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.
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10 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 ofa
server, however; other parts in a server such as cooling fans and storage devices
consume additional power.

Servers are typically placed in racks in a data center. There are a variety of

15  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 of rack typically is 1.75 inches high and 19 inches wide. A server that

20  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.

A data center room should be maintained at acceptable temperatures and

humidity for reliable operation of the servers, which typically have cooling fans that

25 - 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.
The heat collectively generated by densely populated racks can have an adverse effect

30  on the performance and reliability of the equipment in the racks, since they rely on the
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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 centers 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
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structur e rom
the fans and other equipment for forcing cooled air into an underfloor plenum. 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,

25  cooled fluid is used inside the coils to exchange heat with hot air in the cooling
module.

In one embodiment of the present invention, the systems and methods are
directed to 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

30  modules that may be located on top of the cold row encapsulation structure. The hot
air is cooled by the water based cooling coils inside the cooling modules and the
cooled air enters the cold row encapsulation structure through gravity and the lower
pressure created inside the interior space of the cold row encapsulation structure.

Server fans draw cold air from the server rack ports connected to the cold row
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di agram show ng an exanpl e data center server cooling roomwith a cold row

encapsul at FaRoEGmenstafthe preseabEVeMHEPodul e, exhaust fans on the roof, and a
m xi ng chanber with danpers that controls the indoor and outdoor air

circul ation. FIG 6 is a diagram show ng an exanple cold row
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showi ng anagxammilecdotiokupdde.i p securing two top crossbars. FIG 8 is
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Wi th apparatuses, nethods, and systens which are neant to be ill,#lstrative
exanpl es, not |ﬂﬁ.t3ixﬁgd§agra@c$[§gfl_nganexample cold row encapsulation structure wi

integrated server racks, an example server placed on one of the server racks, and an
example cooling module.

FIG. 4 is a diagram showing an example server with a server fan that draws cold
air conditioned by an example cooling module.

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 circulation.

FIG. 6 is a diagram showing an example cold row encapsulation structure
wherein a hookup clip is used to secure the top and bottom crossbar of the cold row

encapsulation structure and the top and bottom crossbar of one or more server racks.

da



10FIG 1 illustrates an exanple cooling nodule 100 and an exanple cold row
encapsul ation structure 106. The cold row encapsul ati on structure 106 may
have a frame, panels, doors, and server rack ports. A server rack port is
an openi n§¥@mi¢/EB6dol d row encapsul ati on structure 106PEHEBEHFIIHE
connected to a server rack. The cold row encapsul ation structure 106 nmay be
made of a vari ey 70f a BE@m sb®ingus Bxaspls heskup clip seopinsivtotopmat eri al s, or
carbon materials that create a housing defining an interior space including
at | east ©&W9esba8rver rack port that allows a rack mounted unit to interface

with the interpRy sSPRGRerahithSQNB B ERANHIBEHLIG clif SectfhdiMr@ARCapsul ati on
structure 106 may be nounted directly to the floor surface and no raised

floor is ewgliarsed in a data center cooling roomfor cooled air. In other
enbodi pents, a raised 20 sub-floor may be used. The cool i ng nodul e
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104 may cengpsuaionisiugtinetl @6 sTheppld reysreapg labIUECcEc 0828y have one 30
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(not 15! | yshpasite hatdiappdi carbot ekl sviRitereatem lidusing defivimgarciniekisr 102. | n ot her

enbodi nents, other types of liquid or, fluid, such as wat er - gl ycol
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required in a data center cooling room for cooled air. In other embodiments, a raised
20  sub-floor may be used.

The cooling module 100 may be located and positioned on top of the cold row
encapsulation structure 106 and connected to the top surface of the cold row
encapsulation structure 106. The cooling module 100 comprises one or more cooling
coils 102. Fluid passing inside the cooling coils 102 is used to exchange heat with

25 relatively hot air passing through the cooling module 100, thereby cooling the air. In
one embodiment, the cooling module 100 further comprises an enclosure inside which
the cooling coils 102 are located. The cooling module enclosure may have one or
more openings 104 {hrough which air enter the enclosure. In some embodiments, the
openings 104 may comprise air filters. The cooling module enclosure may have one

30  or more openings connected to the top surface of the cold row encapsulation structure
106, through which openings cold air exits the cooling module and enters the interior
space defined by the cold row encapsulation structure.

In some embodiments, water is used inside the cooling coils 102 as heat

exchangers. Water pumps, water cooling equipment, and associated plumbing (not



straight lines of tubing. Depending on the size of the cold row :
encapsul ation structure 106, the cooling requirenents, the velocity of air
flow, and the physical characteristics of the cooling coils 102, the nunber
of cool i nWacwid/e3éen t he cool i ng nodul e 100 may vary. |PCORERCEAIBES rent, two
cooling coils are used inside the cooling nodule 100. 10Since cold air is

gener al | yjh&avdde bupphisdcdaid vaitdr to thBeoelrlattofls 10X dalogdr Bybddiaereol i ng coil s
102 generally noves downyard into the int elri or. space defipe bty the cold

d
row encapaherayresof Bawd et i sposavmver-#ue seluieh Stad $& SWESHE® connected to
the cool iﬁgyﬂpmﬂééh?nsg&(%he(y&ﬁng%ig 109 BAEBRBMAAL ON structure 106 conpri ses

