MULTI - MODE COOLI NG SYSTEM AND METHOD W TH EVAPCRATI VE COOLI NG
BACKGROUND f 00011El ectroni c conmponents generate waste heat energy
when in use. This heat energy should be renoved to mtigate a
potential for conponent overheating and subsequent nal function.
Comput er systens typically include a nunber of such conponents, or
wast e heat sources, that include, but are not limted to, printed
circuit boards, mass storage devices, power supplies, and processors.
For exanpl e, one personal conputer system nay generate 100 watts to
150 watts ofwoegeessiseat and sone | arger conputers w t BCTUS2009{069¢54
processors may generate 250 watts of waste heat. Sone known conputer
systens include a plurality of such larger, nultiple-processor
conputers that are conMurledODEICOQBING SHSPEMANDMEIAER s, and t hen
are subsequently positioned WITHEVAPORERVECCQOQEINGY Sone known
racki ng systens include 40 such rack-nounted conponents and such
racking systens will therefore genBAEBK&ROIMNRIch as 10 kil owatts of
wast e heat. Moreover, sone known data centers include a plurality of
such racking systens. [0002] Sone known data centers include mnethods
and appar at us l>é@ih‘ii g dlestonigcoppenenisategatspsasicchep sarey whasimpsef Igimhgat

plurality of raekl REukYsd RERvedVRI SRYAE o poRAB KROWMpERhA o fefl3lifizSand
include a plurality of racking systens that have a plurality of
configurati onsS“P%’?&‘temafr’élﬁﬁ’GHQr\u%?WWﬁﬁ o Stopns ¢ RRippy t mflbjjecﬁrPﬁ@ﬁ%fn?f fehsity
and usage suclobipadent s aktaBdat fQrcsy HatiRIGRNEI 3fcQi5t MAi% o, PeAkd Etculd
non-uniformrate as co areg to the remajnder, of the r cki%%@systens.
In such data CSAiIRrEEsS SIORFRE CRHGEHPOSET SHRPYGST FAAREATESSP B ol PEI *HBRIH JTE and
apparat us to Séesbnahotmpiitirfsgnein wag ixencheato0gedne i@l SowaisoafveR® hastyant ot
be fully effici egtlaraerr\q: effective i.n l'E\E/vasogessoheat r eno 3#50 ‘Lgﬁg()%lws me
data centers USe°oUrSiGETArT MAe BhY nﬁlbret ant & ErEE ot i°ng .
The char act er ilssti conmmriciogn a&bmpuyer Gistamst igélde aplnraligyof\sachylager elutiple-
however, even Qi i i 0 .ani 'ggp@ nges
in tenperatur éj%éjﬁ%o%ﬁ}r{rﬁ@?jts 3% ? %{g? &gﬁﬁg%g%urf?gkwrﬂ%'#}tg ﬁ%&l%%lin%e 0 £
seasons, envi rsubmeenty pesitiahddt yitgh at daekingutysiede Sdme lmynvaaekingdestens a
nyriad of ext QﬁJMﬁe 45%9&11 &—mgﬂed%ﬁgakﬁf am#rac il gysteﬁ@%ﬁllﬂ{e% €
by-products of 1 ndustrial and/or agricultural activities can al

af f ect usabi | igegerase as myeh ¢ Hekifpwatts ofpvaste et niflorsorep FaEe knopmelgia centers

vari ations ovq&d&%g?hhmqqy@khggkﬁggﬂﬁmﬁpoling capacity, and quality
of outside air create challenges In effectively sizing and operating
cooling air systens for a data center. For exanple, a nechani cal

cooling systenmpdoapt Bsms kiceeh o cetRR iBdludedhidtRds bhd Bipadifus ¥edTguivaYo f ai |
to provide ad cl\:ﬂat e coohl n? in rkg)t , h‘g@,d vea her. Conversel Y2
mechani cal codfliie SOUE a5 fanaalions? PRl JResie FE 't UPFRES SBBF i ng
during hot, humbwh Satmo@itersTOlulS 2 PRYAlICSWadking systeriy tHaeRavt Radlurklity of
?)IE%E:?]IC IP_(I:_? not\ll &&FViaﬁrar 2 ﬁe 4 e&:M &Or ngnc-)t?nlifgll;ﬂ w;% rleseprecttttl) c%eﬁpoggnt Xe%sal{)f am? 53'215(!: such

that each racking system generates wastc 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 temperdture and humidity that
can occur with the change of seasons, environmental quality 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 agricultmral activities can all affect usability of
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[0004]FIG 1 is a schematic diagramillustrating one enbodi ment of a
data center cooling systemincluding a nechanical system and an

adi abatic system [O005]FIGS. 2 and 3 are flow diagrans illustrating
one enbodi nent of operating a cooling systemin nmultiple nodes.
[0006]FIG 4 illustrates is a flow diagramillustrating an alternate

enbodi mrent of determ ning an operating node for anbient tenperatures
above an maxi num anbi ent tenperature set point. [0007]FIG 5
illustrates is a flow diagramillustrating an alternate enbodi nent of
det er mi ni ng ¥ORAUPHISHAS for operating in a free cool i nGCHBEE9/069154
[OO008]FIG 6 is a flow diagramillustrating one enbodi nent of
operating a cooling system having an adi abatic system bypass.
[0009] FI G 7A pwside &t the cedliny atipoyss vihesy \afiationeoenbudiimevrlatilty.axeoliier
handl i ng syst egphdig! uill ey BPGRIAL G crdS LRMARY PRI AP Aty and

Y . operating cooling air systems for a data center. For example, a2 mechanical cooling
system that is sized for cooler, drier times of vear may fail to provide adequate
cooling in hot, humid weather. Conversely, a mechanical cooling system that is sized
to provide effective cooling during hot, humid summer months may result in a system

that is significantly oversized for cooler, drier times of year.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004)  FIG. 1 is a schematic diagram illustrating one embodiment of a data center

cooling system including a mechanical system and an adiabatic system.

[0005] FIGS. 2 and 3 are flow diagrams illustrating one embodiment of operating

a cooling system in multiple modes.

[G006] FIG. 4 illustrates is a flow diagram illusirating 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.

[0810]  FIG. 7B is a plan view of the lower level of the air handling system shown
in FIG. 7A.



[0010]FIG 7B is a plan view of the lower |evel of the air handling
system shown in FIG 7A. WD 2010/ 075358PCT/ US2009/ 069154 100111FI G
7Cis a plan view of the upper |evel of the air handling system shown

in FIG 7A

[ 0012]

FIG 7Dis a front elevation view of the air

handl i ng system shown in FIG 7A. [0013]FIG 8 is a schematic diagram
of' an evaporative cooling systemaccording to one enbodi nent.

[ 0014] The various enbodi nents descri bed herein are susceptible to
various nodifications and alternative forns. Specific enbodi nents are
shown by wayWwo@iigwaspl e in the drawi ngs and wi || her ePer/2ocdesesi bed
It should be understood, however, that the drawi ngs and
detail ed description thereto are not intended to |limt the disclosure
to the parti cujoarl]f orffGd76 &slagdaadievinftheampdr keclebtht piahsndlitgrpstemtlentni on
is to cover al]rﬂ?

within the spin
herein are for organizational purposes only and are not neant to be

used to limt
t hr oughout thi@ﬁﬁ%

in detail.

sense (i.e

mandat ory sense (i.
“incl udi ng, "

neani

and
[0013]

Q'flcatlons equi valents and alternatives falling
and scope of the appended clains. The headi ngs used

scqng 2 ishls %%oh%ek%ﬂ%rm%%ngé QLR shddeh iH SRS

plication, used I'n a perm ssive
ng havi ng the potential to), rather than the
e., neaning must). Simlarly, the words "include,"”

"includes" nean_including, but not |limted to.

FIG. 8 is a schematic diagram of an evaporative cooling system according

to one embodiment,

[0014]

The various embodiments described herein are susceptible to various

modificalions and alternative forms. Specific embodiments are shown by way of

example in the drawings and will herein be described in detail. It should be

understood, however, that the drawings and detailed description thereto are not
intended to limit the disclosure to the particular form disclosed, but on the contrary,
the intention is to cover all modifications, equivalents and alternatives falling within
the spirit and scope of thc appended claims. The headings used herein are for
organizational purposes only and arc 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

R TS

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 compuler 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 cvaporate water into the cooling air.  If a second set of control
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DETAI LED DESCRI PTI ON OF EMBODI MENTS [ 0015] Vari ous enbodi nents of a
system and nmethod for cooling electronic equipnment in a data center
are di sclosed. According to one enbodi nent, a nmethod for cooling
conputer systens in a roomof a data center includes providing an air
channel i ng sub-system The air channeling sub-systemincludes a
mechani cal 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 net, the air
channel i ng sW028y8H#HM i S operated in an adi abati c nodeCT/u$rersaeabat i c
node includes channeling cooling air through the direct evaporative
cooling section to evaporate water into the cooling air. If a second
set of control conditingh i in@n she &r dmnelinghab-aystencisaperattd mp Igiblid saypde. eTie s
operated in a i T rid. inel B .
cooling air th%ugr?%dgglqﬁg%sh%%ﬂgéﬁ 08%6 idﬁghﬂg'g%t#%%%h%ﬁ%g?r‘%veg }%gtécfn
from the cool i tegembve haatdroohthe erolingwyr andehanoding ity caplingtabrribyoegh thhdrect
direct evaporabMgufROldfitk SRELT B ohBoBXARALALS, WR! Blolibf1LA IR one
cooling air. In one enpbodinment, the first set of control conditions
is met, and themkpdipeainthedtingseiodcagirol pondiiontia et apdbihe system s ieerafadiur ed

anbient air teRenddHER, if teRecaQtcdBRBNE: ANedPHRHGR s 28 abbRR Bkt 6
maxi mum set point and the supply air enthalpy is at or_below a supply

y .
air enthal py sEMPHHPIFMaxingEn SERAH dndibs supply @t ARthapy 18 8P Pelew A s IPY et |

and the systemiitifigRer@ifd THe 85028 isét ofesisol bdndiibss BRAE WhE the AMne It
air tenperature is at aqr, above_the anbient air, teggerat,ure X

, . i mum
set point and PAFESURBYRddpededh i Jrepsprad amibisat ar PRETEH AT §F caphove the

ent hal py set pahbiént ait Qadberhiure @@dimhdh Bet @BROLHIMBRNupply hih enthdlpy i€ Asvaedei Ng
sub- syst em may bq oper, ed in.an econom zer node if a third set of
control condit P"BRE T &Y @98 ating in the econom zer node may

i ncl ude channeling cooling air through the direct evaporative cooling

section to eva te water | 00] | i r controlljng a
humi dity of subHY aifc ‘%”‘[eﬁ%t"&&%’tte‘ga}grﬂ%oa%%%‘%81%{&5?‘6%%%‘9‘9%#%%%‘% “of
wat er evapor at @deconingzer heode @bt Ehing saii oL dontrel lvendifigne @t mety aPparaiing e the
cool ing sectio i - d, :
ot Do o Ryl RO BROALR raly Liflenl n£RLS Oy
t he measured atwslingriectipnito evanqrale avaigr intq tae poliegnin andeepirelAne 3 ampditvafur e

m ni mum set  poiBily aRdo keiatiBfth Yoy @bkiroRik N8| aRVuhtof REeP Waoraid® Rty 1R T
ent hal py set p0|n¥. [ 001711l n cergaln enbodi nments, the air channeling

sub- syst em maycoBkREGYdR e dHedt praporative sodkigs pactigy nih @ae srpbogineplythe Hirdagt of

control condi téfQ@sirdl Sodions SRl BE syslerh RopkefaR if QRhbrhiGer FRAS, iRy
i ncl ude channel i ng (gl r.fromthe outsi gget hrough the roomwhile the

mechani cal cooPFages ARPEY I REPTHEredf PERY B\ AIPRHFhITPEeRE PP &8t i on
are shut down gintafththivpid air EQRALPICERW Hfuppla BT c@KMBUSEHog ai r from
the roomto the outdoors. In one enbodi nent, the fourth set of

control conditions is nmet if the anbient air tenperature is within a
desired tenperjgtnn e doodrablenbadishentd @@5h8 Thannelpwgiseb-sysieminog berepdrsed itthe
ai r channel i ng, sub-syste be operated in.a _rechany . mde 4f a
fHEth cor of | SR Ga D8 SRELANS CohlaRholBRln Urklind RIS At
nmode may i ncl usbeligmeniaelay gludodiamelngsir frdmhthe oghidt theughstbéapin gdile the
cooling mechanical cooling section and the direct cvaporative cooling scction 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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section to renove heat fromthe cooling air. The cooling air may be
recirculated fromthe roomthrough the air channeling sub-system In
one enbodi nent, the fifth set of control conditions is net if the
nmeasured anbi ent tenperature i s above an anbi ent tenperature maxi mum
set point, the anbient relative humdity is above an anbient relative
hum dity set point, and the supply air enthal py is above an ent hal py
set point. In another enbodinent, the fifth set of control conditions
is net if the outside air is unusable. [0019] According to one

enbodi ment, VEO &WeW783¥8f or cool i ng conput er systens in BCTOIMOOEI1IE dat a
center includes an air channeling sub-system The air channeling
subsystem i ncl udes a nechani cal cooling section that renpves heat
fromthe cool i ggtidits reaidde Iaeadﬁrcrnemta c@:\[fﬁ@ﬁl'f aIHe\ceoIﬁg@irimgbesecﬁchlmd from

