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SPACE-SAVING HIGH-DENSITY MODULAR DATA
POD SYSTEMS AND ENERGY-EFFICIENT COOLING SYSTEMS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application relates to International Application No. PCT/US2011/41710,
which was filed on June 23, 2011, and claims the benefit of, and priority to, U.S.
Provisional Application Ser. No. 61/448,631, which was filed on March 2, 2011; and

U.S. Provisional Application Ser. No. 61/482,070, which was filed on May 3, 2011.

BACKGROUND

1. Technical Field

[0002] The present disclosure generally relates to computing data centers. More
particularly, the present disclosure relates to space-saving high-density modular data pod
systems and energy-efficient cooling systems for modular data pod systems.

2. Background of Related Art

[0003] Traditionally, large data centers rely on large, oversized cooling
infrastructures, including chilled water systems, chiller plants, and direct expansion
cooling systems, to maintain their operating temperatures. There are many problems
associated with the large, oversized cooling infrastructures for large data centers,
including high initial capital, operation, and maintenance costs. For instance, a
traditional chiller plant may require approximately 985 kW of chiller capacity to support
a large data center having a power consumption capacity of 1 MW. Further, the

traditional chiller plant is typically designed to cool the entire data center, as opposed to a



particularly, the present disclosure relates to space-saving high-density
nodul ar data pod systens and energy-efficient cooling systens for nodul ar
dat a pod wp2ermEsss2. Background of Related Art [ 0003] Tradiusc@nabieyy | ar ge
data centers rely on |large, oversized cooling infrastructures, including
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medium to cool server racks or containers of server racks in a large data center.
However, one of the drawbacks of the air-cooled “free cooling” system is that it operates
only in a cool, dry-climate environment thereby restricting its use to limited geographical
arcas in the world.

[0005] An adiabatic-assisted system is another cooling system that rivals the
traditional large, oversized cooling electrical infrastructures. The adiabatic-assisted
system is a cooling system assisted by adiabatic water having a more expanded
geographical reach than the air-cooled “free cooling” system. However, the adiabatic-
assisted system has certain cooling tolerance limitations and is incapable of providing
sufficient cooling to high density data centers, e.g., data centers having IT rack loads of

about 40 kW per IT rack.



[ 0005] An adi abatic-assisted systemis another cooling systemthat rivals
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[0007] In one aspect, the present disclosure features a modular data pod. The
modular data pod includes an enclosure including wall members contiguously joined to
one another along at least one edge of each wall member in the shape of a polygon. The
modular data pod also includes a data pod covering member. The modular data pod also
includes a plurality of computer racks arranged within the enclosure to form a first
volume between the inner surface of the wall members and the first sides of the computer

racks and a second volume formed of second sides of the computer racks. The modular

data pod also includes a computer rack covering member configured to enclose the



second vol une. The conputer rack covering nmenber and the data pod covering
menber forma third volune coupling the first volunme to the second vol une.
The nodulwio 2de¥@a8§8d al so i ncl udes an air circul at or comCirgiseed/ 0679
continuously circulate air through the first, second, and third vol unes.

[ 0008] I n sone enbodi nents, the nodul ar data pod includes a plurality of
servers, at |east one heat exchange nenber configured to couple to a first
cooling circuit including a free-cooling device, and a second cool i ng
circuit souid esluine. {The chmpttcexwRapgaimpbaberaind therdith @odradvetidgmumisat i on
with the plurality of servers. The second cooling circuit includes a
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[0009] In another aspect, the present disclosure features a method of cooling a
plurality of computer racks. In some embodiments, the method of cooling a plurality of
computer racks includes arranging a plurality of computer racks within an enclosure
having the shape of a polygon to form a first volume between the wall members of the
enclosure and first sides of the plurality of computer racks and to form a second volume
between second sides of the computer racks, enclosing the second volume to form a third
volume coupling the first volume to the second volume, and circulating air between the
first volume and the second volume via the third volume and the computer racks.

[0010] In yet another aspect, the present disclosure features a modular data center.
The modular data center includes a first cooling circuit including a primary cooling
device. The modular data center includes a plurality of modular data pods. Each
modular data pod includes a plurality of servers, a heat exchange member coupled to the
first cooling circuit, and a second cooling circuit coupled to the heat exchange member

and configured to cool the plurality of servers. The second cooling circuit includes a



secondary cooling device configured to cool fluid flow ng through the
second cooling circuit. [0011]1n yet another aspect, the present disclosure
rel ates twoaornaBisag system for a nodul ar data center. Ph@/useduloere7gat a
center includes a first cooling circuit including a primary cooling device;
a plurality of nodul ar data pods, each nodul ar data pod including an

encl osure that includes a plurality of server racks, a heat exchange nenber
coupled to the first cooling circuit, and a second cooling circuit coupled
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cooling circuit.

[0012] In yet another aspect, the present disclosure features a modular data center.
The modular data center includes a central cooling system. The modular data center
includes a plurality of modular data pods. Each modular data pod includes a plurality of
servers, a heat exchange assembly coupled to the central cooling system in which the heat
exchange assembly configured to cool the plurality of servers, and a distributed cooling
system coupled to the heat exchange assembly.