an encl osure which defines an interior space. The encl osure conprises at
| east one 15sdpweme cabkdipents, tha epobing £oilpile arayPeisHPeErmesBaRA LR bl ural i ty

of seryer ks, €. Ser I AC ton: j ki gt Oknter face with
t he seér/vetruglr%éb %Otg%c%nﬁjt%ﬁﬁgngs’?’?g%@ ggé;g(%jlt%ﬁ)g server rgpkél intersects the
interior spighelindgs dffvbinn|Rependingactipsut af thooldtrpw cnappanlalpd strpgiuigne

por t 110, 96, poE kRSB e P e ltndn He DS il Vi, "ac
20connect grthé fodling o6y Mer the aakb@af todlib@ coilhia thecooting madee ildGmay | ed into the

racks to achieve a front-to-back airflow pattern that. dra ditioned air
in from t WaYcH ereeahodimeah &Hp &‘fqhaﬁc%‘israﬁ?:’r‘%génsi ghg & Iﬁ%mf’ﬁ@ﬁg?&and ej ects

heat oyt behi nglntheid ﬁf‘i&%enerally healiBr @REh&HROGE ¥Bdtair dobled 6ph@d r ow
encapsul ation structure 106 may conprise nore than one server rack port

110. A sevanbing ceibskl (g aereraliomerisy devgaiere inlo diag ipisrior wase FH8EEW PRat the front
face of SEhYELSeRhoRIdEh HRHE S, hRRh A 1bdidibElS I Ebmidiatd ace with the
ertn t

interior Space e 3S/ e Cco row encapsul ation structure 106. This
conf i gur atheenolaphhainks1 (. fThe woldrow bacisdition sbuctprtlOé compisepe t he cool i ng

fans of the,server. r. ot her, r.ack-nmount ed i i mthe interior

space andSHSY @? $efW8%%“e‘8"eB19r the™ Bﬁ‘&eé%@ (%irr% %xgéf?l%é %ttl aesa; &1%0 nponent s out

the bagk panglackasri ll1busifigisido imerBle MiGa plurality of esrecrestisdilrent s, t he

server rack and the cold row encapsul ati gn_structure be connected by
Pissoonbemed fop S TG

one or noPEvE kWP pcontievpy ipspierpee it the sesvergacks #cold air

i nsi de t he,cl bt @k kQYerSRAG Sntdbedid18e GAkr 55t BPE3REIA A cAdapalldteat ure 106 is
drawn by the server fans inside the servers to_cool the servers. In other

enbodi menstsuctiry 06 dpwar embedimspigsix Handast spryBvrckh Bap &6 Feeerd Krthtict ure 106

are pl acegerver rack port 110. In another embodiment, twelve standard server racks may be

20  connected to the server rack port 110. The servers are installed into the racks to
achieve a front-to-back airflow pattern that draws conditioned air in from the cold row
encapsulation structure 106 in the front, and ejects heat out behind the racks.

In one embodiment, the cold row encapsulation structure 106 may comprise

more than one server rack port 110, A server rack port 110 may engage a server rack

25  such that the front face of servers or other devices installed in the server interface with
the interior space defined by the cold row encapsulation structure 106. This
configuration achieves a front-to-back airflow pattern, where the cooling fans of the
servers or other rack-mounted units draw air from the interior space and exhaust air
heated by the processor(s) and other components out the back panel, as illustrated in

30  FIG. 4. In some embodiments, the server rack and the cold row encapsulation
structure may be connected by one or more hookup clips as illustrated in FIG. 6;
conditioned cold air inside the interior space of the cold row encapsulation structure
106 is drawn by the server fans inside the servers to cool the servers. In other

embodiments, the server rack and the cold row encapsulation structure 106 are placed



next to each other so that conditioned cold air inside the interior space
of the cold row encapsul ation structure 106 can be drawn to the servers by
the server fans inside the servers. The relatively hot air is circulated to
t he cool i W@ Wwodub&1100 on top of the cold row encapsul BE%/o5R08¥ 02256 ur e 106
and exchanges heat with the cooling coils 102. 5 Cold air fromthe cooling

nodul e 10Qegkdksh bt PAMSQRAIIFOWIRORIARS @S the M€l Yedct bEth 08dasd s drawn
to the back of the servers by server fans insjide the server(?eSt In some

enbodi menersapudatios siracierd 06 e bepslipverioyhgwpiaraele S iwsnpidethbend ot her

eqUl PITBNL gor ) Ghe SARNR ot B 1 QA RHa1eB WHrREBAIngdh el RKAoy G chi Cal [y w1 N n
t he rack, scarcity ‘may create open gaps to the interior space of the
col d row ewidacpssuﬂlcapudwostsmmrgﬂ@ﬁ arkDRohabged keahrwiph theaRolngowils K& i nteri or
space he, col d r.ow en n t, may

ci rcul teb ack %%nfdﬁ: COIO r?%urlgsdogsé%ﬁtng ﬁl% H@?O gea&aﬁ%l({ﬂ%gm%lé%l i ng

ef fi ci encyoé dal ipd@wand tiriback ﬁaka@evershesegapﬁnmldaehdﬂemksedn bympanel s
nmounted to the server rack that {eve{ﬁk 3 from es(i |i%i n ande ntering the
col d row &R SSPOAT REFLAY Bigid P s B 309 BYR SR "SRbodi nent, t he

