaporate water into the cooling air.

[0075] Clause 2. The method of clause 1, further comprising:

selecting an ambient air temperature maximum set point and a supply air
enthalpy set point;

measuring a temperature of ambient air;

measuring at least one characteristic of supply air to the room; and

determining an enthalpy of the supply air into the data room from the at
least one characteristic of the supply air into the room;

wherein in the first set of conirol conditions is met if the measured ambient
air temperature is at or above the ambient air temperature maximum set point and the

supply air enthalpy is at or below the supply air enthalpy set point;
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a second set of control conditions is net, wherein operating in the hybrid
node conprises channeling cooling air through the mechani cal cooling
section twonemwsssReat fromthe cooling air and channel iPog/ush@ooenss ng air
t hrough the direct evaporative cooling section to evaporate water into the
cooling air. [0075] Cause 2. The nethod of clause 1, further conprising:
selecting an anbient air tenperature maxi mum set point and_a supply air
ent hal py set poi nt ; whesaisuthensgeand sapef soatel epndipgnseist msf if hre AGPHRY at

| east one characteristic of .su I h toot erm ning:.-an

ent hal py of a{nrl‘)éen ﬁlﬁﬁﬁrgpeﬁt}neilﬁ? {S(E’t 8%?& eaag}bg%ﬁﬂa#?%? e a@g%lg{gg% 598 gm@

charact eri sth& iRfsupfie aspHaypyak abévettbe supply dioenthalpeseippintn the first set of
control conditions is met if the measured anbient air tenperature is at or
above the anbient air tenperature maxi num set point and the supply air

enthal py I (@il7ep" RELRLA! HEe SRR RdE T NALEY ALY athBl Gidbitihe

it
second set control ¢coOn ions is nmet if asur anbi ent air
t enper at ur e airschatneling abipystdd én drbidebttiainodt éntler avropesesdidanding af dtaspai nt

and the supply. air, enthal py is above, the supply air enthal set point.
[0076] O audeitipn of pfuipet ‘éfnéllqe’&og{h‘é’@]t’??tslﬂﬁéﬁéf\’/ﬁe%@iagfeisﬁagg'ﬁér'at | east one
of the air channeling sub-systemin the adiabatic node further conprises

bl ending at |l east a portion of return air fromthe roomw th outside air to
generate t h¢0®ITppl laise 4. [0 Hicghod cficdmisd 1, Whereimsphsding thecdt depstore ofither ei n

operating the at | east one of .the air channel.i sub-s m,i h

adi abati c nﬁHé%f”H?‘eﬁﬁ% PUlBYRSTR érégietﬂ%@ﬁfaﬁl%ﬁma? fq:ﬂ%g {:orgprb%{eg Eb?eél ﬁlmgfatt rlegatﬁlﬁ n air
fromthe r O%thntd‘f QUL SlifgoRl the tohnt QRGN kSdd HetoStepBlale @b kufpdy biritegribde
relative humdity of the supply air within set control Iimts. [0078]

O ause 5. Tiie mktivo buoiditylof deesupplitér withinsplecoatrphlinithe at | east one of the
air channeling sub-systemin the hybrid node further conprises bl ending at
| east a portion of return air fromthe roomwith outside air to generate

the supply a8¢78)0 W4u3g 5! Me bekiaid ofeldusen divheteiafopbiading tprpdt Yeat onedfithe n set
control limts. [0079] Cause 6. The nethod of clause 1, wherein operating

the at | easgirgfhenesfing sab-system in the hybrid mode further comprises blending at least a
portion of return air from the room with outside air to generate the supply air to bring

the relative humidity of the supply air within set control limits.

[0079]  Clause 6. The method of clause 1, wherein operating the at least one of the
air channeling sub-system in the hybrid mode further comprises controlling at least
one operating characteristic of the evaporative cooling section to maintain the supply

air within a desired temperature control band.

[0080] Clause 7. The method of clause 1, further comprising operating at least one
of the air channeling sub-systems in an economizer mode if a third set of control
conditions is met, wherein operating in the economizer mode comprises:

channeling cooling air through the direct evaporative cooling section to
evaporate water into the cooling air; and

controlling a humidity of supply air to the data room by controlling an
amount of water evaporated into the cooling air in the direct evaporative cooling

section.
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air channeling sub-systemin the hybrid node further conprises controlling
at | east one operating characteristic of the evaporative cooling section to
mai nt ai n woheosuppdsg air within a desired tenperature corcralS2mand1s§ 0080]
Clause 7. The nethod of clause 1, further conprising operating at |east one
of the air channeling sub-systens in an econom zer node if a third set of

control conditd,ons A.S t . wherein operati in the ecqopom zer d

conpri ses: ih{’aﬂiel i ﬂlsggomhﬁgnlﬁﬁﬂoat ﬂfc?ﬁfdﬁe ?ﬂe#ﬁ?ﬁgg]cttﬁeei}g%‘g]rsgﬁ({;gg%%&]i ng
section to Qy¥aREHRA B Wed BTthé Ae@sirB® af®RInk g t@inﬁaéraﬁﬁl@' i BEbWOd hiBicat him dity
of supply air to the data room by controlling an anmount of water evaporated

into the codmpryatare minimumeseyinoat tand\ihp Spily ¢is caBwinyniy bedaw ithsnsyppbealy

