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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a data center. There are a variety of 15physical configurations for racks.
A typical rack configuration includes nounting rails to which nultiple
units of MGK}Q}R{DUNDsuch as server blades, are mounted and stacked
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server processor runs at between 110 and 165 watts. Processors are only part of a
server, however; other parts in a server such as cooling fans and storage devices
consume additional power.
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  onthe performance and reliability of the equipment in the racks, since they rely on the
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20 flow and circul atjon inside a data center. Conputer Room Air
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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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t he cooling no
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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15 The following detailed description together with the accompanying drawings

will provide a better understanding of the nature and advantages of various

embodiments of the present invention.

DESCRIPTION OF THE DRAWINGS
20 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.
FIG. 3 is a diagram showing an example cold row encapsulation structure with
25  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
30  acold 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.



DESCRI PTI ON OF THE DRAW NGS 20FIG 1 is a diagram showi ng an exanple cold
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a di agr anwehow/ngeean exanpl e cold row encapsul ati on str BCTAISR0 /029356
i ntegrated server racks and an exanpl e cool i ng nodul e. FIG 3 is a
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25i ntegrated server racks, an exanple server placed on one of the server
racks, ardossbarexanpl e cool i ng nodul e. FIG 4 is a diagram show ng an
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exanpl e cool i rfdwngbslﬂ @?g%hog’l?%%e%@e?‘&" kgp,g@y geé:ugﬁg gg%h%t?gggdat a center
server cQ@dishgrsroomw th 30 a cold row encapsul ation structure, a cooling
nodul e, exhaust fans on the roof, and a m xi ng chanber with danpers that
contrédls the indoor and outdoor air circul ation. FIG 6 is a diagram
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10 FIG. 1 illustrates an example cooling module 100 and an example cold 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
row encapsulation structure 106 may be made of a variety of materials such as steel,

15  composite materials, or carbon materials that create a housing defining an interior
space including at least one server rack port that allows a rack mounted unit to
interface with the interior space. In some embodiments, the cold row encapsulation
structure 106 may be mounted directly to the floor surface and no raised floor is
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 through 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
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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



5 tubing. In other enbodi nents, the cooling coils 102 may be in other
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10Si nce omkapsalation strogewerl@blcyn hedravarto theaserten byathe senvhefappingidgithe cool ed by

the cooling coils 102 general.ly. nmpves, downward in i Dt eri.or space
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bel ow andotPRREsiassllAichheusr) 108hnaRdeh A 0ddibat Whn teododlingvoieniapsul ati on
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structure 6. in the.front, and ejects heat .out behind the racks. In
one enbo { air may CEGPW%W?&%@Q&E?%&%P&?F’ &ef%’é’trﬁ UEINENEC S8 Eonpr i se mor e

than one SRENEEy. TeP et dir bhlage/AhS GapEMmay BE KloRREd bylfdeFBNoRIR@ASeher Ser ver
rack 25such that the front face of servers or other devices installed in

t he ser veserventaskithas @repientrir fremj eseapingoandspiasimeded ¢alédowyneapsulatéind r ow
encapsulaiiogqiﬁ&ucéqﬁe 106. This configuration achieves a front-to-back

airflow ﬁﬁp reegﬂg'cooling fans of the servers or other

rack-igount ed URions efibdin®int, the €Tl ki@ ehddpilition Sfanee Bidmex hatrt air heat ed
by the processor(s). and ot her conponents out_the back panel, as illustrated

in 30 FI gomprise slabiipecestiiobanifehiison thpgodepy dpe piabikithrppiohenitol ld row
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conditioned cold air inside the Interior space of
t he col d mabwrledicarEsudiahiao nartiqualodsu de sdié embodimants, thy stahditseont®l f ans i nsi de
t he servers Hgﬁcool t embodi.nents, ,the server rack and

the ool o 1 1AV S rrFdor wcellife e LT Geastd o casiy Tove
20  the cold row encapsulation structure 106. When stability control units 114 are used,
the cold row encapsulation structure 106 may be raised from the ground. As a result,
cold air may leak and hot air may enter from the bottom side of the cold row
encapsulation structure 106. To prevent air leakage, in one embodiment, the bottom
side of the cold row encapsulation structure 106 may be enclosed by a panel that seals
25  the bottom surface, on which panel the stability control 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



