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TECHNICAL FIELD

j0001] The present disclosure relates generally to cooling systems for data centers.

BACKGROUND

[0002] The rapid growth of Internet services such as Web email, Web search, Web
site hosting, and Web video sharing is creating increasingly high demand for
coinputing and storage power from servers in data centers. While the performance of
servers is improving, the power consumption of servers is also ising despite efforts in
low power design of integrated circuits. For example, one of the most widely used
server processors, AMD’s Opteron processor, runs at up to 95 watts. Intel’s Xeon
server processor runs at between 110 and 165 watts. Processors are only part of a
server, however; other parts in a server such as cooling fans and storage devices
consume additional power.
[0003] Servers are typically placed in facks in a data center. There are a variety of
physical configurations for racks. A typical rack configuration includes mounting
rails to which multiple units of equipment, such as server blades, are mounted and
stacked vertically within the rack. One of the most widely used 19-inch rack is a
standardized systein for mounting egquipment such as 1U er 2U servers. One rack unit
on this type of rack typically is 1.75 inches high and 19 inches wide. A server that
can be instalied in one rack unit is commonly designated as a 1U server. In data
centers, a standard rack is usually densely populated with sefvers, storage devices,
switches, and/or telecommunications equipment.
[0004] A data center oom should be maintained at acceptable temperatures and
huridity for reliable operation of the servers, which typically have cooling fans that

- draw air through the chassis for cooling. The power consumption of a rack densely
stacked with servers powered.by Opteron or Xeon processors may be between 7,000
and 15,000 watts. As a result, server racks can produce very concentrated heat loads.

The heat dissipated by the servers in the racks is exhausted to the data center room.
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- [0001] The present disclosure relates generally to cooling systens for _
data centers. BACKGROUND [ 0002] The rapid growmh of Internet services such
as Wb email, Wb search, Wb site hosting, and Wb video sharing is
creating |ncreaS|neg hlgh demand for conputing and storage power from
servers in data centers. \Wile the perfornance of s rovin
t he pomer“@ﬁﬁ@ﬁﬁ%%fon of servers is also rising desgéﬁﬁﬁe?? ‘gpln Ioa/
power design of integrated circuits. For exanple, one of the nost widely
used server processors, .AMD s Opteron processor, runs at up to 95 watts.

nLer s XeOn RS B RE SR W15l pERUESAC AN R WAL 5. Pr ocessor's

are only part o ver parts In a server such as
cool i ng fansﬂ hnperivreangagad srighiite of thenqsinmient bR ekesEEe BeiEl o P©003] Servers

are typical Lﬁmmd%%%ﬂféremﬁ@gkﬁccblramglyda&@g%ﬁm@m aTb@’fdeﬁihQ a variety of
physi cal confl clEJratl ons for racks. iytg c]c rfac conf %uratl on incl udes
mount i ng raftt4s 6YW??S@¥?°#E?TW‘BPW8 T EEHUT ’ﬁ’f“”mg'ﬂ: "85 server
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nost vvidel used 19-in ack is a standardjzed s unting

equi pnent sﬁ“@f?)'ﬁ%"“f['ft‘of‘“i’ﬁ’%g}) {pe e rglon thert}'ﬁﬁq Xd?i[{!\\%{%qumtngge of rack
typi cal | y i S8VACAssHmdhedetn gimawido &fgmnni@ﬂ@wm@ﬁato%%m@r t hat can be

instal | ed i goRRelAGi Hikl F&a@%&%}r}{mq&ﬁﬁw%%@ga@%ﬁs%f%e@erVer In data
centers, a standard rack iIs usua densely popul ated wth servers,

st or age devfhééfé‘vcsWWI%‘H’é’éfco‘&H’a? H)rmﬁ@l“%&f‘ﬁ’h?fﬂm%l%ﬁ%ﬁcéﬁﬁ%nent [0004] A

data center saﬁ;ﬁ:@srﬂaﬁ Boathigvea @y nmtzmgafﬂaﬁgt ca&mgeﬁem adaletoeytper at ures and
hum dity for re |able eratlog_eé) | Sy onéf?ﬁ/ %I caIIy have

cool i ng f anSoUR SRSy 18T PAERFJEEH S epovhécon’ PR Ot S Y™ The power
consunpti onfrohzapar@okodbwmhgofs‘tmka@dmmﬁahenwuﬁmlgesp@mmgioflﬁy Opt eron or
Xeon pr OCGSEQ%%EEEB&{ Q&r Qﬁ&%%ﬁh gh B%Qﬁé%ué‘aﬁds%@fgm%ﬂﬂ%omés a result, server

racks can produce very concentrate eat | oads he heat di ssi pat ed by t he .
servers in {0ReS]imedat desteragdragerves drcksgirg tiricalia faid Qbinrers wibom

altemamng cold and hot aisles between them. All servers are installed into the racks

to achieve a front-to-back airflow pattern that draws conditioned air in from the cold
rows, located in front of the rack, and ejects heat out through the hot rows behind the
tacks. A raised floor room design is commonly used to accommeodate an underfloor
air distribution system, where cooled air is supplied through vents in the raised floor
aloﬁg the cold aisles.

[0007] An important factor in efficient cooling of data center is to manage the air
flow and circulation inside a data center. Computer Room Air Conditioners (CRAC)
nnits supply cold air through floor tiles including vents between the racks, In addition
to servers, CRAC um'tsr consume significant amounts of power as well. One CRAC
unit may have up to three 5 horsepower motors and up to 150 CRAC units may be
needed to cool a data center. The CRAC units collectively consume significant
amounts of power in a data center. For example, in a data center room with hot and
cold row configuration, hot air from the hot rows is moved out of the hot row and
circulated to the CRAC vnits. The CRAC units cool the air, Fans powered by the
motors of the CRAC units supply the coocled air to an underfloor pienum defined by
the raised sub-floor. The pressure created by driving the cooled air inio the
underfloor plenum drives the cooled air upwardly throngh vents in the subfloor,

supplying it to the cold aisles where the server racks are facing. To achieve 2



The heat collectively generated by densely popul ated racks can have an
adverse effect on the performance and reliability of the equipnent in the
racks, since they rely on the surrounding air for cooling. Accordingly,
heating, ventilation, air conditioning (HAVC) systens are often an

i nportant_ part of t he design of an efficient data c ] Atypica
dat a cenﬂ@g'yﬂﬁgﬂﬁes 10 to 40 negawatts of power. ﬁ£&ﬁ§F% ? %éof ener gy
consunption is divided between the operation of servers and HVAC systens.
HVAC syst ens have been estinated to account for betmeen 25 to 40 per cent
Of power S eh B dRhE, BEONEIR G, 53k BudRRACGRANEL b Bk gONSUIES 40 MEgawalts
of power, Y ﬁé &onsune r&% ne awatts of power.
Significanum@m$@nsavmﬁg%m@aWﬂb@HadhﬁeVEdﬂ%WCKﬁQPmﬁﬁﬁgﬂéﬁ$VC|ent cool i ng

systens a”qmﬁi%m&% cbRAl o ROGR . ROGE B ﬂH§@bxht§Waﬁ@@fé§1ﬂ?ln@mmE gduci ng the
power consunption of HVAC systens from 25 percent to 10 percent of power

used i n datfi@veEntepstiyehperdde dht o5l 8uling § TF BoFeyStiaY FS=Bf power whi ch

i s enough taadmsv&[mgémiﬁaﬁgksm@]ﬁy&B&ddﬁemlhaaﬁcldﬂmsove{n&aﬂﬁﬂde{ha a data center
room server acks ar e i C in . rows wtl rnating cold
and hot ai s er O\Rfélen dégm %}fl C‘ersmenrOver sogrvgmslrﬁ% Al atr 1?13{'&% he racks to
achi eve a WM@mbmndwbamku@@¢¢$mmﬁ%aﬁﬂeﬁﬂaﬁh&!mdﬁamsﬂwﬁﬁd@mméﬁ%d air in from

the cold rqusy, s0&@LEGd e ﬁﬂﬁot%oﬁtﬁﬁcaﬁ%%b}e%@@hr&]gﬁ&& e BRRf. out through

the hot rows Behind the racks. rai sed floor roomdesign is comonl y used
to accommodat e an underf| oor alr di stribution system where cooled air is
supplied through vents in the raised floor along the cold aisles. [0007]
An inportant factor in efficient cooling of data center is to nmanage the
air flowand circulation inside a data center. Conmputer Room Air