[0013] In yet another aspect, the present disclosure features a method of deploying
modular data pods to form a modular data center. The method of deploying modular data
pods to form a modular data center includes installing a plurality of modular data pods in
proximity to one another, where each modular data pod includes a fluid and electrical
circuit section in fluidic and electrical communication with the modular data pod, and
coupling a plurality of the fluid and electrical circuit sections in series with each other to

form a fluid and electrical circuit having a first end and a second end.



WD 2012/ 118553PCT/ US2011/ 067679 [0014] I n yet another aspect, the present

di scl osure features a nodul ar data center. The nodul ar data center includes
a centralwDl2oi2d183sd el ectrical circuit and a chain of mpdultseoldas®m7pods in
whi ch each data pod includes a fluid and electrical circuit section in
fluidic and electrical comunication with the central fluid and el ectrical
circuit. The nodul ar data center also includes a plurality of the fluid and
el ectrical circuit sections of each nodul ar data pod coupled in series to
each ot h@ol4p f dnmeaafidthiérdaspod, tlegatdche disclobure Utdtuea\a mgdelaif datstcemtod and a
second end. The nodul ar data center also includes the fluid and el ectrical
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cooling electronic equli pment using a fitst fluid, free cooling the first

fluid byco%'ill%gldleglge rclgfff%led to the central cooling fluid circuit. The central cooling device is

configured to support at least a portion of the cooling requirements of the chain of
modular data pods.

[0015] In yet another aspect, the present disclosure features a system for cooling
electronic equipment. The system for cooling electronic equipment includes a free-
cooling system configured to cool a first fluid in thermal communication with electronic
equipment using atmospheric air and a mechanical sub-cooling system coupled to the
free-cooling system. The mechanical sub-cooling system is configured to cool a second
fluid flowing in the free-cooling system as a function of an amount by which the free-
cooling system has exceeded its maximum cooling capacity.

[0016] In yet another aspect, the present disclosure features a method of cooling
electronic equipment. The method of cooling eclectronic equipment includes cooling
electronic equipment using a first fluid, free cooling the first fluid by enabling heat

transfer from the first fluid to a second fluid that has been cooled using atmospheric air,



transfer fromthe first fluid to a second fluid that has been cool ed using
at nospheric air, and nechanically cooling the second fluid to the extent
that freewoaolmngssBhe first fluid is insufficient to coeCTtuseotfiossro fl ui d.
[0017] I n yet another aspect, the present disclosure features a cooling
system for cooling el ectronic equipnent. The cooling systemfor cooling

el ectronic equi pnent includes a first fluid circuit configured to cool

el ectroni c equi pnent using a first fluid flowing through the first fluid
circuit andmackmeahy cddlirigtthekéud tfluddtaf thgukedt that freceoatiodglthafise daidisf | ui d
flowi ng through the second fluid circuit. The second fluid circuit is

further gQWdr-2ur 8kobPihedRst g first fluid using the free-cool ed second
fluid and a third fluid circuit is configured to nmechanically cool the
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enbodi nents of the present dlsclosure are described with reference to the
accorrpanwwgewaf“wtng id\giepi cenfigged 99 cpd, clgctiopi cqupaaiit ysengdp dGptainidf a
nodul ar data center according to

flowing through the first fluid circuit and a second fluid circuit configured to free cool a

second fluid flowing through the second fluid circuit. The second fluid circuit is further
configured to cool the first fluid using the free-cooled second fluid and a third fluid
circuit is configured to mechanically cool the second fluid as a function of the difference
between the wet bulb temperature of atmospheric air and a first predetermined wet bulb
temperature when the wet bulb temperature exceeds the first predetermined wet bulb

temperature.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Various embodiments of the present disclosure are described with reference to
the accompanying drawings wherein:

[0019] FIG. 1 is a schematic diagram of a modular data center according to
embodiments of the present disclosure;

[0020] FIG. 2A is an illustration of a modular data pod having a pentagonal wall
configuration according to one embodiment of the present disclosure;

[0021] FIG. 2B is an illustration of a modular data pod having a hexagonal wall
configuration according to another embodiment of the present disclosure;

[0022] FIG. 2C is an illustration of a modular data pod having a heptagonal wall

configuration according to yet another embodiment of the present disclosure;



enbodi nents of the present disclosure; [0020]FIG 2A is an illustration of
a nodul ar data pod having a pentagonal wall configuration according to one
enbodi mrerwoab12thesspr esent di scl osure; [0021] FIG 2B i s &aTiusbussmre on of a
nodul ar data pod having a hexagonal wall configuration according to another
enbodi ment of the present disclosure; [0022]FIG 2C is an illustration of a
nodul ar data pod having a heptagonal wall configuration according to yet
anot her enbodi nent of the present disclosure; WO

2012/ 118@H2PCT/ W02 Y BGaf6lBistration of a modular data pod having an octagonal wall

configuration according to yet another embodiment of the present disclosure;

[0024] FIG. 2E is an illustration of a modular data pod having a nonagonal wall
configuration according to yet another embodiment of the present disclosure;

