WD 2010/ 123662PCT/ US2010/ 029360 COLD ROW ENCAPSULATI ON FOR SERVER FARM
COOLI NG SYSTEM TECHNI CAL FI ELD The present disclosure relates generally to
cooling systens for data centers. 5 BACKGROUND The rapid growt h of

I nt ernet swymneesssauch as Web enail, Wb search, Wb sp¢tBUbmstdgs and Wb
video sharing is creating increasingly high demand for conputing and
storage power fromservers in data centers. Wile the performance of
servers i s inprovin t he power consunEtion of servers is also rising
despite eff Ié)RQv$ENﬁ@W TOREPRREBYY BRE ARMar @B LENE SN EM For  exanypl e,
one of the nost w dely used server processors, AMD s Opteron processor,
runs at up to 95 watts. Intel's Xeon server processor runs at between 110
and 165 waE(SINIPAGJEEEBrs are only part of a server, however; other parts

|0 3 server sush i 8A061RASSSANNIBAIILLLADR. dRYEL s 15Ser ver s are

typically plac racks 1n a are vari ety of physica
configurations for racks. A typical rack configuration includes nounting

rails to i iple units of equiprment, such as server bl ades, are
nnunte% aﬁ%“%p%géé%tgertically within the rack. One of the nbst w dely used
19-inch rack i $harapidancashdif iteknstyssivadds fih aBTWUB oG, SHbI sparentweich as 1U or

2U servers, One rac it,on this type 20of rack typically is 1.75 inches
hi gh and % b%&%@n@“e’%g.worsa%fwgﬁﬁaﬁ%% %ﬁacsm(gﬁmh derahtOt hat can be

i nstal | edchm @mg ah@6tEradB bbwérSir R SEFRRL Y HBSIARAL 8FhiRSHha plitb BB I n data
centers, a s?an ard rack is usually densely popul ated wth servers, storage

devi ces, S§@VeeBaBproyig Be rowreoprptionsf farers sqliopine despife sforteidat a
centegg, @ﬁ% E e . Acr if to reduce
noise}§25ksgg?§§§en e%gé%%%ggﬁ%g §§g§r%%Fﬁ%%?ﬁ%@%ggﬁggbggﬁggfg t enper at ures
and hum distryerfppocessets, AbII2’ s lpeerat propessdr, tuheatserw €6 svattespedisd{doy for fanl ess
servers. The power consu

X T W T e R A
watts. Ass@vérehdildver; el Sirtsiae k&veancPisaiss deicys apbendidadiad heat | oads.
The heat ggggipated by the servers in the
15 Servers are typically placed in racks 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
system for mounting equipment such as 1U or 2U servers. One rack unit on this type
20 ofrack typically is 1.75 inches high and 19 inches wide. A rack-mounted unit (RMU)
server that can be installed in one rack unit is commonly designated as a 1U server.
In data centers, a standard rack is usually densely populated with servers, storage
devices, switches, and/or telecommunications equipment. In some data centers,
fanless RMU servers are used to increase density and to reduce noise.
25 A data center room should be maintained at acceptable temperatures and
humidity for reliable operation of the servers, especially for fanless servers. 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
30  racks is exhausted to the data center room. The heat collectively generated by densely
populated racks can have an adverse effect on the performance and reliability of the

equipment in the racks, since they rely on the surrounding air for cooling.



30racks is exhausted to the data center room 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 suw@mmaizg:zair for cooling. Accordingly, heatrogusamenizeieati on, air
condi tioning (HAVC) systens are often an inportant part of the design of an

ef fici ent A8@k@n89MeBling, ventilatiof), &Y Rdr@dlondBY AR QseiRORS UFBSarl0 to 40
megawatts of power. The mmjori ty of energy consunption is divided between

the oper abinoarifpasef thsidssianaf KBSy iSeBENeEHVAC syst ems have been
estimted to a&g}%lﬂdlﬁ thQEen@&tC%ﬁlcg§0rtcp4(ﬂlge Watt§ ov&fr @Qé"ﬁﬁ joH&&fl N data

centers. For ta center that consunes nmega ts of povver t he HAVC
syst ens mrgymmsmmtabﬁ ig diviled hegaewthe gp@at!qmmﬁewvetslagch}lﬁ/mééwtemst savi ngs

can be5 acm\@s ‘p XIS ave beerlx QQ matgd t%l gpc;[ung t% t@vgens%s t%%r e@cegx QF thods that
use rpl e tS

reduce ener gy e, reducing POWET surrp on of HVAC
systens 1ffwepnnslin dpﬁrceﬁazts IFOr d@atpeém@nhatoénspﬂmeﬂo msga:bvattn ofladveercent er s

transl ate saving of 6 t enough to power
thousands%S%“&r@gr”éfé?’i‘%sifﬁ?y ‘F?é‘ﬁ‘gg ﬁ}Na lésrﬂ%ﬂaﬁp ﬁ‘{pé’?vef o%ﬁ’;u%g ‘é’ﬁ? racks are
typi cal | ysadvitigh cQiMe deBict @Sy Willzhhealti @eMabilng ssabds adnéibédsahsl es bet ween
them Al servers are installed into the racks to achieve a front-to-back

ai rfl ow pedeeraieigiase. diarsaerinarducsrdle BywericRspgheR AeH ¥ HLFYISTF owns,
l'ocat g i ﬂoﬁqrﬁ%%rcglfﬁ b g géx@&? of er%s@c?h%a&%ﬁteﬂlﬁtanglgt@&% a{nlﬂg ohigt rows

behi nd the rac A ral roomdesign i s connon use
accommdamegmtt&nﬂmelrmchas ﬁnthglattcr p@mrltmswlsp‘émldvm@} borc@ol ed air is

suppl ied thr OUI%% aé% e tf:} 1Q)o¥nh er(zéarl 5((3 aIe tglgaalfy I%Q%uE ﬁ%o&rgl;v% ai sl es. An

i mportant factor ¢60 cen I'S to manage the air
alternating cold and hot azsles between them All servers are 1nstalled into the racks

to achieve a front-to-back airflow pattern that draws conditioned air in from the cold

15 rows, located in front of the rack, and ejects heat out through the hot rows behind the
racks. A raised floor room design is commonly used to accommodate an underfloor
air distribution system, where cooled air is supplied through vents in the raised floor
along the cold aisles.

An important factor in efficient cooling of data center is to manage the air

20 flow and circulation inside a data center. Computer Room Air Conditioners (CRAC)
units supply cold air through floor tiles including vents between the racks. In addition
to servers, CRAC units 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

25  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 units. The CRAC units cool the air. Fans powered by the
motors of the CRAC units supply the cooled air to an underfloor plenum defined by
the raised sub-floor. The pressure created by driving the cooled air into the

30 underfloor plenum drives the cooled air upwardly through vents in the subfloor,
supplying it to the cold aisles where the server racks are facing. To achieve a
sufficient air flow rate, hundreds of powerful CRAC units may be installed
throughout 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



20fl ow and circul ation inside a data center. Conputer Room Air Conditioners
(CRAC) units supply cold air through floor tiles including vents between
the racks. In addition to servers, CRAC units consume significant anounts
of power w3 wed/i2366ne CRAC unit may have up to three SPEUSEPEREI00 MOt Or S
and up to 150 CRAC units may be needed to cool a data center. The CRAC

uni ts col ieetd Rk RREIS WNBackid Mhkiceant babligmints flobr geawelly ishigh dat a
center. For exanple, in a data_center room%ylth hot and col r.ow

confi gur a9k canbng afficeneosrneiRly Fdewidyade PefiGshHr BOYCrnt PRe st 1 ow and
circul at egt &n%el? ?oo% b3, thel 138atfRAC N dof v&RNeqliR cieful pﬁﬁﬁ%ﬁ powered by

the nmotors of the CRAC units supply the cooled air to_an underfl oor plenum
defi ned tfiquulgboméhes@@gsalhjiffqnéfé‘lFCflOth’éthpldé%frmf@r te PEAEEShOy S IER] t he cool ed