Condi tioners (CRAC) units suppl yS@dMaRai r through floor tiles including
vents between the racks. In addition to servers, CRAC units consune
significant anounts of power as well. One CRAC unit have up to three 5
horsepomer[Wﬁﬁbﬁ@emﬁﬁﬁuymﬁwﬂEﬂ?ﬂﬁ%ﬁ?%ﬁﬁ@§Eﬁ%§0@@“# %o cool a data

center. Th%ot@Bé\gfd&&'cEﬁer@%'a%%bﬁlﬁ'sMo&ﬁlﬂcfﬁU%p%aﬁﬂhnfré;ﬁ@rﬂ;ﬁ cAd@ENt s of power
in a data center. For exagg in.a data center OWIMA h hot and cold row

confi gur at i°8H OhGEarsHisucp § HRPIREG B lfast P sﬁ?ﬁ?fé%? 2¥He hot row and
ci rcul at ed tw duetthe wGRARS dtmidreSservieckERAG daﬁimigwodmj@bonhd:cedm the tobans power ed by

the moUOrS gt B BAGO DI B HARL Y O 00l £ Rt ilggpger {1 00T pl enum

defi ned by e raise oor . e. pressure create riving the
cool ed alrt¢ﬁ¥ﬁ¥ﬁﬁéﬂwﬁdé$$?@b@mﬁﬁ§ﬁﬁﬁﬁd¢ﬁvé%w¥H@béﬁﬁﬁéﬁwé?@ﬂupmardIy

t hrough vengsid: Eba&elmﬁﬁdlgg RQbId r&ﬂ&i@ép}éﬁlﬂ%n sfruckue: tih@neRhdodh&kes Where the

server rac ksgrvf:arrra(:?‘:ks]c pac'n(r:t!s Qn Server racis are tlg%tly connected by clamps and/or sealing
gaskets to reduce air leakage into and out of the cold sow encapsulation sgucture.
[0009] Some embodiments of the invention ntilize cooling fans of the servers
installed on the racks to draw cold air from cold row encapsulation structure from the
front face of the server racks and to eject hot air from the back side of the server
racks. Some embodiments of the invention obviate the need for raised subfloors, and
the fans and other equipment for forcing cooled air into an underfloor plenum. The
cooling module installed on top of the cold row encapsulation seructure cools the hot
air through cooling coils installed inside the cooling module. In some embodiments,
cold water is used inside the coils to exchange heat with hot air in the cooling moduie.
[0010] In one embodiment of the present invention, the systems and methods are
directed o cooling hot air inside the data center server cooling room without

introducing outside air. The hot air ejected by the server fans enters the cooling



sufficient air flowrate, hundreds of powerful CRAC units nmay be installed
t hroughout a typical data center room However, since CRAC units are
generally installed at the corners of the data center room their ability
to efficiently increase air flowrate is negatively inpacted. The cost of
building a. raised floor generally is high and the cooling efficiency
generally i's low due to inefficient air novenent inside the data center
room |In addition, the location of the floor vents requires careful

pl anni ng throughout t he design and construction of the data center to
prevent SNOT ko Gl il le%tm&&p@t,xftee&mr&@eman&a43%&1&%%& hot spots

can cause problens th ghout the system SUWMVA 0008] The present

i nventi on prW?WW@FW‘%@W%G%Ii‘ﬂqﬁé‘éﬁcéﬂmﬁ@oé?lﬁ“’é}ﬁé’ﬁt cool i ng of
_daltg center seooteallmaemﬁ.ém&@&z&é@@ﬂu%ﬂﬁcwﬁ%@hgﬁem}aﬂdmméron pr O\Iil des a
co row encapsul ati on ructure co t onée server rack port
configured t WW&E‘%&%“%‘@W% Ejg?\‘/'é? S&@R%“&H‘ET"& cool i ng nodul e
connect ed t oSdrirefshaipavsenid dicionnfhe bdreer mok pbris cwmmenaiap gtlcalti kon st ructure. The
server rack &Q{I,E-Em%ﬁ Sroe @R b Gtk B sbrtntig 8&135{}3 G 4 Ehack 865 grUCh that a

front face o server rac s |nterfac e I nteriror space. defined
by the col d ¥o@eskeapsul ati on structure. In sone enbodi nents, -server racks

por s and_sefiay o/ Aiekin i uckis b hoERNAREGORDY LhARDSARAL o7 seal i ng

gaskets to r ce air e Into and out row encapsul ation
structure. [@W]W%ﬁ@%l%@l%?sw IrRee ppbesimest ic¢ilisge cool i ng f ans

~of the servedaﬁlpérmtaahthe&metha&B&dnmmbtgmﬁwuﬁ%ﬁwmam%@dol d row
encapsul ation vﬁlﬂ) ctur fromthe front fg_‘ge(g%wﬁhe server racks and to

ej ect hot a|‘fp WVW&?”W?H@“ ue. Cuiside air enters

the dat;a center and passes through the cooling module installed on top of the cold row

encapsulanon structure. ‘Server fans draw the cold air from the coid row
_ encapsulation structure. Hot air is exhausted to the‘c.;utsidc by the ceiling exhauét
fans. In some embodiments, to contro] the. moisture i the air in the data center sexver
cooling room, especxally when the outside air faﬂs to meet the operahng requirements
 for the servers and other equlpment, humldxﬁers may be used to condition the outside
< recent years, however, manufacturers of server equipment have mgmﬁcant}y
 relaxed ﬁtehumm.tty requitements due to. wchnological advancerment.
| [001 la} Accordlng to-a ﬁrs_t aspect-of the present mventlon, there is prowdeda j.
server cooling device, comprisinig: an enclosuré defining an interior spaceand an
exterior Space; thé'énélb'é-ure'c'omprising at least one server rack port configured to
engage a rack such that one or more rack-mounted units installed in the racI\_t interface
with the interior space at respective front surfaces thereof, wherein the enclosure is
configured to subistantially seal the interior space from the exterit)f space; and a
cooling module attached to the enclosure in a sea]éd relation, the cooling module
operative to supply cooling air to the interior space defined by the enclosure from a top

surface of the enclosure.



racks. Some enbodi ments of .the invention obviate the need for raised

subfl oors, and the fans and ot her equi pnent for forcing cooled air into an
underfl oor plenum The cooling nodule installed on top of the cold row
encapsul ati on structure cools the hot air through cooling coils installed
~inside the cooling nodule. in sone enbodinents, cold water is used inside:
the coils to exchange heat with hot air in the cooling nodule. [0010] In
one enbodi nmerifo1d¥] thampEQSQneﬂbmw%mmiQﬁmenﬂneﬁgygﬁemsmaﬁ@mndﬂhbds are
directed to g room

wi t hout |ntr§ %fﬁgmgﬁﬁgﬁg%mggﬁéQE 5?@%?$g§ﬂ%§%%§P@$§J gggéﬁger f ans
enters the ¢adksispmg cootivg eosxsis ?Xﬁh{!ﬂgﬁ%yﬂ'ﬂb@ m%ﬁﬂerda‘tlfnmt\ﬂpcl@ne pHeoreol d r ow
encapsul at i ORerdrd ¥ plabliCone bPRoARbolRAb tievicds 508 th Work REMYREE e PRREd COOl i ng
coils inside the cooling nmodul es, and the cogled air enters the cold row
encapsulatloﬁm%¥?ﬂﬁﬁﬁﬁ@“PﬁPUﬂ@ﬁaﬁF%ﬁ?%9“%ﬁﬂmF%@WF6%EWmﬁP%§§ure creat ed
-inside the i rah@dsmeborﬁmﬁgaaéast&e sereérehck@m enfigpaith attdraee withidasbur . Server
fans draw cold air fr server. rac orts connected to the.cold row
enCapsul at | oGS e ogaore FHaRE S BRY St P R POV om ¢ ho
back side of theRerve esoling rooag berein fR@Addsuderis @hifppred endmbslanmiglt ssaldfe t he present
i nvention, d alr *to cool
t he servers. nﬁﬂﬁyﬁégggkﬁg%rég%ygg%i%lngh %%%rgggﬁﬂgh% ggm%% may - be
contr.ol | ed byealed redatipn thetcaelingaendtle gberaiive to suprly epkawdd ﬂ@m‘fwl@eﬁpacdwe out si de
temperat ure WARERGSHEaLRINbRE Sl PG Shdien Al melffe the data
-center and passes ‘through the cooling nodule install'ed on top of the cold
 row encapsol FefEcosprises & Gpaling Wt ereratitep surglyA6p el do B erier 2% om t he col d

row encapsul ﬁdomfp SA&GH@IBE&@&ﬂﬁ?@ESp@éﬂbf%@p}@é@Bﬁhﬁhﬁﬂ,ﬂhé}eﬁshﬁwﬂiéaﬁl de by the
ceiling exhaust fan | n " sonme enb ?%% to control the isture-in the
air in the dsrgr el getfleﬂé%ir?ﬂﬂp"é’&%ﬂ Ff@“t FRcaPSUH LR AR IfTionSRas BEHRE out si de
air fails tOatnaettonéh&r@p&ﬁ@tdeﬂgedrt@qhuﬂoanﬁmcﬁaﬂamdnbeereeermm&leﬁmd ot her.
_equi pnent, h ”Lﬂ ers na¥ g used +0 condition the &ut&qlh air. In recent
years, howev nf: SEV I TSP B T S A RAVE L YT cant 1y
rel axed the tiﬂmtﬂlhotgpaweesmbstmmBIMMIdi@ommutmhmhcegmdaih'oemtuamcenent [ 00114
Accor di ng tocc%lufééez[ussfom%éﬁ’&ﬁihe?& delBR dBfRE BR o}%\i&’%ﬁ]‘ :f%ﬂlthééh% bfmbs Provided a
server coolin vice ing: an enc re defining an Interior space
and an exter Ffe‘refsswefed mtm@eemm@%mi@e%@mﬁm&ﬁan@eeﬂvmdw copled ger ver r ack
port confi guagd thRodting fSufte TRRKhSHERorPRE afiNSnAk hERE il d k- nount ed units
installed in the rack interface wwth the interior space at respective
~front sur f ac &R WALof | wher ei n the enclosure is configured to
- substanti all e-interi I ; and a