col d row S[Héé‘Eb?%r@Eﬂcpdlhé“teglhﬁ‘ﬁin'éﬁt%rél-ﬁﬁkﬁﬁyeﬁlwﬂtyhﬁfhnﬁﬂhﬁﬁidkﬁﬁe sdzadifyl i ty control
units 114 on the bottom The Stabl|lt§ control units 114 may conprise

conponent 12y [§eeteApen BIs(ie the dnigrarsaacs REths PHPY CREAPSHEIESIHEP g nat ur al
di's aStl rs C%M%ﬁ%éﬁ?fe hgﬂl{ﬁé(i?&rwll %a@@&ﬁh@éﬁ?@%w%ﬁﬁsulaﬂbﬁ stslcalé llﬂ)é y control

units vices for scrolling that can be quickly rel eased to
easily m)\m:l EQBherxa}’cﬂlIdulm\baéﬂ@élpﬁsmteatm mcestthembwwblcm he apbipg st abi ity

contr ol @;{eﬁé%o &gﬁéa%aﬁag@ ﬂ%?éa%s %Vbsﬂf@%ﬁe%bu 0 RbARELHRE 106 may be

ralseder air may Ie alr may enter
fromthe b@b&r@ﬁﬁk&h@tq}r@;fenﬁafm&m egtapiagashaagrig|thd coddrost eneepsulagod 06. To
prevent air Ieal&? e, Jn one enbodi nent, the bottom side of the cold row
encapsul af¥uheEt g‘ﬁh&%“’eg%ﬁ may be encl osed by a panel that seals 25the

bot t ons sur f acein R eMbogimeRA AR cold@wSdhadpshibfion meﬁuml 06uﬁuytf&rtﬂel4 may be
att ached. I n one enbod i ment, one or nore i:)ors 108 mat%1 be installed

on the ené&pBBifestability prutiobpitsyidton thedotomarive pakifipy confirlamiinal4 The door 108
nmay be opgp (éoﬁgﬂse(%oﬁﬁggerﬁﬁhﬁt@% bﬂﬁ?cﬁwﬁ%@rsm%f&ﬁ&@ﬁ{enﬁ%lﬁg‘t er the cold

row encapsu atl n structure for a variety of tasks such as server
mai Nt enanosturalfigastioosuch @geartguikes.i Fm\S“pgmate@@O@lmemSefh@ﬁﬁbigwd@nwial r from

| eaki ng Oty O{ 4t h%' }ngz ge‘/[l(? Wf&%&%ﬂ?ﬂ%t 'cgrplgeséj c%iﬁé %’ie%é%dqg easily move 1N€

di mensi on "0 row encapsu Ion s an vary consi derably
dependbng ﬂmddmawc@sapseﬂtmuﬂhemrﬁof%smestabmchsmtrbheutsdmm amgsadequi renent s

of the seryver and the i k to twel ve,standard
server radiso fﬁi@? WSHiH %If {uf)e f@ nk%r\&}’éggé?‘@ 8%1% g6rS ™o of the
cold row %ﬂ@&&&b&yﬁ&ﬁ@hd&bf&!ﬁﬁwemé&ﬁ;mﬂd&%h&h stdef e dolabwe st andard server
racks may be connected to the server rack ports on the oppgsite side of the

col d row ERERpEIcaSIBHUS O TR PEventRl lerkagc Hranesabadias ot e BPPBsi ng ser ver
rack port giqeRymBeord rgﬁ%hcaplthﬁldﬁeshg%egfﬁfi s b%@héioé’e@‘lyy @aR Mk &datsOn

structure 106 nay be 12 feet and
25 the bottom surface, on which panel the stability con’{rol units 114 may be attached.
In one embodiment, one or more doors 108 may be installed on the enclosure
of the cold row encapsulation structure 106. The door 108 may be opened and closed
so that data center personnel may enter the cold row encapsulation structure for a
variety of tasks such as server maintenance. The door 108 may be insulated to prevent
30  cold air from leaking out of the cold row encapsulation structure 106.
The dimension of the cold row encapsulation structure 106 can vary
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

server racks may be connected to respective server rack ports110 of the cold row



5al so be 12 feet. FIG 2 illustrates an exanple cooling nodul e 200, a
cold row encapsul ation structure 206, and server racks 208 and 210. The
systemin this exanple is simlar to the one shown in FIG 1 except that
the serveWadek®3eme illustrated as engaged in the serREFUSAOK2PB6ts of the
cold row encapsul ati on structure 206. The servers may be 10installed into

t he int egLRLAGISEH YRIctrdthe ARBha RN @ WellOstariaidseeedrdckomby bo- back airflow
pattern. The front face of the integrated server cks 208 ?n.d 210