Sont s b BEy I MIEL-00esR) 804N lat6R e pBRLE T BhdnalpiR LMot | 1Y ouah

vents in |ng|t to't ai s € the server
racks are facing. To achieve a sufficient air flow rate, hundreds of

power f ul %@H% may be installed throughout a typical data center room
However, C units are generally installed at the corners of the

data center rom®présbedifiveatibd pzbyldt:@sﬁfefris@h@ Rlethydd diescedse cfictent f | ow rate is
negatively inpacted. The cos a raised. flo erally is high

f | di n
and the ctwlipsgl &g ?eéfeé%‘ff@er@g‘?gﬁﬁ%’f@ moyn Q)W%%m%b? H’éﬁ[liﬁge@ﬁt air novenent

i nsi dgy t he, Galia hRbiBlent, AR Bresbh idddhibh ﬁ%md%&"@cél@@tﬁif bApefatione floor vents
requi res careful planning throughout the design and construction of the

dat a cent sructuge pIMRIVISHIE a6 $’€t011€F@i‘&%T@QWW“@S@%‘I"W‘&TW“ RENFI%g tiles to
fix hot SO se&%pra% aQ:régl r‘%tilqg %1%5(%1%9{89&% tﬁéﬁp%ﬁﬁ% oy e UMMARY The present
e irect

i nvention provi des systens a to e f|C|ent cool i ng of
dat a cent @rcgpaheive staires$he ac*#er mﬁmbﬂ@lars epMegusedrimyndsec itiseakl ed. In a

10parti cul th sent ventl Rr QVi ol d row
encapsul a{%ﬁﬁ@ﬁl&tﬁ?@%ﬁ Ialrgci O%ﬁtﬁ "g““fwt%geg servsgrsjérr%(é port configured

to i nferf aeefvt With @REnRfioNRPE® REMYEPy thaekld ramdnapadalonsgueogullie connect ed
to the top surface of the cold row encapsul ati on St?' uctur The server rack

ports ar eSERMTREAGIBEN'S Serasdaga PPHL Akl U6F rapisars Ny FopRte f front face of a
rack- nou n&%pé‘&id?or s@aﬁfn@lgla%ts't@ rdd&e SEleHBIze iAE Kfd out of the cold row

encapsulation structure.
Some embodiments of the invention utilize one or more auxiliary fans to draw

20 cold air from the cold row encapsulation structure through the front face of the rack-
mounted units in the server racks and to eject hot air from the back side of the rack-
mounted units. In some embodiments, the one or more fans may be enclosed in a fan
unit and operably attached to the server racks to draw air from the cold row
encapsulation structure to cool servers installed on the server racks. Some

75  embodiments of the invention obviate the need for raised subfloors, and the fans and
other equipment for forcing cooled air into an underfloor plenum. In addition, some
embodiments obviate the need for rack-mounted units, such as servers, disk arrays,
and the like, to include internal fans. In other embodiments, the fans of the cooling
system can be used as an auxiliary or supplement to the internal fans of the rack-

30 mounted units. The cooling module installed on top of the cold row encapsulation
structure 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 module.



15interface with the interior space defined by the cold row encapsul ation
structure. In sone enbodi nents, server racks ports and server racks are
tightly connected by clanps and/or sealing gaskets to reduce air |eakage
into and out of the cold row encapsul ati on structure. Sonme enbodi nents of
the invention utilize one or nore auxiliary fans to draw 20cold air from
the col d row, BAEaRBAHiAEL @RS pFddGlt i Rntidd, BlegRstbiadd mathodsagedivdctddhe rack-
mounted units in the server racks and to eject hot air fromthe back side
of t he doakine kasahtiesidethe data canter sEHE cORtREIOMBITIEIOU REOBHE AT E1-f ans may be
encl os Q.- nj r : I o draw
air frg%e!té{l}e@g%?%i ?56%%3%%8%?5?%% dg%i% glg{aﬁgéécggmc}%glé&%gﬁngr@&ﬁgdal | ed on
t he seramemtaratksoldSowen@pswativodgimemedhongh frevithasithe brvepbressre t he need for
rai sed subfl].oars, and.the fa an t her I nt. foryforcin oled air
into ancr??%fﬁfelp?lfi%gﬂ? I%F%O g Celoﬁﬁ‘a%&?‘} ]ri(())‘cp)vne,}‘“lca ggrriéh(gn%ﬁfmn% s %6 ¥ Feg%aggt he need
for rackawouldtagdhiengh the raliahomsedssity Brthe sV @ kadks caysctedindht brdd kivke, to
include internal fans. In ofher enbo(ﬂi.me;ats,. {Ihe fﬁ?s of t?glﬁcool i ng system
can be FEMuREOnFrustiEs fojcqpl the serigrn Ficheiest Hot it o hefiagk e of BSSTEF the 1 ack-
30mount;geksURi doshe MR AGEGIH, PG ARIMERNEIBSIAN [a68h aRitt op of the cold row
encapsul ation structure cools the hot air through cooling coils installed

i nsi de nthes eabpdigents @tithe present svsalianBsdyvens ad mehedsiaydye PEit%ked i nsi de
the coil s.: : j, t : J Ryl In
one. eniSeai e E T RS e L R R Rt cPeranay

di r ect éd conraied by agethprtrataiercontng judié andhepeded wp when &e ogleide &gmpssiieng r oom

wi t hout i ntroduci out si.de~aj r. T ik r. based

cool i nde%‘gﬁ ¢ f‘lﬁéﬁ‘%gwﬁ‘éa{%eogﬁ%dﬁ 3‘%% hegetée gﬁﬁs‘gﬁ%%g%g%géfqgﬁo\rﬁ@éneer s the cold
row encapsiy abdwairstalleCsntop of the ooldhog easiptylatamdtriitteredl Oneor porsiBar e cr eat ed

inside fhe interi.or. space of the cold row encapsulatign structure. One or
nor e féf*i%w fl}?a‘ii?f Gl O]Qitﬁe ?%‘?%T’PC@P%&E’FQE ﬁ@f%ﬂfﬁ?lg%f e gEhaufied ﬁ}eghg erver racks
connectkidebyt 8 c6ifhge Vs FREARSShRdnMAddBIdhtC lolbbBird GhCaokutdia teafiver s and
eject hot air fromthe back side of the server racks.. In sone enbodi nents,

the fangthedatacspiensadr pepliag Foom, gsneeially whe the pulsidp 8 fals i @egths he present

i nventi : St i I X ; I lisai r to cool
e ser R B B e Ty b
cont r oldoaditiby the: cusdperiainneeent perrs, bbweverimamdhcopen efisanyer aiidpmetidavut si de
tenperat ure rgaches.gertain,thre. i i s the data
center Sé%l(lﬁ cﬁgtzgléesw(t rﬁbel%l Hn@;%xtlgg%%}?%{gs %%éd%ﬁgch%ﬁfé)%giqfae(g}a%%&?%giof the cold
row encapsuhatdrdingad thecfingt speddoétherpreeneintansondthaw it peovedddd ssiver f r om t he
cold row ncgpsul ation.structure. Hot .a{hlr?gi S exh%%sted to.the out§i de by

t he cequPﬁ@g R SPIPREHER 20 SO I SR &G SRRSO BE P HBAFS St ur e i n
the ai reohifpritéier el fort ESHIRIr&IAb bREa e QOhEINA hOID and St alddylewpeatithie out si de
air fails to neet the operating requirenments for the servers and ot her

equi prEASUPTREACHNE Aig Fstheriferige srise definpdiiar ERFFIITE TRRKUBFHUNEPREON 1 T ecent

years, ﬁ&%&ﬁés&‘ r%ﬁ%ﬁ@éd‘ﬂnﬁg Sis@flePREMET wBSW RABALK ﬁ%\ﬁgagﬁzﬁg@i}l@ sgat |y
rel axed the humdity requirenments due to technol ogi cal advancenents.