cool i ng nndu%gﬁig%'%ﬁ‘ﬂn% %? ed%% Iosu %ﬁ?ﬁ&gaégé%ﬁ%%f atlo the cooling
modul e oper awillpeovide a berppindesvodipgr theinprore@nd Hwantageed vaous pace def i ned by
the encl osur g f hQM@oAMbSdhfiReRi®l the enclosure. [0011b] According to
a second aspect of the present invention, there is provided a server
cooling room conprising: one or nore openi ngs whereby air inside and
out side the server cooling roomis exchanged; one or nore server racks in
whi ch one or nore servers is placed; one or nore cooling devices attached
to the one or nore server racks and attached to the one or nore air
i nt akes, each cooling device conprising: an encl osure conprising at |east
one server rack port configured to interface with one or nore server
racks, the enclosure defining an interior space and in exterior space
within the server cooling room wherein the enclosure is configured to
substantially seal the DRSERIPTION PACHEDRAWINGS ext eri or space; a cooling
nodul e attached to the enclosure in a sealed relation, the cooling nodule
operative to supply cool air to the interior space defined by the
encl osur e f r@m3pFIOP issididgaseshofving heeemplegsld rey engapeivlytive swichre 4seé cool i ng
nodul e conprlses I Ag.ni t operative to supply cool air to the
interior space m?%ﬁigﬁirﬁg cording to a third aspect of the present
iLnvention, there is provided a sewer cooling nethod, conprising :
substantially encapsul ating an interior space having at | east one lateral
portion defined by the front face of gt |east one sewer rack, wherein the
at | east one sewer rack conprises oné or nore sewers nounted therein,
wherein the interior space is substantially sealed froman exterior space;
and introducing a cooling air source fromthe top of the defined interior
space wherein the one or nore sewers nmounted in the sewer rack-includes a
cooling fan operative to draw cooled air fromthe cooling air source from
the interior space and exhaust heated air to the exterior space.



[0012] The follow ng detailed description At ogether with the acconpanyi ng
drawings wi || provide a better understanding of the nature and advantages
of various enbodi mrents of the present invention. DESCRI PTI ON OF THE
DRAW NGS [0013] FIG 1 is a diagramshow ng an exanple cold row
encapsul ati on structure and an exanpl e cooling nodul _ FIG 2is a
di agram sW&ﬁ“?‘?&%ﬁﬁ exanpl e col d row encapsul ati on stlfcl}(ﬁsl%@gia?\%ﬁ}mf;h '
integrated server racks and an exanple cooling nodule. [0015] FIG 3 is a
di agram show ng an exanpl e cold row encapsul ati on structure. with
integrated racks. an_exanple sery I .4 he server
racks, and ﬁ{%%c}r‘r% [ %%alm Srﬁlamﬂ%nyuff%{% ﬁf 608%18}3 e%%%%aﬁ&: Sgr&gmg?n%r am showi ng
an exanpl e Bizgmed soniet facks apbaneagmpfiegeolingatodde.aws col d air conditioned by an
exanpl e COOLE)b{@ Fif%’gkﬂaemag@n%@ E Ln%xax?@!é«?ol@rogleﬂ&f)MiéAM 36 whii! exanpl e data
center server cooling roomw th*a co row encapsul ation structure, a
cool i ng nodintearatcd semgtraeksf aassanle e Hlasest on canef B SHVITES eMtber with
ga_npers'djt ha&xaglggﬁgoghgsmm,i ndoor and outdoor air circulation. [0018] FIG
is a diagram show ng an exanpl e data center server cooling roomwth a
cool i ng mod¥PE] Fiad i aierbRPUPE e SPTRE S YiThy  RREAh e drws |

cold air conditioned by an example cooling module.

[0017] FIG. 5 is a diagram showing an example data center server cooling room with
a cold row encapsulation structure, a cooling module, exhaust fans on the roof, and a
mixing chamber with dampers that controls the indoor and outdoor air circuiation.
[0018] FIG. 6 is a diagram showing an example data center server cooling room with
a cooling module that-is integrated with a mixing chamber.

[0019] FIG. 7 is a diagram showing an example data center server cooling room with
multipie cold row encapsulation structures and multiple cooling modules, exhaust
fans on the roof, and a mixing chamber with dampers that controls the indoor and
outdoor air circulation.

[0020] FIG. 8 is a diagram showing an example data center server cooling room with
multiple cold row encapsulation stractures and a cooling module that is integrated
with & mixing chamber with dampers.

[0021] FIG. Q'is a diagram showing an example data center server cooling room with
multiple cold row encapsulation structores and multiple cooling modules, exhaust
fans on the roof, and a mixing chamber with dampers that is integrated with a cooling

module.

DESCRIPTION OF EXAMPLE EMBODIMENT(S)

[0022] The following example embodiments and their aspects are described and
illustrated in conjunction with apparatuses, methods, and systems which are meant to

be illustrative examples, not limifing in scope.



[0019] FIG 7 is a diagram showi ng an exanpl e data center server cooling
roomwith nmultiple cold row encapsul ation structures and nultiple cooling
nmodul es, exhaust fans on the roof, and a m xi ng chanber with danpers that
controls the indoor and outdoor air circulation. [0020] FIG 8 is a

di agram show ng _an exanpl e data center server coolin Lh,mul tiple
?d}?%bo 058
cold row gvd)ggﬁagﬁ?sgfl on structures and a cool i ng nodul € \99 'S integrated

with a mxing chanber with danpers. [0021] FIG 9 is a diagram show ng an
exanpl e data center server cooling roomwth nultiple cold row

encapsul at i res and rru t| e du ust fans on the
roof, and- afbﬁ?gﬁjﬁ%‘% SAEE R O(Hmé 9@%5{6 S |eﬁ%ngp§drcé) erg‘élvmth a cooling
modul e. DESGRhRUiREN sOuEIANPLIHE CEN/BWHWWE(@ sfup@@ A6 fﬁhbehaf!f{ﬁ | owi ng exanpl e
embodi ment Sﬁaﬂéﬂgﬁaﬁldo%egmmreaepo%%csrefv@lergck%@ﬁlslahb&%&ga{t@g in conjunction

wi t h apparat use a/stems whi ch ‘are neant_ to be illustrative
exanpl es; Nl ToMAREaPTIripSIRIENERS 00 thatgeroby copneqied 19 2 parye@el AP ®n exanpl e

cool i ng modwwena@mﬁaﬁls@&l@qemhﬁb&mddofraamnamfaapmﬁhlatucmms s&kK uct ure 106.
The col d row encapsul a]tl on structuy {E‘mm’a nggusm gee.mm an [EFH or panel s, doors,

and server FEERPEOREGASRTY aé""“é’%“‘"?%\% s an 0% the cold row
encapsul at i macandwgmbasmﬁ semm@amb&ﬁww%m@w@nat@emﬁm rack. The

col 41 ow enGapaUlkbAB! FHEHUERlRne B FPURuRGn AL Y Of materials

such as steel, conposite materials, or carbon naterials that create a
“housi ng def ﬂ%%%ﬁ“’l’wt‘eﬁ?&@@fiﬂﬁ@f’%ﬁﬂ@;’aéfdﬁ‘c@é’ﬁ"'qlﬁ‘ﬁé“’s*er ver rack port

that all O\A/sdzrt@&l;temum{ge&num&ooteealknt erface with the int er| or space. In
sone enbodi nents, the cold row enca@sul ation struct ur ?dr may be nounted

directly tol0PR Fiegemting Breulci00 e brigeatediaadepsifiptsg o1 | OB W98 in a data
center cool bd&g)sﬁlﬁmﬂmﬁ-lﬂ:fur@mhﬁﬂcoand‘ctcd [oQfRA4] suffhe of:mebalngwrmdul e 100 may be

| ocat ed and rp05| Et'%oﬁgt?%monl eogooﬁ he cﬁfﬂl %Olr g}gplesrég%%%grg I:O%ﬂ gst ructure 106

and connecte op surface o e Co OW encapsu ation structure
106. The coeilils He- sl ressibginsidle Fhscpadies cadip 40258 uspdioex ek Refg Wi | s 102.

Li qui d passiei@vdiftish f€pdsdifs @0l m&osﬁiglnﬁaa&%a Besadolil eRuehange heat with
rel atively hot air passing through the.cooli n nodul e %g hlf;gereby cool i ng

the air. in°%i& ‘é‘W’B%lﬂi’Féﬁ? mgl“ﬁ’&“li“:b%fil‘f‘fﬁr??ﬁ’(?m ”i??ﬁloﬁ‘ufﬁ*f‘ mprises an
encl osur e i ths babEngdoilc I02tahdoeal wmeg:oﬁmg heddidhcate: hodateade oiThe cool i ng

modul e encl gerc. 18y DAY, AR R TREGAREALATS, 108 LRLAHGR, Wpi ch ai r enter

t he encl osure ent Sy e openi ngs may conprise air
filters. Thepegiog i0hgayendpriee @Iﬁdﬂe@sﬁhfecoﬁiagg npdyecngipaurpmayiyrecndpeni ngs

connect ed terﬁda@ogeﬁmgqsceme@cs&m% t&phﬁrf&:@bﬂhé% 18R CARSH b «Bibust ruct ure 106,
through which openings cold air exits the cool |e§giﬂrmdul e, and enters the

interior spHebtpagh ‘H‘éﬁl 9RERiRgs GOIH BiF g 3\%/“%‘1%%?5‘@‘3’1] BHeS B e e

space defined by the cold row encapsulation structure.

