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| NVENTI ON [ 0001] The present application relates to providing conputer
resources, and particularly to a system and nethod for achieving the
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to 2 watts of power are used for cooling the electronic conpohents,

and t husmiptginiegctlie fagilitics ondlydingeneding cquapyeti Ylosipeithesnuingeensis ofier in

total | r 1QR Jhe .pover .dissipation of .. .

i ghe per PR SR FRb AR o | PR LR BRI btp g BB pRlea n singl
rows forming corridors between them. This allows people access to the front and rear of

each cabinet. Servers differ greatly in size from 1U servers to large freestanding storage
silos which occupy many tiles on the floor, Some electronic equipment, such as mainframe
computers and storage devices, are often as big as the racks themselves, and are placed
alongside them. Local building codes can effect the footprint of the facility and thus the

overall cost of maintaining the electronic equipment.

[0003] Cooling of server racks and cabinets in the facilities can be problematic,
particularly as processors typically produce large amounts of heat. It has been found that
for every 1 watt of power used for Information Technology, 0.5 to 2 watts of power are used
for cooling the electronic components, and thus the need for cooling uses a very high

percentage of the total IT power consumption.

[0004]  The power dissipation of high-performance CPU processors is predicted to
exceed 150 W in the near future. The high-density packing of servers and the desire for
lower CPU junction temperatures to achieve higher reliability of components means that
thermal management of server racks is an increasing concern, Various solutions have been
proposed, many of which involve large numbers of fans to keep a constant airflow over the

electronic components. However, such solutions suffer from drawbacks associated with the
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of the etmpéramfaiﬁcre@umpﬂemtrmrmRctmmﬁp@:lormgcﬁﬁiﬁdsremsr s housed by the
support structure; and a power system operably connected to the

el ectroni c equi pnent and the cooling systemfor supplying power

thereto where the power systentconBrrses a generator housed by the
support structure. The nobile dat 8UMABY is capabl e of being noved
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system can include a mobile support structure; one or more enclosures for removable
electronic equipment where the enclosures are housed by the support structure; a cooling
system in fluid communication with the enclosures for cooling of the electronic equipment
where the cooling system is housed by the support structure; and a power system operably
connected to the electronic equipment and the cooling system for supplying power thereto
where the power system comprises a generator housed by the support structure. The mobile
data center is capable of being moved to remote locations, and the electronic equipment is

capable of being placed in communication with a network when at the remote location.



[ 0008] I n accordance with anot her aspect of the exenplary enbodi nents,
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temperature, the pressure and the humidity associated with the servers, and where the
servers are capable of being placed in communication with a network when at the remote

location.

[0010] In accordance with another exemplary embodiment, a method can include, but is
not limited to, the steps of: providing a mobile support structure having wheels and capable
of being moved to a remote location; installing servers in cabinets that are housed by the
mobile support structure; moving the mobile support structure to the remote location;

connecting the servers with a network when at the remote location; and maintaining at least



wi || be appreciated and understood by those skilled in the art from
the follow ng detail ed description, drawi ngs, and appended cl ai ns.
BRI EF DESCRI PTI ON OF THE DRAW NGS [0012]Figure 1A is a perspective
schematic view of a nobile data center according to arrangenents of
the present Jjinvention. [0013]Figure 1B is anot her perspective _
schenmat | SIATEFBICTHRE: HBIHUE tiuidbesseied with fhe seryers Ayt desined
IS a topgehematic illustration of a housing of the nobile data
center of Fig. |I. [0015]Figure 1D is a side schematic illustration of
a housing of the nobile data center of Fig. 1.

[0011]  The above-described and other features and advantages of the present disclosure
will be appreciated and understood by those skilled in the art from the following detailed

description, drawings, and appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012]  Figure 1A is a perspective schematic view of a mobile data center according to

arrangements of the present invention.

[0013] Figure 1B is another perspective schematic view of the mobile data center of

Fig. 1.

[0014] Figure 1C is a top schematic illustration of a housing of the mobile data center of

Fig. 1.

[0015] Figure 1D is a side schematic illustration of a housing of the mobile data center

of Fig. 1.

[0016]  Figure 1E is a front schematic illustration of a housing of the mobile data center

of Fig. 1.

[0017]  Figures 1F-I are schematic illustrations of a housing configuration of the mobile

data center of Fig. 1.
[0018]  Figures 1J-L are schematic illustrations of the housing of Fig. 1C.

[0019]  Figure 2 is a plan schematic view of a thermal management system for cabinets

housing electronic equipment according to arrangements of the present invention.

[0020]  Figure 3 is a perspective isometric view of the thermal management cabinet of

Fig. 2 with side panels removed.



[0016] Figure Eis a front schematic illustration of a housing of the
nobil e data center of Fig. 1. [0017]Figures 1F-1 are schematic
illustrations of a housing configuration of the nobile data center of
Fig. 1. [0018]Figures 1J-L are schenmatic illustrations of the housing
of Fig. 1C. [0019]Figure 2 is a plan schematic view of a therma
managenent system for cabinets housing el ectronic equi pment according

to arran@epent srphurd N8 apeRpeittve is@ﬁﬁﬂfc'% of 00 HehhA 198 g 3ndn® caﬂnmet of
perspect|ve i sometric view of the thermal managenent cabi net of Fig.

wi th skige? pithdpars padrpafies removed.

[0022] Figure 5 is a side view of the thermal management cabinet of Fig. 2.

[0023]  Figure 6 is a perspective isometric view of the thermal management cabinet of

Fig. 2, with servers removed.

[0024] Figure 7 1s a perspective isometric view of the interior components of the

thermal management cabinet of Fig. 2.

[0025] Figure § is a side perspective view of the interior components of the thermal

management cabinet of Fig. 2, showing the foam door seal.

[0026] Figure 9 is a side sectional view of the thermal management cabinet of Fig, 2,

showing example airflow patterns.

[0027]  Figure 10 is a front perspective view of another exemplary arrangement of

thermal management cabinet according to the invention.

[0028] Figure 11 is a view showing the flexible fingers used in the thermal management

cabinet of Fig. 2.

[0029]  Figure 12 is a bottom view of a modular base for the thermal management

cabinet of Fig. 2.

[0030] Figure 13 shows an exemplary embodiment of a perforated curtain for use in the

thermal management cabinet according to the present invention.

[0031] Figure 14 is a side view showing an exemplary embodiments of airflow plates

for use in the thermal management cabinet according to the present invention.

[0032] Figure 15 is a schematic illustration of another exemplary arrangement of



[0021]Figure 4 is a perspective isonetric view of the thernmal
managenment cabinet of Fig. 2 with doors and baffles renoved.

[0022] Figure 5 is a side view of the thermal nanagenent cabi net of
Fig. 2. [0023]Figure 6 is a perspective isonmetric view of the thernal
managenent cabinet of Fig. 2, with servers renoved. [0024]Figure 7 is
a perspe@?‘?’\‘f"in}ag%ﬁ’?ﬁ‘ceflﬁ @L%Fbwcﬁrtgﬁ%tk}edﬂéﬁm% conponents of the

t hermal nmanagenent cabinet of Fig. 2. [0025]Figure 8 is a side
perspective view of the interior conmponents of the thermal managenent
cabinet of Fig. 2, showing the foam door seal. [0026]Figure 9 is a
side sectional view of the thermal managenent cabinet of Fig. 2,

DETAILED DESCRIPTION OF THE INVENTION
[0033]  The exemplary embodiments of the present disclosure are described with respect
to an environmental management system for clectronic equipment. It should be understood
by one of ordinary skill in the art that the exemplary embodiments of the present disclosure

can be applicd to other types of management systems.

[0034] Referring to the drawings and in particular Figs. 1A and 1B, an exemplary
mobile data center system 5 is illustrated. The system 5 can include a support structure 15
which is capable of being moved to various locations, including remotce locations, and then
connected to a network at the new location, such as through a hardwire link, for providing
computer resources. In one embodiment, the support structure 15 can be a trailer with
wheels that is capable of being towed. In another embodiment, the support structure 15 can

be a self-contained moving vehicle; i.e., a drivable vehicle.

[0035]  The system 5 can include a power sub-system having generator 20 that provides
power to electronic equipment, such as servers, as well as other sub-systems, including a
cooling system and a control system. In one embodiment, the generator 20 can be a self-
contained power generating device, such as a diesel generator. However, the present
disclosure contemplates the use of other power supply devices, which may or may not be
connectable with outside power supply sources, such as the power grid at the remote
location. For example, the power sub-system can be connectable with the power grid for
receiving additional power as needed. Other power supply sources that can be used to
supplement or otherwise provide energy to system 35, can include solar power sources, wind

power sources, hydrogen power sources and so forth,

[0036]  Referring additionally to Figs. 1C-E, in one embodiment, the system 5 can
comprise one or more housings 25 for the electronic equipment, which may have various
points of access including rear and top ports or doors. In one embodiment, doors 30 can

provide access to the inner volume of the housings 25 which can have a raised floor 35,



showi ng exanple airflow patterns. [0027]Figure 10 is a front
perspective view of another exenplary arrangenent of thermnal
managenent cabi net according to the invention. [0028] Figure 11 is a
view showing the flexible fingers used in the thermal nanagenent
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[ 0031] Fi weiaes2s ¢a b coniigured wwaspeswayg inphudingeppkiallys seetbasdn kG 1 of

ai rflow gl @L&8n each other as in FIGS. 1F-1. In another embodiment, the housing 25 can be
formed using thermally insulated walls, including a non-perforated liner. Referring
additionally to FIGS. 1J-L, the housing 25 can include a number of access panels 40. A
lifting structure 45, such as a lift lug, can be provided to facilitate positioning of the housing

25 with respect to the support structure 15.

[0037]  The electronic equipment can be positioned in a plurality of cabinets 10 (shown

in FIG. 2) such as arranged in rows with access to the rows being provided by the doors 30,
although the present disclosure also contemplates other configurations for the cabinets. The
particular configuration of the rows can be selected based on a number of factors, including
facilitating adjustment of environmental conditions associated with the cabinets and/or

maximizing facility space.

[0038]  Inone embodiment, different housings 25 can have different required
environmental conditions. For example, a first housing 25 can include cabinets 10 that are
housing servers, which require a large amount of cooling while a second housing includes
cabinets housing routers that require a smaller amount of cooling. By grouping the cabinets
according to environmental requirements (e.g., desired temperature and humidity ranges),
system 5 can more cfficiently control the cnvironments associated with the particular

electronic equipment.

[0039]  As described above, system 5 can include a cooling sub-system for delivery of a
cooling fluid to each of the cabinets. The particular configuration of the cooling system,
including the positioning of the various components, such as a chiller, conduits, fans and so
forth, can vary. In one embodiment, the cooling fluid can comprise air, such as delivered
through the use of pressurized plenums. The particular conduit configuration for delivery of
the air to the cabinets 10 can vary. For example, an air supply channel can supply cooling
air to multiple cabinets and/or multiple rows of cabinets. In one embodiment, each cabinet
can be connected directly to an air supply channel so that each cabinet receives air that

flows directly from the cooling subsystem rather than from another cabinet. In another



for use in the thermal nmanagenent cabinet according to the present

i nvention. [0032]Figure 15 is a schematic illustration of another
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side walls 112, a front 114 and a back 116. The cabmet 10 may be used to house a plurality

of servers 15 or other pieces of electronic equipment, including routers, DSLAM's and so
forth. Suitable dimensions for the cabinet 10 can vary depending on a number of factors
including the type of electronic equipment, the facility space available, and the thermal
management resources (e.g., the insulation factors, cooling power and so forth) but can

include a height of 7 feet, a width of 3 feet and a depth of 4 feet.