Accor dimgk pat sk tifal respectisplot fases offthe prawanare raskemuingd unithikefacg wikovi ded a
server GoRkdNY SXShEMea PO GRIAGAM IR REHELeadiPEEL Bpd-Aifly EORLES Ur €
defines an i nterior spac and conpfises a rack port co |gu¥e to engage a
rack; aoceptdtivg ranthees ofitiegneod mose faplessatdkvieotdedsuniip koydrewalrifrogn tier t o t he
interiaor sgace defi gﬁ%ﬁ% t he enﬁcI%surelé a r?%k itncl udi ng one or nore

f anl essCHREEP & i°D& O WA FEE PREFEY WP ei n the rack is engaged
in the servakcédtl poid sesdichashbbatof trRSReEhi MeedtiodNihefsie sovidedid@rane or nore
rack-mounted units interface with the i gteri or sgg_,tce defi ned by the

encl osHOBIINGHIEh EOBPriTRE B WEGPYTRGVIEHE tesarlaniry denes il BEFIOp SIS féCt i ve
rear facgslls 4 A8k PHe cOkfi FREP ol BPARSSrabiBGK0 SrRn i Hgtfodu®e SPepitivai r from
the interior space through the one or nore fanless rack-nounted units.
Accor di tagupmy edrdingairdén theagpe spast defiecdydbescliswgentarlomcludiggroac s provi ded
a_ser vehofGRlia%. JURLER GATRIIAEBoR, SREARME Bl 1BLALA if R JBRE OSur e
defines aninterior sSpace and conprises a rack port 6 |gure§ to engage a
rack; araclopdrt sigth dlred raspociting fromdades obihe pag drveore vackupginyedamas ingyfaae witho t he
interior space defined by the enclosure; a rack including one or nore

fanl ess rack-nmounted units installed therein, wherein the rack is engaged
in the server rack port such that respective front faces of the one or nore
rack-mounted units interface with



the interior space defined by the enclosure; and one or nore cooling fans
operably attached to a top face of the enclosure to push the cooling air
into the interior space and out through the one or nore fanless

rack- nted units According to a third aspegt of the present

| nvent 1B erREREcT defipbby Hegndosisk s Qug of ity eobRERps sy kiRt

encl osus g topHh&s it dndtRs @8 el BBk e ddeliidw@sinfnhé et Pacsariont tfchghdipr i ses a
rack port configured to engage .a rack; a cooling and m xi ng nodul e

oper at 908 of BOSUPPES rRSINPHECRIMSt 0 the interior space defined by the

encl osure; & ddfdng 3c Ut REHRNSE BE pARER ihAMtiBE ShEdEKpa0IMRY §devali t'S
installed therein, wherein'the racE is engaged in the server rack port such

t hat r esplng systemf eamirisingca sndesurqehgive be erdgiResrip imieeds spaseesd i nt er f ace

with t [ i ' r.e: r e, cool i ng
fans onSFuBrS sl AREg R A rdtie h A REL AR o B o B T i g
nmodul e tb supplisdvotihgaic wahé meprai spaca tiefinddebyi the endlosurs paee iaclddiogbng éir ough t he

one or nor anl ess rack- npunt its. . +.According to f ourth aspect
of °t he TRE IR b R e r 8 Rl e LB P ERs! Pl 1iod

conpr i shikgrostst MatregplebtycdRaafasdlodthege anmobfitredki-abudahatts hasitieg wih | east
one |l ateral portion dgLin d by a frogt face of at IFast one rack, wherein
the at eriopmacs iR Sk PRESSUEHEANE MR} BOFLP B TP HeIeT nits

i nst al ligdnd HGh&E Bide kS FUHE LN @arf DBl imSdillc P B LoIHERRIMo @ROl i Ng ai r
to the defined space; and operably attaching one or nore cooling fans to

r espectibtggorrspage apd ewishiongh the cgner Brorerfaniess savkeseuntetbikiifount ed units
installed in . I I; j Lomt he defined
space throudﬁ&gﬁ% %@§§§h%%$§m{?ﬁ#%égmgggﬁ@%gﬁﬁﬁgﬁk5%??2#%dBS The

f ol | owicoglimtehethbd donipsgng plbstentially gatapsrlativigtan intheorapase ipany etdepstiorewi ngs wi | |

Grrboat neReLear ot g BLRRPR Tl SRR RSt P B s

FI G 1 dompésdioagbafosddwniesgraginuatgdlmite tlsthiledheeiappaudringareostifgict ure and
an exanpl e cool i ng nodul e, FIG 2 is a diagramshow ng an exanple

col d r oW SCHEESHP Fic‘é)ﬁm@tai“&%ﬂiﬁrd@ﬁ%ﬁdtsﬁaﬁen%‘@g‘%pﬁ’f fhds OFLERE™and an

exanmpl eeRe) f:R%o MR R rear faces of fle@ne 3r hidrPfafllcRAHAMMMSHAV Mdtsdmstgranp| e col d
row encapsul ation structure with integrated server racks, an exanple server

pl aced thhatdenst oyt radketo deaw,/Be coding §ir fipmtthe deféned wpace threwah theyonesy graae
FIG 44 [ i ng an exanple server and a fan unit that draws
hited T AmARRY

cold 5air co an exanpl e cooling nodule. FIG 5is a
di agr am sholhapllawingdampiddaeripgion trgeder wigh theacooylanyige drevmgwintith a col d row

encapsul at.i,on ructure...a ¢qoli | e... exhaust n e.r0o0f, and a
i xi o RRaHEBP s HRletgih ot AR MR B OBt Bt BbiRS IS

ci r cul agreent inkbiGion6 i s a di agram showi ng an exanpl e col d row encapsul ati on
structure, one 10 or nore server racks with one or nore RVMU servers, and a
fan unit conprising one or nore fans attached to the server racks.

FIG 7 is a diagram show ng an exanple cold row encapsul ati on structure,
one or nore server racks with one or nore RMU servers, and a fan unit
attached to the server racks through one or nore tubes.

DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram showing an example cold row encapsulation structure and
an example cooling module.

FIG. 2 is a diagram showing an example cold row encapsulation structure with

integrated server racks and an example cooling module.

4a



15FIG 8 is a diagram showi ng an exanple cold row encapsul ati on structure,
one or nore server racks with one or nore RMU servers, and one or nore fans
operably attached to a top face of an encl osure. FIG 9is a

di agr am shaniongiasszexanpl e col d row encapsul ati on st r updTEEIEALBOr nor e
server racks with one or nore RMU servers, and one or nore fans operably
20at t ached to piyes QU Shgemls86088c ah cteoi6 81 rdvevhapRiBRisH k@didned wethr uct ure.
DESCRI PTI ON OF EXAMPLE EMBODI MENT( S) The foll ow ng exanpl e

enbodi meriftserirg Server vacks pe exanig €t B EEFhiensed thel SPvet 1Pee®S 4% conj uncti on
W th appag&&g&e&oﬁ 1,Rgds. and systems which are nmeant to 25be illustrative
exanples, not limting I n scope. FIG 1 illustrates an exanple

cool i ng nodul &FIG08 isndiagmmehawipk en exdanple savernndpsan wititen dervsgeldur e 106. The
cold row encapsul ation ructure 1 y have a frane, panels, doors, and
serveré)r a%kcoﬁgﬁog?&%%neéf)}\%nrp?er%gﬁn %r?ﬁ?s an opening on the cold row
encapsul at i on BHGt 86 adiegri@®Ghbhiap an axaniyde dannectdracvticoalisproesrwittack. The

col d 30row encapsul ation structure 106 be, made of var. et,y of

at er i al S UL RS apRTOnbIS Nk TP R Bay Boe KPP o ¢ hat
create a ous AemBel With Bmpds hal @hirelk 1ERACRT bChwtiongiralrcdl@ast one server
rack port that _allows rack nounted unit to interface with the interior

space. |n some1Enbéuh Feses sho B2 EB R FRIGCUA D STABTH BN STRUEEE 106 may
be moypt ed. giL @&R/%:r)/raél& thiﬁfaor{el0?9{0réﬁmﬁ&?ve?§?%d19fdh$ﬂﬁﬁ%gmh:i§% ofeSorf €quired in

a data center cooling roomtfor cooled air. e cooling nodule 100 may

be | ocat edomrfanyrostheddnéy sorvet wpksof t he col d row encapsul ation structure