Cl ause 8. Th%th%t ng ?%t clause 7, wherein the third set of control
conditions i8S ¥ 5 PYHe neasured anbient air tenperature i s bel ow an
anbient air tenperature mninmum set point and the supply air enthalpy is

bel ow t he su&)l{ air enthal py set point. [0082] C ause 9. The nethod of
clause 1, wit82ln Spasadi dge meghod:oficdapse 1owhergn qpreatiag theat deasbpicef the
sub-system i Q?m ?d@fgllt j a
portion of P {e}tctl}?ﬁleglﬁg roisn?e{r%wgggnwﬁ %&613 Si eﬁ%iscr0 mtpgi@éggeﬂg?cg%ge&? e supply
air to bring pdrgor ef attirvieaih froimdiheyrood whie oatsirlel air & gensrdthithe spplycants ol
limts. [0083] ause 10. The thod of .cl ause 1, further conprising

oper ati ng atTiPgHsirelgHEe Bymidix Og?l?e SRRk Y n§?ﬂ5’9§9§1t1€ﬂ’§s'i n a free cooling
node if a fourth set of control conditions is net, wherein operating in the
free cooling node conprises: shutting down or inhibiting operation of the
mechani cal ¢M83] ng et il 0n Tandndtihel df cleste bviapberatonyeisogobpenajingeattieash;

channeling air fromthe outside through the room whjl. he  mechani ca
cool i ng secPP%H%ﬁ'ﬁﬁlrtwlpgégb"éﬁ%sﬁ ¢ Ve ‘é‘??gllnlg @OdSéﬁ?' ‘Bwhaﬁﬁgog?ﬂ?%o’jom or
i nhi bited fcoMmiQRaNakledRvhetditl oferidiSini (R 8 éo&ih@!ﬂﬂdd@%o{n?ﬁ%st o the outdoors.
[0084] O ause 11. The nethod of clause 10, wherein the fourth set of
cont rol shutting down or inhibiting operation of the mechanical cooling section and

the direct evaporative cooling section;

channeling air from the outside through the room while the mechanical
cooling section and the direct evaporative cooling section are shut down or inhibited

from operation; and

exhausting air from the room to the outdoors.

[0084] Clause 11. The method of clause 10, wherein the fourth set of control
conditions is met if the ambient air temperature is within a desired temperature

control band.

[0085] Clause 12. The method of clause 10, wherein the fourth set of control
conditions is met if the ambient air temperature is within a control band and the

ambient air relative humidity is above a minimum set point.

j0086] Clause 13. The method of clause 10, wherein the fourth set of control
conditions is met if the ambient air temperature is within a control band, the ambient
air relative humidity and the return air relative humidity are above a minimum set
point, and the enthalpy of the supply air into the room is below the supply air enthalpy

set point.
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conditions is net if the anbient air tenperature is wthin a desired
tenperature control band. [0085] d ause 12. The nethod of clause 10,

wher ei n twe 2houn7sdssset of control conditions is net if Phe/sxvesdlsair
tenperature is within a control band and the anbient air relative humdity
is above a mnimum set point. [0086] O ause 13. The nethod of clause 10,
wherein the fourth set of control conditions is net if the anbient air
tenperature is within a control band, the anbient air relative humdity and

the return fdsqe ol %€ 1 uhd ot Br BBAKE1 3 IR MiBRfgRRlAiondnd he

ent hal py of e supply air into roomis ow the supply air enthal py
set poi nt. [ Q@8] evebardtiee tdolinBheectivt konprifescioatisg the poolingr @i to ibppdshithé ng
operation of the direct evaporative cooling section conprises routing the
cool i ng ai r directsypResaEeoHNg EEHo%vapor ati ve cool i ng section. [0088] O ause
15. The method of clause 1, further conprising operating at |east one of
the air channeling sub-systens in a nechanical node if a fifth set of
control cond@as8pns Claiserdf. Thhenethol operatei hduithert dvenpristrigaenetatingrad deast

conprises channel.ing cooling air through the nechanic | i tion to
renove heat °Bf Bﬁﬁet?gf EIE?&P?@ ﬁ’rbr's,ysjﬁﬁﬂ’érlgiarfn? nieghinetly g ﬁ%ﬁgs e{]%fc?oﬁlgrﬁ at ed
fromthe rogmahdR8elm& ausRinBperdii MEhBOsbcRinicdlaHsd®: ddmpriag cRirmetifie fifth

set of control conditions is net if the neasured outside anbient
t enper at ur e codirgbaiv trasghatiroireevhanieahmephing sestinnte memeweleap iont thetgealiBgbi ent

relative humdi 1s. aboye an .anbient, rel ativ mdity set point, and the
supply air éﬁt‘ﬁg%/rf)‘?tbesc%{’glggéma{ﬁreéﬁf;‘ﬂgﬁe%%(%le{he%%%'t. [0090] O ause 17. The
met hod of clause 15, wherein the fifth set of control conditions is net if
the outside air is unusable. [0091] d ause 18. A system_for coqglin