[0041]  Referring additionaily to FIGS. 3-8, the cabinet 10 may include generally L-
shaped horizontal rails 117 attached to, and supported by, four vertical rail supports 118
which form part of a frame 119 that is positioned in the interior of the cabinet 10. A
plurality of rails 117 may be provided in pairs to form shelving brackets on which electronic
components can be supported. The rails may have any suitable formation, one suitable
formation being standard square hole rails that may be positioncd 19” apart to form a 197
rack. The rails may be mounted to the vertical rail supports 118 and define the depth of the

racks for housing the clectronic components 15.

[0042]  The vertical rail supports 118 and the rails 117 can define an electronic
component storage area 120 that is located within the frame 119. The positioning of the
frame 119 can define a front service area 121 forward of the frame to the front 114 of the
cabinet, a rear service area 122 rearward of the frame to the back 116 of the cabinet 10.
Two side service areas 123 can be defined to the sides of the frame 119. The cabinet 10 can
be designed to be 42U in height, with “U,” or rack unit, being a unit of measure used to
describe the height of equipment intended for mounting in a 19-inch rack or a 23-inch rack

(the dimension referring to the width of rack). One rack unit can be 1.75” (44.45 mm) high,
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condi ti ssocl a € cabinets a maxi mzin
space. [10033 ermaleuenindds iepreferably hadeaft cbmpssmegmt&ﬁll,ctbomh awebe

differe [ ired.envir | con ion For ex l e first
nousi ng 28 4 i G Aol & LR PZD T B HSREIIR TEBAASPEYIERY ch
require dvical s sadiddntspahg E}Q@édl JrGatiitidderoBerSRGARHsh &8 isngadHeg hinde op
cabi nets housing routers that require a smaller anmount of cooling. By

gr oupi n@Ttieraamhl feldic spitan é?%@ant%th‘érﬂ%ﬂ RSN pradiiaceriie Hegeqraaly, |
desired SEF;SH?@ nag Hﬁc‘ﬁ RAGk DLl L¥nE 88T Ihe ééf%%ﬁf@e%rﬁ%qa% M'Bttom

ef ficient control the environnments associ at e parti Teul ar
el ectr omr%ckéquﬁgwn%mablc[fl)@@g‘]aABZij@simmﬁbb’dalabbm@ lowgred.eFypicaly, thaclnede a

cool i Ng ;8 WRerlShB % Esqgveqwlt'h\fﬁé’ t%er%‘fal management plate 124. The curtain 125 can be

formed of a thermal insulating material that prevents heat transfer. U-markings 130 may be
provided on the curtain at 1.75” intervals, along with a company logo for the cabinet

manufacturer. With a 19” rack width, the curtain 25 can be 20 wide.

[0045] The curtain 125 can run in, or otherwise be guided by, vertical U-shaped rails
attached to the vertical rail supports 118 such that the curtain provides a generally sealed
barrier to the transport of air. It should be appreciated, that although the arrangement

ilustrated has curtain 125 provided at the back 116 of the cabinet 10, it may alternatively or



cooling fluid to each of the cabinets. The particular configuration
of the cooling system including the positioning of the various
conponents, such as a chiller, conduits, fans and so forth, can vary.
In one enbodi nent, the cooling fluid can conprise air, such as

del i vered through the uyse. of. pressurized enuns. The_particul ar
condu t - BaHERGnBapieSHeH 8 g ai P tbrehahdr e p5bane of Beiines BT an
vary. Fo§id&@eRmRl @bingl) IRbtheSatpbYm&Ra MaherBANCIFHRP] 26 GO0k p&GticHed af tBe
mul ti pl e cabinets and/or nmultiple rows of cabinets. In one

enbodi mefient oégeivabiagilfet can be connected directly to an air supply
channel so that each cabinet receives air that flows directly from
the cooling subsystemrather than from another cabinet. In another
enbodi neff046]t he Toathicmas] snaf@zeomnt flete d24 ambjhd thermgjronttpied 28 cant teatsedito

portion of t cabinets receive.c ing.i-n_series. For.exanpl a .
R R R g O g g A 4 i N I
$ ih_r ectl %/fédve_mai Mgt ﬁ?r}’sfdrhatcoftaﬁ)nbﬁﬁﬂbe?k&ﬁh&ﬁwﬁ&in&lﬁlﬁ_‘r@ﬁ@éﬂvi& ?@utﬁsy,fs_t em
1S CO alLr, can W Aacr.oss the electr nic equip ntO I he 1 rst
group ofquafsdatt %%aﬁ LRI ARMBaN Y %ttaé%stfnawn@gl the Bskb AR gribip

of cabi ngp y ifaherhRfhiReRe P €74, ARURNt BorCROLiHA0: 12 HRE t1RIYottGART
then be returned to the cooling subsystemfor renoval of the heat

t hat hasthpedrnat A& st lorm die atherbhendaties ¢fythe ¢rdd enesh hahepns seobrideginedips

of cabi ' i, Q. _Fi d i 10
can’ haverbin H3tblilans R RELTRO 1RIREL] Beddyqde SARERSUAFIS
The cabistetd Mthimethe heksmddyttioe thouwsbcatapl 5athattextenlls Semeliestof 6 the ot her
pi eces of . el ectroni ¢ equi pment, includi r out .. DSLAM s and so
Porth: QabPsbitbodi EremrBrspeptle 48]t S A ey Sop g on o
nunber aindftigeciop oS the REDibEi10Gailt RemityPpeh@iboghdeics ONhe hGieh® NE Abutral heut
facility space avail able, and the thermal managene resources. (e.g.

the i nsiA°8s FaYDs igppgsiadovebgcrldgopn neé&atvge@nfltﬁtt)m?fttﬁaﬁab@%l@»ﬁ%q ude a

hei ght Qfierfraf R8hagemeid gD 194, 112 fi@SY 128EhA cASRYE NhOFroft do8E4f the cabinet 10
[ 0041] Referring addltlonalkémto FIGS. 3-8, the cabinet 10 may i ncl ude

gener al |apd[the th¢rapéenrtior | 250 nthatk, thahdt gonteltypigeltyaforrasithe entirg vdlugwpp dret ed
by, four I rahl . & L.chf

Chat 1o TSGR B WRIRRO R ARl Bl Meflch e cSupd Bl
rail's 1ZLifenid) coe bpsmit iverdidallyrbythé harizootaflpioniesthd piicrig4 e tleetestra heathi ch

el ectroni ¢ caopponen cap, be s rted. The rails may have any

sui t abl €°F'of FBﬁF3§W§°@UPP5gﬁEQﬁ3&W%tion bei ng standard square hol e
rails that may be positioned 19" apart to forma 19" rack. The rails
may be mpunted to the vertical rail sugPorLs 118 and define the depth

of the ri884d f ob e GELAGMCAE 26 Flawivtim tecabipgddiser 2a frst from4bq qakd

ver ti calyoh@idardhln AirbSghlthS cRBEbriN @bt sthipeGR 198TWHAR idBkoineSt T oni ¢
conponent storage area 120 that is located wthin the frame 119. The

posi t i oricaigd dec orventaptamith the glceniciednpoacnts therin anslayxits ko te bat 202d.
forward -@f - [ &I ea vi.ce
ar ca 1270 &0y in Mg TP Rrfclfly b ORks fhfindhe b0150RARF e BB e S
zone is designed to be cut off from this air flow by the thermal management plate 124 and
the thermal curtain 125. The neutral zone formed above the thermal management plate 124

can be used for storage for equipment such as laptops or other devices,

[0048]  Inother arrangements, a thermal curtain 125 may be provided without provision
of a thermal management plate 124, in which case the thermal curtain may be positioned to
either the front or back of the storage area 120, or at any location therebetween such as at

the center thereof. The thermal curtain 125 can be mounted to the top of the cabinet, and
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Two side service areas 123 can be defined to the sides of the frame
119. The cabinet 10 can be designed to be 42U in height, with "U ™" or
rack unit, being a unit of neasure used to describe the hei ght of
equi pnent i ntended for nDunting in a 19-inch rack or a 23-inch rack

(the di nensi on ref g% to th §, th of rack). One rack unit can be
1. 75" (4%0Ds SHpply Ryt S’Pfle PHOwardy Wil ftamCBebﬁbm@rmw eleGifnic COMPORE be

provi dedsb@q ?rﬂt‘ﬂ@kto?a%@ af8 306 EThib @ﬂrﬂ@%m@ﬁt tﬁﬁ%pﬁ@%&ﬁkrto%ﬁtﬁe éeﬁ‘ﬁlef gl s
bei ng spaced a suitable nunber of rack units apart. [0

i nsul at et hiet Fene andixghiasne by vertieallyxividiag tftﬂeﬂlﬂpftedxsmeble thmmad; putéeém be
noved mn% in the cabinet 10. The thernmal managenent plate 124 can be
formed of "any suitable material. In one arrangenent, the plate 124
can be forned of ABS plastic with a foaminsul ati on backi ng. The

t her nmal gengnt ate 124 can extend rom the front 114 o

cabi net BB wartie: BB SuadRetngi ot o FipStbintrid. ke dherpil miagriry |
support 8 1szﬁtbxmﬂlfﬁnﬁ e filohoniy ek @Abinkhe ﬂt@@dntsawmal gartslﬁl%
The el ectroni ¢ conponents to be housed within the cabi net 18 can

stored vindrhsthegsel surtain 625 cag be proyidediclyst fontfe frepfivertiral 1ad warports.gldus and
wor ki ng aae@sra%atllh&utrgﬁremommﬁqs%ﬂtm&' 1A Bind%sh drHr&RRnEDYAD! €

within the cabinet and is typically placed wthin the cabinet 10 just
above t renh&pgrextanfling e ﬂullglhehtoféhecﬂbmhl(bwtmn@e plepironihenmpogerds aeed

wthin Hﬂﬁ &%F ﬂﬁéﬁ*@?}ﬁ@@ﬁ@ié%%f%%%ﬁgg%1%6 attached to the rails 117

t hat are posi ove t *nost el ectronic conponent,
or may sinply be rested thereon. At the front edge of the thermal

manage | at the c ch ered or cu ff.
0T alObsll o e e eSS Eies a2, s cohis che el ol PGS
116 of tihe aeabifat 1141d bifie] tmedabRif t(ﬁh@lulaﬁy bﬁalpﬁeﬁ@ea%mdga@e of

a conposite material, though can be fornmed of suitable material.