. r
i nt er sect gomR@ed iorthe jeprer sashparipn hABPRGIESIFB A B 8‘§§§?W SEBREPRUCt ure 206.
The ser Ve%mfcﬁﬂé Tlﬂesdi%ckg ¥ E1 M8 %ﬁ]i)&'fr@’!eﬁ@f fheRbbrid hmenbd hecoid row

encapsul ation structure to cool the servers and bl ow out relatively hot
ai r from htighttrdike cold rowencapswlation saarigre 16tmayi e [2deatmnd Henlepthmayl ated to the
cool i ng nolgéjtglz?_%gtthr ough one or nore openings 204 and exchanges heat with
the one of "hor & cooling coils 202. The cooling nodul e 200 may be | ocated on
top of the col HG duilensapsubatiprcostingiobdule 2006 calddowspcdpsulaiomnect ed to t he

top surface of cold row e l.ation structure 206 thro an openi ng
on the tobmé‘it‘H%E‘g{ a’f“ﬁ%er%e(’jffﬁ’k? gﬁ%ﬁ?&&ﬁﬁ%ﬁ%ﬁ’ g&tﬁﬁg{‘ad?pefégmg‘%go the bottom
side the 2 oeehdvAtinMGUl &cdfiGhat GRl sdrvai fackiepellRkirytedMvagagiownihar ds,
especi ally when _server fans are drawing cold air {1‘ omthe coJd row

encapsul abirsH radknors af e epld pW ARFapBURon girpctlie 208y BE SRV HBAY B er i or space

of they Cokrﬂfaﬂm?d"inﬁﬂﬁ@ Lbd QB3 tKEIOH 296 1o achieve alflofi-toback | ustrates an
exanpl e cool1 ng nodul e "300, cold row encapsul ati on structure 302, server

racks 304 pirfovd petterrexBrftant e gbthe Boerprdecsverarrka 28benet Odferect25The syst em
inthis eﬁl%ggt{exgoﬂrsgac%'oﬂﬂe@ol#r%v&e%@ap@@gtimt\% 0 J6! @nelery hdigned cold air

enters the w encapsul ati on“structure t hrough the cool i ng nodul e
300 pl acethecarvemprof cdlfeir Golndhe cold evve epsplukitioo stradtuna 06 tecc®DBe  Server f ans

i nsi de the serveyr. 306 dr ondi tione old air fromthe, nt.erior space of
the col d F%’\‘/’\‘r‘%’f\%‘gﬁ}%l@éﬁ’i@%ﬁv@? Bojin fFen S5 e %8&1‘88‘%@’??1"2‘3‘5%#??/%?13306. 30FIG 4
i 11 ustsat genaic@xadil the &0hi BGIABAUH trdd,on6 0ObRbreRinks2040Ad server 404
and server fan 406 inside the server, 404, @n&i tioned caold %r fromthe
cool i ng ne¥eREea bent 3l e on gosvsqoding 021lsi 202 g LagFeqkine mipduie PU 81Yt an 406 and

passes t hpoughe.k B@to%%%ﬁrco%uxe‘ﬂcéi@fﬁhti&rhﬁru%ﬁ&é’ﬁ%- an@%agtﬂe\é%ﬂécﬁé@t air is
t hen bl own out of the server 404 by the server fan 406. The cooling

systens i 4 s tapauefece of tE agle oy epcansdlaiorcgiricpe? ¢t thraugh amopeingator  space
defined by qodaheoGELAE oK ahe B! AU-LRMe AT ufl RALASRA ahove, to draw
air fromthe interior space of the data center server cooling room and
provi dé coadlimg naidulet260t Keold aut generally mbveshipwneladlsy opecayapsnlsatveon st ruct ure

100, 1 OO BRI 5 RS L R SRR o0
pressure in the interior space of the cold row encapsulation structure 206,
FIG. 3 illustrates an example cooling module 300, cold row encapsulation
structure 302, server racks 304, and an example server 306 placed on a server rack.

25  The system in this example is similar to the one shown in FIG. 2. Conditioned cold air
enters the cold row encapsulation structure 302 through the cooling module 300
placed on top of the cold row encapsulation structure 302. Server fans inside the
server 306 draw conditioned cold air from the inferior space of the cold row
encapsulation structure 302 and cools the server 306.

30 FIG. 4 illustrates an example cooling module 400, cooling coils 402, server
404 and server fan 406 inside the server 404. Conditioned cold air from the cooling
module 400 and cooling coils 402 is drawn by the server fan 406 and passes through
the server 404 to cool the server. Relatively hot air is then blown out of the server

404 by the server fan 406.



cooling roomthat includes air flow controls that allow outside air to be
used. FIG 5 illustrates an exanple data center server cooling room 500
with one or nore ceiling exhaust fans 516, ceiling danpers 514 which
control s sxMide3@ir i ntake, a m xing chanber 518, andrC&BPENE2BEP t hat
control circulation of air entering into the m xing 10 chanber 518. The
cool i ng nmodul erRQRokRNg st $i1BRstedin Fipires Canl 2 cap apoiatesinBf4nteriod | s connect ed

to the m xing_chapber 518. The to urface of. the cpold row encapsul ation
st r uct ur eSP3e6dghined By pdee éﬁf‘t?roge’fvﬁ”e‘?@?i% FO5: ADHGTIRSes Gg‘.’vesérc@éew

: ' *Fack ports 508
on the englLas iepbr égJa@e SGh&l 4D VreR CaRSWoakhORof EniGirbvige &fdfedalre connect ed
to the server racks 510. The servers may be 1nstalled |pto t he server racks

to achi evee the mticpafthe eolh a0k engapflaginn sibqtaie d 06 THesomedmp ef“&ET@“‘B’_fS’ the server
racks 4 N EESEEL el dBridd dySloh i3 RO GpBatclil Bort bl Wifh £RAARB il StTUCLUre