[0625] In some embodiments, water is nsed inside the cooling coils 102 as heat
exchangers. Water pumps, waler cooling equipment, and associated plumbing (not
illustrated) supplies cooled water to the cooling coils 102. In other embodiments,
other types of liquid such as & water-gycol solution, steam, or a refrigerant may be
used inside the cooling coils 102 as heat exchangers. ‘

[0026] In some embodiments, the cooling coils 102 may be serpentine shaped lines of
tubing. In other embodiments, the cooling coils 102 may be in other shapes such as
straight lines of tubing. Depending on the size of the cold row encapsulation structure
106, the cooling requirements, the velocity of air flow, and the phyeical characteristics
of the cooling coils 102, the number of cooling coils in the cooling module 100 may

vary. In one embodiment, two cooling coils are used inside the cooling medule 100.



[0025] In sone enbodi ments, water is used inside the cooling coils 102 as
heat exchangers. Water punps, water cooling equi pnent, and associ at ed
plunmbing (not illustrated) supplies cooled water to the cooling coils 102.
I n ot her enbodi nents, other types of |iquid such as a water-glycol
solution, steam_ or a refrigerant nmay be used insid g coils 102
as heat e¥HAMRJEP¥e [0026] In some enbodinments, the%%hmﬁFﬁgﬁ%gPIs 102 may
be serpentine shaped |lines of tubing. In other enbodi nents, the cooling
coils 102 may be in other shapes su,ch as straight lines of t ubi ng.

Dependi ng o of. the cold.row enca tion structure 106, the
cool i ng reqﬂtotg'aﬁé‘ﬁ? %Od"t‘ﬂeg?%’ia]gy lfefnf}erg]?ang?trm‘f ew% s R lébbhym cal

char act er i stictisg @ils tl3gereodly moges doviverdlig?, thetﬂh!ewmm@eipﬁ@ff by#eling coils in
the cooling, Q)Weﬁca%glgau%ﬁg&ﬁéx% Wifle b@m%tﬁﬁ@tand LoMRece@®) i Ng coils are

~used |n5|de e coo 027] Since cold-air is generally
heavi er t haﬁlel‘t@ﬁhﬂ&m‘iﬂletll% 'Eltfflcﬂida?"l‘ “"IE%P(%‘I“@HT‘ BRPetarse OR eIy 2% 0i | s 102

general |y W@ﬁéﬁ}‘éur@'Qmﬂes‘.'aﬂt&n‘bf@adeﬂﬁ'ﬁﬁdnﬂésu&maﬁ@lm le[ileﬁﬁheby the cold row

encapsul ation struc 6 d bel nd connected to
the cool i ngsﬁ?ﬁaﬁflepoi‘gég“’f‘%?‘r%tf’ﬂ“ yw‘ﬁ'caé’pugaﬁlg’ot?lsecr)‘ﬁer Fucture 106 conprises
an encl osur eerwhiachpatefld Besnfgnred mmﬁmwstpta@@weﬂm‘étseﬁbﬂEWF@t conprises at
east one SELYEind Sk R huckdlh GOREHGULELAE LALS Likgulianh @ pluralify of
server  racks he server rac ort 110 1s configured to interface with the
server rack§msyeof. hIatomaﬁnt‘hO@‘ﬁtemf Wewangfrd peRisT Weke FaY b cornested Rt sect s t he

interior spaggrfibk $dAe 16.0h AndtRNeBRAARSYIENVE Ondsiisetod il e | n one

ot 110, | FSFEE IR SHEvAPTERLI faTve ey B SEErtTa e oy be
connect ed t@ertehaclsmn10rmzcykaepmmtcteli16gethbrnhrs@lmneemmdqqmm$12 tthe server _
racks and ! B8 AGEARLLARK, ROt LS LAONIRK DEAGRANARLA] oL GGL AT ¢ hr ough one

or nore clanps er e nent s e servef racks and the server
rack ports PEEchager bl spinaelee cRbodimens, alts MIeREt sucl 35 SRS MBY Wer

enmbodi m:«‘ntSuseﬁﬁﬁlghﬂibgzoﬁﬁﬁﬁﬁd@H@rﬁ&ﬁﬁnaﬁﬁz@aﬁk%&rm lige 8@ ate0 tightly
connect the server rac

110_and .t he ,server s. The servers are
i nstal | ed i A8l g Wkﬁﬁ%?%?}’e %%Pwp%mﬁla%&aﬁf | ow pattern that
draws condi t:mﬂmenbdairtnﬂummemidmmn@muducmwu@wcafpfsmﬁatﬁpmmnét ructure 106 in
the front Qgsﬁﬁﬁﬁt$mﬁﬁéénzﬁg behind the racks. [0028] In one enbodi ment,
the cold roW encapsulation structure 106 nmay conprise nore than one server
rack -port 1{0028] An grerepbediment khepoldirow drgapyuigtios pigpsee W6 g@y vaiPtifsack such t hat

the front fagce sof oREMRES 2 poRl hera devd 6 ohnﬁitaiyleﬂﬁgbﬁlseweﬁra&@r ver k
interface with the interior space define cold. row en&apsul ation

structure 186h trHPaTEHIAFG cﬁﬁ?ré‘tr? ‘B'r?ﬂ“ﬁ’b‘t‘f“é?fé@t edf“f‘ @ﬁfﬂl‘fﬁ{,lﬂﬁgf}%“& rflow
-pattern, whekendidEspe@abiindg by e solofowtchexpsitivemsctar 104 Néis rack- mount ed unlts
draw air from.the interior.s e.a S

processor (s§™" gﬁﬁmmPﬁ:ewmafm%ﬁgﬁ?g“%ﬂ?wPﬂéghg% t%aggﬁ&%aggr?%ustrated in .
FIG 4. In moenlberdamwxsted vitite de iy pm thediterion spaevad edkdt How '

encapsul at i 9&te§tr>§%@EME&@%OW@Q%%Q&%@&M G Y b2 R Bdnelas iG@RsEdhoned col d air
inside the interior space of the co row encapsul ati on structure 106 is

drawn by t hElGs 8 ipepme eppodimeai.diee CHE r%“@ra%ﬁh%c"ﬂdo’ol?%‘lapsﬂ’ﬁ@m‘ser vers. In other
enbodi ment Sgoukbhif QLY Qibsthicky @med: thitemdddoln @wnetncapmhaxtapm otructure 106
are placed next ,to each,other so condit i side the
interior spg' Ol v PR (521% n?%’\’/cvmreen%)glséiﬁalwnb on s%r?%gtgﬁé% n}g%n be drawn to
the server stowoitﬂiwe'erses vérotﬁeansqunmnﬁehﬁtﬁqeergmk\?ei e coftygwr eI atively hot air
is circul at %aﬁs&aédﬂ%ﬂ‘&% 1dBQIeTHPa@bH &xtk@&c@&hér@@&&%oﬁchﬁn&ﬁodﬁ airOW

encapsul ation structure 106 exch an heat \%ftt Eeh(%bcool ing coils 10/
Col d air fr@ﬁ@tﬁ%‘“@&&‘t?ﬁ@%‘ﬁ%ﬂl‘efof(ﬁﬂcaﬁ“ %“t“BCtt“ﬁe Br W ®ncapsul ati on
structure 1&65@% HySheGhE@WTads Gnstdd eheBaadts. Uhe lgveRaovdriscibylagéover fans
et et R R el BRTFBRPACLAPRL SrcrB SN S ool AGETog SPAT S0}

popul at ed wE 78T VTS and” of Rer eq i nce servers and ot her

equi pnent are stacked vertically vvlthl n the rack, the scarcity may create
open gaps to the interior space of the cold row encapsul ation structure.
Cold air may leak fromthe interior gpace of the cold row encapsul ation
structure 106, and hot air may circul ate back to the interior space,

t hereby reducing the cooling efficiency. To prevent air |eakage, the gaps
may be bl ocked by panels mounted to the server rack that prevent air from
escapi ng and entering the cold row encapsul ati on structure through the
gaps. [0029] In one enbodinment, the cold row encapsul ation structure 106
may further conprise stability control units 114 on the bottom The
stability control units 114 may conprise conponents that are built to



hei ght of the cold row-encapsul ation structure 106 may be 12 feet and the
depth may al so be 12 feet. [0032] FIG- 2 illustrates an exanple cooling
modul e 200, a cold row encapsul ation structure 206, and integrated server
racks 208 and 210. The systemin this exanple is simlar to the one shown
in FIG 1 except that the server racks are integral e system
In this enbddHEAC t he connection and sealing bet vvegﬁl[/@%g E:ﬁcs)ﬁ%p row -
encapsul ation structure 206 and the server racks 208 and 210 are no | onger
required since the server racks are part of the cold row encapsul ation
structure 206, The servers be .} | ' [ ated server