Qf{ d& ?ﬁ??ré’l air

conput er sy$U88% | Flanse bomlbe method ofcaliser 15 chgpins figg it it
channel | NG SURHRYRLE TRer ifind SR2L-RNG ke bRBIA ferfRANNE! i 8o A1l MDIRE

conpri si ng: chani'cal™ cool'T'ng secti1on one or e air channeling
sub- syst emns temperature maximum set point, the ambient relative humidity is above an ambient

relative humidity set point, and the supply air enthalpy is above an enthalpy set point.

[0090] Clause 17. The method of clause 15, wherein the fifth set of control

conditions is met if the outside air is unusable.

[0091] Clause 18. A system for cooling computer systems in a room of a data
center, comprising:

one or more air channeling sub-systems, at least one of the air channeling
sub-systems comprising:

a mechanical cooling section one or more air channeling sub-systems
configured to remove heat from the cooling air; and

a direct evaporative cooling section downstream from the mechanical
cooling section;

a controller coupled to the mechanical cooling section and the direct
evaporative cooling section, the controller configured to selectively operate the
mechanical cooling section and the direct evaporative cooling section in an adiabatic
mode if a first set of control conditions is met and in a hybrid mode if a second set of

control conditions is met;

24



configured to renove heat fromthe cooling air; and a direct evaporative
cooling section downstream fromthe nmechanical cooling section; a

cont rol | ewocoupi7exsst o t he mechani cal cooling section anegCrhs2avnentss
evaporative cooling section, the controller configured to selectively
operate the nmechanical cooling section and the direct evaporative cooling

section in an adi abati.c node if fic[iSt set of control conijiti ons IS net
and in a hybrid nodersin ogeraipg iy theepdipftatic JRedoF ORI ChENETPS CH@F‘,%@rei n

operating i Q}H%Q%} 21?:@%@4 é.v%})gfgg@e G&ﬂﬁgis&ﬁﬁ)nctg%%}f‘dr&t@gva@&%tbﬁge 8édlinkhi:ough

the direct evap cooling section to evaporate water into the cooling
air; and whenéin operating in the hybrid node conprises channeling cooling

air through the nmecghani cal cool.in ect.ion to renove heat fromt ol i ng
air and channel i ng*FFé" CBE1HIRG 18iFet HG_QIWO hEOUPHEE a@&%%l&ga{’?‘%}%%c%& i ng
section to eyanar M muekShical Rbolidd 8etidf! tbN@nve hek0BOR] el asiwg1Qr ale

system of clause 18, further conprising a bypass of the direct evaporative

cool i ng secthamclingthesionlinhair typegsthe dirpeti eveporativd ewding 6erbiondAREIPOEBEpl ed
to the controller tg regul ate the flow of air through the direct

evapor at i ve "E&BIMRY %@%@P%ﬁ#'[OOQS] Clause 20. A nethod for cooling a data
center, conprising: providing one or nore air channeling sub-systens,

at
| east one of the air channeling sub-systens conprising;. a nmechani 021}}?
cool i ng sect9®R] afdausedPr dbe sesteporfatlpve Codhithey commtiste 4 OWRRE ddht f rom

t he nechanigal .cooling sect. on, i i ne of
the air ohafneringrein Soelbhacl hRERIR: SEfkee phpbi Al Ll orkiblne?
met hod of cleausied 29 thd edriddlier poreguiat thg e dtaimdratghl thaskireonevapbrative ai r

channel i ng sub-systens in an adi abatic node, wherein operating in the
cooling section. .

j0093]  Clause 20. A method for cooling a data center, comprising:

providing one or more air channeling sub-systems, at least one of the air
channeling sub-systems comprising:

a mechanical cooling section; and

a direct evaporative cooling section downstream from the mechanical
cooling section; and

channeling air through at least one of the air channeling sub-systems and

into a roomni.

[0094] Clause 21. The method of clause 20, further comprising operating at least
one of the air channeling sub-systems in an adiabatic mode, wherein operating in the
adiabatic mode comprises channeling cooling air through the direct evaporative

cooling section to evaporate water into the cooling air.