The curt'@find/obiggies B35 easisanendded Wétﬁhéa@@ﬁPWﬁébﬁS“&éw gantbagk okthe h
as a Sprda?tﬂetj ma%@ fﬁtgertetrptetoﬁﬁeda* lﬁhtﬂ&ﬁﬁﬁf‘b@t{&h& e'xﬁ)l@ttiﬁt@ﬁ edicat

the top of the frame™119. The curtain 125 cah eit e nount e

Wi t hin o adejragebiter popladtis maserral.r Zhd fisgepplcrtcan bﬂ_sersmﬂh redhfalguiatly shapcd

| ocat ed ser Ce ar Ltom

195 can Dbl B Filgedl oL s S UIMGE IR shidioa hoh B BE P
Typi cal IBach fihgereu basapaiatly owesablt, amitdah dilttw baablébau et: padsédthtriethrédparbyal

managemnent 24. The curta 125 n of a th I

Ut at R AU hdkopt MASRRTIER STy RSP T3 e RO 1y
be pr oviag@ggdanatiddBedoad bhbi aﬂytbtﬁéralusn ahs., medneer ythtsctauﬁerﬁqn@any

| ogo for the cabinet manufacturer. a 19" rack w dt the curtain

25 can Beushes 134 qge be pouisisy pRSURNGFs an ﬁlﬂm side ghthe gap bcﬁwcetthetwesmm%’e be
gui ded g MLfiels ﬁet/ﬁthmapsﬁtht 2lditet QA {;% ﬁreshtttae&qt tﬂeqah tea' !

supports 118 suc he curtain provides a generally sea
barrier to the transport of air. It should be appreciated, that

2l L oughobdif, o AMIAERLyEh ¥RCRLSA NP0 GHLLA P Bt PLAN A s e

the sides 112 of the cabinet at the rear edge of the front service space 121. A set of brushes
135 can extend from the rail supports 118 to the rear 116 of the cabinet 112. The side

service areas 123 can thus be defined by the fingers 134 and brushes 135, such that they are
bounded at the front by the fingers 134, at the sides by the sides 112 of the cabinet at the

sides of the electronic components stored in the storage area 120 and the brushes 135, and at
the rear by the rear 116 of the cabinet. The side service areas 123 can thus be generally
separated from the airflow in the cabinet by the fingers 134 and/or brushes 135, which form

baffles, and the side service areas 123 thus form secondary neutral heat zones. It will of
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in addition be provided at the sides of the cabinet, ancUor at only
one of the front, back or sides of the cabinet. In other
arrangenents, the thermal curtain 125 can be positioned at the front
of the cabinet 10. [0046] The thermal managenent plate 124 and the
thermal curtain 125 can be used to separate the interior space of the
cabi net AWNCREGPRACFIIEH BRf aESLEyent BEPﬁ“ﬁtj’b B o fingetssan heeaployed tgw

and heatpdif pRS{RM: se&r&tﬁinci)f G- AP BR Hefinngehive 4Bisn 28R Ef1PRtallow
service area 121, bounded at the rear by the electronic conponents
that ar ecables tebe thrsepechintarradithrorgh the pide sarvichercesoly 3y appeopriatsronble
managemne The front door, the sides 112 and the bottom of
t he cabllﬁgna%%&ﬁgéaﬁ%?smthe ot her boundari es of the cold zone. A hot

zone can be defined within the rear service area 122 bounded at the

and by 10> Tner FEfol EafRos. Brte: 8LPURAATPOI ATAES o ST Of Hpdhes

cabi net 143, fiexible Codnb B Mation FiERE 8RN RIBEE Tiéboan ?ﬁ:c@é rﬂ@ﬁbe]ﬁrgwdéd"lﬁ
rear door, the bottom and the top of the cabinet 10 can formthe

ot her botHdaFH @Beasratly @nh@pfaggm@ pigge @3 may bhexdendsd martieally fun thecred
above t hey.gol &lftz@m@md %ahﬁ%éﬂnetﬂ?ﬂ%q B4l a%%f?ermy {96 lg%bse&% p:l'l%e 1? L

t hermal nanagenent plate e sides i net
door of m%ebecatabhrﬁétto ﬂ(doe;nldi&dﬁelletdabmﬁialwhanttladwrjlzs1s cldvad, the tve than

zone t ype&%r a a%i r{§3l§ Qa% %n{ Jmféufo rfteall?Pes C%l ht% L 68 NunYRony Vjch%eele%{ &R 122,

while t service area T onie conpone "%t or age
ar ea 12Cbon@nnéms g@ied bn vierntékcthidugh me abhitging ﬁ:ranzplacteall B3, 0B3lerd thelsidt at e

124 into the neutral heat zone at the he cql d.zone t he
Dot t om EOGEA 1GmeTE 08 HBTAIOD 2900t 1R T e dBet (Esokan
go firstzohé KA thb Gt Heat SRR JrelRy I@ Ghiceldida@uah the el ectronic
conponent storage area 120 where it becones heated due to contact

with the el ectronic conponents therein and exits into the hot zone.

The air gasy)t hepnd Jiqu 1‘1@?1{ g%ﬁéﬂ i}ﬂclg@é’\@{e% 33{&{% ﬁb{e%v%'lg sila?%arfe%qg afl@y €Xi t

t he cabinet. The neutral ne i s designe cut o romthis air
f1 ow by achess béteremtabmetsafensidds lpﬂancbmd@ganahdnawﬁm cphﬁmmﬂ of lighteeightl 25.

The neu'[crog'{pogl%r}%atgr%lg@ﬂh %919 \ﬁ%Eng‘l' %oxﬁ]&%{wq prBQe ggrrlsu othﬂ at e{%) %4 can be

used for orage Tor e é
[ 0048] | rpr@xhﬂh&iorﬂhé adgp&r&m dn s@né Jitﬁi’nlg‘alherﬂu rtneamctee,liz rrmgtynch&iepm@w ﬂe&

W t hout ]ﬁrﬁoQ/|S|onlof0rﬁ @rma ga ment plate 124, V\/n ch case

the therffaf" QPR HSNEY BRHTLY PF R erYeTE fiated f‘h%ner‘ia LOSEFYRES of
the st orsaged Ar8athd2Abinet 1A saRYsilO%AliéORedsN25 aRel-NasIly S4eh! ASzdAtks, ihe
center thereof. The thermal curtain 125 can be nbunted to the top of

the cabidqes nota#ect thogpolag samapilificsenditemenbinctisuiionatoargvidmpynch pyt hoksdmes

the top-fjDSke€! €Ctroni c conponent stored in the storage area 120.
Thi s arrangenent thus splits the interior of the cabinet 10 into a
hot zone and a cold zone by vertically dividing the space using the

ther mal [8(7%’45 al nl"he%Jack 116 and the front 114 may both include one or more doors 136. The
door 136 may have a side hinge, and may be constructed of lightweight composite materials
similar to the sides 112, and may also be insulated. In one embodiment, a double door may
be provided, which has the advantage of allowing a decrease in necessary aisle space
between cabinets that face one another. The door may include a temperature sensor that may
be viewed without opening the door. The temperature sensor may be provided behind a
window in the door, or may have a sensor part mounted inside the cabinet and a display part
mounted on the outside of the door. The door may include a combination lock, or other

locking mechanism. A rubber or other seal (not shown) may be provided around the doors

12



[0049] I n yet other arrangenents, as shown in Figs 9 and 10, the

t hermal managenment plate 124 can extend fromthe front 114 of the
cabinet to the front vertical rail supports 118, and the thernal
curtain 125 can be provided close to the front vertical rail

supports ThIS creates a. snal raI eat zone but still perforns

the funcliC%l® &P tﬁr“’@i‘}élﬁfﬁ‘rﬁédltbﬁh“t%‘fg FHE% om ext endi ng the full

hei ght of the cabinet 10 when the el ectronic conponents are not
necessar i I%/ stacked up to the top of the cabinet 10. [0050] Referring
addi t i on@PP3] t oltprgembedimeay thecabagl Hompx be mowned et mpdular Gagg 137,

support Sfot'ﬁ'tg‘lgad_tbottgrﬁ 158 QPfhe %a{?n@r nﬁleb@aggm%} ﬁtegsfuré f’%ﬁé‘ﬁ v & %%éde fha

plurality of "air managenent fingers 134 an brus can be
provi dedallowhicctss ¢amragset dnor slystemhléoeudeess aoTATE @nt 1 PHkodflartabeess fbormet

10. The finger onth cond cti. efI xi bl e
mat eri al %’ Stﬁcr@%@ t%nl]%rr?%ﬁi’ pf %%etn %qqoélan THESGT ¥Yers 134
can be genesmintingoeetingghdtard gtea&é&atp ehk ﬁmdd ﬂ&n slyﬂerat nasmettyalf fanedend
only to a su ort which is attached th pports 118. ch

fi nger IR PBRL dee&ategfﬁweeﬁme 6 gsbingi Fdiana eﬁeeuwn@epfaeg%d
t her et hrgegdht &361 &H%H@uﬂd@%&ﬁaﬁ'tﬁe’%ds@@?ﬁ ween adj acent fingers 134.
The brushes 135 can be simlarly arranged, attached at one end only

to the rail supports 118. In anot her enbodi nent, the brushes 135 can

be provi on j: i

S upgor t sﬂaﬁ% an%”tB Egsgﬁagrsbf ? frlﬁtz)r{r%lté y bgjc‘:%g%? g i@ﬁ%‘g%ﬁ) et s ucﬂ éaﬁﬁe{ ]taq'te
brushes Treatuci H4tdae exteutigaerallp ot dnaremne the toarig@thams adacaeto the back
tho-cabi Mo T AT o et SFobhuioRdt Stbhumee <lned s 18 Roddf o
br ushes ah%oﬁeﬁfellﬁ)gtlﬂﬂdmf fop Rredting hodit tosdhapaiid Siednb@ndt@hdie). Matuckl64 of

t he cabi net 2. The side service areas 123 can thus, be defined by
the fingB#sd 6'1 P t&ﬁt}&t@éﬂ@f&e? opRriHathaREpe sy e BolmYER ot t he

front b)ﬁg‘{p@ﬁ’ecft bogeISnolethe Sbideh 0 BAISH S VoMt ptaﬁél istb @tf‘csceillﬂaé sﬁéfcetl @? In

cabi net the sides of the electronic conponents stored in the
st or age Q¢ @grengeocahthetdyet Kriganbe formsd ofntlexable fabsic opplestipymatpréaly bar 116

of the g gt;’gt@eémtgo@hﬁelﬁ' gfdéc%nxaa 68 RS edlo%éb ?cprﬁt#aga P 4905 A?B%c!ﬁé’lgor

separate romthe airflow in net I hgers

br ushes mM854e mwhrdfdtomcdﬂafg‘dyetsm anxﬂlotnh@nmodmtsemheqneoxadcﬁlaﬁ thikeA38p 14
form secQ dar neut r al cours recj at ed
that - any e et B o e R op iyl e Rin e B RARh o

bot h pl‘(ﬁ(ﬂ,yd&@eﬁ&jptaéaddm)n of the air flow fromthe side service areas
123 and still to allow cables to be threaded into and through the
side service areas 123 for appropriate cabl e managenent purposes.

[0057] A divider 149 may divide the public communications raceway 148 for fiber and
copper cables. A patch panel 150 can extend from the public communications raceway into
a private communications raceway 152 for pass through of cables into the interior of the
cabinet 10. Dividers 153 may be included in the private communications raceway 152 for
dividing the space for fiber and copper cables. Junction boxes 154 may be provided in the
power raceway 148a for supply of power to the power circuit in the cabinet. Power strips
156 and cable managers 158 may be provided adjacent the back 116 of the cabinet 10. It
will be appreciated that the arrangement of components at the top 146 of the cabinet 10 can

be varied to suit the particular application.

[0058] In use, the cabinet 10 can be installed over a raised access floor 160 that is



[ 0052] I n anot her arrangenent, in place of or in addition to fingers

134 and/or brushes 135, flexible foaminsulation pieces 133 can be

used. The foam pi eces nmay be provided in two parts: a generally thin
rectangul ar piece 133a may be extended vertically fromthe cut

corners of the ther Jmanage pl ate 124, d.a erally .