T o R 70y RErah R SHE LRGSR LIA SOL S RAIRR ARG Al of

structure 106. e co0 no onprises one or nore cooling coils
102. Li quirdng@rasaivagatizsiideortche noooRMigscoaird, snd 8 2aniumitegaedied @ thxchange heat
with relatively hot air passing through the cooling nodule 100, thereby
cool i ng t IfEVeRFgcks ﬁﬁo‘tgh‘é’ngﬁf)’a’ﬂfeﬁjé the cooling modul e 100 further

conprises an epi¢, @3dM Giabraf éﬁ@wﬂfgiaﬁi&x&ﬁﬁﬂe eolalrbwen@pidlgiohQRuane, dmcat ed. The
cool i ng nodul e encl osure may have one or 10 ngre openi ngs 104 through which
air ent er Ot RECSAEITEEHVIt onecs more RYBURHERS $1d PROT BRI FGSPIBUY nay conpri se

air filtegs 8 G09H:-00r Pkl Sencl osure may have one or nore openi ngs
connected to the top surface of the cold row encapsul ati on structure 106,

t hrough whi ch Behiingdiaguinshawimgarickamplhecldsow cngPrbtionsirarideetiter s t he
interior space defined by 508, ¢l IrIRYENGARAY AL &R0 Bi¥ Chataly

20  attached to the outside faces of the cold row encapsulation structure.

DESCRIPTION OF EXAMPLE EMBODIMENT(S)
The following example embodiments and their aspects are described and
illusirated iﬁ conjunction with apparatuses, methods, and systems which are meant to
25  be illustrative examples, not limiting in scope. |
FIG. 1 illustrates an example cooling module 100 and an example celd row
encapsulation structure 106. The cold row encapsulation structure 106 may have a
frame, panels, doors, and server rack ports. A server rack port is an opening on the
cold row encapsulation structure 106 that can be connected to a server rack. The cold
30  row encapsulation structure 106 may be made of a variety of materials such as steel,
composite materials, or carbon materials that create a housing defining an interior
space including at least one server rack port that allows rack mounted unit to interface

with the interior space. In some embodiments, the cold row encapsulation structure



151 n sone enbodi nents, water is used inside the cooling coils 102 as heat
exchangers. Water punps, water cooling equi pnent, and associ ated pl unbi ng
(not illustrated) supplies cooled water to the cooling coils 102. In other
enbodi mentsy 20064662t ypes of |iquid such as a wat er- gl yeol/uswhaudzban, steam
or arefrigerant may be used inside the cooling coils 102 as heat

exchanger $p5 g B ROMRCHERRA] BPAE Bool 182N B Jai&R dcdr KQqIRY iP£ Serpentine
shaped lines of tubing. I'n other enbodinments, the cooling coils 102 may be

i n ot her é#apwéersodingagomtiergogled 2iri nes of tubi ng. Depending on the size of
the cold ro J i t.he.. i i ts, th
w eﬂ%ﬁ%%i\}lvl{lg%%lﬁ%n% Eéed :‘éﬁih‘é r%czlgtg’cg d rﬂ%@m‘c‘s%& (%nntgg Bg@wtcﬁaw S e

vel ocity of air Si ca cteristic e cooling coils
102, the enapmiatiof sttoodre 106 ewl dosndoredith thedophirfage nbidakadd1®® may 25vary. In

one enbodi nent, .two cooli oi |l s,.are ed.inside the cooling,npdul e 100.
o mee Ror Hoapyiatiot i S FELBuRt Ssie o el 1E RERA SRHIEC0) Su by
t he cool i 8gisqoR | BighPpaganeinaidt yhemoyies @bt disédtb @xétaegd Indaewltor space

defined by the cold row encg&g}lut}lati n str .ch.ma 52“3 | ocat ed

| _ cture 106 whj
bel ow and eBIREOOEYT PSSR & hiePORBE ey idgé’ HHEOYCWOH % B2 EnLhpsul at i on

structur eo&%n%ﬁm%&,sséc@mng%a@leqwr@hmoeﬁprg@sf do@iloddde i RMIL Space. The
encl osure conprises at |east one server rack port 110 configured to

i nt er f acethgicodling opilu @ #re Jocated.s Ehe/eolipgerdule Thdoseg may havgore port 110 i s
configured to. in ' ; S : tnef @ace of the
ser vef%lr ag'l?ée ?ﬂﬁ{;ﬁégi Ie@ﬁgmt %g/ihxnctﬂg‘}riseg{eyg%ae{éggéé?e't ﬁgg’@%{%‘t‘bﬁ’?&v{‘ éél%g ahg'sul ation

st ruct ur eofddbags [ 04 owle cemprdwtiameiiters. Sihx cetlangdeodilseaciosrre neykevaene be

connected to the .server rack rt 110, angt her enhodi t wel ve

v andar o geRol rriEReoRir aas BTk arat o RISLETbaBPRI TR 10 YT some
enbodi mentsg, thrbehSeHivietpohapk Sold Rl ckifeths esoligk nicitle gpdreh®rskiOinmmipr be
connect ed t oget her throu?h one or mpre clanps 112. I n other enbodi nents,
the servebfP¥aduued by theralsam rasaleROpYNEY S 10 may be pl aced next 5to each

ot her ;51 n sonerOhhelen®IBREL RERLS: is SRR hddk MBLEInglcoils U hsagatgasket s may be
used to tightly connect the server rack port 110 and the server racks. The

servers ap¥chrrestsal Welar PumRs, WhIET ¢oRbiRg cquipradithi a8 ésscipicd mubodb@ek airfl ow
S uct ur o B0 T e Bl o A A e 101 n one
enbodi nentthet typesadlliduidowctemcapsert-gydod solation steam eor B efrigarpncompbd se
used inside the cooling coils 102 as heat exchangers.
20 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 physical characteristics
of the cooling coils 102, the number of cooling coils in the cooling module 100 may
25  vary. In one embodiment, two cooling coils are used inside the cooling module 100.
Since cold air is generally heavier than hot air, the cold air cooled by the
cooling coils 102 generally moves downward into the interior space defined by the
cold row encapsulation structure 106 which may be located below and connected to
the cooling module 100. The cold row encapsulation structure 106 comprises an
30  enclosure which defines an interior space. The enclosure comprises at least one
server rack port 110 configured to interface with a plurality of server racks. The
server rack port 110 is configured to interface with the server racks such that 2 front
face of the server racks intersects the interior space of the cold row encapsulation

structure 106. In one embodiment, six standard server racks may be connected to the



nore than one server rack port 110. A server rack port 110 nay engage a
server rack such that the front face of servers or other devices installed
in the server interface with the interior space defined by the cold row
encapsul atvoomi@izeaset ure 106. This configuration achi eveSt/as2irgmeset o- back
airflow pattern, where one or nore fans draw 15air fromthe interior space
and ex ha%ﬁ&k&ck?@ﬁﬁ@@! BYanbiker RRQLESSAIGSve 3RAINE BaVerGaNPANERES Oout the
back panel, as illustrated in FIG 4. In sonme enbodi nents, the server rack
and t he cesmgeqiesiio dhecapsuragk pom 164 r iscome embaginsatssihp seras ks F3d $eal ed;

condi tion LY+ 4ANS) J i f W

encapsul Aty shrick PRl LTIARGR ffen ol Bk (RABRAE br bop B TR,

embodi menttber cirfvedisenisethe sarvér rackd apdh the20wyol ek prtseld 6 appyHeptdcehngt r uct ure 106
are placed next.to .each ofher .1 h conditioned d_alr. lnside the
interior SFATEBY tlﬁéo%gfj% Nt %%gogdﬁ%%rgéﬁfag?gcﬁ\m% arsusggqﬁl?s a%eés %éflﬂ’ebe drawn to
t he ser vedsd hytighle comnconhe sdragraackTgver Ielaad iheabyehatkaiThessves meul ated to