506. server tans | servers draw cold air fromthe cold row
encapsul atdoting stomuthatindudain fioveomitrotsieat gl w evtsidg ald tepeesedhBIG- &i r server

racks. The, server cool, roam b5 . (f“&ﬁﬁ' i in . I'n one
node, no b%‘ﬁft'tfésla&eeng‘?leira%a'cc 8%3313%5 tlggﬁ%ogxpgéervero%égog%&é rglggrgn 500; the

hot air epaatedudso6nciiagdenyat $14 shich cautodt @dsibagkintage tdreiximiexi ng chanber

518 and the cooljn dul e 2. I n anot her. node, outsid ool .air is

i nt r oducethampet iiu]e& pe&)%&it%c?%"%%&“%ﬁga’ég?ﬂl?ggm a’%f)glrlxsm 14 are open
whi | e1¢ hecdarmpes &, 5k camtiddBodiix 0 oatharRehe af Rofd @8kEL cdlst64 ael cool air
passes through the cooling nodul e 502 and ent erﬁhggl)]g row 25encapsul ati on

st r uct ur eissesnected to thelnﬁx@ﬁéhméil%‘eqﬁlﬁ‘?toPﬁ‘é’f@@P dfffers 514 are cl osed
and the damet s it ek 366 1 othAi e Theboigdn o150 dekyoPfack P‘?‘hﬂoﬁ ar

ej ected by the servers is exhausted outside of the server coo
t hrough t h@s anée enclomureeofche ¢dldpvestrapsstatipn siguchre S0Gpue comeced hot air

enters the mxin er. 518 o} t ope . The hot air
i nside t héerﬁrf?ckgsg(ﬂ:ﬁn%esf: S Iaéyggm%ﬁ%%btdﬁgméﬁgeo{éf‘%gmgo%%éﬁgg%azand exchanges
heat w5t hfibheodact iiffpvepitiesn. STHe. frddoFade af the sdresr recks érterséchethe oalior ow

encapsul ati on ructure 506 through gravity and | ower air _pressure inside
the inter PRe g%%e golgfo ﬁ%caeaitl%}mflo%l@ﬁfeiﬁéﬁ he PR BES e e SEoRS In
anot her eghdidlemt fromhiBe &84 FWehcdRIRES stkfura 586 RRLD! Bastridicadanpers 512 on
t he m xi ng. chanber are closed. The outside cool air enters the m xing

chanber SWCQW%W%TH@P@pen danpers 514, passes through the cooling nodul e

504, and si nkstf 0.t RL cddHnBrbAh SHPRES bObpdrhEd HAE nidMs. BRGAR Bk HoON
structure 506.

20  outside air is introduced to the server cooling room 500; the hot air ¢jected from the
servers is circulated back to the mixing chamber 518 and the cooling module 502. In
another mode, outside cool air is introduced to the server cooling room 500. The
ceiling dampers 514 are open while the dampers 512 on the mixing chamber are
closed. Outside cool air passes through the cooling module 502 and enters cold row

25  encapsulation structure 506.

In one embodiment, the ceiling dampers 514 are closed and the dampers 512
on the mixing chamber are open. Part of the hot air ejected by the servers is
exhausted outside of the server cooling room 500 through the one or more ceiling
exhaust fans 516; part of the hot air enters the mixing chamber 518 through the open

30  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 5006,



5In sonme enbodi nents, the opening and cl osing of the danpers 512 and 514
may be controlled by a tenperature control unit. Wen the outside
tenperature reaches an appropriate |level, the tenperature control unit
opens up WE2@IPsmMg danpers 514 to all ow outside air POI/EpIEVI2PIHé room and
cl oses the danmpers 512 on the m Xing chanber to prevent hot air ejected

fromthe servel dbger @Mdihéy, thheimgdanget3aharspen alhee dihperout si de
tenperature_is toq hot far the server coolin room 5Q0, the tenperature
control ufi? o&fhesusing ghanehsr pie/elpserh nHhsraisie Loplpinsisra HE MixEoduci ng hot

out si de abﬁaxﬁﬂ%@@?ﬂ’t’ﬁrou@ﬂ%e%@ﬂ@aﬂ%&ém 9&%5@%@1’11% the LOo1Rlgl RVMultOd04ai T €] ected

fromthe servers back to the m xi ['izi ng outside natural coo
ai r si gni fndgnkstg thedgiaterspassat ge C@&?@Wrﬁﬂ?ﬁm‘n‘a@@n dachredift ers, as it reduces

the need to cog ohﬁ%rdbﬁﬁkﬂleﬂtslé% OgaaB;fi'&ﬂzsﬁa o?gﬁfhr]a%grs%ﬁ’?kﬁd‘ 4modul e _100.