SOl o Bovidag P oL A o ass ML Clie St svbiemy T based e beegistorse
cabi net . witheperin® il R HlodB 60, ThELIIRALY cdnR kWRIIIIAM RIrSiTSid3FR. and
133b can abut  one another. Cables can then be run fromthe el ectronic
conponenglectonisempepentsn bgdstallnd o ghlst A 8B ateaphgprisain cpbled by passipg,
L33b,  t 0o bt E TS 898 ks 1 I0nd QMBS HsAoR, FHEEETc 33

can thus form ween t'he~cold zone an e neutra eat zone
of the sirdss 198r Biapdard cedds mie@emehidddicTdmaxbakespldykd imthy serabrvicaataase

The of doC 14 SSRMHE Gifhs AR aBE R bk Buhl Bt B S B Padfig el 6"

conposi t @ébimet. ETHeaableWart furh@nrthd fop iele ceBinEtUOtfbV@nERPE Ed the Bower supply

| nsul atio may al so be pﬁ§Viﬁ§d on the side panels. In sone

ar r angen®¥itie COPRENISHIADS cables, wRirhimay| bgdannshied & ohe e B RESNIBdnel
so that GRRES 108 B&s! the 86RM FRIY Bich cRkQy. €d in one cabinet 10 to
servers stored in another cabinet 10. As the side service areas 123
are generally neutral air zones, it does not affect the cooling

aaitok ‘ ! . . Len h
citos, | [BBEH Tiab BE FRULRE toRbichBltie oL S BHRRTn AL NS Rl 4 1
nor e doahe rebB&rvidhaed b byltBe ambyw hammgantsititbecokd zrge of thedrombgerbes area

t d_.of |ightwejght it terj,al s .Sim to the sid
R R A s B S
be provitdettar whvicharb@$22 die tacheanhtageftt cHlthoéd@ni deGbeAEabdes the

necessary agfle space, het ween caginets t hat fage one anot her. The
door may?!i RAlOHHY Grovghpiericiul - donabhusirieulpay v the caldbepngi thrygk the
openi ng & ofRRbmpditatstif MREIFII ReaSENIO theMRY 2R aRY QY (S Gud M. NPhea

w ndow i n the door, or nmay have a sensor part nounted inside the

cabi net andusbaiilessuelyasshe therrpal magagenient plateddt shermabsurtainel 2§04 foathe
door nmay,:i i i , . i i

rubber i ot 1oy Tt PR MOl ol AELIGS Hh Ot TRANAP TS
136, t o spedepvitlon geahbiactyard pregaplsot tithditoldhg ntixibg otheethbtie throeB@RS5] | N one
enbodi nent . the cabin H 10 na% ﬁﬁ nmounted on a nodul ar base 137,
forningcﬁxB8PF8WP¥§§ng§m?ﬁ%mE bfthet. The base may neasure 3' w de by
4' |ong, and may allow access to a raised floor system 160 such as a
TATE 24" x 24" npodul ar access f]oor system A front section 140 of,
the basd046d? isln&ﬁéﬁ tq gnspyeehal spicisst coohp 1sdslyaedioghppnsr most clectronic

cor r espQRgipBRenM R Hidfork MRl B &ty @RLERoTAy bEEseiairsLekflpROL peXShEM A
plurality of feet 142 are provided to bear the weight o the cabi net
A skirt quren 130 ewsowrd) Feaud 3 oumerrickef plates 1 T2msshewem Figoldh, may be fisedm

exiting SR Hﬁlglgteglgntg @z?r?he}g’?o keep cool air flowing towards the top servers rather than

allowing it all to be directed to the lower servers.

[0061]  Inone exemplary embodiment, the cabinet enclosure can have an inlet and an
outlet in proximity to a bottom portion of the cabinet enclosure. A supply channel can be
connected with the cabinet enclosure inlet. The cabinet enclosure can be positioned on a
floor and the supply channel can be under the floor. An exhaust channel can be connected
with the cabinet enclosure outlet. One or more plenums can be in fluid communication with

at least one of the supply and exhaust channels. The plenums can have a pressure source for

14



[ 0056] An airflow duct or chimey 144 may extend froma top 146 of the
cabi net 10. The duct 144 can extend generally froman area of the top
146 that is adjacent to the back 116 of the cabinet. The duct 144 is
di mensi oned to extend into a ceiling space 162 such as an

above-ceilin | enum f vent.i ot air to ventin ans (not

shown) . amEr g PT&%‘T?r‘g‘iffeﬁénfllﬂéngégﬁ %e SoFleyERoh b %iiweg%n 'étmcgrumg air
connect e@ gy &&%ttﬁ&l%h DOcRYBE cdilcahBe p@Mﬁéﬁeszfndérer)@ﬂécﬁ%d ROGEHIapNi NG
of the cabinet 10 bel ow a vent panel "into the ceiling space 162. In

one ar r affieaskivith theruprly ehanngly Acepelase candiave trafghdha qoelingeal tp agmeve or

pl astic he duct 144 can be forned
of ari gﬁ’%{ﬁ%&l?ﬁ%\lﬂo I{C}g'il{ hﬁﬁg%ﬁe BT&% may be a standard drop
ceiling system Varlous conponents can be provided in the top 146
such as wer rac and, a,.publ i ni cati 148,
both o GAPAN: mhy B b PR TBER, * PeOBT TR T GLr O rEO R RAT B de
t he publ éq@ippiaesmi 1ﬁc&lt1(ﬂeCH’l@bfrﬁCﬁMﬁﬁthi’g didy wiliskead dafMdn€ORPRY a Bak| £8p A
pat ch panel 150 ca exteng fromthe public comunications raceway

into a prfndloReersthefebBrforateemmsrally sealgtensloswe foelshanior cabl es
into t heeqthﬂali'r?e‘hl Okn Bkctdifc &ﬁtq'.'oﬂé‘r{t s%gafsQe\é'u‘i’c@ﬁcﬁnéé%a@%el%ﬁeﬂzﬂg lra‘c!:‘ﬂqgr in

the private conmuni cati ons racewa for dividing the space f

fiber armipwpp@lee@mcemmpmtwdn dbﬁmism B nterey sersiop pbihe geldngtn Att he
power r [

cabi net 618% wergpéﬁ ir%g g H@@%hy elnte% rrgtr}l]%%%lr# gglﬁ.@%n%f}&géggé%\ﬁgf eah e
adj acentintlhéedbadhic libltﬁmcdf tltdtabmaﬂa iThe tcaldifet chm bawlimenbenaipp extendberaedniaat

th t the t 4 . th 1 b
e o RET R oo SR G ol dheeti P o« Bting prhefibe A gt et -

10 can heridsbakd gid afV@E dvpcRiling efigassted hi@OThdBdiohh&ening of feovi ded
with cooled air frogman HVAC or other system The base 137 can be

regi st er@HnGf A be ghenahlssvithan apening goihe 1ersss fHops seghy thiisgol @afrasa the

ext endedicidt Aodr 151@5%9 ift&tHeicBind:@Rd NTNE b ttﬁ@&b&mﬁ%ﬁfﬁ@ﬁ@ﬁ stbABe BRa
installed on rails 117, and are appropriately cabled by passin

cabl es tthesitigis caheetftb@nglpﬁhe tapsopeBBe, Whiplyisredignadle vitlc oepehmgdh the di@6
into the, ﬁige service areas 123. Standard cabl e nanagenent | adders
may be enp yed in the side service areas 123 to hold the cables at
the right height and to allow themto be passed to the tops of the
cabi net . es. are. un to.the t t he cabi net

connect /18103 o° - o fternletifrieh st 88 Bln brpeaRr e s apmsbine gpices
my be GoeNELine duppdic® Wil airSRny Bk Sotis Bgerbi BEtaE chbmeeattanitht LadosF
racks. The doors 136 are then ¢losed. [0059] As the electronic

corrponemcgﬁ%&fér%gh fhgreRoPingy Ve Alleant engeadtlc previdRd fascready e EransTatye
rear seryh&Sudl far ah%% dbfxct&hﬁ, R frb R\ SR %e'tm{)ﬁ)gﬁ e eﬁ&t&lé&%oﬁémt he
front service area of the cabinet via the aperture 140 at

front ofstarkgs aceasp ml@thot Tone. ﬁmpnczmg@nmtté@lbafﬂc E4vecomygaise 8 ércvnaie area
122 due i . I causes the
air to fqg%l\%ﬁ%%e@ﬁ%g}g% 1?&%8% ?Bﬁggta%ﬁ% tthe% ﬁggé:%?fgeu qteS“fromthe
col d zorempbinostgiagt hea.eTrethe ol manmgmmﬂemhts cambd foem&d affiagdatar ea 120
to the hot zone. and ﬁg into q? 44l1The arlous baffl es such as the
t her el TAIFH SYREAE 2 plastiemysya AEfD FUPSURE- 125 and f oam pi eces
133, fingers 134 and/or brushes 135 constrain the airflowinto the
smal | est possible s ace wi thin the cabinet, and prevent hot and cold
air m' xil H&%t helt apﬁ oF %Wé%qm,t%b%ﬂ%%nr@mp@s%h%ﬁ@nﬁfer%ww@t #r ea
120. gaﬁgllb&d%ﬁ?cra ¥ fh GO Rt AL 1R Oh S bmBORnt 8bfagd SreflOthiRhEd

to the dpper nost ec ronic
transfer curtain can be formed of a composite material. In yet another arrangement, the

baffle can be flexible and can allow cables to be passed through areas of the cabinet while

providing a heat transfer barrier. The flexible baffle can comprise at least one of flexible
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conponents, one or nore flow diverters can optionally be used. For
exanple, a perforated curtain 170 as shown in Fig. 13 or a series of
plates 172 as shown in Fig. 14, may be used. Such an-angenents can
hel p to keep cool air flowing towards the top servers rather than
allowing.it all to he directed to. the | r seryers. [0061]1n. one
exenpl ar@“@ﬁ%gﬁ%ﬁﬂ?ﬁ@ﬁé‘gg% srer e MerbErecRanY Ravles b P fahghean
outlet i&edfoRitl dBhdp¥ndi® stBra@@hic® @ AU SR PihelshR wAR] MG L8NG RDIIR. A
supply channel can be connected with the cabinet enclosure inlet. The
cabi net @hErbslheeat kast ope fgsasingilefinacan somprisedwe tlgnidletfaem pispen ppsicinagthel
can be WBQﬂFw%QﬁaﬁbQ@$a$é?t%REQH%EnCha””el can be connected with the
cabi net enclosure outlet. &%e or nore plenuns can be in fluid

comuni cation with at | east one of the supply and exhaust channels.
The pl en can,have a pressure source for enerating a pressur

i 17 or enPP&T) ¢ nPGBSHCE HECURAR T B et Gl REtoPamenad aF e Squtsing
air to foevernbaloatidb ditgheilihgC Tat Hing coobd fofradt dfey RAld meRas susdgra t he

floor and i.n thermal contact with the supply channel. A cool ant can
flow t hrfghrd‘hmf"tﬁﬂalc dolisasiPresiopr gag be @W@H%aﬁlew o At il Taent and g 9f the

through &Bges UmRlaY 16830 8bor chiPBEZlidub1RRE NREuIAHE PRIA! dnBEBRAIRNT . a
thermal nmanagenent cabinet for electronic eqU|Enpnt can include a
cabi net ddjagat 2hippstege binded g o§ thantllca Phndony. Ah¢ ingwletionepitrss kan farmep
?”d a bojd, N LIRE Sd tcmgco(ﬁ?jﬁlsgﬁ%o ﬁ%&&ﬁ@ .f&&@@?ésﬁbéiﬁo&ﬁ% GihwBHI QIS bE

or electronic equi pnent. “An el ectroni c conponent Storage area
i ncl udi npsstl theedstwasne As lrabtwina gide afthe tanne wppinehibiag raphoeable pmet. At
equi prent can be defined in an interior section of the cabinet., At
east g bRBHIG: Golh Modns Aertyable Pivehn 5F B5vErd fral 1Sk oY av
| east onAbLBEMAtNEsERR dBohiadrnigdatent Bridaige bat bosfodlicd Agacealb ARtbottdhe
cabi net can befginensioned to extend between a raised access floor of

a bui | ditgniasal fe gRpetowiich Mgy 8F 2 AR PHE N wher e t he access fl oor
carries cooled air and the drop ceiling venting heated air. The
bottom openi ng of the cabinet can be alignable with an opening in the
access fl0e] sulatong kmbodioght asishown owre deprlyde Eigs 1 §./thoeabjpatsd@san be m t he
cabi net @p i o] t 1 0
xi t 't n S iFichis A bR AR 16 R b R H R
openi ng 1i2i) tiked cdn vgryc bt ¢xampld, RGRJtdh & cambiiliveta singleplernm t21) soehat the

separated intq.tenperature zones c rising at ] east. a cold.zqne
Sl | e G TR PR GO DB PR PP RE: CAPETSSIAE. hot
zone f orplat@iisiiDQ0 EdnrtRugiNizéd) SudhQl o8PENhHIE plétiink bélhg Lk femnctbak.| e
provided to create the tenperature zones such that air is directed to

f1 ow fr oethaumol2d0 syhave KRG HGROICPECSEYTE SPUTeRT Tick BhisB A ht, akhahgthchr ea