downst ream f ro t he i cal n cti of I e
sel ectivel y op F 5 ‘jﬁeﬁglalﬁ%gﬁﬁ aLP £ %%OSP?% g‘eo F%‘ﬁ tﬂlﬁee{-r“at | Pl
evaporative coahirpigosdtdns gnmetnif dhe mﬂsm&ﬁa&mburnnmdaemmreas fabcwstan smbicf

control condit] : :
control condi t]= % %aql% ‘net &Fge(')%ngcc ag{c?lleﬁtg@g‘% %&nﬁﬁi@%ﬁdﬁ%g??ﬁﬂg@t
system f or cootelatiye hoviditrtsetpoing shdiis sipply airreolbatpofs abovd at entleadpytsefrpoint.
 ncl udes an al f, GHEANEhbAGeR R B L& B Lk REANAA S APt Bksifd fir 5O
el ectronic equipnent int data center. The air annel I ng
sub- syst em i ncyyerbls. a di rect evaporat i ve cool ing sectl on t hat
evaporates water into the cooling air. The air channeling sub-system
i ncl udes a bypass duct to channel the cooling air _to bypass the
di rect evapor PV cdrerdige berne pBbrdimarl agyienbior FR9HRE WHRpETSystems in a
confi gurabl e t@odiof £8dta @htet BaSdes an PR BngOdub§3€nt OVhd Eﬁlg:hﬁm&]mfg Ragwugh
t he bypass duct |nst d of f&%‘ﬁag ct evaporative coo gﬁ fion.
102115 used HERERfclidgA mesbaia Foolinh it At 2P VBT ‘W i on
of a facility dng aV\A]teﬁihev@@Ji‘WE ebolinpebdivh AMSnsatan Gainthe thetidbical Aodliag a

center may include server er st nd _conponen pgat ed
Lo speci 1) o ftTond famger Sehiand Sy BE Redied FO00 aragn a8t b
managenent ) ordiser maptgatwuldmlpigesettwmanlmrmhab&icampdleeif zof'rsceamﬂtcentm]
operations incl f ni i :

si mul ati ons, gtﬂoong Ega : OnaL}lgﬂ%&'{d (1%? ﬁlas\%on(? &moﬁigo{f‘%na&%ns is met.

2010/ 075358PCT/ U82009/ 069154 [ 0022] As used herein, "nechani cal

cool i ng" rrean | 1AL cool: i :
mechani cal ﬁ %Féggaué@ ong&??og d:,%%%%ﬁ as %Olgcugﬁyg}ﬁﬁﬁmq%% m‘a
vapor - conpr es st’p@n of @fata eratennclydes gy gir elipgneling 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
channcling sub-system includes & bypass duct to channel the cooling air fo 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 ouf. A data center may include servers and
other systems and components dedicated to specific functions (e.g.. e-commerce
transactions, daiabase management) or scrving multiple functions. Examples of
computer operations include information processing, commumications, simulations,

and operational control.



[ 0023] As used herein, "evaporative cooling" neans cooling of
evaporation of liquid. 100241As used herein, "direct evaporative
nmeans cooling of air by evaporation of liquid directly into

cool i ng"

a streamof air to be cooled. [00251As used herein, "adi abat
means a systemthat cools by evaporation of a |iquid.
[ 0026] As used herein, "anbient"” refers to a condition of outside air

syst ent

at the location of a systemor data center.
for exanple, at or near an intake hood of an air

may be taken,
a "free cool i n§CHBREY M| udes

handl i ng sys¥emMiass271As used herein,

a node of operation in which an air handling sub-system pul

| east partially froman external

air by

iC

An anbi ent tenperature

s air at

source (such as air outside a

facility) and {0§f2es shesedibereino’redebrsioalormobngd queiaprntingwitairduta predess e
chilling in thﬁlatafn 61@'219 d]%}]}r%a]w&%gﬁnat(ﬁasgone ﬁdl&“s hfles %K‘S}%QHIQP the

chiller

coils 1n t air g su systen1|s shut

closing a

fl ow control v@ﬂ%?sﬂf’l]}@@%ﬂﬂ%@lﬁmtéﬁs herein, "roonf neans a roomor a
space of a building. A "conputer roont neans a roomin which conputer

syst ens,

such ﬁf rack-nmounted servers, are operated.

023]  As used herein, “evaporative cooling” means cooling of air by evaporation

of liquid.

[0024]  As uscd herein, “direct evaporative cooling” means cooling of air by

evaporation of liquid directly into a stream of air to be cooled.

[0025]  As used herein, “adiabatic system” means a system that cools by

evaporation of a liquid.

[0026]  As used herein, “ambient” refers to a condition of outside air at the

location of a system or data center. An ambient temperature may be taken, for

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

[0027] 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 componcnis 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 microcomputcr, a programmable logic

controller (PL.C), an application specific integrated circuit, and other programmable
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[ 0029] As used herein, "conputer systent includes any of various
conputer systens or conponents thereof. One exanple 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 a processor, a server, a

m crocontroller, a mcroconputer, a progranmable |ogic controller
(PLC), an application specific integrated circuit, and other
programmable circuits, and these terns are used interchangeably
herein. | n W& R@UESBHDOdI ments, nmenory may i nclude, bBEI/VIR0058€9154
limted to, a conputer-readabl e nmedium such as a random access
menory (RAM. Alternatively, a conpact disc - read only nenory

(CO-ROV), a m&&a&@aﬂp&b&abmﬂia%usém&hmegaw]pheran dtxgtratqahs ttiogiehis e
disc (DVD) may al so be ucﬁléﬂd Al so, tlonal éarb hany; els&?

i ncl ude conput EBFMYEFFHE b‘ﬁé%‘ﬁ’éﬂ‘ﬁt t"vxff‘ﬁnpﬂ?r E“'ﬁ rBrd L SHE S e
such as a musmaiﬂda@edsegebm@rmm Uat’eﬂﬁhveﬂ/}elayzompichﬁﬁc -c&ambnttgﬁuemory

Ceanner . Fur { REPREDRD T RAE-teomy Rk Er B SR g D)

channel s may |maj ﬂMecbp@mhdmuanaltmmﬁ almenahnm;tmlu@mdmpner@epphemser.
[ 0030] As used her Iy C

that can be nove 1a%c§ “(r:l% 08?38 fintelte S su(%rdégs gy ngg%eggbg%%)ﬂﬁﬁgﬁﬁa%’w of
fluid through fah@umnpmpatﬂhatalsmsslaagmsdthﬁmmmc@de (ﬁﬁrem@@ascahml ude
plates, bl adeseuRBRRLe in B s Eibodhentilis iRAR T alamg Lcma% an
danper may inc e multiple el ements. For exanple

i ncl ude a ser|‘H§rﬁtﬂflqﬁr@@@§0mﬁf@d@aw@1wrf el ation to one anot her that
can be simultaneously rotated to close a duct. As used herein, to
"position" a danper neans to place or |eave one or nore el errents of
the danper to KB evedsdsed hoedn £ SARRen dRdnden iy SeiessorcHppRugt thahgan be

danper, such a«ﬁo@emonﬁblqsgdm@ase@aaetdeadej Meﬂ@@@fﬂthlﬂlﬂﬁo@ﬂ&ﬁﬁdﬂoy\bth&
ei ghteen air handling sub - SY LYEEB posi.t] oni ng tcre out Si dg air
danpers may i nRREFHEEBpehrany rspgludg Rigiesy Rlades nRapther 8iCs; feany
SUE systens arutmiﬁﬁﬁmm@e@w shdﬁm@rrmajamaemémelnplsl&tbmems.t IFor ekdidle, aen
sub- syst ens. In various .e nt s oling systemfor .a
Gata Lenter miPPHCTHGE e frr Sons iRt ke Ths Beh Ho
enbodi nment , thﬁmﬁitlthéduslsfrﬁiged ar dlesagedvent  nayused bérdideto dpositpina i daaper
cool ing system and, 3,0l r.eCl. SYAROLAL e G00FDG BN SRS FRT
fromthe mechafical® BE&60) ng sys cool I'ng I'nc es
bot h a mechani chatacteristits ﬂngnuslyﬁteimaﬂdsmhm pewt clespé,p@rtamalheomol img
system may al I S EAS §@él city
than a system avr?r‘fgﬁoérlt |Elsehglr\,i\@lhan% cal Sg%t%}cg ﬁaﬁsgﬁsy tgem or fﬁ%&@
evaporative coo#® mglu@y@neem outSigS 2it Mprgpers] inj ejghy of &ﬁéﬁ‘aﬁﬁbt@m\ﬂ%@v Bhngn
embodi ment of &tsﬂ@tlﬁdsu?ttsefﬂose@mlmmeﬂéﬁt&myhaﬁt uding a mechani cal
cooling section and a direct evaporative cooling section. Cooling
system 100 may renove heat from conputer systenms operating in

[0031] In various embodiments, a cooling system for a data center may include a

multi-stage cooling arrangemeni. 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 4 mechanical cooling system and a direct evaporalive 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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data center 102. In the enbodinment illustrated in FIG 1, cooling
system 100 includes air handling sub-system 104. Air handling
sub-system 104 may channel cooling air to data center 102. 100331The
nunber of air handling sub-systens 104 in cooling system 100 may
vary. In sonme enbodi nents, cooling system 100 includes many air
handl i ng subsystens 104. |In one enbodi nent, cooling system 100 may
i nclude four air handling sub-systens 104. |In anot her enbodi nent
cool ing system 100 includes only one air handling sub-system 104. In
facilities WopnpasisBpl e air handl i ng sub-syst ens andrPEr/UstsH0MI4e
data centers, cross-over ducts may be provided (e.g., on the supply
side, the return side, or both) to allow cooling air fromair
gandl i ng sub- sygh eéﬁseﬂé@ lig tdicmbadidaert ﬂmst%&d/ulond ed:bﬂ@@tssas@knmanhﬁdmdas
ata center or a a cen andl in -syste
comonl y contrSFg%gﬂn%ﬂ%éW%T% céﬁﬁ?ﬁ?*@ﬁl*%ﬁgﬁfégﬁﬁy%ﬂ?yﬁﬁpﬁﬁ% eof :
I n certain enbaddameitier100nly a sub set of the total air handling
sub-systens for a data center are provided with outside air vents.
For exanple, half the air handling systens at a data center may have
bot h out si de aiM3%lent Theamthberedfwirrhagdling verdystemsaiii4 ie codlmg oydear 1Wahdy t he
air handling syste e I tSi.
[ 0034] Each alr¥ﬁ5nd f%%ggﬁ%§ﬁ%ﬂ%;@&ﬁgﬁgg%% ﬁ@l%%%%%Hl&;ﬁ}gapgﬂggﬁter
102 by supply etsems108 Imeheembedimentisooling spstenCH| thaygncdide fovagir handlwmgf r om
arr hand! I ng. S YRR ok 4! aﬁ&ﬁéf%ﬁbmat%ogﬂ:%ts%r#%ldﬂh&ud& S Belsl-

From pl enum 11 |ng air ass rou restriction
devi ces 114 mh@d}wwmm ol Indfecilifiep Wﬁhyﬂubla]§§1I§Wé‘Fm3%’éﬁ§feﬂ!§811dfﬂTter

the air is heahﬁﬁlpnyda{a%&ﬁés Jeild%s_mteh@uc@sl Iﬁayreaﬁrm& (etgrdaugéﬂs Fﬁp kg geuct

110. Air may be recircul ated through _one or nore air

sub- syst ens or“ﬁF%éHﬁf@%Hm¥}6h?WW%°§W§Séﬁf@%ﬂ@Hgﬁm@%ﬁaﬂ@ﬁyﬁﬁﬁfmﬂ%ﬁ

Exhaust vent 13uibied AdRS reanad SHthe BN cedieriZor alB&bR}Ackiter.OLir Eéh@iuign g

system 100 may he drawn from outsi de a* reC|chlq§ % air,
conbi nati on of SOUFEFRL™AY P° SHEM? o4y grargiely comirqlicgh g5 §o inaifon

sub- system 104thieﬁ61’f Uﬂleﬁrtﬁluérﬁliadd&noaisfon‘]@emiub 4! theudts iat @adiling subRstems
i ncl udes out si danper 126 li.n ub-syste ncl udes
mixing air da SRR 58606 Do) dobe, 5848 n}eogé%i”éoabﬁ i ng
system 100 i nchandm aystémseat aldatmkenfeB Dy hdve boik cutvidd :ﬁirvestalan(lsly:&tm‘feﬁﬁ4
evaporat i ve cogler L6, ARMSYRRLYEAT 8 o 3 Gl fhud B Hiy o1

ié "udé fitter

one embodi ment ' I'nc €S a Serles o

Cool i ng systenvamﬂ |ncludes bypass duct 140. Bypass duct 140 may
allow for all or a portion of the supply air to bypass evaporative
cool er 136. Evaporative cool er bypass danper 141 and evaporative

cool er face dalfi934] 148ackaiy hindlingsubeystare 194 mashea ¢ospled tor dstacsmer B Bl ow

t hrough evapor %bl\_((%u&%h Ghd Pe?tﬁn difeP P10, r@ooﬁﬂé&?fﬁ‘a}@@w IRE HOeSdRtsHE-N
air bypass 151 and return_air (%gass danper 152. 0037]Su8ply fan 138

and return fansysige I8¢ Brengh pirely 1@#5@1$wemlv%Dmeaﬂﬁymll codling air

may pass through flow restriction devices 114 into room 116. Cooling air may pass
overracks 118,  After the air is heated by racks 118, the air may pass through refizn
duct 110. Air may be recirculated through one or more air handling sub-systems or
discharged from the system through exbaust 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 ouiside 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.