In some enmbodi MENt S e opehin osi n anpers 512 and 514,
and t he opey &t conroditd bjneteu:@etatmg cmmaéumt Wimshédlﬁméer empetaticont rol | ed by an

el ectroni ¢ _devi ce suc enperature contr uni t .that. nonitors the
Cenper at uFeeR aRrair ooy bE R SufPLbaT e PhOin it oper at os ¢ he
danpers adsinpdres 4031160 casideaiteo efitd thedoosf dndelBactic tmpRoling: thhe room
20Depend|ng .on thﬁvﬁocatio of . the g%%atﬁenter hum dj ty, of the outside
cool air ﬁ’é%:m% Qrpreveat ﬁiTGJeFS‘? 0y %Seémfésoaberewg the mixing | ow, the

outsi g¢ akhanBRy. %H@th%%uéﬁieq IrkihRNeto 30t fohak sther Dumhgicow doevel meets the
requi rement for reliable operation of the servers. Al though server

manuf act uthertemprigtaresoninel fung glosesyihe edilipecdimphes 516 duptewdns mtrogpcipgibatdi ty for
reliable B%{d%{r o&fs d&&a% §ﬁ‘sr She S PBRL, fl&ﬁh@@ﬂ%}&&{%&ﬁ% ehum dity of
anbient air II’ISI aace er server COO 1 ng room st IS |rrportant to
t he perf osmﬂsbac&nclthee}lnxalblcham'gerdﬂtﬂmm Cati]ﬂlﬂt’mmnal donl &r deificapgpt er. I n sone

enbodi nent s, one m,xi ng chamber
S16 to corduesaneidh s Rl sl EhrTiyi el Rs HerFfoioft b Gait ] no
cr:]harkrbe_ﬁ la&@aatﬁlgltﬂnlou@thmamﬁmgmoamgpb eimﬁieldﬁﬂ)oﬂtﬁﬁlﬁﬁﬂﬂﬁdgbéhlﬁ)g;@dor nmor IeI
ookup clips, 30 t hat _connect the top crossbar extendin arizontal ly
across an8ioppgRf %ﬁﬁa%e%l%ﬁaﬁérl4eaal&éh%quaﬁengi&eé?lﬁfl%@@ab% WSZKE the top

crossbar alfe amgm%@rea%&aﬁaﬁlstmdl@d&h(%su& astah%ngé}%ié&nff@%kﬁhzﬁoo is placed on
top of the cold row encapsul ation structure whi ch conprises a server

rack port MOSRHP feriemperaueripddieans outpide thagwerer eprding rogr pred eperajesithe acks 614
are engaggg,ibd) %é%ygaé%%ggoﬁﬂﬁzﬁ efflc gb?lcfﬂ:hc%oﬁ QWSM ation

structure's top cros I S engage nore top crossbars 604
of thél0server D@mh@nsbdﬂnmheﬂmnefﬂmdMBwenhomeﬂﬂgbfﬁsoﬁ@ﬁbapdemsed to

the top crbleBar o TRAEBRDY PEf SHelp St At Sl LR DRt e et o T a1,
the col d kobe endsipsdd satthad theHumidityule @] Sneets the requirement for reliable
operation of the servers. Although server manufacturers have significantly relaxed the
requirement on humidity for reliable operation of the server equipment, the
25  appropriate humidity of ambient air inside a data center server cooling room still is
important to the performance and reliability of the equipment in a data center. In
some embodiments, one or more humidifiers may be installed in the mixing chamber
518 to condition the humidity of the air passing through the mixing chamber,
FIG. 6 illustrates an example cooling system with one or more hookup clips
30 606 that connect the top crossbar extending horizontally across and proximal to an
upper edge of the server rack port and the top crossbar of the server rack. In FIG. 6,
the cooling module 600 is placed on top of the cold row encapsulation structure 612
which comprises a server rack port configured to engage a rack. When one or more

server racks 614 are engaged in the server rack port, the cold row encapsulation

10



5 bottom crossbar 618 nmay be engaged with the bottom crossbars 620 of the
server racks. The one or nore hookup clips 616 are used to quickly secure
t he bottom crossbars of the one or nore server racks 614 with the bottom
crossbar ®f0wmE128¢did row encapsul ation structure 612. PEI/ERNE/EMI6II neNt s,
a hookup clip may have a U shaped profile. The U 10shaped hookup clip may
be used aﬁrz&n@d: asq@ cmsbreeﬁu:z & ehypaped m&sﬂmansmo@topmes@hdé%bfthhe U- shaped

hookup clip, in nme ed to,fasten the
hookup clﬁﬁwgﬁﬁ §g@br eﬁﬂ'oﬁﬁﬂ g%?&ﬁhc ﬁggé$ ﬁt@g@+gpéﬁglﬁg§ be net al

bol ts. Thgphaakimes &ﬂthé)ozféQﬁM&Ns&&rﬁ*ﬁﬂi@GMwﬁﬂﬂﬂmﬁmﬁb&%f&l&@@ﬂd The width of
t he hookup cllp may be commensurate with the conbined width of the top or

bot t om cr BYseRsrPyation stEs b . Sgiiale Apsealdigvbrncarsiplon FECERES t he top or
bot t oM cr PSRRALroQhar 1R HEA: ggé&d J&%@Q&%ﬁpcrsésbﬁs BE®YH HeSererqui ck and easy

nechanlsn1 or securing a serv rack wth the cold rom1encapsu|at|on
st ruct ur eracks. The ofp G m@rej Hobket ¢lips 646 amg Ué@datﬁplkl@kh@maﬂmbpﬁoﬁecur ing two