_ 3 Gaokill FE
racks 208 afd JEG e%twé%%egegﬁ'gc?lgég?ﬁog%raqﬁ{t?ﬁtc(ra?fr%vvlopa'gtern-. The front
face of the sinkitegeatlédvsarapatatongcuz(8t sndds Pave 1 e backecths the interior

space of th%&&é@&ﬂ%ﬁ@%@@éﬂ%&é&% iS{chid ehbdatnedRGervdiRxs@E ver fans inside

the servers draw'cold air fromthe cold row encapsul ation structure 206 to

cool the servaErY PapRAH B sTURs 18 PRes sRiPYeth g P Y8RP PHe back of the
server racksquipddne @t fack@l vehiedlyGlithuheah@oiht @atinengeeki ogengasud € 200 t hr ough
“one or -nore- openings 204 and_exchanges he ' . re cooling
coi l's 202. TH&™EES |a%eg°9?r"88ét}gléowzedlﬁapﬁ'g§/Oﬁénﬂg%%gﬁt&é@ a%ﬁ]‘r? %p_ o% tthgg cold row
encapsul at i arerist spacstof the c@O@weamekpsniafiob et B prddiot air paySireidge sur f ace of the

cold row engaRssin@inteabr spict, Ueddl SeadQf thdVooMERHRRNGPEIIEn@R the top side of
the cold row encapsul ation structure 206 and the bottom side the cooling

modul e 200. leekiee the sapsgem &F BPFpd RoRASE!S BIBTRFAAT DS S ES PRI APEY  when ser ver
fans are dr awioe eSapifl b Entdring Metchia re0bdapgs@nios roapsuhraigh ar gaisr uct ur e
creating lower air pressure in the interjor space of the cold row
encapsul at i é‘??%ﬂa%%&ﬁ@ds@%.&ﬁ[@@é%‘j“ﬁ% 3%"”1'311\%&‘& ]rogtmé% A-'exanpl e cool i ng
modul e 300, camprie stabilinparoap siisalti# omths botwot ThestB0iR; coseatvets 1ihcks 304, and an
exanpl e ser : SEYV 8 i K seiskn€ Lehii.this exanple is
simlar to ;ﬁﬁgco.gmegogj%ﬁgfl%&&%g 21. &on |ti§%shedmcoﬁi_.air @nters the cold
row encapsulngiiabyisagiers sk areartigiogies. Hp suesFmbpEmeso e HEPliHERRFE 300 pl aced on
top of the Ggikd i AW QRE@NZEY 1l RNing tHattGh bY RicR( deicalRty@kiLIARE | nside the
server 306 draw conditioned cold ﬁl r fron'éii,he [ n# eri o, Shace of the cold
row encapsulBPRYstrpetiaiion sBFTINg WaaFetiiy sonel gt 1438 " 10034] FIG 4

i |l ustr at es tieroldxangkdsidaioh snguroldd ey BO@iseddool thagowwdi hsz #9R, server 404
and server fan . Lnsi Ao 5006H deuaned el d air fromthe
cool i ng modu gmg%gyfg% ngg%%?ﬁlaﬁg%#?%m}gez o|n_s rawn by the server fan 406
and passes ®ehrepigHon strixsue Kioy dp pregent eiplegass inopeemRefiger!, fRq1aR vel y hot air
is It_hen bl ome%ﬁc?fdrs@@maﬁ,ﬁm@né&%@_ wstlnkhgbﬁar;mﬁ bf @pPandQ6at sJaR035] The
cooling systens illustrat in Figures a n _operate. in an interior
space defi néts PBYPSUEAE L @F“eég‘? l?”“c‘iS%’lﬂglr’f'ﬁmr@gfﬂay SUHPEE| 0sed above, to
draw air fr quet)Ne ohdnbdifEnt SAAEEmoraikebrsI08 v flie: ifsBibdsh thd dnclbard he i nteri or
of the cold w_encapsul atj.on stru re 106..1n ne | tations,
nowever -t héh BTG Rl e e AR sos kSO RAL LR, SIRR B 0P
center cool sagatrda mentehpersonmrt nadeser diercolfl Foveneaeiaton gruehgtiong] | ow outside air
to be used. vErlcg‘ofﬁls}kslslmlﬂ% L[AeLR2ifRn BT Rodidk Az BNhElaed & M&Lnc00l i Ng room
500 with one or nore ceil |%(gthexhaust fans 516, ceiling danpers 514 which
control s outdf et feakipg ke therolf v AEFapHARMSFUB%,nd danpers 512 t hat

control cir gabatine BinRhsich of 12 RLIE kdwGcipalifioh heicitieXDHgnehamber 518. The

cool i ng nmodul e, 502 conpr i seﬁﬁone@gr rl)’l%{]og cool iigg go&oﬁ 504 and is

connect ed t GOEHERN SIS A5 EFSEY B SO P8 S the cold row

encapsul at i ewquisdnfents bitheseb86, ang the dike elo baecbatbodiibre, sogotvichg syl e 502. Server

rack ports S8% AL b OGhORU SreBlecdyd SorfePlh S 1B0FAPSH BLI ON ST uctur @
to 't racks 510.

506 are connect e ) e server ( e servers may be installed
into the seewepsuisbicguage HiShiragiberaixte biste SRIBEERVATIFI B Bat t ern. The
front face @bunbdA@ (SBE ¥ller FACHKSs bAILS bSRGLeSidt Bhd dldasw edcaspre® of the col d
row encapsul ati on _structure

. 506. The, server fantg iné%gfe ttklllg-z servers draw
‘cold air frdfEFe TEOIIAFOREHEABSEPAREE SRS URTTFE 806 0 Cool the servers

and eject hot air server racks.



[0036] ‘The server cooling room 500 nay be operated in two nodes. In one

mode, no outside air -is introduced to the server cooling room500; the hot

air ejected fromthe servers is circulated back to the m xi ng chanber 518

and the cooling nodule 502. In another node, outside cool air is

dintroduced to the server cooling room500. The ceili 214 are

open whi | &' HEE H%ﬁ%ers 512 on the m xi ng chanber are ﬂ@v%%@%ﬁs%&ts‘de cool

air passes through the cooling nodule 502 and enters cold row

encapsul ation structure 506. [0037] In one enbodi nent, the ceiling danpers

514 are cl ose open. Part of
b 1 Qe GRATDR LS OP

t he hot alr%eg1 Fﬂea%ﬁmﬁen Eggvgﬁémggeggﬁgﬁgted 5uts&ge50fa he server

cool i ng rooﬁk@@ﬂuﬁhxough the one or nore ceiling exhaust fans 516; part of

the hot al (@398, £ DRuliboth Mot DAHIGE pAfe S UBTod DRRRRM,darper S 512,

The hot air m XI n drawn to the cooli nsg nodul e 502
and exchangé@lcﬁ’é@a@ﬁW%W%‘ﬁ@dﬁ%‘Gﬂaﬁ@2%?‘1“@%6@“@31“(1“ Bsex et ent er s t he
cold row en@@ﬂwbe,tsbmms&rrlu@wnem'éﬂ@ha&meeaﬂ@hmgfsawmtggrapmloomr air

pressure inside ,in rlor space of the apsul ation structure
506. [0038] “W“F‘i’“‘aﬁﬁ‘bﬁﬁ T e TS “I“%begwc ‘ém‘*’%‘?‘g %14 are open and

the danper s efhuiotiontsiractr Xiéngd ibhendoercka 288 @Idés(ewm‘ﬁmmumugﬁ@e cool air
enters the i, JHEPS B%E@R@&e hﬁc‘gggﬂ,% &sﬁmﬁlsﬂﬁﬁﬂgﬁ@ Hl4, passes through
e sin

t he coollngrm 504, an s to the'interior space of the cold row

encapsul at i W%%mW@PW@H@OGOmFWFW%‘%?@W&l #F¥Evefhe openi ng and

cl osing of be-6leamRenfowshierdNthe Bk B BEintRRLl Sirteeflcitp0Parkienper at ur e
control uni When the outside te @rature reachesa‘%%pgpﬂ]roprl ate | evel,

t he tenper aém'@tef‘fﬁ:ﬁt SGReenin SR eSO 5O FISHRIEFGOR T rs$*514 td al | ow
out si de ai r sdreer €t msldetﬂmmemmaamdldejrﬁseshetchle rgasmpEsgat®t Agmret he m xi ng
chammber 0 BEEYEHY ol Oyl dna Bbf Lﬁgi%tfv@grﬁbltan%ﬁﬁﬁeviﬁakémmﬁé}terl ng the

m xi ng chamber e out sl e t érature I1s too h for the server
cool i ng rooFﬂ@OG‘Of%*ﬁe“@e%@P‘a@ @ﬁi@%ﬁﬁﬁ@ﬁmﬁ?ﬁo@“ﬁ‘f%%@rﬂ?@ ceiling danpers
514 to preve ngm(ﬁcash&uﬂg eBQéatQiﬁItﬁé@iﬁoatnbrelc&ﬁQQchﬁs s@ndheopens up the
danpers 512 t é&gﬁl&g a{mnl cted %ﬁ{lo %he Servers ba%( to the m xing
chanber . Utf?q’%ﬂ rae 8?“’88 CEEPRPTICARtTY Y educes ener gy
consunpt i on2¢&f and atagboc@ntecedto ti@sop surfrce dfihe sold fow epepdlation gooturet he | i qui d
circul ating D I ghpdbpent s, the
openi ng and’)&{%%&% PE%H]%%E’{E%S{HE%&%QW%%@%% t he ongfatl on of the
ceiling exhaukhe %31951@3 gqobngpqdule 3AY. r GAIY eieeeRsFllyORPCOVPBHRTe devi ce such
as a tenper aépbtrumy%&tsre@lerfbbwaiec&mgdasmrhﬁrtf@,h&hddmrb\esﬂwgsa;&wne inside and

outside the server c¢oalin roomatg %erates %‘F ngers and the fans to
achi eve opt PREN TG BT PR FEY PRE T REPIES “["%%1 ] Depending on the