coupled to control unit 150. [0038]Chilled water subsystem 134 is
coupled in beat transfer conmmunication with air handling sub-systens
104. Chilled water sub-system 134 includes coils 154 and val ve 156.
Val ve 156 is coupled to control unit 150. Valve 156 nay be opened and
cl osed by signals fromcontrol unit 150. The position of valve 156
may be used to regulate the use of chilled water to cool air in air
handl i ng sub-system 104. In one enbodi nent, a conmon chilled water
subsystem 134 provides chilled water to two nore air handling

sub- syst ens. W 1¢%5358i n enbodi ments, each air handl i n§CEUIZ0SPeMEM | S
cool ed by a dedicated chilled water subsystem 134. [0039] Chilled

wat er sub-system 134 includes at | east one punp 160 coupled in flow

comuni cation yios§ a Edoling _@;{%ﬂ:ﬁﬂ o0 Moth¥d 8P banlal39LchliRG vidter GABLRIsREL | N
flow communication with coil s hilled water flow

154 such th%t] %
through coils 154 sv@porlys cedlerr B¢ g Fpply; oo fPyandaietgs &nclih smens
Coil s ﬁ54 are ﬁxﬁbﬁalrﬁ}ﬂt,iﬂhexf baaw 1emma1:scaa§dneﬂ" foﬂ\fomhﬁl&irshl eadihg @ysemcfrjoljl ed
wat er heat exc er. 162 vi uraljty t uhes .that are coupl.ed in
f1 ow conmuni caﬁcaﬁ S\ PP 5%&3@68‘%”?%6&8]%@6’?@ °‘§§%rtailn9rf0?9rtfoﬁr M
i ncl udes a chi kipelf aivad Bypatseaiporatimrtaler $360- Eeyetigve cha&. byblsatianipenbMal
sub-system 168 be ..an uh-syste hat .facil.i tates operat] of
System 100, ¢ n=BacsfasienRh RS yRieE Ty by Misit R BoRAE A et
ai r-condi t i oni fagouglevapgetivarboleilds s yGrobing sybtamdA® inkledeseetvo dir ropprss 1 Heat

renoval subsys : | J tower sub-system In still another
enbodi nment he%ﬁ%%%gﬁa&sﬁ%%ﬂy@gem 168 is a service water
sub-system |In certain enbodinents, a nechanical cooling system such
as an air-condigsAni Nghiekn B8 hAMenRYah 848 FBYouPRd WIS 6! vBBaks is
transfer communication wWith cooling air in air handling sub-systens
104. For exanptaplediogpardtet15€oi|ls of an air conditioning system may
be positioned downstreamfromfilter bank 132. 100411Control unit 150
may be programmed to control devices in air handling sub-systens 102,
chilled water W8#Blsy<chilipd viater subsyisiony 134, soupled o aget Eanpfeis spafmapication
Control unit | $h kishedus Q8 siseniUPR| Fhill@watad@ub-Eysletirng irkudd44ils 154
outside air danper. 1 hayst. danper 122, and mxin i r danper
750° Gontr o a6 Tk ki Rt apaal ORI e P 3Pk bR
sensors, hum diddyeleanisaigals @oth dofites shit £5). Stk padittan of ealveelcamplyde used
control unit 150 is in dat icati.on wWith t erat ure sensor 151
| ocat ed near t " ?1 are" 8@‘8@%@6?‘1 cr?gogl aérynsl léﬁ]anfgg'?supﬁy%eﬁe]ﬁ' e
enbodi nent, al ¢mwdliniehie aabmmia oid!1¢dngatesbbsysteh d Bk pamidescdhilledl edtenint ter
sub-systens at T, ont.r: A Ehe & connm ]

unit. In ot hermgrﬁ%lgh?nrggr%]stsu? S?Z{)Hg'rg Jeah%gr%f!‘flgoo r%%%é“%% pr o&igggd;&%tgl%
each air handl isegplesiity-asipdicatatichiicd witetshlsistmi ®  sub- systens, or for a
subset of the air handling sub-systens and/or chilled water

sub-systens. Devices in air handling sub-systenms and chilled water
sub- syst ens nalf0d cdrelied et seotveemtLPE Hicluges atieasi A gump}60poupled in

conbi nati on t hgseefmmdRAfenl kith & 8lolvaoRt-@ FRIOL L SENYBve EL LQpled Hh Fiovk 50

i ncl udes at | east one. ] i ) . )
commumnication with coils 154 such that chilled water flow through coils 154 is

facilitaied 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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programuabl e | ogic controller. The PLC may, anong ot her things, open
and cl ose danpers in air handling system 104 based upon conmand
signals froman operator to channel air flow through data center 102
as necessary for the prevailing operational conditions.

Al ternatively, the PLC may nodul ate danpers between fully open and
filly closed positions to nodulate airflow 10043] Cooling system 100
al so includes a plurality of tenperature neasurenent devices that, in
one enbodi nent, are thernocouples_Alternatively, the tenperature
measur enent wevipessssncl ude, but not be limted to, resi/E$280906154
tenperature detectors (RTDs) and any device that facilitate operation
of cooling system 100 as descri bed herein. For exanple, a chilled

wat er t her mocoyl £«18RY 698 aRQ%icE WAL Wstehl NMnGhidid @thowalets, sShddBarshiem
138 to facilitate neasuring a tenperature the chill e% waéier tégon
& PefireEHiery ed

. . f
di schar ge f r onfP!iA® SYsieEMTRE At Ar-faRdif pRanc e B SR GHTIOFR Y
wat er tenper at uhfifer abAmMALIBdLR [WidcdoPngA P D Xir Makdihy sbh-§sEeegnees For
Celsius (C) (42 degrees Fahrengeiﬁft F%l) r%804.41I n the enq)odi maint
shown in FIG PR SERIEINESUB. &) tie PR IRy PSR BRI ¥ PIITSYh
supply duct 108ovim3tréanpirennfinerbdik. 132.n ot her enbodi ments, cooling air
may be forced directly into room 116 through a supply duct w thout

goi ng through a plenum |In various enbodinments, flow restriction
devi ces 114 najoohH chGsem! ¢dt TOnhayode dréganithaivo rcanted dewiads di &it hdndling on
of cooling air _ar var 181N =0 ] L OUS
enbodi nent s, oﬁ%gggg%sn?@f Q%E%J‘%rﬁgsn%l%é% ztaeE"Jrg 1ﬁ§nﬁlndli%%ﬁea§l[] )- %éﬁ?éﬁégﬁ%f a
cool i ng syst enComol et KOrit goupledid sipply s pifnmairn f5n dfre owpidair damper 126,
condi tions. Fopaexanmhs, HRC,HOBLIR! iRy 1R PEQRLAIREYSE & BWMatLh

the air source for an air-handling sub-systemfromreturn air to
out si de air whemIBHECaEon Vit ETPREHE BRI SHEENH S59TH rPEd RFEESURE 5eSch

as tenper at ur epgngahudicthtay unif PRASH Ria\eehansaBAaH kiRblatire @neOB1i NY
system for a data center nay be ogperated in two or nore di fLer ent

modes. The mod¥caedpsarihs intske bpod shspobinaszsien { e iheye webodigerttledf 4l d
on charact eri shing@BngOdublshi@en@Uingi cBle@ivhter fuBaystaised laSdataCentef ar@kdntroled
various locatiopns in the coqling. syste and ot her characteri st.ics
prevai |ing at Btk aepmersentalait I Alter emiodimpats; rEete (SRR ROVl
mul ti - node coofdr Bath St hlveiith O RAP-shstehh Sadzadilled @atarambagsieats, @ faragybseadther ed
to cool a data .center. The multi.- syste al l.ow for _.a e
efficient use Bf g%’gﬁ%ﬁgﬁfséengfangmg%gﬁeﬁr%%éiglég'%%?sém SVAReF s Bndlie
reduction is siubaepsapaand yhikd ongerosubaystene Inpyeh¢ ssontfolieh eanpymticity,

reduce operati na cests, of b%lagﬁnot}]&goq system and/or inprove cooling
ef fectiveness (Sucir’as: tnr oug ower operating tenperatures of
conputer systens in the data center). 100471l n sonme enbodi nents, a

mul ti - mode Coot()iﬂm Syt @éHaLln%wg(ﬁﬁerﬁQ AP C 150 includes at lcast 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 1o
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
measurcment 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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system and a nechani cal cooling section. The adi abatic system may be,
for exanple, a direct evaporative cooler that includes a wetted

nmedi a. The mechani cal cooling system may be, for exanple, an
air-conditioning refrigerant system The adiabatic system and

mechani cal system may be sel ectively enpl oyed and adj usted based on
WO 2010/ 075358PCT/ US2009/ 069154 est abl i shed control conditions. The
mechani cal cooling systemmay cool the supply air directly,
indirectly (e.g., by chilling water that has been circul ated through
an air handlWegnu&9sisen), or a conbi nation thereof. | nPERPR2819/469154
enbodi nents, a cooling system may include an evaporative cooling
system (direct or indirect) upstreamfrom a nechanical cooling system
in lieu of, or disthagedidn anhdao exchimgev apo st bnecercindineny sssts tldhed( dateect
or indirect) d?e\f\lpgr%@%%@rg goo{r%ﬁeP% rareggx%qItg[ﬁls.égeaegs”bel%igsoéﬁfgtﬁbée retfeL 'S
an exanpl e of operating nodes of B EooT g system Thn exanpl e,
t he cool i ng no8graheibfif))gi ven time is based on the conditions of
outside air and the air at selected |ocations in the cooling system
100491Tabl e 1. Exanple of Cooling Mddes for Air Handl ers Mde 1:
Economni zer Conilédd] Colindhe pwobastioanh phewn iT&ipel, @irvhandliag mitéyvignn Hétmay

ESLF? E} tg yglyg;ile lngorc%%ﬁ)m&mhg@ﬁ&t R RAbIRY 1 188 dRk BhbddRinGaldbling30)
may be forced directly into room 116 through a supply duct without going through a
plenwun.  In various embodiments, flow resiriction devices 114 may be chosen to
control the flow rates and distribution of cooling air ameng various racks 118 in room

116.

[0045]  In various embodiments, operation of one or more air handling sub-
systems of a cooling system may be controlled in response to one or more conditions.
For example, the controller may be programmed to switch the air source for an air-
handling sub-system from return air to ouvtside air when one or more predetermined

conditions are met, such as 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
operaling 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 mulii-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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Qut si de Ai rDanper controlled Re-GC rcul ati on SystenDanper controlled
Adi abatic SystenHum dity control Mechanical SystenOf Notes In this
exanpl e, in the Econom zer Mdde, the system m xes cool er anbient air
and blends it with heated return air fromthe data roomto achieve
the desired supply air set point tenperature. If the return air
relative humdity is below the mninum the adiabatic systemw ||
adj ust the humdity up. There is no Mechanical cooling. The
conditions for this node are that the anbient tenperature is |ess
than the | oWeplo/gH3s8he desired set-point (typically PORys200Foepmis
control of relative humdity may not be required on the high end
because a constant heat source (servers) is provided that inhibits

condensation. Mp@fned cdif88osR@ink.N 2@ ehanicRRbHRkL sfstRTiniy QRBSHhASRPENT
Tenperature: Anbient Ar Rel ative H&m; dalatteryti'natRet urn Ai [ Rel ative .
11 W

Hum dity: Suppqlig,dlﬁcﬁly, E;ﬂgrﬁ%\yﬂ?g, by chi has been circulated through an air

handling system), or a combination thereof.  In certain embodiments, a cooling
system may include an evaporative cooling system (direct or indirect) upstream from
a mechanical cooling system in lieu of, or in addition to, an evaporative cooling

system (direct or indirect) downstream from the mechanical system.

[0048] Table 1 is an example of operating modes for a cooling system. In this
example, the cooling mode at any given time is based on the conditions of outside air

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

Ambicnt Temperature: < minimum set point (ypically 72°F)

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

Cutside Air Damper controlied

Re-Clirculation 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 Relotive Humidily: > minimum ser poin! (typically > 20%)
Return dir Relative Humidity: > minimum sef point (tvpically > 20%)
Supply dir Enthalpy: < set point (typically >30)
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Set point control band > mninmum set point > mninmmset point < set
point (typically 764F) (typically > 20% (typically > 20% (typically
>30) Cooling Systens Qutside AirQpen Re-Circul ation SystenC osed

Adi abatic SystentOff Mechanical SystenOff Notes In this exanple, in
Free-Cooling Mode the systemutilizes 100% outside air to cool the
data center. Al the return air is exhausted to atnosphere. No
Mechani cal or Evaporative cooling is required. The conditions for
this node are that the anbient tenperature is within the set point
control bandwoguypiseal |y 76+4F). Tight control of mai REEUSIGIH69S4hi gh
hum dity | evel may not be required because a | arge portion of the
return air can be exhausted so no water build-up occurs, and because
a constant heat ceingSysfeservers) is provided that inhibit

condensat i on. Outside Air Open
Re-Circulation System Closed
Adiabatic System aoff
Mechanical System off
Notes

In this example, in Free-Cooling Mode the system utilizes 100% outside air to cool the
data center. All the return air is exhausted to atmosphere. No Mechanical or Evaporative
cooling is required. The conditions for this mode are that the ambient temperature is
within the set point control band. (typically 76+4°F). 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 inhibit condensation.