[0095] Clause 22. The method of clause 20, further comprising operating at least
one of the air channeling sub-systems in a hybrid mode, wherein operating in the
hybrid mode comprises channeling cooling air through the mechanical cooling section
to remove heat from the cooling air and channeling the cooling air through the direct

evaporative cooling section to evaporate water into the cooling air.
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adi abati c node conprises channeling cooling air through the direct
evaporative cooling section to evaporate water into the cooling air. [0095]
Cl ause 22vothw/aretskod of cl ause 20, further conprising epEnstemgewss | east
one of the air channeling sub-systens in a hybrid node, wherein operating
in the hybrid node conprises channeling cooling air through the nechani cal

i . i : .
cool i ng arr WL SRS RS ThebE T G20 B R B e PR AshAT
wat er into the ot ®e 4ifghainelifdOQ6dystehaliaenl@ondii&ciiodedwhdreil @éaeing Gn

further conprising operating at | east one of the air channeling sub-systens
in an econoﬁ@?%$nW@H@¥Hmﬁéﬁ@ﬁﬁmﬁﬁerating in the econom zer node conpri ses:

channel i ng cool i i1; 3 i e o] i 00| &: 21 to
cvapor at o wat or 1 AEReling YRR " GeOhiiC e BERROERKEEORANE, SEEHL 9B, D,
air to the dafiporatoontdynto ot doolihg 8ig; @d anount of water evaporated into the

cooling air in the difrect evaporative cooling. section. [0097] C ause 24.
The method of cl aa%téoléﬁgahm @roaféBﬂHJViagitﬂ&leo‘Eéﬁ’%ﬂOPh nﬁlogaéano%ow t he

ai 1 _channel g8 Ry Sheltud e Robibfiie Hthi BB MRELEHMARERALI Ng 11 € he

free cooling node conprises: shutting dowm or inhibiting operation of the
mechani cal cooling section and the direct evaporative cooling section;

channel i n i r t he outside thr h t opm whi | e. t he nechani,cal
cool i ng sgcﬁ({?ﬂj a ‘Fﬁg4'dilﬁléd*i‘eﬂé?fgb’g&gﬁe\/g&C%Hﬁ?rnﬁmgjé’é’ﬂgo%eﬁart’élgs%L}?asaown or
inhibited f Bﬁéfbpﬂ%%ﬁtch%eliﬁ?@utﬁé‘ﬁ%ﬁ%tih RYTRI doofil @MY ViR L QatifEinQHE door s.

[0098] O ause 25. A systemfor cooling conputer systens in a roomof a data
center, conpretsoolge mods omprises ai r channel i ng sub-systens configured to

one.of t he. one_on i VR rihGeE Ry BE o ¢Pe SR B TR andl cal
cool i ng sectieQiirceOsfabardtifélcdRing 8@MA; heat from air;
channeling air from the outside through the room while the mechanical
cooling section and the direct evaporative cooling section are shut down or inhibited
from operation; and

exhausting air from the room to the outdoors.

[0098] Clause 25. A system for cooling computer systems in a room of a data
center, comprising:

one or more air channeling sub-systems configured to provide cooling air to
electronic equipment in the data center, at least one of the one or more air channeling
sub-systems comprising:

a mechanical cooling section configured to remove heat from air;

a direct evaporative cooling section downstream from the mechanical cooling
section, the direct evaporative cooling section being configured to evaporate water

into the cooling air.
[0099] Clause 26. The system of clause 25, further comprising a controller

configured to operate at least one of the air channeling sub-systems in an adiabatic

mode or a hybrid mode;
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a direct evaporative cooling section dowstreamfromthe mechani cal cooling
section, the direct evaporative cooling section being configured to
evapor at evoabavo753880 t he cooling air. [0099] C ause 26. pCmaIssgmneamsof

cl ause 25, further conprising a controller configured to operate at |east
one of the air channeling sub-systens in an adi abatic node or a hybrid

node; wherein operating in the adjabatjc. node conpr.ises channeli caol i ng
air through the et OBY AR é‘?itb% ag’&hﬁ‘t_?%&Ogﬁépp’@ﬁ_s?sog]@t?ﬁ%%?%‘g%ﬁt@Jf into
t he cool i ngt}ﬁ'b?%‘h ﬁ@%jrweerv%%u S t{]cg)tlihggedtﬂnttg%viﬁbpité Uraf® G0 SRNBIJIRE Sir;

channeling coolTng air thr chani cal cooling section to renove
heat fromthedcooling air and channeling the cooling air through the direct

evaporative cooling section ta eyapprat ter into the cooling,air.. [0100]
C ause 27. The_sﬁ@gﬁﬁﬁd¥m%$ﬁ%§8 ,8“%@f8¥ﬁbtﬁﬁmﬁﬁﬁﬁéﬁ?@gﬁngdﬁgwﬁé Yection
conprises auyghidd eft WRkhiaY b6y QLGhlto GeRUse néd rridMemeysdoting ofir ghduse
26, further conprising an at |east one air filter upstreamfromthe

mechani cal chwineling Secoplorg aif tropdh th dise ezgporathe wpbngAsCHPN $¢ BYRPOTS,

further co r%shﬁ | qpsfrean1fron1the mechani cal cooling section, at |east

one pre-fil t%8e"! 8 CEN A final filter, and at least one final filter.