to the hpt oA FATIS conprise a
thernalqﬁéﬁgggﬁgﬁ% Sfa%gﬁ?hat igpgggg%?gggg;%gﬁngﬁ%alIy in the

cabi net above the el ectronic conponent storage area. The thermal
renaseTgi) SR EH TR ] TR 8 BB Sl B8
ar r angeriesttide rofve-absdrpticn waiposanpandsatiavitreddn moamiag esmpetich@) Vatibwt | S
filters and other components can be utilized in combination with the fan, In one
embodiment, the fan 1215 can be an adjustable speed fan to increase or decrease the
pressure in the plenum 1210. For example, the fan 1215 can be a variable frequency drive
fan. In another embodiment, a plurality of fans 1215 can be in communication with the
pressurized plenum 1210 so that the pressure can be increased by operating additional fans

of the plurality of fans. The present disclosure also contemplates the fan configuration

being modular. For instance, the fans 1215 can be easily added to the plenums, such as by
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positioned vertically in the cabinet above the el ectronic conponent
storage area. The heat transfer curtain can be forned of a conposite
material. In yet another arrangenent, the baffle can be flexible and
can allow cables to be passed through areas of the cabinet while
providing a heat transfer barrjer. The flexible baffle n conprise
Bt | east BRENER WKL tei W@(@ﬁgyaﬂf%élﬁﬁ TN SO B HGdiRs. Tho
flexible fingers and brushes can extend fromthe el ectroni c conponent
storage area to at |east one of the side walls, front and back of the

cabi net . [096% at Theeabinegnd dup habpynshang firgirsidedty aceohprangd 11 Gwendroand pn &
f i it | : .
oam pl e&@&lﬁaz&rwe@gg goﬁeol 134 gi’\fgs @Péngg%& gmt%gﬁgﬁﬁr%%gwk NGE ENGLAPRS:

[ 0065] I n ano I ment, uct X romthe top opening
of the cabenttl0, fidl aconnes s thathaye doop 166 doi tha techheiadsicdn aweass be
one

formed of .a flexible terial such as a fabric, material.. At.|east
oor cartbaels P dstie fugt Ftos 8015 & aRo RE eritRoRR s eiopiy  10REye?
cabi net . thd besat disclasire alo¢ cslnanpleanthbecid add b Bnekoan 0, 11n$ BEiag idEprally
pi eces can be gﬁgéided g?@aoent

t | east, one hinged edge of the at
| east onf@TBRLYIth th&abipeds | & ander d&%@ %Y@dﬁwad?ﬁagﬁeﬂa@%e &N BISFCPES  and

can conpibaend WR chbiadk bttt Qﬁéﬂﬁi’{ir? %ﬁ%ocﬁ%httcij"ﬁ’%q stQcRbdsav: fAbles to
be passed therebetween. At | east one side of the cabinet can include

a renpvaihe argiedone Al 10 endgthod pencpld dEhHawpeerHhe prsgpna disdaswaesingerilates
can be p [ in. ' e i.net .

o 1 ow ek Otk lioBh of SREIPRE ASHSTI R, 11C 558 4 Do N o 00
openi ng affcaltihets oadsimgt rowa vitg trely ove celdped hatrzahesd Axjaceat hot add@6&BE] | n

one enbodi ne ho nore clearly in_Fig. 15, the cabinets 10 can
be i n{ IXGPE MOmADER PePoirich bo agralstsi z6d pi enum 1510, The
particul ar nunber of plenuns 1210 used can vary. For exanple, the

system5 can utilize a _single plenum 1210 so that the pressure
di fferenPP@l] i sTheamessurized pgeéﬁ@r 18 4an geperito preysuredifipeatial Refrespibe

pressur i gk e M dkRd fhiGaie PA 1YLl ZaHsinSHER B A26ssUWe RGB! ENUNE
being utilized for each row. The pl enum 1210 can have one or nore

pr essur eqgipmestis thaewbinetsvifienren@yss heat frém sajth eptipraentpdbe sunkergodir ces
are al so I j i NGH- ] y/ :
embodi mesi DR Ryl ek el B R RO bidReyit et o BOR iy
i ncl ude vagi izsedtasonphbarnf Eotpg Meshidingahe tyan bf elvdttvnat dqaipmenuthbd inbeing
conponents. Various filters and other conponents be utili.zed in
conb: nathgRR P e Ton SO bR R Do FAR A5 pE A be an
adj ust abognspeRdod aith tiR doRCdndanezdiks UEID; EAS &thd PHeIhY hshutizbéde

pl enum 1210. For exanple, the fan 1215 can be a variable frequency

drive fdNCOUMS CAMBERENC RIPEHGIDESHHIC and/on neeaiiviedyesepre fogieatq ewicsieed pe i n

comuni GaEEQR difddhelalEndRhGERHELEASHir bRV e dciiRid DRlpnidle Rfessure
can be i'ncreased by operatirng additional fans of the plurality of

fans. THestpicegelrst pisulizd pleaunl o gewmte apputi expresserciag. & desiicd preasuron
bei ng ”%%%S}&eg{]mlggﬁwﬂ PSHARG o 1k 610" ARS1 A InFANsRE B AdPE AL O the

pl enuns, Su
generates a negative pressure (e.g., a vacuum) in proximity to the hot zone 1111,

[0070]  In one embodiment, the use of pressurized plenums 1210 allows system 5 to
isolate fans from the electronic equipment. For example, the pressurized plenums 1210 can
increase air pressure using pumps so that the system does not utilize any fans. In another
example, the pressure increase can result from the use of fans that are positioned remotely
from the cabinets so that air flow from the fans does not directly contact the electronic

equipment (¢.g., the fans create air flow within the plenum that results in an increased
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removi ng a bl ocking plate that seals a wall of the plenumin the
absence of the fan. [0068] The cabinets 10 can be bound on a first
side by a cold zone 1110 and bound on a second side by a hot zone
1111. In the exenplary enbodi nrent shown, the cold and hot zones 1110,
1111 are access areas thﬁt have doors 1105 so_ that technicians can
access tPESSURHR st HCURL KGR S8 durp soamuasaied fo haiFtar removi ng t he
el ectroni c equi pnent). However, the present disclosure also

contenpl ates the cold and hot zones 1110, 1111 being integrally
formed WOORLL he Thair pessiog D@erdh@ﬂ@fﬁr@&ﬁqn@mebyls anlizadde remavd heaflfwen tal |

bet ween &{ﬁﬁm?e%]?:eﬁlstm?r &@%oél Es‘?r DLR S rerhdvel iR EX %HB] tfc’i;g fir. In %10

enbodi nen 5, eac |n a row share Z0né
and a hoetmlmmﬁerit,]rhacodeuﬂBystemhmbeesaqxot—cutnmei;sumwyelecspmrﬂ,rmﬂhaﬁgs

ot her co urations, of c zone 1 such as

Ch v G SR8 P o GRe R by U e SR shostiey (ThE by A mslpe o
their owungodd caeér hete daReStor Asblfm %Tterlbﬁbthé{%oﬁzﬁ{(égZQﬂﬁl‘édlaﬂlﬂﬁi 1110
can be separated by a wall 1115, 9] The pressurized plenum 1210

can genef¥Hings BetHP@bbiﬁf@ i *s@%ﬁ%hr%he Wiielels thansupplicd 19 6rils viasipring
the hot gpuenddiin hh@sr iy c&?suﬁl'ﬁga@b%/p&sﬁmme@l\f‘(tﬁ&ﬁ%ﬁ&ﬂ%l@tﬁﬁ%tﬂ%# e

eCIUI pnent In the cabinets reno heat from sal d equl pnent

nunber alwd zewsniflil §uFert dxemplef thplceih b hE> ¢ah &t pegidongt uhder dlak ﬂ@r géﬁhs:r thatgthe he
desired if tial of factars,

i nel udi nzglr %}E@Hé ﬁg% hcc# %&%gé? fg%slgé?rhéroﬁ th%%?ﬁ ?H%qhgn tlﬂﬁoq]%ﬁ the pressunze8

envi r onngatual 131 0mad dgekdntoRbe cald amel a1 1 aThd pxarr@duletrymmbermndmummguiﬁﬂaﬁ ofan

be in fluid ni cation with he cold a zone 11 11 f
cach r oo TAETRRBe i B o b B e af By v e adbe

and/ or neERtiixd pReHmS diEcdnBigGraBah 6f thb €old @sd k@ GoRseRd Wfctbetlighftidit &NtHR !
and thereby create air flow over the electronjc equipnment. For

i nst ancesxa@ple; sash 1oy ebebinedd can Baehie et idjErslyositigngsiaapssiizsd pleagmer e
(e.9., a2083hi&hdMR 366 &itRAUR | BFPIGRhal DnRhiidaltbh With Qadf 60! d

zone 1110, while a second pressurized plenum generates a negative
pressur @l‘(remg (¢-2a pmmdjiownﬁtmmmf thcthpt zanetlié] ot upstyeren ¢fithd colf @ARO] | n
one enb 6%ﬂ%ad¥ q@@ of pressurized plenuns 1210 all ows system 5
to isola ans he el ectronic equi pment. For exanple, the
pressuri zed plenuns 1210 can increase air pressure usi ng punps so

that th does t utilize a ns anaqt her. exanpl e

pressur 306?/?3 r eaS® o p&’@ §{5Ylf°nm’38?ﬁ“f%8mﬁ§%th51€&fcﬁ%c FHURM et ";5’8@?"5% ned
r emot el y1180 @A hQileadi TIRL@n&Idrdad bk matHi@N iR WLidG: febdrSndReRoMOt
directly contact the electronic equipnment (e.g., the fans create air

f1ow wi tIeR CEpRIG BAYIRFUShHENC mPashiip A DerfPraRny res elaserg of freasdhadelagiest he
pl enum lGlicd ferkf. THESMEQMBBIRAGAL Bk hbhiddQak BRRELS] standalone device.

In some embodiments, the machine may be connected (c.g., using a network) to other
machines. In a networked deployment, the machine may operate in the capacity of a server
or a client user machine in server-client user network environment, or as a peer machine in a
peer-to-peer (or distributed) network environment. The machine may comprise a server
computer, a client user computer, a personal computer (PC), a tablet PC, a laptop computer,
a desktop computer, a control system, or any machine capable of executing a set of
instructions (sequential or otherwise) that specify actions to be taken by that machine.
Further, while a single machine is illustrated, the term “machine” shall also be taken to
include any collection of machines that individually or jointly execute a set (or multiple

sets) of instructions to perform any one or more of the methodologies discussed herein.
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[0071] The air passing over the electronic equipnment is utilized to
renove heat fromthe equipnent. In turn, the cooling subsystem can
then renove the heat fromthe air. In one enbodi nent, the cooling
subsystem can be a vapor-conpression cycle system although ot her
systens are al so contenpl ated by the present disclosure. The
subsystem can include a punp and one or nore chillers for cooling
wat er orpptfier FROLMbLI1EE! 180 carfhy inl8fhndunftdiish WR bh@mdretuRren d> and
50 degrees Fahrenheit) which is then supplied to coils via supply

| i nes an@ceigngenvifongestal mfwmaaen assaciatel wih thselostanie ponpmentn Feher mal
conmuni cat.| | pAsls : j n
be posi t?ggh@% ’ %%%rrﬁ(%}ﬁé oor %%r%aés(])l 2tzﬁglﬁd (ﬁ%gﬂg%o?c %%%ﬁﬁgsgégroésrlﬁégtcg@
zone 111l pag®es wiih mapdet tortke elocttonicetipnieansd thatobgdensdrecyrepsiy | zed
pl enum 1210 and bhack into the col.d zo 1111 he parti ba number
bnd cont TS paRrH Hprradion shd FePpfied SHpmbt g DL BRI B ThEed on a
nu n?er oliarﬁca@drcp?mi%ﬂiﬁg:bilugé mﬁ@rﬁ eamwmeForqi;l]st@fce,&&ﬂ%drm sehsalfmmg aad
configuration the co a ot zones that are being utiljzed. For
exanpl e, bHedd e t@ﬁﬁ%gbeiqﬁlé@gmifoeaea ! Sl7x st dr §?%1W£!ﬂ§ﬁcmcy of
posi ti ongd cHI &HHehARIneHi SRR hile e tBEBErafufiEsehdoPOfan HEQatkd fh Fose Ol |
1175 in thermal conmini cation with each of the plenuns (e.g.,

posi t i origExigdiine theetasironic equpment sg draéthe prbustd hogi eing ganasited biethgol d
zone 11 . . e r [t