Mode 3: Adiabatic Mode

Control Conditions
Ambient Temperature: > maximum set point {bpically >80°F)
Supply Air Enthalpy: < set point (typicaily >30)
Cooling Systems
Qutside Air Damper conirolled
Re-Circulation System Damper controlled
Adiabatic System On — controlled
Mechanical System off
Notes

In this example, Adiabatic Mode is similar o 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 retumn 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 I'ree
Cooling Mode, tight control of maintaining a high humidity level may not be required,
however, becausc a large portion of the retwrn 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 (bypically >30)
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Mbde 3: Adiabatic Mbde Control Conditions Ambient Tenperature: >

maxi mum set point(typically >80F) Supply Air Enthal py: < set
point(typically >30) Cooling Systens Qutside AirDanper controlled
Re-Circul ati on SystenDanper controll ed Adi abatic SystenmOn -

controll ed Mechani cal SystenOf Notes In this exanple, Adiabatic Mde
Is simlar to Free-Cooling Mbde as the systemmainly utilizes outside
air, however it differs in that the evaporative cooling system cones
on line as a cooling source. No Mechanical cooling is required.

Hum dity corW@ o838 be carried out in this node. |f PEBUS2OQM4aI r
relative humdity falls below the m nimrumset point (typically 20%,
a portion of the heated (danp) return air may be bl ended back to the
supply air .to bridng $Hetemel ati ve hum dity up to within set control
limts. As wth theufkidegirCool i ng Mod®ampargbirollecht rol of maintaining a
hi gh hum dity | eveRe-Giagulstior Spreem equi Dedperhoweiied , because a | arge
portion of the retddimaat Fyskzan be exh&usted so no water buil d-up
occurs, and becaus¥eaamioriSystant heat $€lurce (servers) is provided that

I nhi bi ts condensiéitéson. )
In this example, Hybrid Mode is similar 1o Adiabatic Mode as the system mainly utilizes

only outside air and the adiabatic system; however, the mechanical systems also come on
line. Mechanical systems cool the blended supply air temperature to within the parameters
of Mode 3 — Adiabatic Mode. The adiabatic system cools the supply air to within the
temperature set points. If the return air relative humidity falls below the minimum set
point (typically 20%), a portion of the healed (damp) retwn air is blended back to the
supply air to bring the relative humidity up to within sct control limits. As with the Fze
Cooling Mode, tight control of maintaining & 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 (rypically >80°F)

Ambient Relative Humidity: > maximuin sef point {(bypically > 80%)

Enthalpy: > set point {(typicaily >30)
OR

Ouitside air is unusable.
Cooling Systems

Qutside Air Closed

Re-Circulation System Open

Adiabatic System of

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 sct point or if outside air is wnusable. As used herein, “unusable”
refers to air that contains an unacceptable of contaminants, such as airborne matter from

agricultural or industrial processes.
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Mode 4: Hybrid Mode Control Conditions Anbient Tenperature:> maxi num
set point(typically >80F) Supply Air Enthal py:> set point(typically
>30) Cooling Systens Qutside AirDanper controlled Re-Circulation
Syst enDanper controll ed Adi abatic SystenmOn Mechani cal SystenOn Notes
In this exanple, Hybrid Mbde is simlar to Adiabatic Mde as the
systemmainly utilizes

WO 2010/075358 PCT/US2009/069154

[0050]  Although the example Table 1 describes five different modes, it will be
understood that in various embodiments, a cooling system may operate in only some
of the modes described in Table 1. For example, a cooling system may operate in
only an adiabatic mode and a hybrid mode. In addition, a cooling system may in
various embodiments operate in modes in addition to those described above. The
control conditions, sources of air, measured values, and various operating paramecters
in the various modes in the example in Table 1 for illustrative purposes only, and in
various embodiments may include different control conditions, set points, and

operating parameters.

[0051]  FIGS. 2 and 3 are flow diagrams illustrating one embodiment of operation
of a multi-mode cooling system. Multi-mode operation of a cooling system such as
described above may be accomplished automatically, manually, or a combination
thereof In certain embodiments, switching belween modes may be accomplished
with an automatic controller such as described above relative to FIG. 1. At 200, set
poinis 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 {emperature,

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

[0053] 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 maximumn
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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only outside air and the adi abatic system however, the nechani cal
systens al so cone on |line. Mechanical systens cool the bl ended supply
air tenperature to within the paraneters of Mdde 3 - Adiabatic Mde.
The adi abatic systemcools the supply air to within the tenperature
set points. If the return air relative humdity falls bel ow the

m ni mrum set point (typically 20%, a portion of the heated (danp)
return air is blended back to the supply air to bring the relative
hum dity up to within set control limts. As with the Fee Cooling
Mbde, tight womueesssef maintai ning a high hum dity | epetrusmpiosoids 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 pfnﬁ?éé des 4t hﬁ?%é ﬂm[rﬁirﬂﬁde? B eRs %b&ﬁ'tiv_e Wgﬁlg%yst% chamical

Mbde Control Conditions Anbient Tenperature:> maxi um se

poi nt (typi cal | presh8ER) conling wiemmeay e PResated e thy supsly pints Wadais eptor
point(typically > 80% Enthal py: > set point(typically >30) OR CQutside
air is unusable. Cooling Systens Cutside Aird -G '

Syst enOpen Adi 8sdli c @gta@%gﬁf relative hu?nlidit?r is abrove ?hse %jaxiquz?umqe a%sl?lel l?i}rl:!.zgtny

set point, the system may be operated in a mechanical mode at 216. In the
mechanical mode, the system may employ only the mechanical cooling system, with

the evaporative cooling system being disabled and/or bypassed.

[0055] Referring again to 204, if the ambient temperature is less than or equal to
the ambient temperatire maximum set point, conditions for low/moderate
temperalures may be evaluated at 206, the details of which are illustrated on FIG. 3.
At 220, the ambient temperature is compared to a ambienl temperature minimum set
point. If the ambient temperature set point is below the ambient temperature
minimum set point, a mcasured supply air enthalpy may be compared to a supply air
enthalpy set point at 222.  If the measured supply air enthalpy is less than the set
point, the systcm may be operated in an economizer mode, In the economizer mode,
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] Tf 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 ambienl 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 poinl. As in FIG. 2, set points may be established and air
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Mechani cal SystenmOn Notes In this exanple, Mechanical Mde may
include recirculation of all air such that no outside air is used.
The air nmay be cooled to within the tenperature set point by passing
it across nmechanically cooled coils. Wien this node is relied upon,
t he nechanical cooling plant is preferably sized to cool the entire
heat load. Hum dity is nonitored and controlled. The system may be
operated in this node when the wet bulb tenperature is above the
desired tenperature control set point or if outside air is unusable.
As used her V9201097558 abl e” refers to air that contai nBCHVS2009/069154
unaccept abl e of contam nants, such as airborne matter from
agricultural or industrial processes. WO

2010/ 075358PCT é@ﬁ%@ﬁ&&@ ﬁ%&%%ai OﬁfﬁhAltﬁehﬁggy a&%ﬂﬁ?{?‘ﬁ@éo‘ﬁaﬂé@ i@ thL set

descri bes five erent no e unders d that in various

embodi ment's, apeitiel ribe syestusthsarely aiperbtley isnbei {pe sEnoTf IhF eI dfes
described in Tablgedln amrmbammee Ifﬁieé%@@h k@my%»f%mm)mm &rasmm skt
only an adi abatic node and a hybrid dition, co

system may in DR BEsYET@PHRR ?WB%‘?‘ 5’9@3 i ﬁh‘l‘ﬁolﬂ’e"’é’mﬁﬁt Télglﬂﬁ q’(?ﬁ‘"tgeﬁt

t hose dgscr: be%o@ﬁQléQIIGTBethéQﬂﬁaBdﬁE s9sal intaly GBBain SPEAS (Qé @i both the
nmeasur ed val ues, .and var ratin rangt er ous
nodes in the e?(dd??ﬁﬁlcem?‘ﬁf &?‘gg‘F@%%%Wﬂl ?338@?5? gfg‘wﬁ'fﬂﬁ BB%‘@%’ 'ﬁh’ms

i n various enbodemBiBitaicrmay i nclude different control conditions, set
poi nts, and operating paraneters. [0051]FIGS. 2 and 3 are flow

diagrans illustrating one enbodi nent of operation of a nulti-nobde
cool i ng syst enfoosg]l t i FIGosdluvapes &ta fow ddgran ﬁbmiaimg}ans#@nﬂwmbmhn@sof

conbi nat 1 on ¢ nanfeoRSf pTR oRaRie R BIPLLAAdke, TADUB phor B8
may be acconpl inghbathwisarhe @nshasm mn%IGScZ el r GHI2BY . @E@Nbla@ tefereratirh isd
above rel at i Ve, Jnﬁmﬁ:li% cit’fmé%teﬁ]geQaturg €6n1:BPBaH& Sﬁﬁfe%m9§£t%ﬂe§dhﬁgls Within

control conditi aracteristics alr are neasured.

Measur ement s sthe ool band, theselstivelmmadii afithe, aﬁmf Uk soaRdep ampigum

hum dity, and E& ?‘cﬁ&% %m&@@elﬁtﬁgﬁﬁhuﬁ@foﬂhgéﬁ%tﬁhﬁ abo¥b PR minidluf set
return air, ot her ] ocation. T0052] At 204, the neasured

anmbi ent t errper B‘I”%Ir e F%“‘t’d’éﬁﬂﬂ’rdéﬂ of e Fen AE {EMPaR i %WBP%‘H’E‘ set point af

t ﬁrrper ﬁt ure maxszMUIRetlathe Iht%}dlt} bf thdRmadH i© asovtﬁ S REH Akt pogu great er .
than the maxi mym set poi nt t ha may he deter.m ne
and conpar ed t%‘%#‘eegptﬁ‘ﬁl ‘Féﬁ%rate% L‘fb%‘g? c%(ﬁJ‘r"gé’f‘ﬁ ﬂ@{%é‘? CB’?}T"FE with £ e
supply air entaﬂboﬂyndn&hbehm\m(}mﬂﬁﬁee mlmgmodchﬁlss@/ﬁﬂﬁm‘aﬂhgs dbtermined
operated in an

210. The abat,i c d y enpl oy
only the evapo‘ih?;lttt'1 66(5‘6‘?’{ ﬁg%ﬁ%‘%’ﬁ‘}r ap?.'vg ?ﬁ@dhﬁ%’éﬁ%g‘gy cool i ng.
In certain enbodi nents, different properties, such as wet bulb

tenperature, gﬁ%ﬁ#je “&elﬂus"i‘%te& QNHEO] ab%%%'lﬁdnﬁ’-%dé Q355G st@h mafin dobhe

addition to,

embodlments 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 evaluated. 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 sct 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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[0053] If the neasured supply air enthalpy is equal to or greater than
the supply air enthal py set point at 208, the anbient relative
humdity is conpared to a maxinmumrel ative humdity set point at 212.
If the anbient relative humdity is equal to or |ess than the MaXi MUM
relative humdity set point, the systemnay be operated in a hybrid
node at 214. In the hybrid node, both the evaporative cooling system
and the nechani cal cooling system nmay be operated to cool the supply
air to the data center. [0054]If the anbient relative humdity is
above the nmaX® MIH7F38% ati ve hum dity set point, the syBEEVR28/Q9bd
operated in a nechani cal node at 216. In the nechanical node, the
system may enploy only the nechanical cooling system wth the
evaporati ve cophéng 5137&&edntrbledoﬂ@udbmlnbteﬂetm‘ﬁdé@a“commeaﬁ"sadml conditions
100551Referrin if the arrbl n mperat ur s _than
or equal to th eg‘bath C{IE%ta HEF BT SRR e%rﬁhgba? ol o ?e 1d°°fl|%§(r’1ns§ f or
| ow/ noder at e tiadipee thbtuEgientgoolie: cew bt srhiced! iata f@eﬁoolmglmodetﬂw ddigbaic

Conpar ad to a SubRaRof Radsh Ry ro b ASRTDLERE 14GTAPRIAL Sy
tenperature set00pbpwt in 1§IGb¢J Mﬁxmleamp@hmvetoenlprebma;rd@mmfdﬂménet o
point, a meas U&p%ﬁed%HPQJa}Z{oerwé c@cﬂ(ﬁ}?&l‘: B¥mptRY4, fﬁay%%ﬂiﬂﬁ&ﬁds&bgeqﬂeﬁ%?%k& arr

ent hal py set point at e neasured supply air enthalpy is

| ess than the %r apudahat pee theyadiabatic pusjernp dheofapat eaditions By CGTRIWH zer

node. In the %&D&Eﬂe@ﬁforaﬂ@éj&ole%yp%'dﬁﬁﬁhﬂ é!@&eﬁ%&'@s&ép&ﬁw@@@cﬂétf&@ tO
control humdity. An_econom zer nay be used, for

t he weat her sdaEJBFfd‘%Fﬁ?Pﬁ%ﬁ? I’l‘?e“ﬁlﬁé"’g@fbrﬁ?‘ﬁs E\FFY%W%WPF@E%W%P‘&

bel ow t he Set dRioRtive Goolks BYpaiPYANBE 18T bnd/BEvARAHIRE LG FRE Bardfer 228N

[ 0056] Tf the anbwﬁnt tenperature is at or above the anbient

t enper at ure niFBIRURPREBPOYEMHt at 220, the anbient tenperature is
conpared to a defined tenperature control band (e.g., 76 4F). If t he

anbi ent tenper e i,s.Wthin the troI em
operated in fr[@@iiool‘qﬁ%&“%gw i fl}?wflﬂlé ?(?S t?h6§88¥’ioﬁ1§° ﬁs are
outside air neagsckoed hﬂmﬁkhhﬂseqﬂmwg fwill eeurglirmstobrithallid pifersydbdmerndie

suppl i ed 0 L heqdaldag 0Lt il 8ildls AclaRALh G RYShEMANS EE AP o2l

systens are of a cen
exhausted to tiwes @m@mldesly |0fr at hiegwarbpre irregblanpaecsialelr end sncrd@t swifchibg n

t he control b%&mpﬂsﬂé&G&emch%leﬁﬁkhetc%i&ﬂﬁrati ng node at 234.