[0103] d ause 30. The system of clause 26, further at |east one controller

configured to nodul ate an outside air daﬁg’% and a return air_danper in at
12

| east one of0h0RE &lauseRanhbe syséens abelgysst i A meshaniea cplgoElYhs of

return air @(511% Réétsﬁicﬂﬁleﬁi\z&ater[sgéltglﬁ] Cl ause 31. The system of cl ause 26,
further conprlging one or nore return air danpers configured to selectively

allow recirculation of cooling air fromthe room [0105] C ause 32. The

system of clause 26, further conprising at | east one control|er conf.igured
to modul at e [H91huflaugedi dheaysiar of slpuse E@t @‘F‘Selé?‘?mﬂ‘aﬁ%?n ?hleéft Y€t one

of the air ﬁﬁ@rn%{r&ﬂﬁfﬁ%@%ﬁmcaﬁ%&%sﬂe&ho&he proportions of return air

and

[0102] Clause 29. The system of clause 26, further comprising, upstream from the
mechanical cooling section, at least one pre-filter, at least one final filter, and at least

one final filter.

[0103] Clause 30. The system of clause 26, further at least ome controller
configured to modulate an outside air damper and a return air damper in at lcast one
of the air channeling sub-systems to control the proportions of return air and outside

air.

[0104] Clause 31. The system of clause 26, further comprising one or more return

air dampers configured to selectively allow recirculation of cooling air from the room.

[0105] Clause 32. The system of clause 26, further comprising at least one
controller configured to modulate an outside air damper and a return air damper in at
least one of the air channeling sub-systems to control the proportions of return air and

outside air.
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outside air.[0106] C ause 33. The system of clause 26, further conprising:
at | east one sensor configured to neasure at | east one characteristic of
out si de awo20emd5#8 | east one controller coupled in el eeCrarscadedias
comuni cation with the at | east one sensor, the at | east one controller
configured to at |least partially open the outside air danpers of at |east

one of the g} h l.i,RAg - t | east. one predeterm ned
characteri sﬁp%%if %;] eseggt g?lggysz%(lﬁ.O?F%E%%%kg&gﬂmlﬁe system of cl ause
26, further conpnri kafthndtsch@asdbnfitieed RASsateUlt GeSLRSOthat e tdrREc dAbasident er,

wherein the at | east one controller is in data comrunication with the at
| east one t @Hp®Khture sensor in the data center, wherein the at |east one

control ler s copf i gl IAuEAR LIS ARG:Hlc BRE Sofinfun AN Shilkhe SO

systens to nmintalin at one tenperature 1n a center wthin a
pr edet er m néghsr amgeensh) 11083t €hsawse c3htroller ehfigded o at akti prgticllydagen thent er

conprising: providing one or nore aifr. chanpelipng syb-systens, at |east one
of the air CHEHEE @%@%@fé?aéwecﬁrﬁ%? pigC Wﬁa@? 'Wsémfd@?%é PR atlegdl i ng

secti on; MegaUpigeAhink$BRFQURIEMIRGLRIAS L C of outside air; and

channeling air through the air channeling sub-systemand into a room
wherei n channeling air through the air channeling sub- system conprises:

channel i ng aj hrough,.di rect evaporative oling section if a first set of
condi t1 ons Tulogd{ CEE A8 TR REREREDBRI 96 dhBRern 5obbanG /ooy it ond
set of cont gQhpeERH deh@PSinithe AR cehféd Ofherbnaue @t 3Qist S YSHRIMeF & inC@RA | NY
conputer systems in a roomof a data center, conprising: one or nore air

channel i ng sooyyisadensWih e 4 lgastbnedeppergiudesapowiin the dita canterewbertimshé ¢
equi pnent int %Qe[ (gaetca &eio?t er,..ak Ieggé or}?l t he one or.mﬁre a}i L b
channel i ng 8uBbSyEFeE RO i Mg a" & FELTY V& 58T &t iVE° #8801 HEE €8¢t Pon
configured t@t@vaPahahRinvalielst bt @mipBRture in the data center within a predetermined

range.

[0108] Clause 35. A method for cooling a data center, comprising:
providing one or more air channeling sub-systems, at least one of the air
channeling sub-systems comprising a direct evaporative cooling section;
measuring at least one characteristic of outside air; and
channeling air through the air channeling sub-system and into a room, wherein
channeling air through the air channeling sub-system comprises:
channeling air through direct evaporative cooling section if a first set
of conditions is met.
bypassing the evaporative cooling section if a second set of control

conditions is met.