OO by gt BARRE G ARRIER PR 10y Anb Bl BoaBGHIEELfE sPAr 79D and

Rts, Cross top crossbar of
a cold romme@ﬁﬂpmuhaﬁmnnm366ULture and crossbar 702 nay be a top crossbar

of a server rack whic eng a_server 0 cold row
encapsul ation %@%FH&B&“¥HE %ﬁﬁgngy%ﬂﬁb §ﬁdﬁg%?‘£ﬁ Eg of nmeta

such 3¢ skiepbd hddrep Wighhhy B udeb@s helgp sedur@twidod¥Bats. tal mmnﬁ?meat e with

t he conbi ned mndth of the crossbar 700 and crossbar 702. Two 25 pin nenbers

706 on t hE-fhapadlipokin Qipnere & GRA3e PO FRRCH] 6%}?%@%@@6% fgeen Pgnt ened

through t p%ﬁgaﬁd $6CurS R WoBndcliEn CPANGS teBibeRl0b %g%matr%atsmo and 702.
In sone e o nore than two pin nenbers nmay be used on a hookup

clip. The Fcbcr&up glip 606 ey bet wadef restal i¥ptheaststnek Lﬂﬂlecyhd@ of dhehookiep t wo

crossbars ha I ar 800 and
crossbar gﬂﬁ % BL&J m% &ﬁ%; h%Cb@bﬁg%ﬁ%ggg§ﬁg§%§n%8&&%%ngg o§$0n1crossbar
of a &bl dﬂreamld&nwapwbﬂmmtmmmmdnlee tapdr bcrttmssd:rassbﬁﬁﬁ araryebecka bottom

crossbar gﬁ g erv r rack whi. 8@3 %g.a secrver rack on& of the
cold row éft P& ?HWV P} e ﬁ% gF e P%$¥WRP%ﬁ%F§%§wE§9 be made of
net al suchwagm&baghalEhgwﬂghﬁhﬁg t he hookup clip 804 may be comensurate

with the conmbined width of the crossbar 800 and crossbarTﬁ Two pin
menbers 806 onfihd HEERGHAR siamPiRPokBFin seuring e cRspiass Thal-can be

ti ght enedfREoHMRup o FRCK Gled th QRRCUESbAB0 GANAEE&LAO20%m §dig Crossbar 800
and 802. In sone enbodi nents, nore than two pin nenbers may be used on a
hookug0 c| embodiments, crossbar 700 may be a top crossbar of a cold row encapsulation

structure and crossbar 702 may be a top crossbar of a server rack which is engaged in
a server rack port of the cold row encapsulation structure. The crossbars 700 and 702
may be made of metal such as steel. The width of the hookup clip 704 may be
commensurate with the combined width of the crossbar 700 and crossbar 702. Two
25  pin members 706 on the hookup clip may comprise metal bolts that can be tightened
through two sockets {o secure the connection of the crossbar 700 and 702, In some
embodiments, more than two pin members may be used on a hookup clip.
FIG. 8 illustrates an example hookup clip securing two crossbars. The U-
shaped hookup clip 804 is used to secure crossbar 800 and crossbar 802. In some
30  embodiments, crossbar 800 may be a bottom crossbar of a cold row encapsulation
structure and crossbar 802 may be a bottom crossbar of a server rack which is
engaged in a server rack port of the cold row encapsulation structure. The crossbars
800 and 802 may be made of metal such as steel. The width of the hookup clip 804

may be commensurate with the combined width of the crossbar 800 and crossbar 802.

11



The present invention has been explained with reference to specific

5enbodi nents. For exanple, while enbodi nents of the present invention have
been described with reference to specific conponents and confi gurations,

t hose ski Waenid/e3edie art will appreciate that differentCTtssI0IRPISON Of
conponents and configurations may al so be used. O her enbodinments wll be
evi dent t Pwbhas@ebero80H fiathy hodiub lelip Mal lkempuide. mdtsl boks thheraefber e not i nt ended
that the gresent invention be limted, except %‘i" 10i ndb@@%&&y t he
appended BesneE throygh e sererdes PRIBEFH B TSR is clained
is: 1. A BRIUR'enfRAlndRG, SYRIEBIN weQiPembRE ndl beRsddanW R oles tifp. ng an
interior space and conprising a rack port configured 5tqQ engage a rack, the
encl osure f urt ey pressainvetinghes heep ogiegnaduith wlardsginhgeHFi zontal |y across
and p(rjé)XI gxﬁtocﬁﬁeﬁ@. @'@%&n@g,%féfeg{g&@iﬁ&%f%ﬁres%ﬁqn@enggﬁ harueE0Ssbar

extendi ng horizontally across and proxinmal to a |ower edge of the rack
port: descabationilti referamed tonipréifig corophuicets epdeanfiguiations, bappikilledddl ing air to
the interjor _space define t he encl.os X i iNg a crossbar
and one ob’er?gr"@ﬂragerﬁgl 15agglg%ﬂeﬁ’?f%m|1%%({051:{)?g%&%@%%ﬁ?&%@ﬂ%&ei n the rack
i S engageghak Alsb be usedc Kt enbsditlnts kdll be edpac td tesefaf ontindraslel iofhet he one or
nore rack- m)i,mtt%d nits interface with the i.nterior Shace defined by the
encl osur e?ﬁ- t 1s therefore not intended that the present invention be limited, except as