[0062] TFIGS. 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, chiiled
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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100571FIG 4 illustrates is a flow diagramillustrating an alternate
enbodi mrent of determ ning an operating node where anbi ent
tenperatures are above the maxi num anbi ent tenperature set point. As
in FIG 2, set points nmay be established and air characteristics
measured. At 204', the supply air enthalpy is conpared to the set
point. If the neasured supply air enthal py is bel ow the set point,
the systemis operated in an adiabatic node. |If neasured supply air
enthal py is at or above the set point, the systemis operated in
hybri d node . Wapu#07535h contrast to the enbodi nent showACT/HS2PB91R, t he
adi abatic systemmay renmain operational (i.e., in both the adiabatic
node and the hybrid node) regardless of the relative humdity

condi tions of {dagqanmbirqRt eﬁb&dxmé&%.?plﬂa% 486 bk |19§©lfoaéuﬁ§ the$ pér thinf@¥/

dlagramlllustratlng an_al ternate enbodi nent of determnlng

condi tions for QEBéf"a’ElﬁnﬁfﬁﬂPli‘fdany%@h%ol i APrAGERedima. Epushdans AR are; o

230" may be t hegE@IBuRStes& MRk, LITEE-4022 AR urdibyZ3Rehi. t he anbi ent
tenperature is corrpared to a defined tenperature control band. If the

anbi ent tenperature is within the control band, the relative humdity
of the anbi ent [@53) | sAje HBdueslici Qo alemhtaicml§&irccﬂabﬁﬁwm fridbQhe dppert he

| at hum dj t h nbi t
the rel ative hiRdPPYoPetRe frard i P amiG By &F PooH SRemDabeet
poi nt at 252. {hfrougllnﬁre-lﬁﬁblaﬁﬂ'ﬁvfhlal’lﬂlm o gndmﬁrbblhﬁlter 42 rIn o@i embbdimalyore t he
m ni mim set poh@er i€ 324, t%eat}ag @yétiﬁm C%Qc%uai g?é}ir%a&cgee%&%l I ng

node. Thus, in cont Fas free
cool i ng mode | &n’u@emtnoriihgl fdithrt@ﬂls ¢ 13-mcld@it ‘brf“men@dmtlfhtamnﬂ bieAgvbidenkn ai r

and the returng '%@?&egpgﬁo@fﬁt@@m@adlffﬁm Fughymés?\seﬁded [O8aP ks

illustrated in° a mul ti1-node coo g systemmay 1 n sone
enbodi nent s prm@mW@rbYﬁwrl&%s of an adi abatic system The adiabatic
system may be bypassed in those nodes in which adiabatic cooling is

not used. FIG 6 illustrates gperation of a cooling systemwth
sel ective bypal86@f ofteasritingaltiies 4Ly ait is fircedpergpghillehwateycoplige goilgid 2.

handl i ng syst egBilaf Wwatdcdiing el 44 redvs he@NBIOthe AP4sE: 26504 dvel the@iieli ti ons
are neasured. At 304, control conditions are evaluated. |f the

control conditions are net, air is passed through the adiabatic
system and t he[oaeh] abagvhmwswmfa@t inwadeedpﬁeﬂe\&mhnvfelm&dﬁlﬂampd ap0dbwerat

306. As an exanp be  passe hr ou i abati G system

and the adi abat" Eorwgfr?ﬁﬂ% %3 '6'5’8?‘%{ i:ecFuFlP%Sﬁ gﬁ%?@h?mngléé' none

t enperature exaﬂmdﬁneat e evapopatet mpdia i Caldek triediasmpmplagtuget r bye Muhiatspy

is less than a srp%ta% air enthal py set point (such as descri bed above
e

W th respect tS 3: Adi abatic Mde"). WO
2010/ 075358PCTM52009/ 069154 [0060]If the control conditions are not

met or if a Seﬁ)ﬁgﬁ S%r Bgndﬁﬁ)é]wsgha %nlq!:lﬁdcg’ rl§aporative cooler bypass duct 438,

evaporative cooler bypass damper 440, and evaporative cooler face dampers 442.
Depending on the modc of operation, air that has passed over cooling chilled water
cooling coils 412 is either forced through evaporative media in cvaporative cooler
414, through evaporative cooler bypass duct 438, or a combination thereof. In one
embodiment, the evaporative cooler face vclocity is about 652 feet per minute, based

cn 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 cvaporative media banks (e.g., Ilower
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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is net, the adiabatic system nay be bypassed at 308. For exanple, if
conditions indicate that sufficient cooling can be achieved in a free
cool ing node, the adiabatic system may be placed in bypass. To bypass
evaporative cooler 136 in cooling system 100 shown in FIG 1, for
exanpl e, evaporative cool er bypass danper 141 may be opened and
evaporative cooler face danper 142 may be cl osed. Subsequently, to
reenter a node that uses the adiabatic system the danper positions
may be reversed such that evaporative cool er bypass danmper 141 is

cl osed and eVAHe¥HEISYe cool er face danper 142 is openBal/US2ppogei+ai n
enbodi nents, the system nmay be operated with the evaporative cool er
bypass danper 141 and/ or evaporative cool er face danper 142 in
partially open positions. [0061] Although in the flow charts shown in

FIGS. 2-6, con o itions are assessed.in a particul.ar. s ce,
Tt w1 be undBlooduim e Fim Here B ERRGH se e Bb R e et b
di fferent. | n lddint embodithdngs, gioint retntn adrorheinber dFsmayalye dsbaumtediiotthy @ukidsy er
time (continuoysl I ar. i i e
swi tching. acoolpr L ARAR reBesy0a Bl EIGEMICAL bl Builer AP

[ 0062] FI GS. 7Aepéfated|th aliaw atnes errpllerfibbaichemair if mixi withhiagrailipgeptaide 4ir in
including a ne [ ol § i and..an eV WRIVA-JY 27 ora ] AWMl
section. FIG @%ﬂl{ésr %émsfﬁge %[%@f%h&\%ew ot trﬁgﬁgﬁr %ndl?\(ﬁg system
FIG 7B is a pihmuglyichyn @x byppss 46%wElow terpegh respm iy bypeby 458 a1 be erpireNedt em

FIG 7Cis a th&ﬂﬂﬁyg bhsersnper evel of the air handling system
FIG 7D is a front eIng%?on view of the air handling system

[ 0063] Air handling system 400 provides supply air to a data center

t hrough suppl yjouaipt 408. @hda TRGEINESatE Madfath RidirafinzOshet dAdodlmba dTemt er
t hrough return vent 404. Air handli%%ﬁsgsten1400 i ncludes s $BI fans
406, return fafyeroRsiye cpplingeyysteny fipcludiy pAPEY aRfa ORFT BEBITPRY B 2,

and ﬁvagf)r at i V&aﬁ&@ﬁdegtgol&igsiye@iﬁ4m.in&ﬂémeyapf)ﬁﬁr‘ﬁ: 149:6&;1 afyen ra[aikssm;i andf B (2)m

air handling system 400..ipto ta center rou su vent .4

o e over Tesguretst magn Kb S0 Sub BT to Rt Hn R e

channel air frisustheppaivave ot eWattds fed to dasinaflevapgra yesheim upf@ bhddr Bagh

return vent 404 ,on t u o) j .0 0.

610, 07 sespertuaryEBeg 1‘{“@% géﬁkl S04 %%“%?E%@“ﬁ%n?‘?‘fﬁ?ﬁ%pﬁ% ad® g

are 180, 000 cubiycalfebt sypeliedniodittehutiQERaBldseifd ot et HynpGideusingck.

I n one enbodi t 8 j J0ut e,
ngﬁﬂ#s 506 Hg%&%%ﬁ%’%ﬂkf@%&f%&@d ‘EdJPJ[l)e&mé f6) dPRbnifldd

ATLI 0-4012 nmenufacture Comefri r to be supplied to the
data center i sSOB@rderovakarywkirimlihe medint H¥aterapagrbe recirculated to sump 512 using

three-way valves 520. Water may be expelled or removed from the system through
drain valve 522.

[0072] In cerfain embodiments, operation of one or more of subsystems (e.g.,
CRACSs) may be controlled to increase or decrcase the total ouiput 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 embodinents, switching between outside air and return air and/or shut down of

the chillers may be programmed to occur in slages.

[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. Tn one
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| evel through opening 416 and then through filters 410. Air is forced
successively through pre-filter 418, final filter 420, and carbon
filter 422. In one enbodinent, prefilter 418 is a two-inch pleated 30
%filter manufactured by Airguard. In one enbodinment, final filter
420 is a 12-inch 95 %filter manufactured by Airguard. In one

enbodi nent, carbon filter 422 is a 12-inch high nass bonded carbon
filter manufactured by Sparks. [0066] After exiting filter 422, air is
forced across chilled water cooling coils 412. Chilled water cooling
coils 412 reMOEdeR8 fromthe air as it passes over PEBUS20i9/069154

[ 0067] Evaporati ve cool er 414 includes upper evaporative medi a bank
430, | ower evaporative nedia bank 432, internediate sunp 434, and
bott om sunp 43@émbidmehellarfaodimiing subtshsieras/hpdrat susiderirddiaapers aSelitie k

medi a manuf act Bg&gdtgxenl}gwgﬁ&% tgé)&a@atd'eﬁgr‘ [ 0068] Air handling system
er

400 i ncl udes evaporative co00 ypass duct 438, evaporative cooler
bypass danper 440, and evaporative cool er face danpers 442. Dependi ng

on the node of ;@pgr aldieg, 1.84 &ne%ﬂaatfom%m%aéﬁqutepﬁy%m@qglai 186 sl %%ad _

wat er cooling coil's 412 1s either forced through evaporative nedia in
evapor ati ve co8%né¥. camasiehr ough evapor ative cool er bypass duct 438,

or a conbination thergefigihf o PR LBMing LGy SMAD N 18t MR SR £
face velocity is about 652 feet per mnute, based on a_flow rate of

180, 000 cubi ¢ fBelipe Subrsisme | corpoBee Pnmedrtical rorlipgotsriipinpad ay ¢eect
evapor ati ve coelapdaiveysdRpsdtayn; be operated using only one of the

evaporati ve nedi a banks . g.,..upper e orative nmedi a hank_430

while the flow thr oudﬁa‘f’%@’?’%f’?\]&g ag\e}l}:{?ﬁ%i%c\?‘éoﬁ’éﬂi’ ar gﬁﬁ‘?@?“% %‘b'g')‘?'“"t%n%?vmr
evapor at i ve meghidaintoahk robs whersini chininBinbedolindi dir thio0gh By ap @haintlisg sapol er
414 may be channel ed t hrough supply vent 402 to one or nore roons of
a data center. {5 R T75358PCT/ US2009/ 069154 [0070] Return air from
the data center may bpenmtgeitled: ome of ebcusin clanmeliog subbsgsterdsb. an adiabatic

mode if a first set of control conditions is met, wherein operating in the adiabatic
mode comprises channeling cooling air through the direct evaporative cooling seclion
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 onc 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 control 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;