| ocat i on of eichguldédnastoent@ds. hum di ty of the outside cool air may vary.
When t he humg.dit f..the outsid th ide air may have
to be condi mogérle%}%ﬂhfsﬁatf“fwxa %mo It m%fllel\e/%@ ir?gagrtbga g%smr%%w rement for
reliabl e openatuiccii2, (sf:rvfermk%@ﬂ,\peﬁsnexmplhw@hﬁ&eﬂae@rmrmwfa@i{ur ers have

si gni fi cant hy. &aLAaxeHs LRk fe%%ﬂﬁﬂa?%on@&omdm ity Cf)lQﬁnoE&i doftlire operation
of .the server eqU| prent, F ppropriate hum d|t ogaﬁf"ﬁ ent air inside a

data center G“é@?%?“‘é@&@?ﬁ@“‘?"&%‘fﬁ“&‘f%@@ @9“%?T°8 per f or mance and
reliabilityprfedohepoft anEpdls chapalatdat auaeniBer Seivar fsammidembodi ment's, one or
nore humdifier al in.th n 518 to condition
the humi dit {6t §%rga¥wc°“d1£‘%]§ésf°ﬁcgm{df??mth& ?etnﬁrglg?ﬁegftﬁg C I§£Vrber [0041] FIG 6
i |1 ustr at esemapthém sexamp}ld aghtogls dentresr 38er ver cool i ng room 600 with one
-or nor e Cel dog% ﬁé %H&BatgsaaQ%xag?g)@cogIﬁfglrﬂoggle d fu?g C@A‘SZHOME&Q‘ cont rOl S

outside air a mxin , anpers 612 that controls
C|rculatlon*ﬁhmﬁe¥wﬁﬁm4@ﬁﬂ qﬁfﬁﬁﬂ%ﬁtﬁ@mﬁP%ﬂﬁ@d@HQWBQPCG@Q@ In this
enmbodi ment , ploh8e £0ahd ABIMERLASI08 Qdiradn@yitRStRdFati0s Aipdsestithreugni Xi ng chanber
602. The m xi ng chanber 602 is connected to the cold row encapsul ati on
structure 606 via a connection.-enclosure 618. Server rack ports 610 on the
cold row encapsul ation structure 606 are connected to the server racks
608. The servers may be installed into the server racks to achieve a
fiont-toback airflow pattern. The frignt face of the server racks 608
intersects the interior space of the cold row encapsul ation structure 606.
The server fans inside the servers draw cold air fromthe cold row
encapsul ation structure 606 to cool the servers and eject hot air fromthe
back of the server racks.



[0042] In this enbodi nent, the server cooling roommy have two nodes of
air flow depending on the outside tenperature. In one node, outside cool
air enters the m xing chanber 602 through the open ceiling danpers 614 and
is conditioned by the cooling coils 604. In sone enbodinents, humdifiers
may be installed in the mxing chamber 602 to add "Qk§%%5 h@soihe outside
air. The YOr8BrYPed cold air enters the cold row encapsu atlon structure
606 by gravity and generally | ower pressure inside the interior space of
the cold rom1encapsu|ation structure 606. The server fans in the servers
nstall ed o, LR JAGKDARANLO% Gl B ir i BRARLISoE o b QY encapsul at i on
structure 606 & servers he outside air is hot and not
appropriateﬂﬁ@wﬁ@@@wrﬁg4@%rposes t he system operates in another nopde

wher eby t heyg paeT-ls S P8 Gked CanBh @HEREral & anQMdrik de ai r Fl om
entering th %]QP%% 1ﬁjr%anbélr%ﬂ% ' 'Ié 1@&3 ers 61 i O\A?eiver are open. Hot

air inside PR® dgle é&‘aWptﬁfgse?’ﬁdﬂ?l‘é‘ﬁf‘@?ns”tdllféloﬁf'ﬁoﬁ@ SH&HHer t hrough t he
danpers 612ﬁ@mdlemha@gze&nhgﬁblm&mmhe feQftbiidn gf Bodoidos04. | n some
enbodi nent's, an _.e| ectroni n|t rs the te oth inside and
out si de t he® SEPYE" EBSIHGOr (5’0?3’%’ mer&%ons Owev%’ tg%)gogﬁ; e&ﬁgrrpers 612 and
614 and theme;ealﬂompgatemmam@tuot:maﬁatﬁced@p@nmgngmoﬁ&ttm@d%rﬂg iflg® and out si de

tenperature,, nI&i?m%%ﬂﬁv&J&& Q@b&us&@\ﬁ@% ;ﬂlﬁafatés%msfpemabéne; the humdity
| evel of the air I NSl out side the server cooli ng room and

contr ol theseﬁiﬁh‘iodiﬂfglfmmpﬁﬁlﬁ‘ "ﬁ?a%f“lf’éﬁ‘ie’ilfﬁ% %i‘th‘@bfﬂ‘i‘sﬁéﬁ $eRgBRT%i ng chanber
602. h[ 0843] szﬁl“%chzodnbisu&haailﬁlsm& samv;gmmmfmgm ﬂzmli’pex%em thizat is siml iar
‘to the data center server cooling,room s server cooling
room 700, h &fe a&‘B’hﬁraF%tgm}?ﬁ?t B LR ?m erk& coo nfd]?raglnd mul tiple

col d row engpsmprists anmo:shwetohnmﬂs?@@anctmeonewwfée metlﬂglclrfﬂ}}lbethaust f ans

720, one or .,L_;la& g 4185 RO st wBHE;s Bnklddd SlRanbers 716 with
One or m)reﬂgle)l%eet(f‘;]ggé %fg;ngHEFo%/e gﬁ%su sesfvetFj racllis 710. The nultiple

cool i ng nodefodes rgiple §6% S@B’ﬁ%@‘tF@HS 0§ op He sPRIRTR G BHDHTEBY 716 t hr ough

encl osure 7&%@5@&{0){@&&51&@@6@@'&51&@&&180ﬁesWraeﬂﬁﬁ@SI]i’e@erﬁﬁsﬁld‘ye cold row
encapsul ation structures 706 .connect to th ervers 71 he system
operates inP etl\‘}\%“ﬁgﬂ@éhee?gwfrlrfcﬁ%fol”rﬁ}?eéva %mmlf? %’Cﬁ rH,&i pam?g%he}%e mxing .
chanber is teoifed sbyyertdols istlontdsig: iceiidr spazQdf therodahensfipseiioncool i ng nodul es
before entef] I Wa e BGARSHb A fnk 08s &l uct ure 706.
[0044] FIG g%@@ﬁg&;ﬁ%%&@g%&gg%d&g@s%ﬁ ﬁg room 8100 W th one m xing
chanber 802enstrsuliion sFysTue VS FABMP et P &M et SIS EPECEdFes 806. Cool i ng

- coils 804 afy8sd) Al @lkLokild &Jh?sd@rﬁgymgo;ﬁkhaaafbﬁ&m&%es Tmeaqy)aet e operates in
two nodes ‘as |Ilustrated in FIG 818 may

re anppers
open or cl o%¥si¢ER & BTgeed i rf‘%%’“i"'b‘i‘?ﬁ]é‘fgé?clﬁ %00”% P‘?’ié‘rf‘i ‘ersbgff? LQ‘P One or nore
danpers 816semay iVl backt e miging drambol51hotl teicoola meddlaii2om i nsi de t he
server coolin e to ur. | d row

encapsul at i onglglirﬁg’toﬁtrsggcﬁg Ilsélﬁrgour‘f?f{eg é%er%gﬁgg%%lﬁﬁrg %ﬁanber 802

t hrough enctaizrren@2214 AF ppehvdite hidamreRiShgorhartsse chagbeii ed by t he

cool i ng coi él&a@%é?&‘efc%}%r%&%&&ﬁr&%h%Qboﬂngl%&dldt&land:&ked: doRM@Ncapsul ati on
stracturo, 806 through the enclosure 822. However, unlike the server
cool i ng roo?ﬁ"%'&%&’i’“isﬁlclﬂfeé\ 7, no individual cooling nodule is installed on
top of eachjop®hdn B&Wnﬁaﬁﬁaaﬁuﬁ@&dm@dﬁﬁﬁeﬂ@h&lﬁecﬁﬁﬁand'ﬂmjaﬁ@dwmﬁ rack ports
808 on the enclosure of the col (Pé/ gnca &ecpb pon structure 806 are
connect ed t 3 PREXTEFASIPCT AL &g © er(\’/ellrrgjena *be €t dlled into the
server racks:chaﬂs@dbmm@c:!ﬁltevewacmlﬁngmbmﬁb@@kouwWW@W?@&IFP@M& The server
fans insi deep&xgﬁtfﬁr%rs‘{gr%-tghﬂé%o?% Q;téi"s' the Mxﬂ@cﬁz@:ﬁa'@rﬂl@%cydgﬁ'%t)%&m d row

encapsul ation structure to cool the servers an ect t air fromthe
back of thedas@esyéi2 r%&R@ME‘E@ﬂB‘F iR chamiep Islfi‘g’f"’l“é‘t@%c%?t‘?g B8¥her server
cool i ng 1 00802%00e0hdnBesKet: ticp b c6miag éong S0 dsldas 4RO 2nterm the 0olé toiwpl € col d row
encapsul ation structures 906, one or nore ceiling exhaust fans 920, one or
nore ceil.ing danmpers 918, one or nore m xi ng chanber 916 with danmpers 914,
and nmultiple server racks 910. The system.operates in two nodes as
illustrated in FIG 8. However, unlike the server cooling roomshown in
FIG 8, in addition to the cooling qoils 904 in each cooling nodul e 902,
there are one or nore cooling coils 924 installed in the m xi ng chanber
916 as well. The cooling nodul es are connected to one m xi ng chanber 916

t hrough encl osure 922. Air fromthe m xing chanber is cooled by the
cooling coils 924 in the mixing chanber 916 and is further cool ed by each
of the cooling nodul es 902 before entering each individual cold row
encapsul ati on structure 906.