t he cooling dul e 100 on taop of .the cold.row encapﬁul ation structure 106
and exchaig@dediaiathyacis tPﬁ‘éhlEWoﬁ ﬁr?}@-tgﬂgfqu@ﬂ{gﬁ PaEEAAdra%S om t he cool i ng
nodul e 10&,9itiak&d 4iPintihien BReelddohRcaREaRsIHmRkuaN (%tih detfitng 426 and is drawn
to the back of the servers by one or nore fans. In sonme enbodi nents, server
racks ar ecispahesepyt bgipdthetradkswi t h servers and ot her equi pnent. Since
serverg and otfjehe EAEHEA! 1RLETHACKERsHAI B Welhiyohiiged ack, the
scarcity may create open gaps to the i1nterior space of the cold row
encapsul atbmrthst mestnerecaciOpirt ! Hl. rA payeriredkpoft 4 hnidyengegedrseorr pace of t he
cold row 30, en ul ati on. structur.e LI ' |.at e back to
The. i nt o 1P Tep0RE o e By e MBS RY B AR ene &
| eakage, {HBentgapspamyehediyabkedd byw paagdutativnuntedeti66.t iesser ver rack t hat
prevent air from escapi ng_and enter.i the cold row encapsul ati on structure
t hrough t fravfiguggaon achicves gfrﬁntbtﬂ' aght) n, phere o5F gF W8Wp 2 cApLul ation

St UCtyr €4il B6mTRY infdhol SRk SANTRhhEE a5 hadddd il the RIBESS(s)URE beed 14 on the
bottom The st abi Iltéﬁp control units 114 may conprise components that are

built to MEIPSERAAutd W@%y\ﬁé‘ﬁ@iﬁ@teémi: i 4n§H ey er@ﬁ’@é@?’éfﬁ &esych as
ear t hquakgs., Irfﬂ:ksdﬁme% VBB Rulafi et AR hhf Yo GANR@IIyIUNEE S 114 may have

devices for scrolling that can be qui cklrg rel'eased to easily nove the cold
row encapsuidiionehcdd rin otsidieghe DB rio¥Tane sfithbeold row ewapsubationsiresdure 14 are used,

the cold ncapsul ation structu Q e.ral e ground. As
a result, Egégglsgraé’fnﬁbynganﬁ oF £5K° %ﬁ%ﬂ Iil%ét%%rilefn 6Dr(r)way eélgsf }éklre% Iﬁrgﬁa{ﬂige{wb%{]t om si de of
the cobd cawreneappulaiheiugtelod aregldddnexio prrbwert sathat doedikag®, i n one

ﬁa”eog;”gﬂéqﬁgéggn ¥ tﬂ[éeogaq%ig? 'sr?aﬁgg-@%gﬁg?g&fgnéa?aé’{’nﬁl%%asﬁﬁé{&%tl'ogQansttaer ucture 106

drawn to the servers by one or more fans. The relatively hot air is circulated to the
cooling module 100 on top of the cold row encapsulation structure 106 and exchanges
heat with the cooling coils 102, Cold air from the cooling module 100 sinks to the

25  cold row encapsulation structure 106 and is drawn to the back of the servers by one or
more fans. In some embodiments, server racks are sparsely populated with servers
and other equipment. Since servers and other equipment are stacked vertically within
the rack, the scarcity may create open gaps to the interior space of the cold row
encapsulation structure. Cold air may leak from the interior space of the cold row

30  encapsulation structure 106, and hot air may circulate back to the interior space,
thereby reducing the cooling efficiency. To prevent air leakage, the gaps may be
blocked by panels mounted to the server rack that prevent air from escaping and

entering the cold row encapsulation structure through the gaps.



the bottom surface, on which panel the stability control units 114 may be
at t ached. I n one enbodi nent, one or nore doors 108 may be installed
on the enclosure of the cold row encapsul ati on structure 106. The door 108
may be opememimredssel osed so that data center personnel PERYS2eH@¥36¢ he col d
row encapsul ation structure for a 15variety of tasks such as server

mai nt enance. Txg%nga%od%%tmxc%r&»%ﬁéaemaioh%ﬁg&%%ts r@lf&@rr from | eaki ng

out of the cold row encapsul ation structure 106. he di mensi on of the

col d row emyajss sibitiiyoenselrunits dieon the bedemy Ahystedlimicarira s Hependi ng on the
desired nlylg;g&g%%gse%gévg 63{5?1?%%{6,55§?t0%945%§gﬁéi&gig'n{ﬁgﬁ?{iﬁgg’ﬁﬂ he servers,

and the |i one X to ve sta rver racks may
be connectaatal disasespach iovearthguaker. Inacke pobedithdfs,clic stitelityebaralow
106, Anot he ix.to t st.andar,d _server racks

encapsul ati,o tructur I | v

may be coBALAEaY Bt Eas Parop L PPt e SaRad RSB of the col d
row encapgkaliireR ebdaptigiionarudiie 106 sWanceatiklywesfoitups OpResusd, server rack
ports may be 4 feet. The_  height of the cold row ncagsgl tion ftructure 106
may be 12the &gl raw aneneleiggsHOH 196 g1y o psofram B ground. Aspyesolty

i1 ustrat ggq R YA Bd GAUH D ERYLR 20Bottén Gak df heoI@REAPS Ul at i on

structure 206, and integrated server racks 208 and 210. The systemin this
exanpl e i encapswlatian sruptury &0 nEC Biyvem air feakags, inpne gebpdimenathetnéoBer ver racks

are ipteqr f ] t R J tion and
seal i{r;&g bgé@%/v%@ﬁé %cﬂ%?o%%%ﬁ?%ﬁz%e%n%éau%g&Pgﬁagﬁpgﬁg}ﬁ?h gb%%é&%g glt%he server
racks 208thamditd@ Gurdice, anowvhicinger! the gabiigdcopirnlomits hé4 sey benttacheks are part of

the cold row encapsul at.i on structure 20 The, server be installed into
the integrat egl?‘é)é‘g\ﬁi'é“r"o#‘g‘gﬁtso%% f%?{aga%?‘i’%ma%h? g\%téﬁ%ds?l}n%gf I-lctef%s-u %ack airflow
pattern. dh@etsi@nw bregslftiohRgudtireags ateddsenvemay ac ksen2®andgicke210
intersects the interior space of the cold row enl%’g,gﬁiul ation structure 206.

One or  nift akdatacepicnprremal R SRR FHETOPEFIgERsY HHSEEF Hfon structure
206 tps Co%riett}hﬁf@ﬁ('é V§hSis A09eh AWeRiHce M'Ble @bbV BISIMAYHe iddulatéd @Prdveg: back of

the server racks. Hot air is then circulated to the cooling nodule 200
t hr ough oexdd eir fieor leakipeeritof hezol rarenesperatigiestruplar 108 t h t he one or nore

corti 13,0 | PAPpTlfCARlL oA Hkeodho e She hocgt g on (o of the

considerably depending on the desired number of server racks, the cooling
requirements of the servers, and the like. In one embodiment, six to twelve standard

20  server racks may be connected to respective server rack ports110 of the cold row
encapsulation structure 106. Another six to twelve standard server racks may be
connected to the server rack ports on the opposite side of the cold row encapsulation
structure. The distance between the opposing server rack ports may be 4 feet.” The
height of the cold row encapsulation structure 106 may be 12 feet and the depth may

25  also be 12 feet.