[0025] FIG. 2F is an illustration of a modular data pod having a decagonal wall
configuration according to yet another embodiment of the present disclosure;

[0026] FIG. 2G is an illustration of the octagonal-shaped modular data pod of FIG.
2D having two eclongated walls forming a modular data pod according to another
embodiment of the present disclosure;

[0027] FIG. 3 is an elevation view (i.c., sectional side view) of a generic modular
data pod including a hot aisle and a cold aisle according to embodiments of the present
disclosure;

[0028] FIG. 4 is a plan view (i.e., sectional top view) of a modular data pod showing
an upper coil deck according to embodiments of the present disclosure;

[0029] FIG. 5 is a plan view (i.e., sectional top view) of a modular data pod showing
a ceiling fan assembly according to embodiments of the present disclosure;

[0030] FIG. 6 is a flow diagram for a close-coupled cooling system for operation in
high wet-bulb temperature applications according to embodiments of the present
disclosure;

[0031] FIG. 7 is a schematic diagram of a refrigerant-cooled cooling system that
includes the close-coupled cooling system of FIG. 6 for modular data pods according to

embodiments of the present disclosure;



[0023]FIG 2D is an illustration of a nodul ar data pod having an octagonal
wal | configuration according to yet another enbodi nent of the present
di scl osurwQ 2p20A43561 G 2E is an illustration of a nodul acTdst@1pe7havi ng a
nonagonal wall configuration according to yet another enbodi nent of the
present disclosure; [0025]FIG 2F is an illustration of a nodul ar data pod
havi ng a decagonal wall configuration according to yet another enbodi nent
of the present disclosure; [0026] FIG 2Gis an illustration of the
oct agona|003dpped G US arclehmbagicplighrah oflaGvatebedudsd aig-conditieliopgadtad thwal | s
form ng a nodul ar data pod according to another enbodi ment of the present
di scl osufgfudes an external chiller according to embodiments of the present disclosure;

[0033] FIG. 9 illustrates a modular data pod that includes a separate cooling circuit

that forms an “A-Frame” heat exchanger assembly according to one embodiment of the

present disclosure;

[0034] FIG. 10 is an upper plan view of the modular data pod of FIG. 9 that includes

the separate cooling circuit that forms an “A-Frame” heat exchanger assembly according

to one embodiment of the present disclosure;

[0035] FIG. 11 is a lower plan view of the modular data center pod assembly of FIG.

10 illustrating forced-flow cooling devices that force air vertically through a sump below

the central aisle of the modular data center pod assembly;

[0036] FIG. 12 is a schematic flow diagram of a cooling system for a data center

assembly including a close-coupled cooling system according to embodiments of the

present disclosure;

[0037] FIG. 13 is a schematic flow diagram of a close-coupled cooling system that

can include the cooling system of FIG. 12 according to embodiments of the present

disclosure;

[0038] FIG. 14 is a schematic diagram of a water-cooled cooling system showing

water flow according to embodiments of the present disclosure;

[0039] FIG. 15 is a schematic diagram of a cooling system for low wet-bulb

environments where high wet-bulb conditions may occasionally occur that includes a

modular chiller according to embodiments of the present disclosure;



[0027]FIG 3 is an elevation view (i.e., sectional side view) of a generic
nodul ar data pod including a hot aisle and a cold aisle according to
enbodi merwe 20f2/tik&s3pr esent di scl osure; [0028]FIG 4 is acplisaonioenww’{i . e.
sectional top view) of a nodular data pod show ng an upper coil deck
according to enbodi nents of the present disclosure; [0029]FIG 5 is a plan
view (i.e., sectional top view of a nodular data pod showing a ceiling fan
assenbly according to enbodi mnents of the present disclosure; [0030]FIG 6
is a flooddagr #GE 06 issa sdhosetic disgtaadof o pbitiog oyswemn-foalcdogaitiag isgternn hi gh
wet-bul b tenperature applications according to enmbodi ments of the present
di scl OSUihgi includes an existing water cooling system showing water flow according to

embodiments of the present disclosure;

[0041] FIG. 17 is a schematic diagram of a modular data pod farm illustrating staged

expansion of the data pod farm according to embodiments of the present disclosure;

[0042] FIG. 17A is detail of the modular data pod farm of FIG. 17 illustrating

connection of modular data pods into a plurality of modular data pods;

[0043] FIG. 17B is a simplified block diagram of the modular data farm of FIG. 17

and of several pluralities of the plurality of modular data pods of FIG. 17A illustrating

staged expansion of the data pod farm according to embodiments of the present

disclosure;

[0044] FIG. 18 is a schematic diagram of a modular data pod farm illustrating a

transport system for modular data pods according to embodiments of the present

disclosure.