[ 0046] The present invention has been explained with reference to specific
enbodi nents. For exanple, while enbodi nents of the present invention have
been described with reference to specific conponents and confi gurations,

t hose skill eddi n the art will appreciate that different conbination of
conponent s an configurations may al so be used Clh ats will be
evi dent t FAHELE™E or di nary ski I>/I in the art. IS tﬁmﬂ?ore not :

i ntended that the present invention be linmted, except as indicated by the
appended claims. CLAIMS 'Wat is clained is: 1. A server cooling device,

CONpri siNG: o onculariddRr&i %W ggablw aﬂ@lo@t@r A REhOhsi®RRGReARd an exterior
space, the enclosur e conpri si. n& I"'east one 'server rack port configured

to engage asnagecif ths gl ravhREE2NGHEIOB FIsBFE 0P ack- mount ed units installed in the

rack interfpgey %&Aamk%bb&heﬁa R o6 nREs swa@@e;ﬁg kndend dafpdrs Sur f aces
t her eof \/\herel n the enclosure is configured to sutgstantlally seal the

“interior spé@é’“@dﬁi‘%‘%@a@%féﬁ%ﬂ”%Eaf‘c%‘m‘déﬁa"l aix enters e WERIE; ng modul e
attached tOcHahlBerng)ﬁﬁﬁngﬁe bn darspRa|5ed piseds aitrbugh the thding modulers@4.modul e

operative to su cool ai.r ta the N defined by the
encl osur e f?gn‘}"g %h ”ﬁ"fof CCOffthec SRR té"ﬁafne ?gt%%ﬁgﬁcool i ng device of
claim1l1, whpoad rlniolﬁe eaibodileasy the ngenise andesosingclkhepampers $l2gohflidgured to

- substantial |y, GOt 06} ;s Bfpctie EonRE R RPeY 1l ourdaS Bt ACK.
reaches an appropriate level, the temperature control unit opens up the ceiling
dampers 514 to. allow outside air to enter the room and closes the dampers 512 on the
mixing chamber to prevent hot air ¢jected from the servef from entering the mixing
chamber. When the outside temperatute is too hot for the server cooling room 500,
the temperature control unit closes the ceiling dampers 514 to prevent introducing hot
outside air indoors, and opens up the dampers 5‘12 to aliow hot air ejected fron: the
servers back te the mixing chamber. Utilizing outside natural cool air significantly
reduces energy consumption of data centers, as it reduces the need to coo} the liquid
circulating through the cooling module 100. In some embodiments, the opening and
closing of the dampers 5512 an& 514, and the operation of the ceiling exhaust fans 516
are all controlled by an electronic device such as a temperature control unit that
momtorq the temperature inside and cuiside the server cooling room and operate@ the
dampers and the fans to achieve optimal efficiency in cooling the foom.
[0040] Depending on the location of the data center, humidity of the outside cool air
may vary. When the humidity of the outside cool air is low, the outside air may have
to be conditioned so that the humidity level meets the requirement for reliable
operation of the servers. Although server manufacturers have si'gn-iﬁcantly relaxed the
requirement on humidity for reliable operation of the server equipment, the
appropriate humidity of ambient air inside a data center server cooling room still is
important to the performance and reliability of the equipthent in a data center. In
some embodiments, one or more humidifiers may be installed in the mixing chamber
518 to condition the bumidity of the air passing through the mixing chambez.
[0041] FIG. 6 illustrates another example data center server cooling room 600 with

" one or more ceiling exhaust fans 616, ceiling dampers 614 which controls outside air

intake, a mixing chamber 602, and dampers 612 that controls circuiation of hot air

12



3. The cooling device of claim2, wherein the at |east one server rack
ports can be substantially seal ed when attached to the server racks. 4.
The cooling device of claim3, wherein the at |east one server rack port
conprlsesda gasket configured to substantially seal a server rack within a
correspondi ng server rack port. 5. The cooling devic ; 41, wherein
t he coollﬁﬂ) RAGPEE f ur t her conpri ses one or ngre |nt§a@%?gﬁﬁ%%}ls adaptive
to cool anmbient air within the cooling nodul e; ‘one or nore

i ntegrated danpers adaptive to adjust the flow of air in and out of the

cool i ng m)dgnug'lné tgthgm&%{%tcﬁﬂbei’% in B?érﬁﬁo'dl\fr%ntt ﬂe&ﬁ gc‘ails‘ @Rsfation of the

integrated coo a& evice of claim wherein liquid is
used i nsi deirlsh?éedllmdé@}eaﬁlﬁeg dapbas T@B@}x‘%ﬁ%ﬁ“@ﬁ‘t@aﬁr@nmeﬁd 'TH& cool i ng

device of clgj %ncmtgﬂ kiR sbdbieQiAhRHortaapefesianevaerkrol | ed by a
tenperature control I t.

ports 610 on the cold TOW. encapsuiatlon stracture 606 are connecied to the server
racks 608. 'The servers may be installed into the server racks to achieve a front-to-
back airflow pattern. The front face of the sérver racks 608 intersects the interior
space of the cold row encapsulation structure 606. The server fans inside the servers
draw cold air from the cold row encapsulation structure 606 to cool the servers and
eject hot air from the back of the server racks. _
[0042] In this' embodiment, the sexrver cooling room may have two modes of air flow
depending on the outside temperature. In one mode, outside cool air enters the
mixing chamber 602 through the open ceiling dampers 614 and is conditioned by the
cooling coils 604. In some embodiments, hﬁmidiﬁers may be installed in the mixing
chamber 602 to add moisture to the outside air. The conditioned cold air enters the
cold row encapsuiation struciure 506 by gravity and generaily lower pressure inside
the interior space of the cold row encapsulation structure 606. The server fans in the
servers installed on the racks draw the cold air from the cold row e'ncapsulation
structure 606 to cool the servers. When the outside air is hot and not appropriate for
cooling purposes, the system operates in another mode whereby the ceiling dampers

~ are closed to prevent hot outside air from entering the mixing chamber 602. The
dampers 612, however, are open. Hot air inside the server cooling room enters the
mixing chamber through the dampers 612 and exchanges heat with the cooling coils
604. In some embodiments, an electronic device monitors the temperaturte both
inside and outside the server cooling room 600 and may open or close dampers 612
and 614 and the ceiling exhanst fans 616 depending on the inside and outside
temperature. The same electronic device may further monitor the humidity level of
the air both inside and outside the server cooling room and contro} the humidifiers
that may be installed inside the mixing chamber 602.
[0043] FIG. 7 illustrates a server cooling room 700 that is similar o the data center
server cooling room shown in FIG. 6. The server cooling room 700, bowever,

" comprises multiple cooling modules 702 and multiple cold row encapsulation

structures 706; one or more c:e:iliné:,r exhaust fans 720, one or more ceiling dampers

718, one or more mixing chambers 716 with one or more dampers 724, and multiple



8. The cooling device of claim1, wherein the server rack port conprises
one or nore racks on which one or nore servers is placed. 9. A server

cool ing room conpri sing: . one or nore openings whereby air inside
and outside the server cooling roomis exchanged; one or nore server racks

in which qpe oﬁsrnsﬂg%e servers is placed; one or nNopErERRkhiGdevi ces
attached t % € onhe or nore server racks and attached to the one or nore

a|r.|ntakes, each cool i ng devi ce conpri sing: an encl osure conpri sing at
| east one server rack port configured to interface with one or nore server

racks, the eng: asuHrgo et} hlﬂlhﬁlgc&&ﬂvé] oRlel 02 SRBERcBNE dleifXd €ri or space
within the server_cooling roo ere cl osure onfi gured to

in the_en
subst ant i al FirmberAL6 thepueh elepygi?Zs é‘aF]fB‘?ﬁstﬁ%"n&eteé?l?SB?e °§%‘éoe
cool i ng nodubieroatdnaphdtol Qrubhies MBChMB teht ferars &Rl Tesyehat | on, the cool i ng

mdul e oper alive | o suBpLYy£08l. R foLe KDEekBShkalcskaAgE dofined by the

encl osure f oM op surface o osure; erein the cooling
modul e conprecdddy recoding erfs i it e@peﬁtmqw@gt@dslaqdwfwe@@mgeaw to the

interior SpagRidual cold row encapsulation structure 706.
[0044] FIG. 8 illustrates a server cooling room 800 with one mixing chamber 802 and
multiple cold row encapsulation structures 806. Cooling coils 804 are installed in the
mixing chamber 802. 'fhe systern operates in two modes as illustrated in FIG. 6. One
or more ceiling dampers $18 may open or close depending on the temperature of the
outside ait. One or more dampers 816 may open or close to control hot air circulation
inside the server cooling room 800. The top surface of each of the cold row
encapsulation structures 806 is connected to the mixing chamber 802 through
enclosﬁre 822. Air from fhe mixing chamber is cooled by the cooling coils 804 before
entering each individual cold row encapsulation strocture 806 through 'the enclosnre
822. However, unlike the server cooling room shown in FIG. 7, no individual cooling
module is installed on top of each cold row encapsulation structure 806. The server
rack ports 808 on the enclosure of the cold row encapsulation structure 806 are
connected to the server racks 810. Servers may be installed into the server racks 810
to achieve a ﬁ'ént—to—ba.ck airflow patiern. The server fans inside the servers draw
cold air from each individuai cold row ehc'apsu]ation structure 806 to cool the servers
and eject hot air from the back of the servertacks.
[0045] FIG. 9 illustrates yet another server cooling room 900 with multlpie coolmg
modules 902 and multiple cold row encapsulation structures 906, one or more ceiling
exhaust fans 920, one or more ceiling dampers 518, one or more mixing chamber 516
with dampers 914, and multiple server racks 910. The system operates in two modes
as illustraied in FIQ. 8. However, unlike the server cooling room shown in FI(h. &, in
addition to the cooling coils 994 in each cooling module 902, there are one or more A
cooling coils 924 installed in the mixing chamber 916 as well. The cooling modules