FIG. 2 illustrates an example cooling module 200, a cold row encapsulation
structure 206, and integrated server racks 208 and 210. The system in this example is
similar to the one shown in FIG. 1 except that the server racks are integral parts of the
system. In this embodiment, the connection and sealing between the cold row

30  encapsulation structure 206 and the server racks 208 and 210 are no longer required
since the server racks are part of the cold row encapsulation structure 206. The
servers may be installed into the integrated server racks 208 and 210 to achieve a
front-to-back airflow pattern. The front face of the integrated server racks 208 and

210 intersects the interior space of the cold row encapsulation structure 206. One or



to the top surface of the cold row encapsul ation structure 206 through an
opening on the top side of the cold row encapsul ation structure 206 and the
bottom si de the cooling nodul e 200. Cold air generally noves downwards,
especi al | wodsemi2eeie or nore fans are drawi ng col d air Peoisahe2esdd row
encapsul ation structure creating 10l ower air pressure in the interior space

of the Colngfeir i%%% %Q’@%P@%c{n??}g?%fd%&%@aggﬁgﬁ?n structurd 306 to Bodilhdist rates an

exanpl e co row encapsul ation structure 302, server
racks 304seremmslammiblexanpiletisdy hetrai3ben piedueldolhe sereesraake. HatkrisThe systemin
this exanple is,simlar to the.on own.in Fl 2. Lbtdoned cold air
enters th eESﬁrﬂli?tgwoéﬁ%%)ﬁgw g’tofhglﬁ%gﬁ Eﬁ%‘t‘ Br& e%go{ehorp gﬁ%glgg%%ea%gool i ng modul e
300 15 pl aadenges htopinfihd de of alote coling nailyP$0] ahe covlin mochier?803G2. One or
nore fans drawgonditi ned cold air fromthe interior sb%ace of .the cold row

encapstl aP§ BRaE] PP of Biesals! raH FnEapsHiatiqrirus s Ao agg gray be connegleds

i 'l ustrat gshampauasnof 1eeld 09 dedidhienddrudee DA greqhlas opbldng &erver 404
and a fan unit 406. Conditioned cold air fromthe cooling nodule 400 and

20cool i ngtheden sdaefiths eoldrosppnepreuiaion fHctur 206 406 thed@iipRsedhe hr ough t he
server 404, 58 GoRkicl6, S6I%E gcflérgllf %@eﬁ%@'aﬁﬂ&éec&il%ﬁ&{bnk‘ git 406

conprises one-or nore fans enclosed in a case nad metal. The fan unit
406 may bmoat fracire dravang dvdd ziefromftheeoldfow ereapwitajion sy@4ure crgatiteher

enbodients, the fan unit. 406 m e of the
cervel T a0l B Rened: bRty e Phf SAORY Bikab UG B ARC O ) eb e

il lustrated i nFil guitesratks anekazhptadootipg matiele 300.anld mivesncasuisiiace defi ned by
a data center server cooli gg rogm as qi scl o;gg %bove, to draYv air fromthe
interior SHECHECIUHECHFFITIEVESOr A0 SXITPE Y He OF RIPEY] Bhe SV F¥¥col d row
encapsul atrhg st #ahid eRukiiSis slihild @heloi® biVRITHh # G 0N Conli@omacedold dthe cool i ng
systens may al so operate in connection with a data center cooling roomthat

i ncl udes aptprsfirowlBEveERtrsslagon sectar PEWbEes iyeoalize Peiye Used. FIG 5
|| 1 us§E at 6. araEPLE atdy CRAPENaRAINELLEORb! Dhe bPABISAR dkkN One of more

ceiling e ceiling danpers 514 which controls outside air
i nt ake, aconditiongd ctidalydronbthe interind speeaé the cslixowisatapsdatiqrotirugiurecul at i on of

air enteri int o, the m xi chanber 518. The cooling nodul e 502 conpri ses
one or m?@g%d(;%o}?gt&csoeﬁ%b%4 and is connected to the m xing chanber 518.

The top surfacglGaf4 illixgraes kiletaywlenedipg alodilediit sooling erile 48DBeiver connected to
Fow encapdi B4 et 06 dre s e daB i Pae T Derme EeUE T acks 510, The
servens NMayolhR doNsh@ ik efwinHyand fa8 uBRUUE And kS throu@ché 83reera0f kont - t 0- back
airflow pattern. The front , ,
cool the server. In some embodiments, the fan unit 406 comprises one or more fans
enclosed in a case made of metal. The fan unit 406 may be attached to the rear face of
the server 404. In other embodiments, the fan unit 406 may be connected to the rear
face of the server 404 through a tube as illustrated in FIG. 6.
25 The cooling systems iltustrated in Figures 1 and 2 can operate in an interior
space defined by a data center server cooling room, as disclosed above, to draw air
from the interior space, and provide cooled air to the interior of the cold row
encapsulation structure 106, In some implementations, however, the coolimg systems
may also operate in connection with a data center cooling room that includes air flow
30  controls that allow outside air to be used. FIG. 5 illustrates an example data center
server cooling room 500 with one or more ceiling exhaust fans 516, ceiling dampers
514 which controls outside air intake, a mixing chamber 518, and dampers 512 that
control circulation of air entering into the mixing chamber 518. The cooling module

502 comprises one or more cooling coils 504 and is connected to the mixing chamber



5face of the server racks intersects the interior space of the cold row
encapsul ation structure 506. One or nore fans draw cold air fromthe cold
row encapsul ation structure 506 to cool the servers and eject hot air from
t he rack- wawnni®seni ts installed in the server racks. Per/i$RpugiResmeed in
FIG 6, in sone enbodi nents, the one or nore fans nmay be enclosed in a fan

uni t and g)l%erﬁ,llglt% %Ha@@gﬁetﬂe E@d}mm?cﬁﬁl) noﬁ@?{féﬁure%@@_ Rgzo&?erc%@rto gRol ing room

500 may be opera a vari et es n one no no outside air is
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enbodi rrenémucﬁmswdnbagmd@m@src&amé}ld@ﬁﬁr&ﬁ q&@dm&aq chbpselanper s 512 on the
m xi ng chanber are open. Part of the hot air ejected by the servers is

exhaust edstBGRES 36 tefcopliibe ssayeppmdeirst hetgirissniisoerkimewighife one or nore
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518 t hroug e open ers 512. The hot air inside the mxing chanber is
drawn to tbrheor@cfmsmagf bmfdcﬂb@dﬁﬂz famehitesod lvasergels aﬁ@él’@dwtbhsetrm regb®l i ng coils

504. Id i then.ent C r 06 t hrough
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514 are open and.t ers 512.on.th 1.Xi ng..cha ed. The
Ut s de CURTSRErEHEiE B SRTRRIG HEB SRS AU LHE SBen danper s
514, passgmitdd hRMEbuli® 0P RentFeadtddas MeranéboshP ksort SO0 M@ei Nt eri or space
of the cold row encapsul ation structure 506. In sone enbodi nents, the
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appropriate level t enper atur contr unit opens up the ceiling
danpers SQmapauIE@bb@W@m:éD@e air to enter the roomand cl oses the danpers

512 on the m X0 ARG BLENENmDOL sBI LeBloeet 8 ds amLhe server {1 om

entering the nmiXing ure too hot for
t he serveén the ohiking chmHSErE&Qgpen. Part of the hot air gjected by the servers is

exhausted outside of the server cooling room 500 through the one or more ceiling

20  exhaust fans 516; part of the hot air enters the mixing chamber 518 through the open
dampers 512. The hot air inside the mixing chamber is drawn to the cooling module
502 and exchanges heat with the cooling coils 504, Cold air then enters the cold row
encapsulation structure 506 through gravity and lower air pressure inside the interior
space of the cold row encapsulation structure 506.

25 In another embodiment, the ceiling dampers 514 are open and the dampers
512 on the mixing chamber are closed. The outside cool air enters the mixing
chamber 518 through the open dampers 514, passes through the cooling module 504,
and sinks to the interior space of the cold row encapsulation structure 506.