Sur oundi g OpioREPrBy AN BL mor Lk RanRERA. Bl Ry B UL B TR by e

uti | i zedplacEddothapsiral] e doamstomeofithe pricssarivddt Hérmuma#i10 o ghas die podssure

i nstruct j.gns, .when executed, nmay c e the .machi ne 1o performany one
or ror o St B OISR ST b ARBeGE J28 wRsRL RISt fedbiieBeiasBhi ront s
t he nachinRRokadtd peoahRiod TaiBals edidlahaging gieksues anknefpsFRuRTRAMUTERE S,
t he machi r(]e may be, connected (e.g., using a network) to other

machi nestdtheraoepupligr ked depl oynent, the machine may operate in the
capacity of a server or a client user nmachine in server-client user
network environnment, or as a peer nmachine in a peer-to-peer (or

di stri bdfe] nelngwe kmbpdiment pthar senshie canpadioi isarserlp fuhep mosdortheer ver
conput er i r,: r (P .a tabl et
P a1 oy Dol o i SRR it P AL SRR, coR e ity 2 0
machi ne seapabl2d0ehd Bxecaisorsgl 245 s€he lofmiditg sansats i 2Hallosatie enttiodibr DIB0

ot herwi se) that,specify_ actions to be.taken by that chi he. .Furt her,
Ohi e s Y meoate g R BF eRliRrrb R SRibPRE B S phe i and Srdiel e oo
be t akerubfiditywkotdmgdnYuchek igeldhoRe of a fRBiiigTer 1 DA thhtidinlelaal |y or

jointly execute a set (or multiple set§|) of instructions to perform
any one SSPumHBication with ghopdqchapis cagpmsnty Tde fewesanses i@ alloy gisesptyelier

cont r ol 1180 dLBOnifR Meifovh Pt COHTURIHAL FR UM h iR aQFanSRf G2 $6RRLASH, f or

receiving environnental information associated wth the electronic
equi prenthe uspef Forasgasers 1ecanralsade aisedelop determining sbasawvonmaBaland one

ol ooty orPuaRBHRs SAAPRIG ARP ReARCE AR MR APl IO RR e Liiby'®
i nf or matdfdre euttohic@gsipintnttdnehd aqfiphreat itetf. t o t he control ler 1180. The

particul ar positioning of the sensors can vary. For instance,
tenperature sensors 1225 can be placed both upstream and downstream

of the qoo15]11 7 fhesendohddantch@nfi@RhieRatttht bait@NeY1 180 vidRrdaid (cGaRables
easily nmonitored, while other tenperature sensors can be placed in

cl ose pridfixAndipr prelepselinks dé 83 oHiccpagifvias ArRmpuBisatigngrotoprls WapR ptilired
heat bel ﬂv%i_ﬁ@ﬁ{l Q¥ HWhR1CES ?ﬁ%@@* Wi?f’r%lg%ﬁ%lu%@ﬁ%{’ﬁsmbﬁﬁﬂs' ly

moni t or ed. e pressure sensors can ace upstream and
downst r dAVT8f WiMa Xpred suforthed qouindmatiod 24 Gnsourtitripn tdebnignesssnplso be

A IR T A T e T

provide redundancy so that data is not lost in the event of a link failure.
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envi ronnmental conditions associated with the electronic equi pnent,
such as hum dity sensors 1240 and fl ow sensors 1245. The hum dity
sensors 1240 allow the controller 1180 to nonitor the humdity that
the el ectronic equi pnent is being exposed to and to adjust the

hum dity accordingly, such as through use of a de-humdifier 1112
that is in fluid comunication wth the el ectronic equi pnent. The

f1 ow senmors] 124he adut@vierd N80 eaHetld @E edvhifAnichtaMRRdrin@fiod Aém fhdniA €
of air, such_as for deternining heat transfer via convection. The use
of fl ow Y¥pspstthe sudronmenig] eandienyacsardingty. d]@tO@? ampodigerst ¢ash of the
environ ﬁHﬁE e an
have an”agggﬁgghgﬁggﬁﬁhg%&{ & 00 |ﬁ%§gﬁhﬁh e%?%%%k%ﬂgqgr%ﬁgﬁng

t he equi qumtrqlltsbll% cpmﬁatst]v& the esertsmeatat alfomtannm misc@itted with leadhiod the

controlleg hard cabl es and/ wi rel ess

links 11 lnei?f‘he 36% Faur ar““é% R AR %Or%?ﬁi% °§1PFF?§LFC Ciacaiie A zed
can var yhamnditg aRodisted wilk th&casinetss Fidelity or WFi services,

Bl uet ooth, GSM CDVA, UMIS, W MAX, and so forth. A conbination of
comuni cation techni ques can also be utilized, such as allow ng the
sensors (pg7HoNMBEH &%Erebme Bomrdn@ﬂ B8l cin aawh@thﬂtagﬁay Jasmrepr doreraxg e
redundancy so that ais not lost in the event of l'ink failure.

[ 0076] TheWeoit le@peraturetyapdesied sraeusit.y Ehe ¢oatreeri 1 8% ﬁ@rﬂil%n trammdrcmtmlon
fromth Js I gly:
I one cuban oL meBRE 1RblBhriy Ry EIMEAGD TRHCA AR LADEAAEEGLAL
envir onnlﬁrnumanc@mhh dontyoldertlhad caartensioit apbnth:lleignalrto tieabolingnmpsytsteen to

controller 1180 .c [ ve .t nyi ronme f or mati on, associ at ed
with eacdhEFeeRYd ath ntgtet\ lgﬁglﬁ} K'@ﬁ‘q?‘)ﬁla eélé’i' Iﬂktg?@argfaﬂaraf&}”ﬁ%ttmé?re or
nore of deb&aie&ﬁ@&fr@bﬂaﬁﬁfe ome&mrm tani Halhgi pddidedas §RGbAL afons t h t he
cabi nets For exa the controller 1180 can determ ne that a

first caf’&r'wgt thiecago %r |1%9Aé8rn frangmit @ fpairelsigng! 1gthecogling subsysitbunt .

The contwgth &4sighd B8 a GBfrcl ARG At@R AN theGaRY/SRM Bh aRalifpERAEntTRKI Ng the
appropriate adjustment to achieve the desired tenper a{)ure change. For

i nst anc dieceshay 8i6ht togichieye the gepired remperaigri As anatbertekarhpls, thhedntrodert HE0

cool ing c%g@%%{s%ﬂ?%én(f?ro ﬁa? t‘ﬁeﬁ R4 A0L EIL% h%tltsqgsoggieh 7t? %S“r‘p Eul

associ ate ar cabi né decrease t erature
of the m@rmrlatrm thdhdte pr&bherd[f@:rwmvubaieniedbui mlhrebxcmrcteablhgrtherae flembtchiugint |
t he cont, oII a tran a ntr to,the, cqolj.
Subsyst df B sEenginde e Eetm Pudhytdrfap s IR o GoiniBe S Ll Bitane
can t heq;rr:s@nnizerr@mhumhemams acrqrmgts@mstm teedjiavie ithperdREd ds@stiated

t enper at ur e. anot her exanple, the controller 1180 can transmt a

contr ol %lrwm%@fﬁﬁ@nﬁr i sEbofmaniniberartreller JE80gan ytilies koth of thie

parti cul Aése Rl pRIuSA 2t fiatd th@ god?fnﬁ§§%ﬂrﬁerq't$ fgLemd t% el ERAREd
t hereby ‘i ncreasing the air flow through the particul ar cabinet. In

one enbdﬂﬂhhﬁﬁﬂm$ﬁ§ﬂ@6ﬁtrolIer 1180 can independently utilize the
pressuri zed pl enum 1210 and the cooling subsystemto adjust the
tenperature associated with a particular cabinet. In another

enbodi ngf@78]t heAcamntheobapipld 18cooaollantli 80 z@ deatihinefhdt héirpradsandzed

R S e g PR e AT

cont r ol 11880 dikBBerC@dhsB@tcefitidlREnhIe Fdr rakidg BE agABhe adlébtment to achieve the
desired air flow rate. For instance, the controller 1180 can transmit a control signal to the
pressure source 1215 of the pressurized plenum to decrease the pressure within the plenum
that is associated with the particular cabinet. In one embodiment, a damper 1120 can be
utilized for air flow control. For instance, the damper 1120 can be positioned downstream

of the pressurized plenum 1210 and opened or closed using an actuator 1122 (e.g., a servo-
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needs to decrease its air flowrate through the cabinet 10 a desired
amount. The controller 1180 can then transmt control signals for
maki ng the appropriate adjustnent to achieve the desired air flow
rate. For instance, the controller 1180 can transmt a control signal

to the pre sure source, 1215 of the _pressurized plen to decrease the
pr essur e™ Y AT ?lth?rﬁeovﬁg@rfﬁﬂﬁr?llﬁiﬁi’mr} 'gg’éb?f‘ldﬁltpé‘d {CPR{r L@él 9rqen Eqyfrigt air

cabi net . &w (OMe paiBad (BHet b}aseﬁ@iﬁg%ntﬂelg%nzﬁﬁfb tRE adkbdrdd Hgﬂwfh% r&dults
flow control. For instance, the danper can be positioned

downst r edirthofanines movmgdeivardericlpsedpapiion10 and opened or cl osed using
an actuator 1122 (e.g., a servo- notor or other novable control
device). In this exarrpl e, the controller 1180 can restrict air flow
to the p[é)ﬂiff?]cul @ontecler hEYO day abendiizechigandal diforsiagoatosproddd drvirasmeratlor