21



In sonme enbodi ments, air in return air chanber 450 may be exhausted
to the outside through exhaust vents 452. In other enbodi nents,

m xi ng air danpers 454 may be operated to allow sone or all of the
return air to mx with incomng outside air in mxing region 456. In
certain enbodi ments, air in return air chanber 450 is forced through
return air bypass 458. Flow through return air bypass 458 may be
controlled by return air bypass danpers 460. [0071]FIG 8 is a fluid
schematic diagramillustrating one enbodi ment of an evaporative
cool i ng systworanetsassli ng upper and | ower evaporati ve PeETiUsa00backs.
Evaporative cooling system 500 includes evaporative nedi a upper bank
502 and evaporative nedia | ower bank 504. Supply froma donestic
vater supply is provigdedsl i 0gR SUPBE Yokl Ynaffs ioV bl S leflrciO
each of evaporative nmedi a upper and evaporative, nmedi a | ower
bank 504 t hr ougghbietit it femberatisris #aniboY He ABHMN! appmperatyeynayingdiy fepoint
supplied to di gy gﬁﬂly%réﬁ%l %@Ja@lévemuﬁﬂzpm&%tp?@a%mp 512 using
punps 510. Bal anci ng val ves g may be controlled to balance flowto
mani f ol ds 508 and/or water levels in the nmedia. Water may be

reci reul at ed t ARy TP Chb 3 Thohehb SRINAN, aliieopdds (V! Il iRyt fhe
expell ed or renoved fromthe systemthrou q%&‘)iﬁg'-rflal n val v 522. %0872] I n

certain enbodi #Hefheanelighup éﬁe&hmd]?e FrEatgm BFOTHBES '@F’&g 4

CRACs) may be g@idn d@tdneelaif Borh e k@BERIIOS R Gl @BgeRerhth ehetsaipiyl auout put of
the cooling system In certain enbodi ments, the nunber of units
swtched fromnormal to free cooling node may be sel ected to achieve
a desired | evejoorf] caihicag Themtbsdwfokese | wheenepeeating the melrtssgne of the

SW tching bet me%aoub%sﬁl ﬁdﬂ%E Hdn %the AN o%!s 'iur@lg'dclfsrglf}lés%%]ﬁgndﬂ%‘a%leg;t alhe

chillers may b& G BeEUT RSt ages
enbodi ment's, apartiduad etirm gir ﬁubilsyecmwsth mydeb@r o gergratechy pply air triiee

froma data Ce&é%ﬂh"é'{g"ﬁﬂwﬁa?a@g@ﬁt i infig! udes snoke

detection devices in en s e Is detected by one
of the devices, sone or all of the air handling sub-systens are

switched to Outoﬁ’?ﬁjfr g%lgxsg 3%%&%@&%@&% WRYeil 6pPRBP M af 1GasPére@PnE NDKe

to be purged o fromthe data center. In one_ enbodj rrent

an of air hand#ii ehynreling sWhsydems in ﬁaﬁ%«eo%%eaew&nﬁesd%%w &t lgpsh

fully opened t Qi B8 Yeurs #PK6m iHcaBank hah Batide £60 erate hOSPAY aiclouiing 1.
A nmethod for cooling Lmrﬁ)uter systens .in a room.,of a data center,

conpri si ng: tho relaiv itioh e SHRRIYGHr WibmeeLioptl fisfiel i ng sub- systems
at |least one of the air channel ing sub-systens conprising a

mechani cal cool i tian ct evapar at | o :
channel i ng coo[op'ﬁ’g aEﬁ‘“ﬁer‘?r d fgﬂetﬁ?fg"f% gsedy WABYR ORF n%ﬁlﬁﬁhgfs ne S

sub- syst ens angr tHatuelibd ibrspem m/\ﬂiehﬁjrid mdia rfreler ccgnpu:lwlcpmg:llmgrat tehsnough
the air c hanne{'n:'ner(]) els Ubsi{arac?emtm o%'ﬁ% evaporatwe cooling section lo maintain the supply

air within a desired temperature control band.

[0080] Clause 7. The method of clause 1, further comprising operaling 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 evaporaied into the cooling air in the direct evaporative cooling

section.
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operating at | east one of the air channeling sub-systens in an

adi abatic node if a first set of control conditions is net, wherein
operating in the adiabatic node conprises channeling cooling air

t hrough the direct evaporative cooling section to evaporate water
into the cooling air; and operating at |east one of the air
channel i ng sub-systens in a hybrid node if a second set of contro
conditions is net, wherein operating in the hybrid node conprises
channeling cooling air through the nmechanical cooling section to
renove heat wWeaW8H¥8cool i ng air and channel i ng t he c8GI/Us2po@69s4

t hrough the direct evaporative cooling section to evaporate water
into the.cooling air. [0075]Cl ause 2. The nmethod of clause 1, further
conprising: . [0681] <®duecs. iThg msthainbi ehtseal,r whetipahatthird sereofi cannvls et
point _and a supplifio Al £ SRYNAL RaSEh RRIAN o HEASHEL 100 SIRERARUES, Of
anbient air; nmeasuring at ‘Teast “one charatterrstic o supply air
to the room atediperetuer minimungseq poieindnd aheqynpplf st lvetha ppis| beloai the supply airhe

dat a roomfrong&tg%gtrdoﬁgst one characteristic of the supply air into
the room erelnin the first set of control conditions is

met if the neasured ambient air tenperature is at or above the
anbi ent ai r tefﬁéﬁi]at Wia%fcf?whmh@m@& JRRbM, uﬁ&ginbpéatﬁ]g%wle%t bneSititaal py
e supp wh

is at or below't I air enthal py set c5)0| nt; . ) erein
the second set aipthapisting Bb-sptpminthcgsenomizeripds fprtheprompsisss bleadinedtignt

air tenperat ur g phiofbf RQLnPRPHEm ikeroabliBNSutsitieairl 16 TRRFAL HE QuyFBXdndm
set point and tﬁe supply air_ent hal i s above the supply air

ent hal py set p@?%tﬂ?eT%@W@P@%ggh%s.“gglﬁé“WW&@CWOH%e 1, wherein

operating the at |east one of the air channeling sub-systemin the
adrabal i e, Lyl DB COPLL SRl SR0L00 B Sncl R ROTLAED Olo
[ 0077] Cl ause 4onebifithe AR ichddelnf subl-gstass ih,a fivh esodingimodaf afdurity sdt bBcoatrol
least one of t (r:]o?lditions is met, wherein operating in the free cooling mode comprises:
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 1o 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 fowrth 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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air channeling sub-systemin the adi abatic node further conprises

bl ending at | east a portion of return air fromthe roomw th outside
air to generate the supply air to bring the relative humdity of the
supply air within set control limts. [0078] O ause 5. The net hod of
clause 1; wherein operating the at |east one of the air channeling
sub-systemin the hybrid node further conprises blending at |east a
portion of return air fromthe roomw th outside air to generate the
supply air to bring the relative humdity of the supply air within
set control womaeesssg 0079] Cl ause 6. The net hod of cl apcEUSE)9MdIEIEi N
operating the at |east one of the air channeling sub-systemin the
hybrid node further conprises controlling at | east one operating
characteristic of the evaporative cooling section to maintain the
supply air within a desired tenperature control band. [008Q] Cl ause 7.
The nethod of BP8FlseClauserldy Themetherhph §ars §0. opheiel: inhijitiag opezatiop Ogﬁ’ﬁ of
the air channelijcRevapthasy ShARKE skdtioR RoRFRAOHUER thinesink hirao bipakdibs et
of control conditions is nef, wherein operating in the econon zer
mode conpr i sesdirect evaporative(oalingsFsivl cool i ng air through the direct
evaporative cooling section to evaporate water into the cooling air;

and co 1] hym di of supply air to.the data om by
control ling anﬁwuntﬂgﬁﬁaﬁ#&m R%dp?)grc atué‘ggi T HePTEGs|” eﬁ%‘“ﬁia? Pe|a5[tnn t he
di rect evapor adne o€ iie @il chitgeligaib-oytems W ROJENICHT TREE PFETHRISROD0AEH 154

E:gg'? IELL|C| ause 8don£ggns qseEQt? q’ahgrfeincolpgi‘lél meg nz ’the%&ﬂ%ljcgl }ngc?e éoH{plfigs %ﬁatnnafng
cooling air through the mechanical cooling section to remove heat from the cooling

air, wherein the cooling air is recirculated from the room.

[0089] Clause 16. The method of clause 15, wherein the fifth set of control
conditions is met if the measured outside ambient lemperature is above an ambient
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 coocling 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 conligwed 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;
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conditions is net if the neasured anbient air tenperature is bel ow an
anbient air tenperature mnimum set point and the supply air enthal py
is below the supply air enthal py set point. [0082] d ause 9. The

nmet hod of clause 1, wherein operating the at |east one of the air
channel i ng sub-systemin the econom zer node further conprises

bl ending at | east a portion of return air fromthe roomw th outside
air to generate the supply air to bring the relative humdity of the
supply air within set control limts. [0083]C ause 10. The net hod of
clause 1, fUVeREMEBRprising operating at | east one oPCEREIG{0§9154
channel i ng sub-systens in a free cooling node if a fourth set of
control conditions is net, wherein operating in the free cooling node
conpri ses: S RidkfeinngpeOnginahe hdidbathd mbdegeoapeiseatchamelof coblng air

nmechani cal cool,in ection and.the direct evaporative. LG
Sect | on: the i o Qe R P B RS T P e Al e B s Mne

whi |l e the nmechamli cal cooling section and the direct evaporative

cooling section are _sh Lnhi bi r i an: o i
exhausting air from“f%ﬁ}egnr%)gﬁa?%ht H’E%{‘%g‘%ﬁ ;s .C&%gﬁ%%egg 361611%‘.’ a'lll'rhe
met hod of cl augeoug thewenheiical tonding sentivih tes eamoyé hesd fitopothe coplinst doty! | s
met if the anbj Al : ' Lt R ; e : Mfee
control band. f cg“l %@gﬂ%ﬁh%@%g{a Oc'(&j@g m%lwgggdeh%%%ca%?{eﬁﬁ t he
fourth set of westipiglthegopltigrirons is met if the anbient air
tenperature is within a control band and the anbient air relative
hum dity is above a mninmumset point. [0086] Gl ause 13. The metfgﬂod of
clause 10, wheldPH t fdauseddr tlhe swtemoef (g § ) 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.

[0093]  Clause 20. A method for cooling a data center, comprising:

providing one or mote 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 al least one of the air channeling sub-systems and

into a room.

[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 clanse 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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conditions is net if the anbient air tenperature is within a control
band, the anbient air relative humdity and the return air relative
hum dity are above a m ni mum set point, and the enthal py of the
supply air into the roomis below the supply air enthal py set point.
100871C ause 14. The nethod of clause 10, wherein inhibiting
operation of the direct evaporative cooling section conprises routing
the cooling air to bypass the direct evaporative cooling section.

[ 0088] Cl ause 15. The method of clause 1, further conprising operating
at | east onevQRIE/ES3SAI r channel i ng sub-systens in a neEHBIP@HIIFOde
if afifth set of control conditions is net, wherein operating in the
mechani cal node conpri ses channeling cooling air through the

mechani cal coolltag SBotd B The nrethwd \wé claesat20f fughertchprising| dpmgti@' gt least

wherein the cogl f&QJf.ea;i{ cﬂ%?ﬁ%@% Ie%stq.ﬂ ah F&E{)r&'g R Wmek %togp%}a%gaﬁse

16. The nethod o ause _ of “con
conditions is ﬁ\gtecqnbmtzbr@m@ea@m@' out si de anbi ent tenperature is

above an anbi ent t%%ﬁﬁg&”&%hﬁ? %&e%epcgfe&t evabdIive TRALIGHR! seEtﬁJna{o' ve

hum dity is above an anpbrent tlve Ity set point, and t
supply air ent Psbesgtc vaterisioke caplingirramlpy set point. [0090] O ause 17

The method of cl ausgntdoBling WhEhRkH of Fplj‘; bif ¥ohh§<feﬁa Bém 6P Bt QlinE NEHokhtoNS

is net if the outside air is unusab Cl ause 18. A systemfor
cool i ng conput Brvas syaepEter Hiohe enshne g &frgpt E¥Rtratve RbiRp ity
one or nore air channeling sub-systens, at |east one of the air
channel i ng SUbfﬂﬁgﬁt %ﬁsecﬁ, !3?‘11'381%& of clause 20, further comprising operating at least
one of the air channeling sub-systems in a free cooling mode, wherein operating in the
free cooling mode comprises:
shutting down or inhibiting operation of the mechanical cooling scction 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.

[0058] 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-systemns comprising:

a echanical 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] Clause26. The system of clause 25, further comprising a controller

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

mode or a hybrid mode;
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a nmechani cal cooling section one or nore air channeling sub-systens

configured to renove heat fromthe cooling air; and a direct
evaporative cooling section downstream fromthe nmechanical cooling
section; a controller coupled to the nechanical 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 node if a first set of
control conditions is met and in a hybrid node if a second set of
control cond¥©puUmeIsSIE et ; wher ei n oper at i ngPCHU2pS/069154

adi abati c node conprises channeling cooling air through the direct
evaporative cooling section to evaporate water into the cooling air;

a“dl _ _ Whﬁr ein ‘ﬂlﬂﬁfna&ﬂefbﬁné th ﬂxlbﬁdﬁyafﬁbirﬁbdaudﬁpﬁaﬁﬂﬂiahﬁﬁﬁg @Btﬂjiﬁgeiri ng
cooling air throu e nechani cal .cooli.ng secti heat
fromthe cool i BEY T’he gﬁ?j’t EREIHLE CrRYng ﬁeém?fg% EYRG2Ki vFa%Ef F‘ﬂl‘b{ﬁo RoYing air

di rect evapor asddve cooling sectlon to evaporate water into the

cooling air. [0092 ause am of clause
conprising a bypas]sf‘gSrFmt ﬁpeemg”% é%t ev%l ora c|L’v“"é°m Oo1 i &’gﬂmf et | coo‘ﬁng air

wherei n the bypasgh dmmpechml aaolnhgas:tlommered:@n@hq:at (fmmpﬂledoctlmgtaﬁreand

controller to pe tive
cool i ng secti on. QFB @T%¥ﬁﬂ£59%%8&%@ ﬁ¥%P%8ﬂ9Qn%Q hq%&g&ﬁ g%ﬁggé%ter
conpri si ng: water into fhegodldz pig one or nore air channellng sub- syst ens,
at | east one of the air channeling sub-systens conprising: a
mechani cal cooling section; and a direct evaporative cooling
section downst Wé%ﬂ%m Crawpa X7h dhaetamei elanse 26 otherel: féee@%wﬁwal @ting section

comprises a chilled water system.