In some embodiments, the opening and closing of the dampers 512 and 514

30  may be controlled by a temperature control unit. When the outside temperature
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 ejected from the server from entering the mixing

chamber. When the outside temperature is too hot for the server cooling room 500,

10



the tenperature control unit closes the ceiling danpers 514 to prevent

i ntroduci ng hot outside air indoors, and opens up the danpers 512 to all ow
hot air ejected fromthe servers back to the m xing chanber. Wilizing
out si de nmtauroad/izeeal air significantly reduces energy ROmHESHpLG2e3s0 of dat a
centers, as it reduces the need to cool the liquid 5circulating through the
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st r uct ur eof@Ridnhr duegirvehe AUBRIgh RgveEatugacafes phactthifuantipplakd ke col d row

encapsul ation structure, 602. However, K Si ngg the RMUJ servers installed on
the servefarauRe! gpaunulityfogelianl Qwrajign of DsserverfduirsinbMie 25608 is

operably ahAGREthnRdiPEr SAHYUR bir hAKES SO hRr ol 60RlgirBEm &iift if r om t he col d
row encapsul ation structure 602 to cool the servers installed on the server

racks. Thenfeganiinite BoRrooeppidelalie of therpsppricana 2 dal csaive Bnbodi ment s,

one or noge f %ﬂ@q(dﬁr&&t?%ﬁe Lﬂ%&r@lhhﬁg%ﬁé}s HA? bfe%?alig%%)ﬁdtihgmfiﬁﬁg l:"lfghihnjiebe 08 t hat

interfaces w e sérver Ttacks n"sonme e nent s, an unit 608
may be pl atfee coedition Gethhmidinrof ¢he aigeksnBldougBMemixirgahamhtrodi nents, the fan

ULt 008, Y, DRl e L e S5O nhAEEap Rl RE O , o
interpor spatte 662, sheecatid 600VneRaapls Firadss ®MS seruatddbelh620mnd cool s the
Fanl eSS R S hs 4 Ao 2l 58 openety Sitaebed S thd SGKE racRer” Chiiionng eMpodi ments,
t he rear > P ¥
cold air enters the cold row encapsulation structure 602 through the cooling module
600 placed on top of the cold row encapsulation structure 602, However, since the
RMU servers installed on the server racks 604 comprise no server fans, the fan unit
25 608 is operably attached to the server racks 604 to draw cooling air from the cold row
encapsulation structure 602 to cool the servers installed on the server racks. The fan
unit 608 comprises one or mote fans. In some embodiments, one or more fans 610
are installed on the face of the fan unit 608 that interfaces with the server racks 604,
In some embodiments, the fan unit 608 may be placed next to the server racks 604,
30  In other embodiments, the fan unit 608 may be attached to the server racks 604 by one
or more clamps or fasteners. The one or more fans 610 draw conditioned coid air

from the interior space of the cold row encapsulation structure 602 and cools the

fanless RMU servers installed in the server racks 604. In some embodiments, the rear
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face of a RMU server nmay have one or nore large air ports to facilitate
operation of the fan unit 608, allowing it to draw air through the RVU
servers FIG 7 illustrates an exanple cooling nodule 700, cold row
encapsul awicomisizeaset ure 702, server racks 704, an exanplBU§2amME$®0 r ack
nmounted unit (RMJ) server 5706 placed on a server rack, and a fan unit 708.

The syst egd g £ B8] @RS hhvw chk B hde e aliHoRO S BBOWR: dhRrdibfsor 6 except
that the fan unit 708 conprising one or nore fans 710 is connected to the
server r abk&numit@h§elioningot torsee ek iiyessh the R&BAseTE¢Bodi ment s, the tubes 712

are. made of I r..ee | 2. are hoses made
of flexible ﬁ@f?gﬁg{@fﬁ %m%xgﬁgﬁgﬁglﬁ%n%&rﬁg?éof ﬁ&ella? (l).l gg@i‘%‘l‘@? e attached to
a si de (ssumhtuas7(®, seedr ricks )4, ah exumeplofanives mchmouhed pait RMbUstredt units

of "o ek HERAY AR o Aeh (b6 4 Blr 0ot SO RNER B BUERTHE el e

connect edio tHdheGASWR In FIY. 6 ckeudSthdile dhawiiFo8dbhpasigglorealrénad fanf r om t he
interior space of the cold row encapsul ation structure 702 and cool the

C
fanl ess 15RNVECYBEYEY © the ST raeds FRoYaROng 8F e THBESK 42 5952¢ FIG 8

i |1 ustrat gspqiin&*e iR 18b& b bR AR A hRtB Asts.CRl dthdr @WbeMERRAS Uh@t | On structure
802, server racks ‘804, and an exanple fanless rack nmounted unit (RMJ)

server 80Bbel Heewr mesmeadaafdlexiblioraterile systemin this exanple is simlar
to Lhfone SN hbQinfnEXAefbed NBlarOfEAL) TN Sicl @RA 80 %RRL OPEr ADI Y
e ?op Dot 2.

attached to the ace e row encapsul ation structure 8 The fans
808 pushesf o rdinbiorfabe mok-thoanted fmionmsthidedi intlerdneor swaceciof708hé col d row

encapsul ati on ,structure 802.and. coqgls the, fanle R ryens installed in
the ser veP G AUOLINE): Cagh e jiee %ﬁﬁ%@ﬁ"%‘ﬁ@?} w%lﬂiém%ﬁ%s a('\)/DI;(J) 1'tsr?cl‘cgr"be{l(i’?f’haans 808 may be
encl osed iyBe a1 @i YeRbhneckd Thenielok istd Ahe] (adtaexaniliencd ooldiangramdul e 900,

cold row encapsul ation 25 structure 902, serve nd an exanpl e

ks 904
fanl ess r%eROIHHITPES 0@metcommengﬁﬁ@é?o%ﬁ%‘cwea@g&%gﬁgg tg%%g?s rack. The

syst e i npARi Sr6t@iRlhged @ (8d deRFack7ddre one shown in FIG 6 except that
one or nore fans 910 are operably attached to one side 908 of the cooling

modul e 900. THEG 8ilbusgais puetiaw!centing mofely 88®Icaldapy eneapsiiahd i nteri or
space of (he, GOk (QV.SRIRRBY! Ak LB SUELIE0%oARdi saPkavihe fanl ess RW

server 806 placed on a server rack. The system in this example is similar to the one
shown in FIG. 6 except that one or more fans 808 are operably attached to the top face

20 of the row encapsulation structure 802. The fans 808 pushes conditioned cold am
from the interior space of the cold row encapsulation structure 802 and cools the
fanless RMU servers installed in the server racks 804. In some embodiments, the one
or more fans 808 may be enclosed in a fan unit,

FIG. 9 illustrates an example cooling module 900, cold row encapsulation

25 structure 902, server racks 904, and an example fanless rack mounted unit (RMU)
server 906 placed on a server rack. The system in this example is similar to the one
shown in FIG. 6 except that one or more fans 910 are operably attached to one side
908 of the cooling module 900. The fans 910 pushes conditioned cold air from the
interior space of the cold row encapsulation structure 902 and cools the fanless RMU

30  servers installed in the server racks 904. In some other embodiments, the one or more
fans 910 may be operably attached on both sides of the cooling module 900. In yet
other embodiments, the fans 910 may be operably attached to the top face of the

cooling module 900,
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30servers installed in the server racks 904. In sone other enbodi nents, the
one or nore fans 910 may be operably attached on both sides of the cooling
nodul e 900. In yet other enbodinents, the fans 910 may be operably attached
to the towomor2ede2t he cool i ng nodul e 900. The pomsRto/Rydéent i on has
been explained with reference to specific enbodi ments. For exanple, while

enbodi ment's ofry.hg..ok@sRAtoh PR SpidaMeyBERRrdRes & ddeglc Wi th reference to
speci fic conponents and configurations, those skilled in the art wll

appr eci at@nhaddimend. fFos exaeple.ontblesatiodiments of Siporsenftisveaton ByHKPEYur at i ons Smay
al so be u ; r ' : | i tEdinary skill
in the ar eggfbtegxi“gﬁtrﬁ%%? %{roe% ﬁ%lt%c &rﬁ%ﬁ%@é%%%ﬁﬂﬁég%%sg@ géraletsgiﬁir?géﬂti on be
limted, thxeeptll agpreciatc dat diffetrpt ¢dmbimghior nllednmingitrend coBfigim®nphat i s

cl ai i S; . A seryer cpol.ing s em. . C i Si . €nch osur e,
wherei®n t# %ﬁoc?eo‘ésﬁaebﬁ@f FIHE%AIQW%F ﬁ%@#"?’ éc??dcggg@éosgr?ggﬁdén#ﬁ? ?rl(sllzlsn thégr ack port
confi gur egh. tioiseRgale: vt rdalded that the present irveg8O®@] bellgmigsddextepiang nodul e
operative to sugpl y cool i n&aai r to the interior 10space defined by the

encl osur eindicated by die@PpsHded i one or nore fanl ess rack-nounted units
installed therein, wherein the rack is engaged in the server rack port such
that respective front faces of the one or nore rack-nounted units interface
with the interior space defined by the enclosure; and