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
t he servewofarnsi286s3i de t he servers. The relatively hot @&CH/usgo10ioeassé ated to
the cooling nodule 100 on top of the cold row encapsul ation structure 106
and exch t arfRl-¢k t he cooling
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spaceSof aAlteebecld fgetr ow encapsul ation structure 106, and hot air may
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raised fromthe ground As a result, cold air may | eak and hot air may

enter fr dhe sdrecrbdravoeald pigdront theteeldoromoencansulation siuetanci29n teeealdhure 106. To
prevent air | ealfiqﬁ’ow olife neelﬁgg?g PR hetbhﬁc %ﬂh& SR &! ?8} hf(ﬁottgﬁ‘l old row

encapsul at1on Struct ure LIRS o4 y a pane seal s 25t he

bot t qm suhéraﬁﬁ;ulaaéd Mh@boq@mgeﬂmdumwtatwghwe cﬂmbfaxbpeumgts 304% may be
attached. | n one enbodi nent, one or. nore goors 108 be install ed
on the erf&rhangeehest Withdheomeprraore saelipsenilsidnT ?P%’cnlgrnéo OFH%Y door 108

may be opgn gatm k}%%% o on@&ncq tﬁ)‘ﬁrg&rﬁ tuRESRUMNIGH o%ﬁ&c%d the cold

row encapsu atlon S ructure or a variety o tasks such as server
mai nt enarto ¢he tdheudaerof ﬂﬂﬂcah&;ovbmqapsxhétamesd"ubmrqoz(ﬁﬁbrnugﬁ @noptmdngpr from
The

ljleﬁglnglgor% %¥°%Iﬁ¥£@h%6ﬁeclcﬁg\%§‘%vﬁg%g ?tg‘{qagt:’i‘?‘gn'ﬂrr%&gg g }f&é’%%l%% consi der abl y
depengi NGo8fnd Hl%dgl%%boe@om'ﬂpgéneglly%&)é@ rdo(zvﬁ%ﬁis $PECiEIPPWhEDsdrRGui I ement s
of the servers, and ik I n one enbodinent, six to twelve standard
fans are drawmg cold air from the cold row encapsulatlon structure creating lower air
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 interior 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.



server racks may be connected to respective server rack ports 110 of the
cold row encapsul ation structure 106. Another six to twelve standard
server rawRMAN3GE connected to the server rack ports @®aTiuseo0ppBsSéte side
of the cold row encapsul ati on structure. The distance between the opposing
server rack poffeToBRY, %%tei‘nsfiﬁﬁﬁtratéﬁhﬁ 1iret aff 2 tdieorepdie i @nesmieapsul ati on
structure 106 may beg_L feet and the depth nmay 5al so be 12 feet. FI G
2 i 11 ust rspeesiefinedknmdria cenist sargereoaiingroppy as diselesed abeve: énapsdl at i on
structure. 206, .and server.racks 2 T i i xanple is
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encapsul ation str ure. 206 to caqgl t.he servers .and bl gw out. relatively hot
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top dP t Hhamberd BoThsreoalkrgimadile§03 comprisas ®n OBMFRICAPHPE eilt ted to the
top surface of 1 al d._row,en | ati rough an openi ng
on the tdf)cgrfrﬁgteggo ﬁﬁém&ﬂgcfh rg\%grgi@apshgﬁgg ?%%a%g%)?ﬁhgtcéggm 06 and the bottom
si de the chQamsankibAgtrimeie 506 20Enneatd tathe casiigrmabdule HON eSeraawhckagods,
especially when server fans are draw ngl cold air fromthe cold row

encapsul at08sm the predesreoithe seld Agw eagapsulation siFustue pRO prg copredisttather space

of the Cosjef{/ef s §f(ﬂrgﬁg3%%\ire?%noql§% b st 206 t}re server rdckGro RhidvbyYstrates an

exanpl e cool1 ng nodu row encapsul ation structure 302, server
r acks 5304fromane-back sEixffowppateser Vie fr3fdaq dabdsoveraadsimersectadic.inBdhe syst em

inthis exanple is simlar to the one s in Fl 2. itioned cold air
enters t hRagidhs & é?]‘t‘fﬁ’ﬁ%ts‘glﬁl%“wmﬁEmhséﬁrvﬁ%‘aﬁﬁﬂﬁ%ﬁge 6™ ng modul e
300 pl acedaQRoldo ﬁ%mttn@c&@lr&w@Qcyapﬁans@&ﬁwlqﬁmresoﬁordé@t he Qe -ander ver fans

inside the server 306 draw conditioned cold air fromthe interior space of
t he col d gewhetangsvdrasdken structure 302 and cools the server 306. 30FIG 4

illustrates annexample goolin dul e 400, .cool.ing cpils 40 erver 404
and server faznl‘fosg%ﬁg?(gglgtrﬂ%l%sggﬁ \?éaryebfcﬁﬁem&%ﬁgit Pgrrlloe(%s'cg %P%P ?(?ef %%m t he
cool iopg rkilieaif RAnaedlice@ ) 1hBGers i dodlild Zodns SOU;akhdryid diect&kfroraithd an 406 and
passes through the server 404 to cool the server. Relatively hot air is

t hen bl oWeI6ER is sircylpied bagk orthe pixipy chayebes 51 § @nd thgipoglyeg 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 506.