[0045] FIG. 19 is a schematic diagram of a modular data pod farm illustrating the

removal of data pods according to embodiments of the present disclosure;

[0046] FIG. 20 is a schematic diagram of a modular data pod farm according to

embodiments of the present disclosure;

[0047] FIGS. 21A-21C are flow diagrams of a method of cooling electronic

equipment according to embodiments of the present disclosure;

[0048] FIGS. 22A-22C are flow diagrams of a method of deploying modular data

pods of a modular data center according to embodiments of the present disclosure; and

10



[0031]FIG 7 is a schematic diagramof a refrigerant-cooled cooling system
that includes the cl ose-coupled cooling systemof FIG 6 for nodul ar data
pods accowoiznrp/tiessenbodi ments of the present di scl osur ePCWDS2011/067679

2012/ 118553PCT/ US2011/ 067679 [0032]FIG 8 is a schematic di agram of a

wat er - cool ed air-conditioning systemthat includes an external chiller
according to enbodi nents of the present disclosure; [0033]FIG 9
illustrates a nodul ar data pod that includes a separate cooling circuit

t hat for 949N " AGSarRD-IHatarexthandiegrams sefahyalagsaivdi fg theo makodddodi ment
of the present disclosure; [0034]FIG 10 is an upper plan view of the

nmodul ar - g&fidyiRethadlilaFldéa fodk ita inB&kIHEESa center of FIGS. 22A-22B according to

embodiments of the present disclosure.

DETAILED DESCRIPTION

[0050] Embodiments of the presently disclosed close-coupled cooling systems and
methods will now be described in detail with reference to the drawings, in which like
reference numerals designate identical or corresponding elements in each of the several
views.

[0051] The present disclosure relates to modular data pods and related support
systems for providing energy-efficient, space-saving, and high-density server rack
configurations. This modular approach allows for highly efficient use of geometric
shapes such as octagonal, hexagonal, and pentagonal shapes for creating a hot aisle and a
cold aisle through which air circulates for cooling the server racks. These polygonal
shapes allow for maximum energy-efficiency and space-savings using the benefits of
both the interior and the exterior angles and sides. The interior pod shape provides a
natural circular configuration for positioning server racks. As compared to the prior art,
this configuration provides a more efficient way to create and contain a hot aisle and a
cold aisle.

[0052] The cooling air, which is used to efficiently cool computer systems, such as
data servers, follows a natural path which allows for natural convection. The natural
convection is assisted by mechanical cooling systems and components, ¢.g., fans, which
are deployed in an efficient manner. The exterior shape of the modular data pods allows

for the most efficient use of the space-saving characteristics of the multi-sided and
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the separate cooling circuit that forns an "A-Franme" heat exchanger
assenbly according to one enbodi nent of the present disclosure; [0035]FIG
11 is a Iwoeenpligss3vi ew of the nodul ar data center pod assamspén/06f67%1 G 10
illustrating forced-flow cooling devices that force air vertically through
a sunp below the central aisle of the nodul ar data center pod assenbly;
[0036]FIG 12 is a schematic flow diagram of a cooling systemfor a data
center assenbly including a close-coupled cooling systemaccording to
enbodi memtgalafgdohetry elspot ofitse harlutae ;daf0PSHK] FITee rd&ula dats pbésratn def | ow
di agram of a cl ose-coupl ed cooling systemthat can include the cooling

syst em Ofiepdyed ﬁlztigﬁtcgﬁoﬂbﬁgirhi%refm%i pRRES Sdent RELRY @PRAT BbS WiRSULS;

[0038]FIG 14 is a schematic diagram of a water-cooled cooling system

showi ng considered to be the most efficient use of space known to man. The space-saving,
efficient design of the modular data pods accommodates the tremendous growth of the IT
data storage industry. The completely modularized data pods also feature energy-
efficient cooling systems and electrical, control, and IT systems for “just in time”
deployment.
[0053] The close-coupled cooling systems and methods according to some
embodiments of the present disclosure are “chiller-less” and require significantly less
mechanical refrigeration capacity than cooling systems using chillers to handle the
cooling of fluctuating IT loads. In some embodiments, the system uses approximately
140 kW of subcooling to accomplish the cooling of 1 megawatt of IT loading. This is
based on providing cooling in areas of relatively high wet-bulb conditions such as the
north east or southern hemispheres where wet-bulb conditions can be extreme (e.g., wet-
bulb temperatures of 78° F and above). The system can be deployed in relatively high
wet-bulb environmental areas where chillers or direct expansion (DX) systems would
have been normally been mandatory.
[0054] An individual subcooling system can operate with close-coupled cooling at
the individual point of loading to enable sufficient cooling to support IT rack inlet
cooling temperatures (at the cold aisle) that would have normally required either DX or
chiller assistance. The system according to some embodiments of the present disclosure

is used in close-coupled applications such as modular data center applications. In other

embodiments, the cooling system can be used as a packaged system to support modular
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wat er flow according to enbodi nents of the present disclosure; [0039]FIG

15 is a schematic diagramof a cooling systemfor |ow wet-bulb environnents
wher e hi ghiowet2/f183sB condi ti ons may occasi onal |y occur t raT/tsaellnemss39 a

nodul ar chiller according to enbodi nents of the present disclosure; WO
2012/ 118553PCT/ US2011/ 067679 [0040] FIG 16 is a schematic diagramof a
portion of a water-cooled cooling systemthat includes an existing water
cool ing system showi ng water flow according to enbodi ments of the present

di scl osutmlingGd#ly klypical datasceates ohaospdce. dihagyasmehn signidituhtdy redatathpod farm
Il lustrating staged expansion of the data pod farm according to enbodi nents

of the Fllﬁﬁﬁﬂttasdwe?pisQﬁéJB ratiafedst @ g, Bhbrey To8i8f ¥ datdddentdae nmodul ar data pod

farm of G 17 illustrating
[0055] In some embodiments, the system can cool IT server racks using 72° F

refrigerant or higher as dictated by a particular project. This provides cold aisle air
temperatures or rack inlet temperatures of 75° F or higher as dictated by a particular
project.