1122 whi t novi, ng t owar ds | osed. o t|on

[ 5079] ContPBEREN SrbDesntip TR oF e e SOBP PR ATs Frbmiur

provi de tempelﬂmmﬁrﬁaaiculaﬂamwm&d droparfidigarciakes BETHS diﬁandﬁﬁusﬁ%@@' e,
the controller ?118 4; m% tO{) the tenperature of particul ar

cabi net sHSRBCHH PAHTPISAL f° RPHES IbintCipationy! B temparRibres. Heor

envi r onnpithile, GO 'd&lﬂ%a?fsh&bﬁ‘la?@l@étﬂﬁkseqthﬂmﬁm Gl ﬁﬁ?duﬁ?cégmert hose
tenperatures. For instancé, historical show that el ectronic
equi prrenypicH lyabeingused tol capacitsiuriag thesnaryipy (\z‘%iflhlayr espdtingglayseh ofabiagiaci t y
during t I

duri ng. + PRk Ainglihdte obighbl-EONE G0 oG 3aIhe [RERAL W ©

t enper atthe Barhculm‘rwblpatrtb kdawapod@biofiéte deaired rangosn aptivijfation oHihe irvecased
desired tran% (aSli?tlm atl n of t e ncr(gased t.enperat ure iP t he

mor ni ng. °TH a‘Hf G At ‘a?FP“S% F B ReLn 3eRgneyy 8F thehe
cont r ol | @ntrdllBQ180 orcan bbsrofddde@het seMheicvedbdticrbhtrgtieed by the
controller. [0080] Controller 1180 can also nmaintain historical

i nformation associated with the efficiency of the thermal control

bei ng i nobgTENt EhtRYlet hl%OQQﬁ‘Elrs@Haﬁﬁam ﬁ@ﬂ’on@&i@ﬁ?@ﬁﬁanoﬁlrﬂ%og@@jrumhltﬁé 1180
can inplenment several different techniques for achieving a desired
envi r onreéftigiicy @6 Hgitharaal controlmingzimp amvateddy g epugrsllero Faeexemplenthewhi ch
was t he f rease is
needed, PREoeE A aidriplgh O ARGy Ry LERRNAlY GR8E

i ncreas e:nvmorpmtm&é voralitghinf dnd cemparalthet tochatiuietoelete@ink ovkiieh wasnthemastur e.
Onasec asign, the controller ,1180 can utilize the lin
subsyst em E?F lgg%ﬂcf:h‘@gﬁr e\ge'm CEass Aagease 1S neRded, B cPyralisy t 1%%&?6“ 8{%

t hen detaefirsi d&&usﬁfnfutﬂlkeﬁtﬁh‘lcféa@ﬁd pERsB¢IGifcfentdlab ectidvetielodBPdMber@furd.i Me

needed to achieve the | ower tenperature, the anpunt of power utilized
in achi & hfePMEOqeaiiR: theanpplior 4180 %@ﬁdmbéc the coMIng|SRbsyBFR f‘é?{‘é}mcéhc t he

contr ol |gkerkdBfbriian. tTfE@@ AtEdet ZER0L
deternine whi cﬁert her mal cr)namdaISerrgr?tcmt1 glghlr(}?lreﬁﬁelgggmgleﬁﬂe ut i %LCL% 9

t he fut @s &csampaat giimanecdesto |aemwrth¢:l0m®ut¢manees, th¢ o08Mm} Df‘m@we
enbodi ”%%zed%'a&[ %\Tlﬁ%&B o?ve%“t"é?npae{rs?tEP B&a ?&‘%{%Z?dt bsyex%ﬁ‘lelect%”t |r ‘e%r 119{ h1180

for determnin I cul ar it gue 0’ ac e
desired 1é&&'camhmnﬂab thdoinidiotital infofnmatioh s da@aaaye wﬁubhi thieirid) nRfagedicde can

syt om S eoufH R Rt S st SR BlorBr bEt B4 BRvE FaRbor | -

determ ni ng which technique (e.g., which cooling conponents) should

be util I[(%OeSq'] In one embodiment, other factors can also be analyzed by the controller 1180 for
determining the particular technique to utilize to achieve the desired environmental
condition. For instance, vibration or noise can be monitored with respect to the use of
certain components of the system 5 and the amount of vibration or noise can be a factor in

determining which technigue (e.g., which cooling components) should be utilized.
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[ 0082] The net hodol ogy and techni ques described with respect to the
exenpl ary enbodi nrents can be performed using a nmachi ne or ot her
conputing device within which a set of instructions, when executed,
may cause the machine to performany one or nore of the nethodol ogi es
di scussed above. In sone enbodi nents, the machi ne operates as a

st andal one device. In sone enbodi nents, the machine may be connected

(e.g., UBOBY a TR MRhkIolbS, Adredhnifaciid@sbed WithaedpRtiib it dpRlyoy ment ,

t he machi ne may operate in the capacity of a server or a cllient user
machi ne $TPERRST cag begrfomdusigpvpacking Ay ptheiisstuting fevigesvighip which a
machi ne oo finRRRkiot QwhELExeLREd, Hh Jah&%e?ﬁﬁct{ﬁ?e[twgfoﬁmfd TP Rore JFNE
machi ne may conprise a server conputer, a client user conputer, a

per sonal the orthetelogiePdpcussedtabbyetin B@ne embajimons,dospathéne oparatsskop
conput er nt, r ol jet work router wi tch or, bridge, or
any nacH?%@a%g%%%ﬁg'éggéﬁg%ﬁﬁrﬁﬁmﬁgé%]n% e PG éPPWWedéggqﬁgﬂg?al or
ot her w setwérkpto csipe aaiclinas tih amstvicokddelepBk@Bntbihe hiz@hingBalbp&ate Muthther
while a single_machine is illustrated, the term"nmachi ne" shall also

be t akerFPHIY REP STFECTMY THMUST RIS SREYHTCHEY UPHACTY IS H PUYIERGERLy O

jointly ueebtBachikah apeér-tB1Heb (B} @sthiBhed) ifwdrR ShvikmheRN STHeARBIE Alaip
any one or nore of the nethodol ogi es di scussed herein. [0083] The

nmachi ne (PEPIIPHE PRI campuiet asent uger cgmputar, ¢ parserdl compees@Chg tabiptPC, a

CPU) , i i i X Q. L d a
Statlo naRbEShARero OEKRDBhptRL b chifidt oy Wiicitor FolTE) R BB
machi ne arayy fmachihecapabie blicecating aeooftngpicagnsysdquer(tal gr. gthawiscythatd

crystal display a flat, panel, olid.state display,.,or

o hode Bt ek by hr Bne. BadS hEiShEhek Seifaf fiutinee

g e.g., ahk&yibdﬂl@d)inﬁs’eghﬁ:luaﬁ@bq &Qﬂétbﬁi_lclﬂﬁ\(ah?eol{eeti@l of@?(dmwS&)at a di sk
rive unit.,.a signal generation dev|c e.g., a speaker or renote

cont r ol )m%w&u%ﬁyr%ﬂ%ﬂ& SYSApiERsEar Ei'élnp@esew? BOBATUPHRNSP SRITRMFN Y ABARE
may i nclisle opthdReMdisiopRIdab8edReéiym on which is stored one or nore

sets of instructions (e.g., software) enbodyi ng any one or nore of

t he nmet hodol ogi es or functions described herein, including those

met hods j str . i ueti-ops i

corpl et APy LRl ey il MRbEEle R0 e PR PhRORAR AT (CPY 8,
menory, gaapdicsprogessiigunit{&@Ppl; oclasisos ndin magomxed usiatontehere ohidhy t he

machi ne. The maj.n .yeno and the ocessor als y consti.tut

mmchi ne PRt T Sh b Ohsa i al B B R brerit i Fonty
i ncl udi ngit (&g} a figiid |l():l|'y?ﬁall @eplap (LEPPhL iﬂ@ﬁ%ain@ll,’l:?] snﬂﬁiﬁﬁlﬂtéd Hi@plhﬂté)egfbﬁh@ﬁ ray
circuits, p a e | ogli c arrays and other hardware devices can
i kewi s él_ﬂt?e@%ﬁ)s %@E@BW o AR EOYIER G E FSER D ETFRS ceptppl
Appl i catdepias gst.g!,aém %), 'a{b‘?ékl!ﬂﬁrehhi@,_ LRRRAT AnbRitiaNde 33t §Ta splak¥dd l ous

enbodi nents broadly include a variety of electronic and conputer
syst ens rempigsortrbandrpaietsork ipfréape devieanct i ons in two or nore specific
i nt erconnect ed hardware nodul es or devices with related control and
data signals communi cated between and t hrough the nodul es, or as
porti ongd0@84] an Bepliskahive ant spgdndlude a michineatekdbleinteiting on ®hich is dtéred
exanpl e sgsten1isra?PLic§ble to §9&; rey i.rmvare, and h%ngmare
i n.pl en,er?{l Pli‘ 1618?.66 S O INSIIUCTIONS (e.g., 80 ar¢) embpodying any One or more ¢ the
methodologies or functions described herein, including those methods illustrated above. The
instructions may also reside, completely or at least partially, within the main memory, the
static memory, and/or within the processor during execution thereof by the machine. The

main memory and the processor also may constitute machine-readable media.
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[ 0086] I n accordance with various enbodi ments of the present

di scl osure, the nmethods described herein are intended for operation
as software prograns running on a conputer processor. Furthernore,
software i npl enentations can include, but not I imted to, distributed

rocessi rc ect |str|bute essi aral |l el .
Br ocessi lE’ggﬁor @Q?%S&ﬁaﬁj AiEREPSrsRiatans inc E ?fo’ pisppt E‘g“tegf%f‘l’ﬂlf’t”é‘al to
I pl enendpetifie intBiried sirdl@s GirbReEdnABl Sbdic aﬂi"@@ 8dd dtner RERFRDHcvgchpsur e

contenpl ates a machi ne readabl e nedi um contai ning instructions, or

that whi dfFwissdsicprsrusicd tewanlemens thesethedstdessnbed hespina Applsaigns et may
signal sgchhathea ﬂﬁaﬁ% gag;g%f«darfogs an&f&leﬁ@ml%aaﬁg&m%aﬁaﬂ opend

or receive voi ce, deo o ta, and to communi cate over the network
using t heledtiosicrand tcommu;er Sybtems.n8eme cmb@ﬂlmemtaynﬂlemem duncheng inawe ot mbred

or receiy. n via t wor ki cedv

RIS e L R I A S R T e R
eﬂboﬁh nmmb mlﬁlléh&daaeme%iglaﬁd teclighrthe mh&xlgsebms"pmﬁinis Bﬁaflf @@dadéioﬁ-spaﬁﬁm m
shou etaent0|cuea3|n iumor multiple nedia (e.g., a
cent r al i 2isgrafsd CdfF‘élf r 8 %“é’f‘l%{?)g’%em %&ﬁapl&abfaé% W%@“@&’@We%ndand
server s)hatrdwgreﬁﬁlgg,ﬁerﬁaﬁmgne or nore sets of instructions. The term
"machi ne-readabl e nedi unt’ shall also be taken to include any nedi um
that is capable of storing, encoding or carrying a set of

i nstructipegy fof, a%éﬁemwmg%nbﬁ% En‘mééﬁ?ﬁ eﬁrQ&t géfés%re he hBfdsne

to performany one or nore resent
di scl os deecrﬂJ[eMi@@iann@imtfeudnd fonmpﬂamm}aseaﬁi‘ahx‘c@mmmmsgah b computer

accordin ntoi cI ude, - but not be i d-state
nenori e cs“%/?& ag rﬁ"e%?ﬁ?rﬁ? PSR ?lﬁaéﬁonqp%agkﬁcé@et ﬁ‘gfmﬁl&ﬂﬁ“ei % one or
nor e r eatlsthltyd frocsssiv® batdnmheiRb:t Estribitad fRome §sal REPOtdsSifg, dRI
ot her re- wrltable (volatile) g;)rles magnet o- opti cal _or optical

medi um StidH! geclanﬂp@kesaﬁngﬁgb@so o RIS BID e BRR A BaPdY SBerleA on
archi ve ifejget of archives is considered a distribution nedium

equi valent to a tangi ble storage nedium Accordingly, the disclosure
is considered to include any one or nore of a nmachi ne-readabl e nmedi um

or @ di gbdAut I AR HEdhitol@rd doteRINRIGhinRRTeddtl il ¢
art-rec gni zed equiva htﬂg}fcs an 0suec es80r 31? M R%?%lamm%tware
i npl enmentsitucers, drehaiwhicrrecavaamed executes instructions from a propagated signal so

that a device connected to a network environment can send or receive voice, video or data,

and to communicate over the network using the instructions. The instructions may further

be transmiticd or received over a network via the network interface device.

[0088]  While the machinc-rcadable medium is shown in an example embodiment to be
a single medium, the term "machine-readable medium" should be taken to include a single
medium or multiple media {e.g., a centralized or distributed database, and/or associated
caches and servers) that store the one or more sets of instructions. The term "machine-
readable medium" shall also be taken to include any medium that is capable of storing,
encoding or carrying a set of instructions for execution by the machine and that cause the

machine to perform any one or more of the methodologies of the present disclosure.