[0101] Clause 28. The system of clause 26, turther comprising an at least one air

flter upstream from the mechanical cooling section.

{0162] Clause 29. The system of clause 26, further comprising, upstream from the
mechanical cooling section, at lcast 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 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,

[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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channeling air through at |east one of the air channeling sub-systens
and into a room [0094] C ause 21. The nethod of clause 20, further
conprising operating at |east one of the air channeling sub-systens
in an adi abati c node, wherein operating in the adi abatic node
conprises channeling cooling air through the direct evaporative
cooling section to evaporate water into the cooling air. [0095]

Cl ause 22. The nethod of clause 20, further conprising operating at

| east one of the air channeling sub-systens in a hybrid node, wherein
operating i MORHEUEGHEI d node conprises channel i ng cooPCHES280%06%Hr ough
t he mechani cal cooling section to renove heat fromthe cooling air
and channeling the cooling air through the direct evaporative cooling
section to evapipét €lavat 3. Thaswicvd clowe 26 forttet comprifi®96] C ause 23.
The method of cl ausicaund WAkPGRAEAURE REAR: SRELIL AdBhal £3PbusRe Of

the air channel ing sub-systems in“an econom zer

operating in t W& apkéononi zer node conpri ses: channellng cool i ng
ai r through the di ra?%st%ﬁ@@&ﬁt@ﬂér‘é@up@éaqh'efégtro?lﬁzc&a'tao&rrﬂnﬁnﬁ APASKEL G AL er
into the cooling air; and cont rol supply air

to the data rolsaTIoye Eamerthe pilpst ens cah‘mhlﬁlt coaﬁgwt @rat éeaawewalﬂseepen fthteo
the cool ing ai pusdide ama kit L4 Ie%mﬁ@&faié M€ch@Rlid\b- SRk Bfed of A4

Cl ause 24, The netho cl ause 20, further conprising operating at
| east one of tﬂgpgiFmﬁﬁﬁﬂﬁ@¥?ﬁﬁm%ﬂ%ﬂ?ﬁ%@@ﬁﬁ“|n a free cooling node,
wherein operating in the free cooling node conprises: shutting

down or inhi bi of the cha cooling.section and
the direct evat%&gt %se?goﬁ%ﬁgsygggtqf ause 'Eﬁ LIPREPTYRS &) hea?‘r?ﬂ‘ﬁ t he
out si de throughmbhmumoﬂmmmhnhedmmemﬁﬁohﬁﬂhcabacma#bﬂngﬁmmiaﬂmaﬁd t he
di rect evaporat|veumccgoonl“r,}gltﬁea?#e% ar e shut down 4 g gj@
operation: and BXRATEING A PSR ﬁ%peFa%ﬁfet“%m% %alﬁc(?BSﬁ’g’erf'ﬁ 8]

Cl ause 25. A satdéeasinock apntoodled is ronfigomep it emirglyts¢ ensori mora air shamdfg autdat a

center, conpri éfﬁt@lg% to maintain at least one temperature in the data center within a predetenmined

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 seclion;
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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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 nore air channeling sub-systens conprising: a nechanical
cooling section configured to renove heat fromair; a direct
evaporati ve cooling section downstream fromthe nmechani cal cooling
section, the direct evaporative cooling section being configured to
evaporate water into the cooling air. [0099] C ause 26. The system of
cl ause 25, further conprising a controller configured to operate at

| east one ofwe@pm@o/eEsIS8channel i ng sub-systens in an adi 8OEHUS2009069d% or a
hybri d node; wherein operating in the adiabatic node conprises
channeling cooling air through the direct evaporative cooling section
t o evaporat e wat er aiditect dvhrative lcoaligg aeatipn andigured to evabante iwated es #ei ng
in the hybrid §onprises channeling cooling air through the
mechani cal cool1'ng” séction to renmove heat fromthe cooling air and
channel i ng t he coolaibygasaidpcttdoniogpgihlet thechatineletbe cenlinp @irab ibypase 6ol dimg
section to ev NeL: L.at0.1ihe cooling air. [0100] C ause 27.
The system of a@ﬁ%ﬁéﬁe%@?ﬁ%ﬂ% %[Idt he mechani cal cooling section
conprises a chil | e@néwitneare dappess gpnficormble jo dijeetiat leasp @ portfpreofdhespelingair
clause 26, furhRQgh MOBREd:ILA s ithd BRS bvdpPBiR doolfrelstBbn UPST T €am
fromthe nmechani cal cooling section. [0102? Cl ause 59. Trf1e syst em of
cl ause 26, further conprising, upstreamfromthe nechani cal cooling
section, at |e@sto] 00RuRIG: The tsfdtom A NRASB6,ORBRE Bdbprifing 128 hectAfighl At

| east one final filter. .{ 103]. d ausg 3{9_. The system of cl ause 26,
further at | edSPUMETETHORAIBIFEY rEBe AFhre BesonidaFat e an outside air

danper and a return air danper in at |east one of the air channeling
sub-systens t t ol ge roporti.qns -;6 eturn air and outside air.
[0104] C auseo[gﬁﬂTTh{e%u%? t gﬁ‘? %’Fw&c’;a ‘geg ,Wli’f’rﬁ‘l“tﬂi’FerPe“E ogigFeFiRe or
nore return aiis ughacaoefren the dirécgenapatative cadihgatiionel y al | ow recircul ati on
of cooling air fromthe room

[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-sysiems 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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[0105] d ause 32. The system of clause 26, further conprising at
| east one controller configured to nodul ate an outside air danper and
a return air danper in at |east one of the air channeling sub-systens
to control the proportions of return air and outside air. [0106]

Cl ause 33. The system of clause 26, further conpri sing: at
| east one sensor configured to neasure at | east one characteristic of
outside air; and at |l east one controller coupled in electronic

data communi 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 air channeling sub-systens based on at
| east one predeterm ned characteristic of the outside air. [0107]

Cl ause 3 | ause 26, farther conprising at |east one
tenperatﬁygAgFﬁféiAﬁﬁhﬁ&ggdata center, wherein the at |east one
controller is in data comunication mnth the at |east one tenperature
sensor in the data ceﬂt r, wherein the at | east one controller is
configured tolcort rBft ?(ﬁ dohfecliNg FRMBUIGT SYSIHRhARI KPP UHs § sdaArceRigr:

mai ntai n ghpligast one tenperature in the data center within a
predeternlned range [0108] C ause 35. A nethod for cooling a data

center, conprising: provi ding one or nore air channeling
sub-systens, t n u e
conprising a gl}or‘)é(g eo\?gp%r g{oir%/le]&c gf(l){mgﬂ?gs 9&4 Eﬁgerésﬁgaaéé% Jﬁ% Itheeaa]tr

one characteri sti cchdnnelitigs subesyatenis cmnq)rlsmg a aleaimnédal lgolaigrsebimomgha
the air channeling sub-system an |nto a room wherein channeling air

through the air chaBFEEYIRGTEE LY MEsH ¥ Bpri ses: channel i ng
air through direct evaporative cooling section if a first set of
conditions is net. bypassi ng the evaporative cooling

section if a Shaaalingeqoling aiothrqueh the)pug o mate fis channeling sub-systems and

into the room, wherein channeling cooling air through the air channeling

sub-systems comprises:

operating at least one of the air channeling sub-systems in an adiabatic mode if a
first 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

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.

2. The method of claim 1, further comprising:

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

set point;
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[0109] d ause 36. A systemfor cooling conputer systens in a room of
a data center, conprising: one or nore air channeling
sub-systens configured to provide cooling air to electronic equi pnent
in the data center, at |east one of the one or nore air channeling

sub-systens conpri sing: 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
evaporati ve cooling section; and one or nore danpers

configurable to direct at |least a portion of the cooling air through
t he bypass duct instead of the direct evaporative cooling section.

[ 01101 d ause nEasuritizgen tsyperenwodf ataers@ir36, further conprising a
mechani cal cooling section configured to renove heat fromthe cooling
air. 101111 Cd ause 38. The system of clause 37, wherein the

mechani cal co@hdaRgirges 1dafibnk ShatRGELid Bf buppy Aibe tHE Fdat; afyapor ati ve
cooling section. [0112] d ause 39. The system of clause 36, further

conprising a controller coupled to the direct evaporative cooling

section confi QufRflinkf a(i'xoé?lttﬂa;fﬂg dhfe 1P%ir TS fhe@ata rHORHURL A%t least one

sub-systens to maintain at ast one tenperature in the data center
wi thin a predet er nchadcterstigef tHeGundy aClistasle 40m; The syst em of cl ause
36, further conprising one or nore danpers configured to at | east
partially inhibit air flow through the direct evaporative cooling
section. j0114uhbAlid houghirthet efbetticieohditiador endiay hehpenRu@e saibidnediri n
considerable detRi |, nunerqus vaLiations and nodifications wl |

become appar ent t o 'YTRFEENERT F{ AACPYF R ETRINT B ERCFREITE BEYET YR SEY RIS e
is fully appreciat gfa thelsupply bt eRMEBY i 3% bLIBG tﬁ@éubﬁﬁaﬁlgenﬂ{aﬁhfgét Bint;

interpreted to enbrace all such variations and nodifications.
wherein the second set of control 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 above the supply air enthalpy set point.

3. The method of claim 1, wherein operating the at least one of the air channeling
sub-system in the adiabatic mode further comprises blending at least a portion of return

air from the room with outside air to generate the supply air.

4. The method of claim 1, wherein operating the at least one of the air channeling
sub-system in the adiabatic 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.

5. The method of claim 1, wherein operating the at least one of the air channeling
sub-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.

6. The method of claim 1, wherein operating the at least one of the air channeling

sub-system in the hybrid mode further comprises controlling at least one operating
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VWHAT IS CLAIMED | S: 1. A nethod for cooling conputer systems in
a roomof a data center, conprising: providing one or nore air
channel i ng sub-systenms, at |east one of the air channeling
sub-systens conprising a nechanical cooling section and a direct
evaporati ve cooling section; channeling cooling air through the one
or nore air channeling sub-systens and into the room wherein
channeling cooling air through the air channeling sub-systens
conprises: operating at |east one of the air channeling sub-systens
in an adiabatic node if a first set of control conditions is net,
wherein operating in the adiabatic node conprises channeling cooling
ai r throwebtractoristidi ofethe owppetiet cedingowriion te ewiitan the sepplponawéthias er
into thedeooll eratlng at | east one of the air

sired ter:]rgg}er%tufe caogg“olobo

channel i ng” sub aHybrld node if a second set of control

conditions is net, mhereln operating in the hybrid node conprises

channel i ng 003 g al Q{ﬁugh t he mechani.cal cooling section_to
0

renove heat f il r TRIRET EOTAPTIENG ABTTEHRE OB ge &f the air

t hrough Q:H&n@hﬁgﬁﬁib ENRRRTREA y&ms&%f RS A% thQy sét%fe&ﬁfb%@ﬁcﬁu&@h@fnet
into the cooling air. . The nethod of claim1, further

conpri si igereiepressatinggn dre @ﬁlﬂﬂfmﬁ@rmﬁ’d\? qogwppisesat ur e maxi num set poi nt
and a supply air enthal py set point; neasuring a tenperature of
anbient air; neasuring at |east one characteristic of supply air to
t he room and_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,

8. The method of claim 7, wherein the third set of control conditions is met if the
measured ambient air temperature is below an ambient air temperature minimum set

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

9. The method of claim 7, wherein operating the at least one of the air channeling
sub-systems in the economizer 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.
10. The method of claim 1, further comprising operating at least one of the air
channeling sub-systems in a free cooling mode if a fourth set of control conditions is met,

wherein operating in the free cooling mode comprises:

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
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determ ning an enthal py of the supply air into the data roomfromthe
at | east one characteristic of the supply air into the room wherein
in the first set of control conditions is nmet if the nmeasured anbi ent
air tenperature is at or above the anbient air tenperature maxi num
set point and the supply air enthalpy is at or below the supply air
ent hal py set point; wherein the second set of control conditions is
nmet if the nmeasured anbient air tenperature is at or above the
anbient air tenperature maxi mum set point and the supply air enthal py
i s above the supply air enthal py set point. 3. The met hod of
claim1l1, wherein operating the at | east one of the air channeling
sub-systemin the atlitiabaandc theodieect Lavepaaticonprlingescchibe ridé shutatlowveast
a portion of returrilnlnali)igfdf om { het.orogr%vvith outside air to generate
the supply air. : e “FRT Sy claim1l1, wherein operating the
at | east one of the air channeling sub-systemin the adi abatic node
further conprises hlending at least a portion of return air fromthe
room w t h out SFBRISURG i Oﬁéﬁ"e’foé’fnetott%oué&ﬁ)ﬁ?'y air to bring the
relative humdity of the supply air within set control limts.