[0056] FIG. 1 is a schematic diagram of a data pod farm or modular data center 1400.
The data pod farm 1400 includes a data pod hive 1410. The term “hive” refers to a
plurality of modular data pods coupled together and the associated cooling infrastructure.
The data pod hive 1410 includes a plurality of modular data pods 80 and 180 arranged in
data pod chains 122, 124, 126. The modular data pods 80 and 180 include a data
enclosure 85, which contains server racks, and an auxiliary enclosure 818, which contains
cooling, power, and control circuitry.

[0057] The data pods 80 and 180 are coupled to a central cooling system 1420 that
includes central cooling, power, and control systems. The central cooling system 1420
may form part of a Building Management System (BMS). The central cooling system
1420 includes a central cooling fluid circuit 1430. The central cooling fluid circuit 1430
includes a first pair of cooling towers 131a, 131b (also designated as CT-1A, CT-1B,
respectively), a second pair of cooling towers 132a, 132b (also designated as CT-2A, CT-
2B, respectively), two banks of fluid pumps 146a, 146b, a pair of supply lines 115a,
115b, and a pair of return lines 125a, 125b.

[0058] The central cooling system 1420 also includes two banks of wvariable

frequency drives 144a, 144b, which drive respective banks of fluid pumps 146a, 146b.
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connection of nodular data pods into a plurality of nodul ar data pods;
[0043]FIG 17Bis a sinplified block diagram of the nodul ar data farm of
FIG 17 awo20f2/gesseral pluralities of the plurality of mogoisaridetsad pods of
FIG 17A illustrating staged expansion of the data pod farmaccording to
enbodi ments of the present disclosure; [0044]FIG 18 is a schematic diagram
of a nodular data pod farmillustrating a transport system for nodul ar data
pods according to enbodi ments of the present disclosure. [0045]FIG 19 is a
schemat i Thel cagraiiroolingasyyadiu 1420 dBbangodesf @ronbdnkk wstvaaitblodrdghendyedmwesl of
data pods according to embodinents of the present disclosure; [0046]FI G 20
is a schemt i f20liageRmief fas IRYEH atiddajidpPRAhihaheRE SaEdbNELJIIRg towers

131a, 131b, 132a, 132b. The data pod farm 1400 also includes a pair of central battery

backup units 150a, 1500 that provide battery backup power to the modular data pods 80.

[0059] The data pod farm or modular data center 1400 and modular data pod hive

1410 of FIG. 1 may be designed and deployed to support a large amount of server rack

capacity (e.g., approximately 12-15 MW of server rack capacity). FIG. 1 shows the

space-saving attributes of the modular data pods’ geometric shape. A typical data center,

which is non-modular, requires three to four times as much space to handle this level of

server rack capacity and density.

[0060] The system infrastructure (the central cooling system 1420 and central cooling

fluid circuit 1430) is located at one end 1440 of the data pod hive 1410 of the data pod

farm 1400. FIG. 1 depicts an example of a full-hive deployment. Initially, however, a

sufficient number of data pods 80 and 180 can be installed for early deployment. The

number of cooling towers, pumps, and electrical switch equipment can be deployed as

needed on a just-in-time basis. Additional modular data pods 80 and 180, including their

auxiliary enclosures 818 and 818, respectively, housing associated pipe and electrical

chases, can also be deployed as needed on a just-in-time basis. The installation of

additional modular data pods 80 and 180 and associated auxiliary enclosures 818 and

818", respectively, at an earlier stage of deployment of the data pod farm 1400 is

described below with respect to FIGS. 17, 17A, and 17B

[0061] FIGS. 2A-2G depict modular data pods having different polygonal shapes

according to embodiments of the present disclosure. The polygonal shapes of the
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enbodi nents of the present disclosure; [0047] FIGS. 21A-21C are flow
di agrans of a nethod of cooling electronic equipnment according to
enbodi merwe 20f2/t1k&s3pr esent di scl osure; [0048] FI GS. 22A- PRUUS2@E 106579
di agranms of a nethod of depl oying nodul ar data pods of a nodul ar data
center according to enbodinents of the present disclosure; and WO
2012/ 118553PCT/ US2011/ 067679 [0049] FI GS. 22D- 22E are fl ow di agranms of an
alternative to the nmethod of

modular data pods offer several benefits. The exterior of the polygonal shapes is

conducive to space-efficient packing or grouping. And the interior of the polygonal
shapes allows for tight arrangement of square or rectangular server racks corner to corner
in a circular pattern within the polygonal shape of the modular data pod.