13



150ne or nore cooling fans operably attached to respective rear faces of
the one or nore fanless rack-nmounted units to draw air fromthe interior
space through the one or nore fanl ess rack-nounted units. 2. The
server co&ao ngo/sypsdzem of claim 1 wherein the one or norersmhimgsshans are
20enclosed in a fan unit. 3. The server cooling systemof claim2 wherein
the fan unit is attached to a back face of the rack with which the
respective rear faces of the one or nore fanless rack-nmounted units

i nterfaceCL2BV8. The server cooling systemof claim2 wherein one or nore
tubes connect the fan unit with the respective rear faces of the one or
nore fanl ess rack-nounted units. 5. The server cooling system of

cl ai m 4 whereiskiagaghist ube conpri ses one or nore 30hoses. 6. The server
cooling systemof claim1 wherein the cooling and m xi ng nodul e conpri ses
one or”nore serpentine coils inside which chilled water runs to cool air
passes thf oygferidieosinglsifen aehpikimbng module. 7. The server cooling system
of claim1 wherein the cooling and m xi ng nodul e supplies the cooling air
to the interi o esplaswefvhesia theopolparedgines pringiior srage and ®EPTTEE ser ver
cool i ng system of. gl '&%dt&@9§&§5333$0h fanl ess rack-nmounted unit conprises
a bl ade conputé} rack”server: . The server cooling systemof claiml
wherei n the aizcatiogadsymixive modloopapive tcapplyngpolisnar fortbemntdrier i nt eri or
space ghrou h t efﬁﬁﬁ’qé nore fanl ess rack-nmounted 10units cools the one or
more tanl esSPFEERIFSIN RGNS i nstalled in the rack. 10. A server

cool i ng syst em raclofiPldFigRGe or mdft fanedsasdkrRoumwhtgds indtdlled éredigsur e defi nes
an interior space_ and_ conprises a rack port conﬁLgured IO;%Q@%&? a rack;

wherein the rack 1s engaged in the server rack port such respective f s
of the one or more rack-mounted units interface with the interior space defined by
the enclosure; and
i5 one or more cooling fans operably attached to respective rear faces of the one
| or more fanless rack-mounted units to draw air from the interior space through the

one or more fanless rack-mounted units.

2. The server cooling system of claim 1 wherein the one or more cooling fans are

20 enclosed in a fan unit.

3. The server cooling system of claim 2 wherein the fan unit is attached to a back
face of the rack with which the respective rear faces of the one or more fanless

rack-mounted units interface,

25
4. The server cooling system of claim 2 wherein one or more tubes connect the fan
unit with the respective rear faces of the one or more fanless rack-mounted units.
5. The server cooling system of claim 4 wherein each tube comprises one or more
30 hoses.

6. The server cooling system of claim 1 wherein the cooling and mixing module
comprises one or more serpentine coils inside which chilled water runs to cool air

passes through the cooling and mixing module.
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15a cooling and m xi ng nodul e operative to supply cooling air to the
interior space defined by the encl osure; a rack including one or nore
fanl ess rack-nmounted units installed therein, wherein the rack is engaged
in the sempammviwasdszport such that respective front facesr/o$aotfgsishe or nore
rack-mounted units interface wwth the interior space defined by 20the

encl osure; and one or nore cooling fans operably attached to a top face
of the enclosure to push the cooling air into the interior space and out

t hr ough the Thaeerenr cpgling systemed slajm d pdhernimibe goalingtasd npsing modulser ver cool i ng

system COMLiHLNG. cont BUGHRSHEor JHRI RN, LTI RSB sglel T s an

interior spa ises a rac ort confrgured to engage a rack; a
cooling and m xi ng nodul e operative to supply cooling air to the interior
space defin by the encl gsure;, 30a r.ack incl.udin ne e fanl ess

r ack- un*egﬂﬁﬁ¥Y§T?ﬂ§¥€Vﬁgﬁc?ﬁ@?%?ﬁﬁmﬁﬁé?ggﬁﬂgS%%Fggﬁnﬁ%dgﬁgaged in the
server rackcpaplisestbhdé batpespacdetnee front faces of the one or nore
rack-mounted units interface with the interior space defined by the

encl osure; and one or nore cooling fans operably attached to one or

nore si deg f §6e8er0dr chiighoCOOknnNG AR 1TiRekdgtHEREH Sy bPtHRWSH of fABrecOO! i NG ai 1
into the interior space and out through the one or nore fanless

r ack- mount edoeimigtfans fBnpthe Antgonsprcedbiorghbe vee pgaoreduRpss raskrgounted
substantial | y. ti [ L Al ouSRaCE:NauLNg ;Rthd gast one | ateral
portigg defFﬁggﬂ%gﬂgy%%gk?&¥gggk%%E%% (gast one ra%%f wherein the at | east
one rack conprises one or nore fanless rack-nounted units installed

ggs{ﬁgg;sbggggggﬁég m%é%%%ﬂé%%ﬁ%ﬂgsource to supply cooling air to the

an enclosure, wherein the enclosure defines an interior space and comprises a
rack port configured to engage a rack;

15 a cooling and mixing module operative to supply cooling air to the interior
space defined by the enclosure;

a rack including one or more fanless rack-mounted units installed therein,
wherein the rack is engaged in the server rack port such that respective front faces
of the one or more rack-mounted units interface with the interior space defined by

20 the enclosure; and .

one or more cooling fans operably attached to a top face of the enclosure to

push the cooling air into the interior space and out through the one or more fanless

rack-mounted vmits.

25 11, A server cooling system, comprising
an enclosure, wherein the enclosure defines an interior space and comprises a
rack port configured to engage a rack;
a cooling and mixing module operative to supply cooling air to the interior
space defined by the enclosure,
30 a rack including one or more fanless rack-mounted units installed therein,
wherein the rack is engaged in the server rack port such that respective front faces
of the one or more rack-mounted units interface with the interior space defined by

the enclosure; and

15



10 operably attaching one or nore cooling fans to respective rear faces of
the one or nore fanless rack-nounted units installed in the at |east one
rack to draw the cooling air fromthe defined space through the one or nore
fanl ess r&akzmwuwste@d units. 1513. The server cool i ng netiosbeofozedsai m 12
wherein the cooling air source supplies cooling air froma top face of the

defined space.,.14, . INE 38hY Bhs GRAAHPSABINBLnObr BbRIsiBe ¥ooes W@EEI N the one
cl osed f t. 20 15

or nore cooling fans are € I'ma fan unit. 20 15. The server cooling
met hod of ckedlimgkad mikieg miodule trepush treppoeling Aieintaciba fréerior spasefaghoini t with t he

respective rear .faces of th ne r n| ess rack-nounted units.
16. The ser93?“%5@?P%ﬁﬂﬁgpﬁ%@%ﬁr%%%ﬁﬁwﬁgpgﬁ%erein each tube conprises one

or nore 25hoses. 0
5 12, A server cooling method, comprising

substantially encapsulating an interior space having at least one lateral portion
defined by a front face of at least one rack, wherein the at least one rack comprises
one or more fanless rack-mounted units installed therein;

introducing a cooling air source to supply cooling air to the defined space; and

10 operably attaching one or more cooling fans to respective rear faces of the one

or more fanless rack-mounted units installed in the at least one rack to draw the
cooling air from the defined space through the one or more fanless rack-mounted

units.

15 13. The server cooling method of claim 12, wherein the cooling air source supplies

cooling air from a top face of the defined space.

14. The server cooling method of claim 12, wherein the one or more cooling fans are

enclosed in a fan unit.

20
15. The server cooling method of claim 14, wherein one or more tubes connect the fan
unit with the respective rear faces of the one or more fanless rack-mounted units.
16. The server cooling method of claim 15, wherein each tube comprises one or more
25 hoses.
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