~are connected 0 one mixing chamber 916 through enclosure 922. Air from the

mixing chamber is cooled by the cooling coils 924 in the mixing chzimber 816 and is
further cooled by each of the cooling modules 902 before entering each individual

cold row encapsulation structure 906,

14



10. The server cooling roomof claim9, wherein the at |east one server
rack port is configured to interface with the one or nore server racks
such that a front face of the one or nore server racks intersects the
interior space. 11. The server cooling roomof claim9, wherein the air

i ntakes c {0@%05%% | east one danper responsive to aﬁ.&ggg&%g&e control
unit. 12. e server cooling roomof claim9, wherein each of the one or
nore servers conprises one or nore cooling fans operative to draw cold air
fromthe interior space and exhaust air to the exterior space. 13. The
server cool i r f. .claj i . pne server rack port
is confi guré@g?}oﬁgn%%fl falﬁ‘felggﬁh% %e%%g%%%&gﬁé%ﬁ({egﬁ%%??phery of a 'ser\F/)er
rack. 14. Theebwiapepsy Ferssinmin whidrommbedimentyif the PBsenpieqnBerhayangetht t achnent

bet ween t he 4§8HnLe With REdfshcedd Ipeeiie cHoNBEs ahPkfiRdibs, thése Silkt@Nt i al Iy

seal ed. 15. The server, cooling roomof claim114 in the at |east one

] er
server rack 5T ILBRIGTIE Sat diticent gaappinginnef eRPatrFals 3ndGop PFally seal a
server rack may klki 52 weedC Otifeeayiotiticny wilte wedent @ closlotdinatyGkill e ser ver
cool i ng room, of i ¢l S ol PESOR A IR L L Lher compri ses one

; is TefUrdlL Hot ; .
or nore integr ated cor sma%’aptl Ve 10 Cool anbrent air wthin the cooli ng

nodul e: indicated by the appended claims.
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one or nore integrated danpers adaptive to adjust the flow of air in and
out of the cooling nodule; a control unit operative to control operation
of the integrated danpers. 17. The server roomof claim 16, wherein liquid
is used inside the integrated coils to cool anbient air. 18. The sewer
room of claim 16, wherein the intqg@&bﬁg danpers are controlled by a
tenperature control unit. 19. The room of claim9, wherein each of
the one or nore air intakes is connected to a plurality of the cooling
devices. 20. A sewer cooling nethod, conprising substantial l'y
encapsul ating an interior space having at |east one lateral portion
definqﬁhgxs&gﬁkkngnt face of at |east one server rack, wherein the at .

| east one sewer rack conprises one or nore sewers nounted therein, wherein
the interior space is substantially sealed froman exterior space; and
introducjng a cooling air source fromthe top of the defined interior
space mhlarg}ﬁ?r‘t’q{éo‘élﬁg@ﬁﬂ%?@nﬁfmis mounted in the server rack includes a

cooling an enclosure defining an interior space and an exterior space, the enclosure

comprising at least one server rack port configured to engage a rack such that one or
more rack-mounted units installed in the rack interface with the interior space at
respective front surfaces thereof, wherein the enclosure is configured to substantially
seal the interior space from the exterior space; and

a cooling module attached to the enclosure in a sealed relation, the cooling
module operative to supply cooling air to the interior space defined by the enclosure

from a top surface of the enclosure.

2. The cooling device of claim 1, wherein the at least one server rack port is configured

to substantially conform to an outer periphery of a server rack.

3. The cooling device of claim 2, wherein the at least one server rack ports can be

substantially sealed when attached to the server racks.

4. The cooling device of claim 3, wherein the at least one server rack port comprises a
gasket configured to substantially seal a server rack within a corresponding server

rack port.

5. The cooling device of claim 1, wherein the cooling module further comprises
one or more integrated coils adaptive to cool ambient air within the cooling
module; |
one or more integrated dampers adaptive to adjust the flow of air in and out of
the cooling module; and

a control unit operative to control operation of the integrated dampers.

6. The cooling device of claim 5, wherein liquid is used inside the integrated coils to

c0ol ambient air.
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fan operative to draw cooled air fromthe cooling air source fromthe
interior space and exhaust heated air to the exterior space. 21. The

met hod of claim 20, wherein the server rack is attached to the defined
interior space. 22. The nmethod of claim 21, wherein the attachnment between
the server rack and the defined space is substantially sealed. 23. The

met hod of claim 22, wherein one or nore gaskets are used to substantially
seal the attachment. 24. The nethod of claim 20, wherein the cooling air
source further conprises one or nore integrated coils adaptive to
cool anb¥enkthegiopling ddvice afledaino Whegimttdihegrated dampeese 66ntralled blylra_t egrated
gggﬁfgg adqg%h&%mkgu%%bv%ktthe flow of air in and out of the cooling

8. The cooling device of claim 1, wherein the server rack port comprises one or more

racks on which one or more servers is placed.

9. A server cooling room, comprising:

one or more openings whereby air inside and outside the server cooling room

is exchanged;

one or more server racks in which one or more servers is placed,;

one or more cooling devices attached to the one or more server racks and
attached to the one or more air intakes, each cooling device comprising:

an enclosure comprising at least one server rack port configured to interface
with one or more server racks, the enclosure defining an interior space and in
exterior space within the server cooling room, wherein the énclosure is configured
to substantially seal the interior space from the exterior space;

a cooling module attached to the enclosure in a sealed relation, the cooling
module operative to supply cool air to the interior space defined by the enclosure
from a top surface of the enclosure; and

wherein the cooling module comprises a cooling unit operative to supply cool

air to the interior space.

10. The server cooling room of claim 9, wherein the at least one server rack port is
configured to interface with the one or more server racks such that a front face of the

one or more server racks intersects the interior space.

11. The server cooling room of claim 9, wherein the air intakes comprise at least one

damper responsive to a temperature control unit.

12. The server cooling room of claim 9, wherein each of the one or more servers
comprises one or more cooling fans operative to draw cold air from the interior space

and exhaust air to the exterior space.

17



means for controlling the integrated danpers. 25. The nethod of claim 24,
wherein liquid is used inside the integrated coils to cool anbient air.

13.

14.

15.

16.

17.

18.

19.

20.

The server cooling room of claim 9, wherein the at least one server rack port is

configured to substantially conform to an outer periphery of a server rack.

The server cooling room of claim 13, wherein the attachment between the server racks

and the server rack ports is substantially sealed.

The server cooling room of claim 14, wherein the at least one server rack port
comprises a gasket configured to substantially seal a server rack within a

corresponding server rack port.

The server cooling room of claim 9, wherein the cooling module further comprises
one or more integrated coils adaptive to cool ambient air within the cooling
module;
one or more integrated dampers adaptive to adjust the flow of air in and out of
the cooling module;

a control unit operative to control operation of the integrated dampers.

The server room of claim 16, wherein lquid is used inside the integrated coils to cool

ambient air.

The server room of claim 16, wherein the integrated dampers are controlled by a

temperature control unit.

The server room of claim 9, whetrein each of the one or more air intakes is connected

to a plurality of the cooling devices.

A server cooling method, comprising

substantially encapsulating an interior space having at least one lateral portion
defined by the front face of at least one server rack, wherein the at least one server
rack comprises one or more servers mounted therein, wherein the interior space is
substantiaily sealed from an exterior space; and

introducing a cooling air source from the top of the defined interior space

wherein the one or more servers mounted in the server rack includes a cooling

18



21.

22.

23.

24,

25,

fan operative to draw cooled air from the cooling air source from the interior

space and exhaust heated air to the exterior space.

The method of claim 20, wherein the server rack is attached to the defined interior

space.

The method of claim 21, wherein the attachment between the server rack and the

defined space is substantially sealed.

The method of claim 22, wherein one or more gaskets are used to substantially seal

the attachment.

The method of claim 20, wherein the cooling air source further comprises

one or more integrated coils adaptive to cool ambient air within the cooling
module;

one or more integrated dampers adaptive to adjust the flow of air in and out of
the cooling module;

means for contfolling the integrated dampers.

The method of claim 24, wherein liquid is used inside the integrated coils to cool

ambient air.
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