[0089]  The term "machine-readable medium" shall accordingly be taken to include, but

not be limited to: solid-state memories such as a memory card or other package that houses



[ 0090] Al t hough the present specification describes conponents and
functions inplenented in the enbodinents with reference to particul ar
standards and protocols, the disclosure is not limted to such
standards and protocols. Each of the standards for Internet and ot her
packet swi t ched neé trar]fl 1 SSion. g TCP/ I P, UDP/IP, HTM,
HTTP) reffeed &t B r‘?’By gonyo EPHL t'e.')’F"‘ {978 aggeps MBPIFSRTAREATYs ar e

per i odi catitayicqupletiis e erdotids; magies-oftica B dtiedl c@i@niucB ayh YAk 8Ptade; or
havi ng essentl ally the sane functions. Accordingly, replacenmen

st andar d¥hevelfspripisedinformatiom archine osseial Frohivesiisemisered @ distilisioad
equi val %E@lum[eﬁ\gi%-l]aﬂ-thg a'telﬂgi‘b?é £t@1IaF991§d Qin, %crcg{a&gwa%ﬁeﬁq&ﬁﬁﬁ{e i0EhsfBLgl N

are intended to provide a“genera erstan e strucfure o
vari ous terrmd@tiermmpsf; oramdretotﬁeynaahleem@ﬁablmnedmetbrtacﬂmebm]@namdmm;cwpI ete

descri pt i e enent s ar at.us _and,syst ens
Chat ! m iRt e e o i SN B e PRI Qe RBPERRY N R e
arrangermﬁia&ramﬂplen’mﬁtaabﬁmﬁm”ihaieCstdrEtDSG of skill in the art upon

revi ewi ng the above description. Qther arrangenents may be utilized
and derived therefrom such that structural and |ogical substitutions

and changeso]may ARBouERde: ﬁ%ﬁeh@éﬁ%mﬁ@ﬂ%td'e&glbéd' &ﬁﬂpbh&lt@&ﬂ%n&fonﬁ hi's

di scl osure. Fi gures arc | so nerel él’e present ati onal and may not be

dr awn tdn@&e@w@ted@erﬁemwmp&wm renise feistitiowdsy sadasdeydaraipens. tehi | e
others MRy IRGrT RbMinfiRd to ARAULAUDAN Ynd S8 PCEIh 6B 'sBRaad foqliﬁWangs

are to be reg ardeJ In an ?tft‘lﬁustratlve ratner than a es rrc

sense. [&Dﬁ@aﬂ']eirh@k?t mmt:hm:@mv@qheramﬁmlssmr[ (eagl,g'lémﬁfﬁ, $IDPANPe Hddn HTTP)
iIIustratedadde cri he h dbea atedt at, any
arrange%g%rfaseg 7"@311’ qé’éﬁ}e ekt ?ﬁh@/%“t%lécﬁ gﬁ?@ A 4T BRI d%é‘)}%@%ﬁﬁ%‘h’f ut ed
for the fapacirice afficRRORNBAlcnSMaAWAg cdBhallgiticda08 Hik tibhs. IARE&GRRH, t O
cover any and all adapt aél ons or variationsg of various. enbodi nents
and ar r JRRfaSEIPESIHICatd and pprsels davingtifsemafinsHansere ¢arsidgise gauivalents.
arrangenents, and other arrangenents not specifically described

herein, will be ap Farent to those of skill in the art upon review ng
the abovB80%éscrThsillesirationsndaepegementsidesosibbhhespidart inteadedithoratiidest osur e

not be 1% g&%ﬁ%ﬁ%rgtapﬁﬁg BAME GirAL o?{}{ ﬁﬁg @%@Ju(n?)ﬂs dalnﬁ %e&saf%ncﬁﬁ%t%md PeSt

node co or~carrying I's invention,
i nvent i earveial k complktedescaiptioreofdidthereletnsnta Aok ﬁamaﬂsgpémtﬁusfﬁﬁ Isi$rems

W thin t pe of t a ded, cl 0 The Abstract of. the
Di scl osu?ag nlnéhqproeluﬂee%et{l%ag{gﬁﬁ e@ﬁrﬁ’ﬁ@?e% gf?ﬁ])’ me’fﬁ'(r%‘}gemf:%t&&v il ’J?‘lg an
abst r actappdradt tivitoke @ﬂskﬂwntﬂlnaem @ﬁﬁl&éwwmg b ye @@@ﬁlﬁioal Otidie nature
of the technical disclosure. is submtted with the understandi ng

that it APRECOKSE Ry Qe Z?Cbaqdrﬂcg?’iflrtb?m@?mi such that smcieysad gigsbani ng

of the Gl;&tiffRions and changes may be made without departing from the scope of this disclosure.
Figurcs arc also merely representational and may not be drawn to scale, Certain proportions
thercof may be exaggerated, while others may be minimized. Accordingly, the specification

and drawings are to be regarded in an illustrative rather than a restrictive sense.

[0092]  Thus, although specific arrangements have been illustrated and described herein,
it should be appreciated that any arrangement calculated to achieve the same purpose may
be substituted for the specific arrangement shown. This disclosure is intended to cover any
and all adaptations or variations of various embodiments and arrangements of the invention.
Combinations of the above arrangements, and other arrangements not specifically described

herein, will be apparent to those of skill in the art upon reviewing the above description.
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What is clainmed is: |I.A thermal nanagenent cabinet for electronic
equi pnment, conprising: a cabinet franme having side walls and defining
a front, a back, a top and a bottom the cabinet formng a generally
seal ed encl osure for electronic equipnent; an el ectronic

conponent, storage area jncludi.n St. el vi rack for
copbort1 Pl s Rl B R e oot BR P 10 BE BT B <pont()
cabi net ; d1§dlode&@§fhe(beﬁ nhddle @bntbi %)lﬁted 60ty #QRei thaNfvedtion, Dasthahe outl et
out of a hot zon a baffle formng a neutral zone in the

interi orm¥%15lt°iﬂdﬁﬁ chle gl embadipgnissgd ardeemerth falingwita thesepparaftthang a
neutral zpegiifcpimihe cool zone, the baffle having a vertical menber
separating the neutral zone fromthe hot zone, wherein the neutral
zone is substantially isolated by the baffle fromair flow ng through

t he cool e a . The
accordidgéﬁg @Hakﬁ&n@ﬁ%}%?ﬁm ?FF Iﬁ%“@%ﬁ fgmprsmﬂggﬂggﬂgQ?qgasThe
t her mal mmaggaremstreabhaneml albothdirerget © q@io&lﬁ'ﬁsé’er‘[a\ﬂﬂﬁé RatGretdiehebaf f | e

?rg'[ne)” Zletsech%lc;[ap&sga surenBI?las%elgrEMed Qnt%tﬂ?e 1511 etstalnainfg that 1t w1ﬁ notI bnesuusle ’Eoed

interpret or limit the scope or meaning of the claims.
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4. The thermal nmanagenent cabi net according to claim 3, wherein the

t hermal managenent plate is formed of a plastic material backed with
an insulator. 5. The thermal managenent cabi net according to claim
1, wherein the baffle conprises at |east one of foaminsulation and
brushes. 6. The thermal nmanagenent cabi net according to claimb5,
wherein the brushes extend fromthe el ectronic conponent storage area
to at | eagthagBneapiedtife side walls, front and back of the cabinet. 7.
The thernmal managenent cabinet according to claim5, wherein the at

| east one foaminsul ation conprises two flexible foam pi eces

positioned to ﬁkﬂeﬁﬂél%ﬁ%eﬁ&agﬁeﬁ@ﬁa&%oﬁi@%ﬁlﬁpﬁ%%ﬁl?risingﬁ' The
t hermal managenent cabinet according to claim1, wherern the

hor i zont a# cawbiEamg kavingsideingHadidelefinigg a figat, ¢ hesknmitop rechab@ionn thesabinetet
accor di nggohfinG b kABrb s\é‘ﬁ@d&icﬁs&r@?orlaf%ﬂr%ngx{%qﬁln{éﬁ- er and verti cal

menber are each’i ndependently position e to change a size of the
neutral zone. ankfectrgqi¢ pepppatntywreggeree ficlvdalgiahisast ofioshelyingaaokdon supporting

equi prent 1. GQRR réi]lﬁf.’)lﬂ&l-t in an interior section of the cabinet;

at least one inlet into a cool zone; and

at least one outlet out of a hot zone;

a baffle forming a neutral zone in the interior section, the baffle having a horizontal
member separating a neutral zone from the cool zone, the baffle having a vertical member
separating the neutral zone from the hot zone, wherein the neutral zone is substantially isolated

by the baffle from air flowing through the cool zone and the hot zone.

2. The thermal management cabinet according to claim 1, wherein baffle is vertically
moveable.
3. The thermal management cabinet according to claim 2, wherein the baffle comprises a

thermal management plate that is formed of insulated material.

4. The thermal management cabinet according to claim 3, wherein the thermal management

plate is formed of a plastic material backed with an insulator.

5. The thermal management cabinet according to claim 1, wherein the baffle comprises at

least one of foam insulation and brushes.

6. The thermal management cabinet according to claim 5, wherein the brushes extend from
the electronic component storage area to at least one of the side walls, front and back of tke

cabinet.

7. The thermal management cabinet according to claim 5, wherein the at least one foam
insulation comprises two flexible foam pieces positioned to allow cables to be passed there

between.
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a cabinet franme having side walls and defining a front, a back, a top
and a bottom the cabinet formng a generally seal ed encl osure for

el ectroni c equi pnent ; an el ectroni c conponent storage area

i ncluding at | east one shelving rack for supporting el ectronic

equi pnment in an interior section of the cabinet; at |east one opening
in the top of the cabinet; and at |east one opening in the bottom of
t he cabi net; at | east one baffle in the interior section of
the cabinet faormng a neutral zone in the interior section, wherein
the neutr&l zole hamalpapgsmsngeabinef acgording dp ¢lgim havhgrein thaherizgpial hemler is
fromair fds@whdtee.t hrough a cool zone and a hot zone, wherein the at

| east one baffle conprises a horizontal nenber and a vertical nenber,
wherein the horizontal menber separates the neutral zone fromthe

cool zong and Tﬂé?he%ﬁéltrheﬁl@%enﬁm‘ﬁfnelsﬁpﬁ'ﬁﬁg ecihifl, %g}emhe E&ﬁsﬁz rOmddpe

hot zone; wherein the cabinet 1s dinmensioned to exten et ween
a rai sed adyedisalmenter e eechbudepenidenjlynesitionalitedp claigt & sige offthendotrallzding,
the access floor carrying cooled air and the drop ceiling venting
heated air, wherein the bottom opening of the cabinet is alignable

wi th an oeni niythermal manzgswesisabiheofor glewtvniciegtipmeent, famypmisinke access

fl oor passes i |:net. t ugh.t he capl_.zone, .fl.ows

t hrough t he eIa&%@?%t%é&%g%gﬁg%{vg@sﬁgggfrélgn aeg?]naang C'?’Iaoto 4 arbé)ﬁtalﬁ’ tthf“le
hot zone dabinetpimithegaehiinetalgikndoghe bheettopicegepmag; which is

al i gnabl e wit Qm AR LHE" J:o'? Oillgnt tstgr%gg Y in%ﬁ.lidfn!g B Preast one shelving rack for supporting

electronic equipment in an interior section of the cabinet;

at least one opening in the top of the cabinet; and

at least one opening in the bottom of the cabinet;

at least one baffle in the interior section of the cabinet forming a neutral zone in the
interior section, wherein the neutral zone is substantially isolated by the at least one baffle from
air flowing through a cool zone and a hot zone, wherein the at least one baffle comprises a
horizontal member and a vertical member, wherein the horizontal member separates the neutral
zone from the cool zone and the vertical member separates the neutral zone from the hot zone;

wherein the cabinet is dimensioned to extend between a raised access floor of a building
and a drop ceiling of a building, the access floor carrying cooled air and the drop ceiling venting
heated air, wherein the bottom opening of the cabinet is alignable with an opening in the access
floor such that air from the access floor passes into the cabinet, flows through the cool zone,
flows through the electronic component storage area, and flows through the hot zone to exit the

cabinet through the top opening, which is alignable with an opening in the drop ceiling.
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