[0062] This arrangement defines an efficient partition between the hot and cold
aisles. For example, in those embodiments where the computer racks are arranged so that
they radiate or blow heat towards the walls of the data pod, the hot aisle is defined by the
air space between the walls of the modular data pod and the computer racks and the cold
aisle is defined by the air space created by the sides of the computer racks that face
towards the center of the modular data pod. In other embodiments, the computer racks
may be arranged so that the cold aisle is defined by the air space between the walls of the
modular data pod and the computer racks and the hot aisle is defined by the air space
created in the middle of the modular data pod by the sides of the computer racks that face
towards the center of the modular data pod.

[0063] The tight grouping of the computer racks also allows for efficient use of the
close distance between related equipment that is mounted in the computer racks. The
result is efficient partitioning of hot and cold aisles, close grouping (i.e., space savings),
and close distances between computer systems for electrical, mechanical, and IT
interconnections and treatments.

[0064] As shown in FIGS. 2A-2G, the walls of the modular data pod may be arranged
in a variety of different polygonal shapes including a pentagon (e.g., the modular data
pod 50 of FIG. 2A), hexagon (e.g., the modular data pod 60 of FIG. 2B), heptagon (e.g.,

the modular data pod 70 of FIG. 2C), octagon (e.g., the modular data pod 80 of FIG. 2D),
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depl oyi ng nodul ar data pods of a nodul ar data center of FIGS. 22A-22B
according to enbodi nents of the present disclosure. DETAI LED DESCRI PTI ON

[ 0050] Enbwoi2neit18558f t he presently di scl osed cl ose- couplPet/usSo@iliony7Sy st ens
and nmethods will now be described in detail with reference to the draw ngs,
in which Iike reference nuneral s designate identical or corresponding

el ements in each of the several views. [0051] The present disclosure rel ates
to nodul ar data pods and rel ated support systens for providing

ener gy- efidriagoe(d.g., dpatehdavdangpod9toniigh 2dgnaidt decsgonverg. A kodular data
configurations. This nodul ar approach allows for highly efficient use of

geomet ri o NGPESFRYCIF)asTHREd JePBALan 16X B8O eRtAificdNFoRIRMPAORNR oGhipes for
creating a hot aisle and a cold aisle through which air circul ates for

cool i ng #@ﬁe@ ﬁ{o\dﬁlralé ﬁ%ﬁ E%d SEQ?ﬁG.p?bycgﬁ %@lstrtgt{g}g&gﬁl (Zrlle! (?}é&{é‘?ﬁ E)ngt%}éi‘et he

ener gy-efftcienc ace-savings using en e I'nterior

and the exteri.or angles.and sides, T i.nterior d sha rovides . a
ntural EHEGaIraro 30t PR Bl B nidde o odiy drtrkait I tnar ed to
the prior art, this configuration provides a nore efficient way to create
and cont H0ASk hde oap smbodierng of iedprasedt discloges dilutiatedoin) Kl 24 modufirch i s
used to efficiently cool conmputer systenms, such as data servers, follows a
nat ur al pattdgonhl ditaapddovl holuderabudad cocloweet 105nincieng ditvar edteroainwaldti on i s
assi sted by nechani cal cooling systens and conponents, e.g., fans, which

are depl pyeBeisn 03m, e6F2i ¢0E3t105BNGRI L0SFhBatexE omtQfuotilafeined td e smghdrar dat a
pods allows for the nost efficient use of the space-saving characteristics
of the mybhl a8188bn8Rfge. For example, edges 55 contiguously join external wall member
1051 to wall member 1052, external wall member 1052 to external wall member 1053,
external wall member 1053 to external wall member 1054, external wall member 1054 to
external wall member 1055, and external wall member 1055 to external wall member
1051, in the shape of a polygon.
[0066] The pentagonal modular data pod 50 includes server rack 501 positioned
internally in the modular data pod 50 in proximity to external wall member 1051, server
rack 502 positioned internally in the modular data pod 50 in proximity to external wall
member 1052, server rack 503 positioned internally in the modular data pod 50 in
proximity to external wall member 1053, server rack 504 positioned internally in the
modular data pod 50 in proximity to external wall member 1054, and server rack 505
positioned internally in the modular data pod 50 in proximity to external wall member
1055.
[0067] To define a heat exchange volume 5002 substantially within a central region

of the modular data pod 50, server racks 501 and 505, which are illustrated as being

spaced apart from one another, may be contiguously joined together via internal wall
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angul ar geonetric shapes of the nodul ar data pods. The nodul ar data pods
can be deployed in tight groups simlar to the patterns seen in bee hives.
Bee hi veswaneixussddered to be the nost efficient use ofPCIamea®lamin to
man. The space-saving, efficient design of the nodul ar data pods
accomodat es the tremendous growh of the IT data storage industry. The
conpletely nodul ari zed data pods al so feature energy-efficient cooling
systens and electrical, control, and IT systens for "just in tine"

depl oyneimembpO85HB] Sindlacly psevarauidserd 1 camd! 302 gwhichtaeerilatratedrat beidg spaxedr di ng
to sonme enbodi nents of the present disclosure are "chiller-|less" and

require glagnirbmCaat dnotlc8SHayr®e Rani sl Eblcaab@dh@nif aRaGht Wall hadmEQo!l 1 ng
systens using chillers to handle t coollng o fluctuating IT loads. In