5. The nethod of claim 1, wherein operating the at |east one of the
ai r channel i nd Islhe mpthod of plaim he whaseip thenforah seiroflgertrad spplitiensgs met if
bl endi ng t . Lon. Qf. .k i wi th outside
it to gdnernfEnaAeRRLh o ks MRty ek R LA Bl ) ot “the
supply air within set control limts. 6. The nethod of claima1,

wherei n operating the at | east one of the aiy channelin ub- syste
in the hybrid Rodks ?ﬁ?‘?ﬁ@%"%‘%&i “*‘Bé‘iﬁ%ﬁf’ F?{@?af’ntroéég@%% W el iF
oper at i NGhe &hBkACH LlchPriatur®fs Wiln 8 SRR Bhhd/ hdGRO ki BRInSAC el 8ie h@midity
maintain the supply air within a desired tenperature control band.

7. The md$ psyesfmigimympset poftr t her conpri sing operating at |east one
of the air channeling sub-systens in an econonizer node if a third
set of control conditions is net, wherein operating in the econom zer
nmode conpri sed3. Thamathbi pfclaooll ),nghea¢in thehfoonlykettdfieontral ectdigtmapomat ifve

cool i ng ction to evaporate water into the cooli air; and -
Cont r ol | G BB e GG e 15 S P OB G0l B Aniraishyaisye B Pupiding
an amountan@fthévahgh afeRAVAh@diditdtae: v GQQRniMem &kt pdift, hitBthdiche@lpy of

evaporati ve cooling section, i i
the supply air into the room is below the supply air enthalpy set point.

14. The method of claim 10, wherein inhibiting operation of the direct evaporative
cooling section comprises routing the cooling air to bypass the direct evaporative cooling

section.

15. The method of claim 1, further comprising operating at least one of the air
channeling sub-systems in a mechanical mode if a fifth set of control conditions is met,
wherein operating in the mechanical mode comprises channeling cooling air through the
mechanical cooling section to remove heat from the cooling air, wherein the cooling air is

recirculated from the room.

16. The method of claim 15, wherein the fifth set of control conditions is met if
the measured outside ambient temperature is above an ambient 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.
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8. The method of claim7, wherein the third set of control conditions
is net if the neasured anbient air tenperature is bel ow an anbi ent
air tenperature mninum set point and the supply air enthalpy is
bel ow t he supply air enthal py set point. 9. The nethod of claim
7, wherein operating the at |east one of the air channeling
sub-systens in the econom zer node further conprises bl ending at

| east a portion of return air fromthe roomw th outside air to
generate the supply air to bring the relative humdity of the supply
air within set control limts. 10. The nmethod of claim1,
further conprising operating at |east one of the air channeling
sub-systems in a free cooling node if a fourth set of contro

Compr i Sea: shuft I GORR e TR oo TRRY BhATLIFoR GieehEoNaRa Ba i

cool i ng mag@ngaeﬁﬂﬁlmhgmu;rect evaporati ve cooling section;
channeling air fromthe outside through the roomwhile the nechanical
cooling 32 section and the direct evaporative cooling section are
shut down or ijghi r at

roomto the od?dé@%ﬁﬁgﬂ&aqg&ﬂﬁ&‘%Hz&%g?qggd§§&q#§?ﬂ?%ggbﬁ%%éggﬁkﬁﬁg
fourth sdpwostreaonireroltheomeehanicaresoling seetion.f t he anbient air
tenperature is within a desired tenperature control band. 12.
The nethod of claim 10, wherein the fourth set of control conditions
is nmet if the lanblleninctbd dfedgar Bt furderi ®mirishignmedulaitiigr 2l lesyande andn
t he anbi ent relative humdity is above a n1n|n¥n1set oi nt .

13. The r?étsrf@dalbfialep%n (i 1"l‘)let9\ﬂ‘i‘efiléflﬂn13?ﬁemf"’6d?etsh ouePt die @i fhingeling sub-
condi t i oR$stés fRdonirbl th@ﬁro%ﬂ@ioﬁ%fx%iu&n hieARes AL gri s Wi thin a control
band, the anbient air relative humdity and the return air relative
hunldlty are above a m ni mum set point, and t he enthal py of the
supply air in l,0 I

14" rhe et hodlof g pisB A S 1 rklef iRt bl S VHCRY B sl G-
di rect evhpmmaMnM&xﬂ@dymngwsanmmmmomohnbhmgalﬁﬁunhagxmhe cooling air
to bypass the direct evaporative cooling section.

21. The method of claim 1, further comprising controlling at least one of the air
channeling sub-systems to maintain at least one temperature in the data center within a

predetermined range.

22. 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;
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15. The method of claim1, further conprising operating at |east one
of the air channeling sub-systens in a nechanical node if a fifth set
of control conditions is net, wherein operating in the nechani cal
node conprises channeling cooling air through the mechanical cooling
section to renove heat fromthe cooling air, wherein the cooling air
is recirculated fromthe room 16. The met hod of cl aim 15,
wherein the fifth set of control conditions is net if the neasured
out si de anbi ent tenperature is above an anbi ent tenperature naxi num
set point, the anbient relative humdity is above an anbient relative
hum dity set point, and the supply air enthal py is above an ent hal py
set point. a contrdlfer cPhledntrt thednahamgtaicowlirtg, seviver midnthe deedtichajorgbe
of control conditiqns.is t if, the outside.air . is unusable.
T8, “The et hod of - Shaits 15t Fopflel; FRERUE) SRor U RN BBFFig e
section i s downst r egghddiedncbbigngn®etian hightheGlieti BBp6sAGTE Odbling sectionlifl.
The met hod of cIain1I,,Lurther_ﬁogprisugg nodul at1.ng at | east one of
an outside air dan3Bprdigh#icameds ifiadirstispt izppasl copdiens is et anthin hybride
ai r channel i ng SUb$Yie e BsdbfrLQ0bf Qnirbl\@nBiiBROLLAGNS of return air
and outside air. 20. The nmethod of claim 1, further conprising
nodul ating one or nore return air danpers to selectively allow
recircul ati on _gf ' .1y f . I . 21. The.nmet.hed o
raim 1t urc AderaE SRl e ARl ol Sarisss ehapfiding OB Y Ponth
channel i ng sub- systlendirdco evaporitiae Rodingl seatidn 10 re@ajoeap efaddrunie thé cédliag
data center wthin a predeterm ned range. 22. A systemfor
cool i ng conput er sﬁgigﬁ% in aroomof a data center, conprising: one
or nore air channeling sub-systens, at |east one of the air
channel i ng subsystens conprising: a mechanical cooling section one or
nmore air chandleraig operpting By badybit frioga ceaprises ehpmelng eeqlingraynihrdygh
cooling air; and audl feGl.RYPPRALINGiAA8! LA RE: 'tk AVORTRE AP dom
t he mechani cal cooling section;

channeling the cooling air through the direct evaporative cooling section

to evaporate water into the cooling air.

23. The system of claim 22, 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.

24. The system of claim 22, wherein the mechanical cooling section comprises a

chilled water system.

25. The system of claim 22, further comprising at least one air filter upstream

from the mechanical cooling section.

26. The system of claim 22, further comprising, upstream from the mechanical

cooling section, at least one pre-filter, at least one final filter, and at least one final filter.
27. The system of claim 22, wherein the controller is further 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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a controller coupled to the nmechanical cooling section and the direct
evaporative cooling section, the controller configured to selectively
operate the nmechanical cooling section and the direct evaporative
cooling 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 net; wherein operating in the adiabatic node conprises
channeling cooling air through the direct evaporative cooling section
to evaporate water into the cooling air; and wherein operating in the
hybri d node conprises channeling cooling air through the nechani cal
cooling section to renove heat fromthe cooling air and channeling
the cooling air through the direct evaporative cooling section to
evapor at e wat DL Q t he st em .of

o P urther canpris SYuoE iR, A comprisind St rPal ShAEh g omhgds
secti on, cMﬁ@‘LﬂdtotsBIECtb&QaﬂEbuCﬁﬁiwulﬁm oftodl@sir fesie tidadmar coupled to
the controller to regulate the flow of air through the direct
evaporative cooling section. 24. The system of claim 22,
wherein the rrggh@ﬂé @{encgmmﬁlgzzsgﬁ{ﬂepgb,g&mfgizses a chilled water
system he system of claim urther conprising at

| east one air fllter upstream from the mechani cal cooling section.

26 e SYStOm Rl ShALSRonFULERE v EIRY 4o RSLLERM IS
mechani cal cool 1'ng sec east -one 1 east one
final filter, and amileast one final f||ter 27. The systen1of
claim22, wherein the controller is further configured to nodul ate an
outside air danper and a return air danper in at |east one of the air
channel i ng sulmspst @S céfiroients @énﬂgh&dp{ooﬂorehdt %ﬁ&lzﬂ’[ﬁ/ SRhUB cikdided B
outside air. 28. The systemof claim further conprising
one or nore retur ndampergiafigideast onsrfithriaic shangeling subtsysiemsy/based envat least
Aty on, o CORL b Bind bR e ouside aif - ThE SYStem of

claim 22, further

30. The system of claim 22, further comprising at least one temperature sensor in
the data center, wherein the controller is in data communication with the at least one
temperature sensor in the data center, wherein the 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.
31. The system of claim 22, further comprising:

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.
32. The system of claim 22, wherein the 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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at | east one sensor configured to neasure at | east one characteristic
of outside air; and wherein the controller is configured to at | east
partially open the outside air danpers of at |east one of the air
channel i ng sub-systens based on at | east one predeterm ned
characteristic of the outside air. 30. The system of claim 22,
further conprising at | east one tenperature sensor in the data
center, wherein the controller is in data communication with the at
| east one tenperature sensor in the data center, wherein the
controller is configured to control the one or nore air channeling
sub-systens to maintain at | east one tenperature in the data center
wi t hin a predéBerlii mpdem afigleim 22, furth@lconipniging et enmofe ddngiens &dfigured

further conprising.,.a assy duct ¢ i gurabl e to channel the cooling
i to bypaueed S ulRE e e SRR BNR Bt RRRAR G O or o

danpers configurable to direct at |east a portion of the cooling air
through the b i pstead of the direct evaporative cooling

duct .
secti on. %Bg‘% 6%%%9 G o veersitths sontigller isifirthes sonfigreddpy er i s

configured to control the one or nore air channeling sub-systens to
mai ntain at | east one tenperature in the data center within a

pr edet er m ned s¢lagi@a ambient air temRBtWITeaxtpem eeh noint éhdip supddy aif enthalpy set
conprising one or ﬁ8$? danpers configured to at least partially
inhibit air flow through the direct evaporative cooling section.

34. The system of claim 22, wherein the controller is further
configured to: select an anbi?nt ai r tenperature maxi num set point

and a supply PSEREFMRIAWECT BBPKN 2ileasure a tenperature of ambi ent

air;

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

determine 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 control 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;

wherein the second set of control 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 above the supply air enthalpy set point.

35. The system of claim 22, wherein the controller is further configured to blend

at least a portion of return air from the room with outside air to generate the supply air.
36. The system of claim 22, wherein the controller is further configured to blend

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.
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nmeasure at | east one characteristic of supply air to the room and
determ ne an enthal py of the supply air into the data roomfromthe
at | east one characteristic of the supply air into the room wherein
inthe first set of control conditions is nmet if the neasured anbient
air tenperature is at or above the anbient air tenperature maxi mum
set point and the supply air enthalpy is at or below the supply air
ent hal py set point; wherein the second set of control conditions is
nmet if the neasured anmbient air tenperature is at or above the
anbient air tenperature maxi mum set point and the supply air enthal py
is above the supply air enthal py set point. 35. The system of
clai m 22, wheB@i nThéeystamtof oildiny 22,swhereinhthe conbliegus durtha dvnéparedtto

| east a portion, of return.air fromthe. roomwt.h outside air to. .
goner at o oM s pEopiritil EnatdsBiNkeifr b QPhpttade Bt S sty o

t he cont nigd Jupplyiasr Withih B eesidnérhppistaed doatrblitand at | east a portion of
return air fromthe roomwith outside air to generate the supply air
to bring the relative humdity of the supply air within set control
limts. - 383The FREnSYBUSEM B WhbRITE ont¥IRE Bl Sorfatddqb! er is
further configured to control at |east one operating characteristic
of the evaporative cooling section to maintain the supply air within
a desired tem . ) _— of i 2,
wherein the COS%P?%WI&Q P@%ﬁé el?u%{r%qco(gﬁ?? I&ﬁ‘rz%%mta {):poeos1 étss Eﬁg\%ﬂangﬁh‘?ﬁﬁ%‘%i t
operation of the necipaniticabodmglsenpnsaciti on and the direct
evaporative cooling section, and channel air from outside

t hrough the room while the mechanical cooling section and the direct
evapor ative CeRidnBYaif @ek Qfisidé urSiphtthel @i Qhilk MY RedRdichl @Fing section

operation. ) ) ) )
and the direct evaporative cooling section are shut down or inhibited from operation.
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