[0109] Clause 36. A system for cooling computer systems in a room of a data
center, comprising:

one or more air channeling sub-systems configured to provide cooling air to
electronic equipment in the data center, at least one of the one or more air channeling

sub-systems comprising:
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cooling air; a bypass duct configurable to channel the cooling air to
bypass the direct evaporative cooling section; and one or nore danpers

conf i gur avbeoton7aissect at | east a portion of the cooli ngcaius2adneugh t he
bypass duct instead of the direct evaporative cooling section. [0110]

Cl ause 37. The system of clause 36, further conprising a mechanical cooling

section configured,:. r . heat--from.the caol i air. 111]) ¢ ause 38.
The system of cl gudsl}eegfﬁ,%ﬁ%%rvgi %O%Uﬁ% Sﬁ%tboﬁa%ol"glg}m@gt(gl ?VﬁBO‘[é)gecWF%ﬁ g utﬁf)st ream
fromthe di ceglingas@gporati ve cooling section. [0112] C ause 39. The system

of clause 36, further conprising a controller coupled to the direct
evapor ati ve cool PriRyPrasceycroatiatnrbigrieccheand ghe cepling airgnebypassiicedisgct

channel i ng guﬂbﬁxg%ggﬁgééﬁeneaﬂ%ﬁén at | east one tenperature in the data

center withina pre range. [0113] d ause 40. The system of cl ause
36, further conpohsongoetbngersmnggdablas sircant g egbrtion af theeaslinggrti al |y

inhibit air flo hr ough .t he direct evaporative cool]ng section. [0114]

Al t hough ¢ hEravaiohs RSTRS Ut AR & t FFeReefBR E0ql NS S8Fi¥Nder abl e detai | |
numer ous variations and nodifications will becone apparent to those skilled
in the art once the above disclosure is fully appreciated. It is intended

t hat the fol0ld®¥] nGlakad s The sysicer pf etladet 36, efibithac ecoalpristigch machaatdabns and

nodi fications.WHAT 1S CLAIMED 1S: 1..A system for. caoling conputer systens
"' oom ordngsrepeBaRERRICE et ht TERL ORGSR | "ehannel | ng
sub-systens, at |east one of the air channeling sub systens conprising: a
mechani cal cooling section one or nore air channeling sub-systens
configured {311k nglﬁelsﬁhé&lt The systenhef daskiddgwhenein tha dneghatiicad coolngapctiant i ve

cool i ng section dowastr.ea fron1th§.necqanicaL cool i ng section;
15 upstream om the direct evaporative cooling section.

[0112] Clause 39. The system of clause 36, further comprising a controller coupled
to the direct evaporative cooling section configured to contrel the one or more air
channeling sub-systems to maintain at least one temperature in the data center within

a predetermined range.

[0113] Clause 40. The system of clause 36, further comprising one or more
dampers configured to at least partially inhibit air flow through the direct evaporative

cooling section.

[0114] Although the embodiments above have been described in considerable
detail, numerous variations and modifications will become apparent to those skilled in
the art once the above disclosure is fully appreciated. It is intended that the following

claims be interpreted to embrace all such variations and modifications.
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a controller coupled to the nechanical cooling section and the direct
evaporative cooling section, the controller configured to selectively
oper at e twe 2omat1ass8cal cooling section and the direct evaparsatowesisool i ng
section in an adiabatic node if a first set of control conditions is net
and in a hybrid node if a second set of control conditions is nmet; wherein

operating iﬂvﬁﬁﬂfﬁﬂbﬂﬂi&hﬁ?ﬁQde conpri ses channeling cooling air through
the direct evaporative cooling section to evaporate water into the cooling

air; and wherein operating in the hybrid node conprises channeling cooling
air through the pmechani cal cooling section to renove heat fromthe cooling
air and channel i hg Sh&stEHdIPHhEoAME eHnBgh SYTRNYiL} d@cioosy M delaveEntsol i ng
section to at.e water into the cooling air. 2. The systemof claiml,
further conprising a bypass of the direct evaporative cooling section,

wher ei n t he bypas® @onpeiatehaaicling ash-spstangdatieast oo vpthedchit chathdingenb+ ol | er
to regulate the flow of air through the direct evaporative cooling section.
3. A nethod for cooliﬁﬁwgmdQFQHQQgier, conprising: providing one or nore

ai r channel i ng sub-systeeBani@ bRt sc@hiéh Be gmgfé Sir %H@;ﬂl@ﬁﬁ%’ E‘&-%&méyﬁ ens