some enbefy éeﬁn]teg?lel%}/f? aff ThidiaP w%ﬁ%@%t}éﬁ Oﬁu%_é?m%\.’ cﬂﬁpo%%'%%/?tﬂhi fig to

acconplis e co0 megawat i S1S base

providin oli elati t - bul ndi tions such as
the nort%@gi Oﬂ% b&sﬁwﬁvaﬁ i€ sl e B0 e oGRS can be
extrene E .g., | b tenperatures of 78 F and above&fg The systen1can be
depl oyed[40aSk e a&lrh@églg/ SRivgh ragks S04 | dedid anshprsvirataclsy a@k apghépe aEhilsPer s or
di rect expansion (DX) systens woul d have been normally been mandatory.

[ 0054] Aniliustriated eubding srsed hparg freysérenanoéer,apescatke ladi in the hiv 96l coanghed
cooling at the individual point of |oading to enable sufficient cooling to

support {hit fi@6thal Wallt nee®dkisNgintiRANE dtciR Swildtméhigers 310 aidske) hfatbewoul d
have normally required either DX or chiller assistance. The system

accor di ng d%eé%‘%oﬁ'{g%b fokrS s F&@ksogﬁg%'& 585 S| QAR %adk% 403eghd 50s.

cl ose- coupl ed app s suc as r data center applications. In

ot her e i ..t he olln S an use a ystemto
cuppor ¢ ROHLPED T she I IS o G 8 riGeliBE e R HOE TR R
systemc |f|ca tl redu et nt as well as the operationa
costs ( eV?;lume 8 gye 8et 89 tight saa?‘ge n@ﬁﬁﬁ pdh ar[%@@@j Pﬂsﬂg%@rée@f?%&%?ﬁ ts, the
system can cool |IT server racks using 72 F

server racks to create suitable heat transfer conditions within the modular data pod 50.

[0069] The modular data pod 50 also includes an auxiliary enclosure 515 adjacent to
external wall member 1051. In other embodiments, the auxiliary enclosure 515 may be
adjacent to one of the external wall members 1051 to 1055. The auxiliary enclosure 515
includes a close-coupled dedicated cooling system 525 for chiller-less operation in high
wet-bulb temperature applications, which is further described in detail below with respect
to FIGS. 3, 4, and 5.

[0070] In one embodiment of the present disclosure as illustrated in FIG. 2B, a
modular hexagonal data pod 60 includes an enclosure 106 having six external wall
members 1061, 1062, 1063, 1064, 1065, and 1066 that are contiguously joined to one
another along at least one edge in the shape of a polygon.

[0071] The hexagonal modular data pod 60 includes server rack 601 positioned

internally in the modular data pod 60 in proximity to both external wall member 1061
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refrigerant or higher as dictated by a particular project. This provides
cold aisle air tenperatures or rack inlet tenperatures of 75 F or higher as
di ct at ed W9 2012pa8358cul ar project. [0056]FIG 1 is a schecatuseodioaram of a
data pod farm or nodul ar data center 1400. The data pod farm 1400 i ncl udes
a data pod hive 1410. The term "hive" refers to a plurality of nodul ar data
pods coupl ed together and the associated cooling infrastructure. The data
pod hive 1410 includes a plurality of nodul ar data pods 80 and 180 arranged
in data goedextdraiingall@2zmbd2i)62]&bver Fack 6020pdsaaionddimemaltisind8e andukB8dathncl ude
a data encl osure 85, which contains server racks, and an auxiliary

encl osur g Bad@in YRk ERLERNERAS WwAPheRBer POYYEKervadclE 803 F@sliti&ieﬁqﬁﬂehfaﬂ
[ 0057] The data pods 80 and 180 are coupled to a central cooling sys?en11420

that inc r i r r *L g&r a
cool i ng. EyBE EEb R ARG Mo BN R0 LB LTARL A LS 6o 8 S
The central coali ystem 1420 i ncludes .a ceptral, cooling fl ui i.rcuit
1430, Tk atierter 19651 hGT I G LPRUTes 1S Tha GrogoRuIRT fe Paiep by
cooling towers 131a, 13 |Ib (al so desi%nated as CT-1A, CT-1B, respectively),
a secondPiaimithio bebl evignelowel gnenms 1064 nd (tespal dwali giearbses 1865 CRIA,
CT-2B, respectively), two banks of fluid punps 146a, 146b, a pair of supply
| i nes 1lfak 603 %ositianc atqyaalty wf the enadutar|dapegodl@®a pbRbhity fDes8inThealient r al
cooling system 1420 al so includes two banks of variable frequency drives
144a, 144bmbehi@ds, dhdl LerveeRR Wb ViR sRiRAKS iémbllyid tHeuapsulddéaa pdd BD.in

proximity to both external wall member 1066 and external wall member 1061.