The cooling systens illustrated in Figures 1 and 2 can operate in an
I nterior space defined by a data center server cooling room as disclosed
above, towdnraw/@aséi1fromthe interior space of the data ®EmUSL019MLIBEE
cooling room and provide cooled air to the interior of the cold row

encapsul ati on [gtLpHHEM b ent! ﬁe%@ﬂ'ﬁg gﬁg&@%% atd Qo8 an@ HRQUMRMREs the

cooling systens nay al so operate in ction wth a data center server
cool i ng rd@mntthamixing chahelser arer clbdedwTbo ntitswlesooleat erdérs dw wixing de air to be

used. FI 5.illuystrat an exanpl e ta center .server..cooli om 500
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s'? ruc'ta u;nerﬁé?g%e ?@%%\1@2% gedn Q%ﬁﬁe&ggg{%ﬁgwn%&ﬁ%&gg% gegl;e‘% %\%@%r ack ports 508
on the eneidhssiaeamiroprivee kotldtheavmperampstdnaiol oiit Spehs Op tieeceDlfy are connect ed

to the server racks 510. The servers may be installed into the server racks
to achie Hwe@ﬂdﬂ@ﬁw—%ﬁ&@aampfepwf&arpwmd chites e GARPFRSA2 61 ehe. ser ver

racks | ntgraecl sl i@t Al cPhohltf. Sl dACABEAPALALIGN Structure

506. The ser ns inside the Servers draw cold air old row
encagéul ahamherstWhen e ousil teimperavire islieo betrforths senmver @jobiog rémom 580,r ser ver

ks. T | i 500 din tw des.
rode. o BoBIRET RS apr Snt PG e G G MEDS b dy PIEOBH e LEGRSb0; t he
hot air ejuesdesdr indesms! 4Rl oi)%ﬁé/gﬁ theldanpbrsGub aé 8b W astait edtbefiBinkheg chamber
518 and the cooling nodul & 502. In another node, outside cool air is

i nt r oduceservess hagk tadeyeikingsbpimher. Hobmngootsideratuali doohejr sigmbpeerrily514 are open

whil e the dAUDELS, IR BRI M BG Shattersare ol osed, (Oibsiyde ool alr

passes throug cool'ing no ers co row Zsencapsul ati on

st r uasur eireQiating throughl the oo inghedlileTery. , Intsbfie @@ibotingenty Meespening 4nar e cl osed
and the danpers 512 on the m xing chanber are ogpen. Part of the hot air
ej ect ed BYosigofdhe Japrers 31 panhkd: ard Bigoepgion el e scidiag gehausigns AP r oom 500
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enters the mxing c t hroug he ope
monitors the temperature inside and outside the server cooling room and operates the

dampers and the fans to achieve optimal efficiency in cooling the room.

20 Depending on the location of the data center, humidity of the outside cool air
may vary. When the humidity of the outside cool air is low, the outside air may have
to be conditioned so that the humidity level meets the requirement for reliable
operation of the servers. Although server manufacturers have 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



30 danpers 512. The hot air inside the m xing chanber is drawn to the

cool i ng nodul e 502 and exchanges heat with the cooling coils 504. Cold air
t hen ent ewe 20toe128@hid r ow encapsul ati on structure 506 througis2goarissy and

| ower air pressure inside the interior space of the cold row encapsul ation
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open and the danpers 512 on the m xi ng chanber are cl osed. The, outsi de cool

ai rent erssrvehercks &4 glherrnetssima Boekpaligh o hare sisehtodaighdy secgreshe passes
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data cente e outsl cool air may vary. \Wen the humdity
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requi r emapd Q8 1 BhSivkMatio sthebdréb! € operati on of the server equipnment, the
25appropriate humdity of anbient air inside a data center server cooling