conprising: a mechanical cooling section; anda direct evaporati cool i ng
secti on dowstfigemdhtd ramveleatfeahdn ewling o] amdg section; and channeling air
through at |east one of.the air channeling sub-systens_.and.into.a room 4.
The nethod of clain1é?d?ﬂ?FH@%“@HWﬁFng%ﬁg%ﬁgﬁQFgﬁE“QfﬁPEhQFlBﬂ@aQFa he air
channel i ng &slingy&kieAs i N an adi abatic node, wherein operating in the

adi abatic node conprises channeling cooling air through the direct

evapor ati ve cool i ng seeeitwdler go by te angvapricali qeobing lsectvooindrige direct 5. The

met hod of Cév%;i)@at’%"fe fcg(r)itirpgersecﬁ%rﬂprt. & icggtr&Pe?rca{}niﬁ%great tol gealesétiv%f}e oggra ehﬁleai '

mechanical cooling section and the direct evaporative cooling section in an adiabatic
mode if a first set of control conditions is met and in a hybrid mode if a second set of
control conditions is met;

wherein operating in the adiabatic mode comprises channeling cooling
air through the direct evaporative cooling section to evaporate water into the cooling
air; and

wherein operating in the hybrid mode comprises channeling cooling air
through the mechanical cooling section to remove heat from the cooling air and
channeling the cooling air through the direct evaporative cooling section to evaporate

water into the cooling air.

2. The system of claim 1, further comprising a bypass of the direct
evaporative cooling section, wherein the bypass comprises at least one damper
coupled to the controller to regulate the flow of air through the direct evaporative

cooling section.

3. A method for cooling a data center, comprising:
providing one or more air channeling sub-systems, at least one of the air
channeling sub-systems comprising:

a mechanical cooling section; and
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channel i ng sub-systens in a hybrid node, wherein operating in the hybrid
node conprises channeling cooling air through the mechani cal cooling
section twonemwsssReat fromthe cooling air and channel iPog/ush@ooenss ng air
t hrough the direct evaporative cooling section to evaporate water into the
cooling air. 6. The nmethod of claim3, further conprising operating at

| east one of the ai. LN -S e in an econom zer mde, .wherein
operating in the ag%%eﬁggn?a%gfaulr\{%gg&c Se%gtl%sne .Wl%:slllrgﬁrﬁe{ﬁnﬁ eclgg(ﬁiaﬁﬁagfdr()htnﬁrough
the direct evapheraid ve cooling section to evaporate water into the cooling
air; and controlling a humdity of supply air to the data room by .

control Iing an abunelisg axdhiopsh eblsatt apeaf thetar elwanelswy suhgysems jghd tHe
direct evapqragti,ve cooling section. 7. A systemfor cooling conputer
systens in a roomof a data center, conprising: one or nore air channeling
sub-systens configured to provide cooling air to electronic equipnent in

the data center, at_|east one of the one or ppre air, chapneling sub-systens
conprising: a neéhifmﬁeaffth%ﬁﬁe Tl é&ﬁﬁ@ﬁwwm@@% of bAgAserd dte #if om
air;a dir eCEhMHﬂ%%hb-}éfst&HQ'ih N9 &REMaH RN 83 Bt tiﬁ%ﬁ%ﬁ%ﬁﬁsa'
cooling section, the direct evaporative cooling section Being configured to

evapor at e watelk compdst¢shmasmding rgoling air Brouhehs ystw ryvaforaivaicovling fastivher
conpri sing controll er configured t.o operate at | east one of the air
channel i ng gﬁﬁ%@Qgﬁ%Wﬁwfﬁg%ﬁwgﬁP%%%??c nmode or a hybrid node; wherein
operating in the adi abatic node conprises channeling cooling air through
the direct evaporative coolin?_section to evaporate water into the cooling
air; and wher ei nSogée mstlngl ofrclaive3, Hyshérdompdieing mppratisg ot Ichsiromeoif tge @ool i ng

air through the mechanical coolin ection 1o renmpve. heat ,fromithe cooling
Gir and chasne e CRESETon R bRRshg bt o e Tas B Ieme8l i ng
section to ey@ap@dedichanneling cooling air through the mechanical cooling section to remove

heat from the cooling air and channeling the cooling air through the direct evaporative

cooling section to evaporate water into the cooling air.

6. The method of claim 3, further comprising operating at least one of the air
channeling sub-systems in an economizer mode, wherein operating in the economizer
mode comprises: '

channeling cooling air through the direct evaporative cooling section to
evaporate water into the cooling air; and

conirolling a humidity of supply air to the data room by controlling an amount

of water evaporated into the cooling air in the direct evaporative cooling section.