10 indicated by the appended claims.
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one or nore cooling fans operative to draw air fromthe interior space

t hrough 15t he respective front faces of the one or nore rack-nounted units
and expel heated air fromthe one or nore rack-nounted units; and a
hookup cl W© Ze@wsealg t he crossbar of the rack to the tB@EI/us20bBi2eEHM cr ossbar
of the enclosure. 20 2. The server cooling systemof claim1l wherein the
hookup clip has a U shaped profile and conprises: one or nore pin nenbers;
a clasp r further conprising one or nore sockets for receiving the pin
menber s, ¥Sh the cl asp nmenber secures the crossbar of the rack to the
top 25o0r bottom crossbar of the enclosure through the pin nmenbers in the
sockets. 3. The server cooling systemof claiml1l, wherein the rack port is
confi gur edVhapissigysedisti al |y conformto an outer periphery of one or nore

racks. 30y4., Jhe Ve LveQlbRgigystem of claim 3, wherein the rack port
1.7A setV 1
can be substé%tlg.ﬁilgé%ledcmh'% attached to the racks. 5. The server
cool i ng syst enwoénchisaicneAningeintstior siitee patcdenpising esariiogeonbeyad ket
configured to sub tial ar r i.th the rack port.
6. Theysegvgww%a%%%%gh%$§#%%§o E%fa?ﬁ%%sl %Eg#ﬁﬂ?ﬁ%&%go% ng and m xi ng
nodul e 5f botihetallgacpss B praxiealas amopper eddeadniatreck pwi drdl adebétpti ve t o cool

oo ALt L ARG, ORI TROULE, o0 B, R L PHEBL £ e
a cooling and mixing module operative to supply cooling air to the interior
space defined by the enclosure;

10 a rack including a crossbar and one or more rack-mounted units installed in
the rack, wherein the rack is engaged in the rack port such that respective front faces
of the one or more rack-mounted units interface with the interior space defined by the
enclosure; |

one or more cooling fans operative to draw air from the interior space through

15 the respective front faces of the one or more rack-mounted units and expel heated air
from the one or more rack-mounted units; and ‘

a hookup clip securing the crossbar of the rack to the top or bottom crossbar of

the enclosure,

20 2. The server cooling system of claim 1 wherein the hookup clip has a U-shaped
profile and comprises:
one or more pin members;
a clasp member further comprising one or more sockets for receiving the pin
members, wherein the clasp member secures the crossbar of the rack to the top

25 or bottom crossbar of the enclosure through the pin members in the sockets.

3. The server cooling system of claim 1, wherein the rack port is configured to

substantially conform to an outer periphery of one or more racks.

30 4. The server cooling system of claim 3, wherein the rack port can be substantially

sealed when attached to the racks.
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10a control unit operative to control operation of the integrated danpers.
7. The server cooling systemof claim®6, wherein liquid is used inside the
integrated coils to cool ambient air. 158. The server cooling system of
clai m 6, wuenei/ndshe i nt egrated danpers are control | edrdiyuseotosagess at ur e
control unit. 9. The server cooling systemof claim1l, wherein the rack

port CONpEigeSeR ogfin%fsﬁn{ FHKtm AN WL ORRK Bbrt B0 1ise €k YRk is placed. 20

10. A server cooling system conprising _an encl osure defining an
interior wﬁggeéﬁdsrgmianyise@ﬂwmaa@knq@tﬁrr@cl@owm@araéappﬁ- engage a rack, the
encl osure further conprising a top crossbar extending horizontally across
and proximal to an upper edge of the rack port and a bottom 25crossbar

ext endi ngélriszoat @boliyg scteoss! daa pwhsicimthe taliag bodwixizgiyeddd t he rack
port; a cooling and m xi ng nodul e operative to supply cooling air to
the it er PEPSEIPESFef i ned by the encl osure; a rack including one or
mor e cr ossbhar Ser@d nIREin@arAEY @ilk adiotidwhelhmiiérdt airiwithiradht esbling t he rack,
wherein the rack iis engaged in the rack port such that respective 30 front
faces of the dHedW# nore rack-mounted units interface with the interior

space defined Qy d RRrERE LI Eimpers adaptRR o Adjui eI FOSt difid ah@big opper ative to
draw air fromthe interior space through the respective front faces of the

one or rnore ralbkcomamenduleni ts and expel heated air fromthe one or nore
rack- ppunt ed UL dnrol lﬁﬁpoperative to control operation of the integrated dampers.

7. The sexver cooling system of claim 6, wherein liquid is used inside the integrated

coils to cool ambient air.

15 8. The server cooling system of claim 6, wherein the integrated dampers are

controlled by a temperature control umit.

9. The server cooling system of claim 1, wherein the rack port comprises one or more
racks on which one or more servers is placed.
20
10. A server cooling system, comprising
an enclosure defining an interior space and comprising a rack port configured
to engage a rack, the enclosure further comprising a top crossbar extending
horizontally across and proximal to an upper edge of the rack port and a bottom
25  crossbar extending horizontally across and proximal to a lower edge of the rack port;
a cooling and mixing module operative to supply cooling air to the interior
space defined by the enclosure;
a rack including one or more crossbars and one or more rack-mounted units
installed in the rack, wherein the rack is engaged in the rack port such that respective
30 front faces of the one or more rack-mounted units interface with the interior space
defined by the enclosure;
one or more cooling fans operative to draw air from the interior space through
the respective front faces of the one or more rack-mounted units and expel heated air

from the one or more rack-mounted units; and
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one or nore hookup clips securing the one or nore crossbars of the rack to
the top or bottom crossbars of the encl osure.

WO 2010/123661 PCTAIS2016/029356

one or more hookup clips securing the one or more crossbars of the rack to the

top or bottom crossbars of the enclosure.
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