room still is Hlfpdillustrates en example hpokupaipescanihgrtatoicagssbars.ylhsfU+ he equi pnent
in a data,center, In.s . enbpdi nent s ne re humdifiers may be
nstal eanfidingoiy s A SRBOGI RIS BrosdE 700 pPESBAT Y. (nB0RET™Y | 0° |
passinog taipdiheritd) @ro¥kbar 100 el@BeeN top Eldesbab of b bald réwicBGapailaga@npl e cool i ng
systemw th one or nore hookup clips 30 606 that connect the top, crossbar
ext endi ngtMereAgtcaPIsharad2dray bavatopreanssbailof g seryar gph shichdg engneed He ser ver
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whi ch conpayi isemade afanstelr suchakstpelr {The svidthgiftiechdotup olipde4 may dek. \When one or
o STy ki B oIS RS eod BBl 70k ¢ O
25  pin members 706 on the hookup clip may comprise metal bolts that can be tightened
through two sockets to 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.
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structure's top crossbar 602 is engaged with one or nore top crossbars 604
of the server racks 614. The one or nore hookup clips 606 are used to

qui ckly swoun®/2B@1t op crossbars of the one or nore serPem/usack®2Bi6 Wt h
the top crossbar of the cold row encapsul ation structure 612. Simlarly,
the col d Tvyh@NEERSH 806 SNiLSHOURIPEID BaPchifpiR sl diat 6dBbaray be engaged
with the bottom crossbars 620 of the server racks. The one or npre hookup
clips 616ightesed dwaughdwyuoekatstoseewre he goanemioneitheraesbar®)Osnd 842 one or

nore server rack 14 with t

encapsul ?F%ﬁegglﬁg §Pg=%Tgégﬁggg%h@”%%%%%?ﬁ%&Pgﬁﬁﬁhﬁgﬁﬁﬁ%“@??%-nay have a
U- shaped pr of iThe.prdsdast ibventidndasapeth dxphilned vath efarencebespesdt as a clasp to
secure two crossbars. On one sjde of the U—shgped hookur Iig one or nore
pi n ménbémbodupenian g exampls; whdeembodiments of thePregakigyent Oing’a Beecure the

connect i . i : : ip 606 may
be made o Sored PARIRE L g R TE bl bR to P AR Bl 2
comrensurthé art will hppirb@ate ol idiffatenticdtibiration hécanponentsiaod corfigradmebar of 15t he
cold row encapsul ati.o tructyre and..the t r.bott .CI 0S r of a server
rack. Th énWo%E‘hEe Eefp eG\?f’g’é? mée"gquWﬂLbeaeﬁ’é‘?%égl;hﬂ%ecﬁﬁlg?ﬁyfsgﬁﬁgéﬁﬁr ing a
server 1agK Msttherbfoge f@tlistehqy (RAGRDSIER: iRRNBT BCMItEd, except afl G 7
illustrates an exanpl e hookup clip securing two crossbars. The U shaped
hookdf clipgicatodiby theipppended chdmwsir e cr ossbar 700 and crossbar 702. In some 20
enbodi nents, crossbar 700 may be a top crossbar of a cold row encapsul ation
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 encapsul ati on structure. The
crossbars 700 and 702 may be nmade of netal such as steel. The width of the
hookup clip 704 may be commensurate with the conbined width of the crossbar
700 and crossbar 702. Two 25 pin nmenbers 706 on the hookup clip may
conprise metal bolts that can be tightened through two sockets to secure

t he connection of the crossbar 700 and 702. In sonme enbodi ments, nore than
two pin nenbers may be used on a hookup clip. FIG 8 illustrates an
exanpl e hookup clip securing two crossbars. The U shaped hookup clip 804 is
used to secure crossbar 800 and crossbar 802. In sone 30 enbodi nents,
crossbar 800 may be a bottom crossbar of a cold row encapsul ation 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 encapsul ation structure. The
crossbars 800 and 802 may be nade of netal such as steel. The width of the
hookup clip 804 may be commensurate with the conbined width of the crossbar
800 and crossbar 802. Two pin nmenbers 806 on the hookup clip nmay conprise
netal bolts that can be tightened through two sockets to secure the
connection of the crossbar 800 and 802. In sone enbodi ments, nore than two
pin menbers may be used on a hookup clip.
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The present invention has been explained with reference to specific 5
enbodi nents. For exanple, while enbodi nents of the present invention have
been descwOlet)/msdsh ref erence to specific conponents an@#Ctarskoigoessé ons,
those skilled in the art will appreciate that different conbination of
conmponents and configurations may al so be used. Qher enbodinments will be
evident to those of ordinary skill in the art. It is therefore not intended
that the @r&Béht invention be linited, except as 10 indicated by the
appended cl ains. WD 2010/ 123661PCT/ USZOlO/ 029356 CLAI M5 What is clained
is: 1. A server cooling system conprising an enclosure defining an
interior Whamechnﬂed:mrpri sing a rack port configured 5 to engage a rack,