7. A system for cooling computer systems in a room of a data center,
comprising:

one or more air channeling sub-systems configured to provide cooling air to
electronic equipment in the data center, at least one of the one or more air channeling
sub-systems comprising:

a mechanical cooling section configured to remove heat from air;
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water into the cooling air. 9. The systemof claim8, further at |east one
controller configured to nodul ate an outside air danper and a return air
danper i nweatologgsissone of the air channeling sub-systenmpCrwsSeaasabs t he
proportions of return air and outside air. 10. The system of claim 8,
further conprising: at |east one sensor configured to neasure at |east one

character st1c. O kel o Shol rRhoR0Fa SN B SLSR Sk

el ectronic data &4 n east one sensor,

one cont r ol kediiotOtHel ditbcedviporaive | @abhg Bedtiohdcing enfigutdieroosiapbele: dhler
danpers of at |east one of the air channeling sub-systens based on at |east
one predeteﬁﬁpﬁ@ﬁx@Haga%{eristic of the outside air. 11. The system of
claim8, further conprising at | east one tenperature sensor in the data
center, wherein the at | east one controller is in data conmunication wth
the at | east one§8t @hpesysicur of SEBOT, ifurtleh ecodgirainge at @nfrolifre caifiputdie tat

| east one controller is cqonfigured to control the one or. nore ai .
channel i ng gaﬁa@féfeéﬁ@nﬁ@?ﬂﬁiw%aﬂneé{ngwe SYSIgRRIY Aseabatic mode 4T & ity o
center W thipga predeternm ned range.12. A nmethod for cooling a data center,
conprising: providing one or nore air channeling sub-systens, at |east one
of the air channslhery spasysirens: adisimticsinede @outipriswst clemagloreatdaliegcainl i ng
section; negsuring at |east one characteristic of outside air; ?nd .
channel | ng dFpuatife diretieNapostive RHRE FTatign &0 BYapEt S rih e ML gL Pe aif
wherein chagpeling air through the air channeling sub-system conprises:
channeling air through direct evaporative cooling section if a first set of
condi tions is newhetsypagsiatine tihethevigpoidatiode ewairisay chewieling ¢ooling st ond

set of contpol copditigns..i t. 13. A.systemtor gooling ¢ uter systens
0 a°r oom ot reudiols pedtiBien e &lies S IR hEHAER, MR Hgind
sub- syst ens cle@RkligUihe GodlthgiPMirslEhaROHireld eRdordttre cooling section to evaporate

water into the cooling air.

9. The system of claim 8, further at least one controller configured to
modulate an outside air damper and a return air damper in at least one of the air

channeling sub-systems to control the proportions of return air and outside air.

10. The system of claim 8, further comprising:

at least one sensor configured to measure at least one characteristic of outside
air; and

at least one controller coupled in electronic data communication with the at
least one sensor, the at least one controller configured to at least partially open the
outside air dampers of at least one of the air channeling sub-systems based on at least

one predetermined characteristic of the outside air.

11. The system of claim 8, further comprising at least one temperature sensor
in the data center, wherein the at least one controller is in data communication with
the at least one temperature sensor in the data center, wherein the at least one
controller is configured to control the one or more air channeling sub-systems to

maintain at least one temperature in the data center within a predetermined range.
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el ectronic equi prent in the data center, at |east one of the one or nore
air channeling sub-systens conprising: a direct evaporative cooling section
conf i gur esot20106078338r at e water into the cooling air; a bppads2a0069154
configurable to channel the cooling air to bypass the direct evaporative
cooling section; and one or nore danpers configurable to direct at |east a

portion of the cgg]%ﬂgegkgﬁ&q%gﬂgg%gﬁgc ARASS 9§$g%instead of the direct

evaporati ve cooling section. e systemo ‘'m 13, further conprising
a mechani cal coobtavidisgantan @onrf 4igwhethcdiag rebayeaciheait feaanorichef deohir ng
air. 15. The, system of claim 14, whergin the nechanical cooling section is
upst r eam f r GRMORENGFYOSYBLeS SPBIPHEING @ dMSE) GVABOIalY] §Qolng section;

measuring at least one characteristic of outside air; and
channeling air through the air channeling sub-system and into a room, wherein
channeling air through the air channeling sub-system comprises:
channeling air through direct evaporative cooling section if a first set

of conditions is met.

bypassing the evaporative cooling section if a second set of control

conditions is met.

13. A system for cooling computer systems in a room of a data center,
comprising:

one or more air channeling sub-systems configured to provide cooling air to
electronic equipment in the data center, at least one of the one or more air channeling
sub-systems comprising:

a direct evaporative cooling section configured to evaporate water into the
cooling air;

a bypass duct configurable to channel the cooling air to bypass the direct
evaporative cooling section; and

one or more dampers configurable to direct at least a portion of the cooling air

through the bypass duct instead of the direct evaporative cooling section.

14. The system of claim 13, further comprising a mechanical cooling section

configured to remove heat from the cooling air.

15. The system of claim 14, wherein the mechanical cooling section is

upstream from the direct evaporative cooling section.
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