t he encl osu e furth r'g)rl Si ng a top crossbar extending horizontally
across and IS%‘YFWOIP%S D08 EHge of the rack port and a bottom crossbar

ext endi ng horizontRkh¥% d@ﬁﬁﬁg%%&en&rs@ééé@d dothpfisingWahcleplaecaiffiguta rack
port; a cooling and mxing nodul e operative to s mgly coollng air to

t he ||5tertD@ng®9aldeclddie| ansbbshie fitikergnuiptisinge;tol Omssba kxtémddngidi ng a crossbar
and one nor.e,rack- m)ntedu ts installed.n the erein the rack
is engagg}f’ Rty agrassa @F?Xlglﬁ Wpe?%d@ﬁé)gf}lngcl??JL?ni(da%\,{nbf the one or
nore rac kcr@@,blﬂte&%nuﬁigtlﬁ)rﬂz&it@lfl}f Q&Sssvunﬂfpréﬂi@lal tadbWer edeRdE ﬂledﬁ&kﬁ(ﬁﬂ by the

encl osure; one or nore cooling fans operative to draw air fromthe

interior space qdetisgghd mixingamodulemperaiive (4 PRty doatieg aisfo thednteer or nore

rack- nouny heated air fromthe one or nore rack-nounted
units; hg&&%nwbﬁ%ke%gg rleb securing the crossbar of the rack to the top

or baot Om cr osshaelk umfudﬁﬂga @osdbasatideone 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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20 2. The server cooling systemof claim2l wherein the hookup clip has a
U-shaped profile and conprises: one or nore pin nenbers; a clasp
menber f uwoOhero/edpri sing one or nore sockets for recei PCEYS2E1e/0p9356
menbers, wherein the clasp nenber secures the crossbar of the rack to the

top 25or sg?hérgépvgﬁ&%ﬁﬁggys o bPafDE! WRMES tﬁ@faeygbne&%pﬁgea ar%mer s in the

socket s. e server-cooling systemof claim wherein the rack port is
conf i gur ednfigursd bssubstantidllyysealohé ongwit momrackstveth theraghiyorty of one or nore
racks. 30 4. The server cooling systemof claim3, wherein the rack port
can be substantially seal ed when attached to the racks. 5. The server

cool i ng sy TheRR9Er @oBhFvsterBEEIRIND 1 WEerbidGhe fMlihg GAARITLISE Moduipasket
configured to substantially seal the one or nore racks wth the rack port.

6. Thé sdnxther conwrisesg system of claim1, wherein the cooling and m xing
modul e 5 furt h%rﬁ.o??u}rzﬁé in %g?tgg'goi%raggﬁﬁ\?e t'o@%glga'}r%l&g a5 QUiktin ARGl to cool
inthec g nodul e;

anbi ent air wil one or nore integrate npers
adapti ve to adheddle;t he flow of air in and out of the cooling nodule; 10a

control unit operative to control operation of the_int grate danpers. 7.
The server codeRgMeyengsaraged dampsrs adanfine Ferdiugt iy PEalL Eed P PHe t he
i ntegrated COithéc&ﬁ'n‘éf?x%du?enbi ent air. 158. The server cooling system of

. 1 ,
claim6, wherein the“integrated danpers are controlled by a tenperature

cont 6l unit. a @ntréhenisepevaivecoobntreg opgrstiemvithe ditedrated damhensei n t he rack
port conprises one or nore racks on which one or nore servers is placed.
7. The server 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 unit.

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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20 10. A server cooling system conprising an encl osure defining an
interior space and conprising a rack port configured to engage a rack, the
encl osur ewbuntoieséseonpri sing a top crossbar extendi ng hecirasadialokyssacr oss
and proximal to an upper edge of the rack port and a bottom 25crossbar

ext endi ng hor igaemnt ﬁiokyh&ﬁdhp%ﬁp@mu@ﬁd@mermb of Moe ¢rovarsedge rafk tohtke r ack
port; a cooling and m xi ng nodul e operative to supply cooling air to
t he i nt ertper bitpae crgasoarsed thyencisuencl osur e; a rack including one or
nore crossbars and one or nore rack-nmounted units installed in the rack,
wherein the rack is engaged in the rack port such that respective 30 front
faces of the one or nore rack-nounted units interface with the interior
space defined by the encl osure; one or nore cooling fans operative to
draw air fromthe interior space through the respective front faces of the
one or nore rack-mounted units and expel heated air fromthe one or nore
rack-nmounted units; and one or nore hookup clips securing the one or
nore crossbars of the rack to the top or bottom crossbars of the enclosure.
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