[0072] In a similar manner as described above with respect to modular data pod 50,

to define a heat exchange volume 6002 substantially within a central region of the

modular data pod 60, in one embodiment, the server racks 601 and 602, which are

illustrated as being spaced apart from one another, may be contiguously joined together

via an internal wall member 610 between the server racks 601 and 602. Again, although

the server racks 605 and 606 are illustrated as being spaced apart from one another, those

skilled in the art will recognize that internal wall members similar to internal wall

member 610 may be disposed to contiguously join the corresponding server racks 605

and 606. Again, those skilled in the art will also recognize that the first heat exchange

volume 6001 need not be tightly confined at each and every position between adjacent

server racks in order for proper intended heat transfer conditions to occur within the

modular data pod 60.

[0073] The modular data pod 60 also includes an auxiliary enclosure or compartment

616 adjacent to one of the external wall members 1061 to 1066, with the auxiliary

enclosure 616 illustrated as being adjacent to external wall member 1061. Again, the
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The central cooling system 1420 al so i ncludes two banks of variable
frequency drives 142a, 142b, which drive fans and/or fluid punps within the
two pai r swof2oroiaBisag towers 131a, 131b, 132a, 132b. ThePdatus2@odetear m 1400
al so includes a pair of central battery backup units 150a, 150b that
provi de battery backup power to the nodul ar data pods 80. [0059] The data
pod farm or nodul ar data center 1400 and nodul ar data pod hive 1410 of FIG
1 may be designed and depl oyed to support a |arge anount of server rack
capaci t ya(éligy , crfaiptex b hdtiedlydck2a 1dodvMbaplcd edadédatadachol gpaysitdny )626Ffos. 1
shows the space-saving attributes of the nodul ar data pods' geonetric

shape. Appariiondin gk & cE80LEEmp¥RLES abslidAABnIIREHERTs: dk&HBHAN R ekl &80 0 four
times as nmuch space to handle this | evel of server rack capacity and

density. i st r Ng I oal | 1420
and centwgﬁqg%]gﬁﬁgﬁﬁie%uc%{: g’l tﬂllik%%) &Pﬁs&ﬁ%gl&? ’e%legcjtlosgncg)h%l%g a%ﬁ%}%?,} t he
data pod hive 1410 t he ta pod .farm 1400.. FI.G, .1 depicts an exanpl e of
2t 1 DR PUMG BB Ba et il Speron i high SE DRl saIPe Hiat o
pods 80 and 180 can be installed for early depl oynent. The nunber of

cool i ng %ﬁﬁ@@ﬁ?mpunps, and el ectrical switch equi pnent can be depl oyed as
needed on a just-in-tinme basis. Additional nodul ar data pods 80 and 180,

i ncl udi n@Po74kei r Inarothcaembedivicosof ths [BdBnaddcl8d48¢t as nibspeetiivdll(, 2Roasi ng
associ ated pi pe and el ectrical chases, can al so be depl oyed as needed on a

j ust - i n- bW abRSitSzondindatd ped a0 irdlides apfendddliré i1 0N alclumeibcen dadkemapods 80 and
180 and associ ated auxiliary enclosures 818 and 818', respectively, at an

earlier fo7ge t d O S i el ow
wrth ¢ esieR@esOlo7iioR Ry A6 1074, [T 00 ARG 1027 Mut 4 drhiefien oA 187

data pods_havi.n i fferent palygonal ,shapes according to enbodi nents of the
pr esent %%%%Pﬁ?gPg?g?ﬁ%a%SPga%%%qu%%BB%8@%Psﬂéonnndu|ar data pods offer

several penefits, The exterior of the polygonal shapes is conducive . to
space- ef M0GFknt BACKIHEOBE BROURT 440 POt 70HBCPersTbr BRK I PRTSRSHal
shapes allows for tight arrangement of square or rectangul ar server racks
corner tintaorlhen tha modilarcdatapop P tie proxainithiite boHecyeinphwrlimenkyel 0di t he
nodul ar data pod. [0062] This arrangenent defines an efficient partition
bet ween #rhecxi@halamdl mombler 1072, server rack 702 positioned internally in the modular data
pod 70 in proximity to external wall member 1072 and also in proximity to external wall
member 1073, server rack 703 positioned internally in the modular data pod 70 in
proximity to external wall member 1073, server rack 704 positioned internally in the
modular data pod 70 in proximity to external wall member 1074, server rack 705
positioned internally in the modular data pod 70 in proximity to external wall member
1075, server rack 706 positioned internally in the modular data pod 70 in proximity to
external wall member 1076, server rack 707 positioned internally in the modular data pod
70 in proximity to both external wall member 1076 and external wall member 1077, and

server rack 708 positioned internally in the modular data pod 70 in proximity to both

external wall member 1077 and external wall member 1071.
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ai sl es. For exanple, in those enbodi nents where the conputer racks are
arranged so that they radiate or blow heat towards the walls of the data
pod, the WotomyuB#3i s defined by the air space between Phe/usa01196179t he
nodul ar data pod and the conputer racks and the cold aisle is defined by
the air space created by the sides of the conputer racks that face towards
the center of the nodular data pod. In other enbodi nents, the conputer
racks may be arranged so that the cold aisle is defined by the air space
bet ween [00g6Mmal lIs acfimiliremamculagadedaibad plodcanith tdipeat apisidalar daakwmdasd t he
hot aisle is defined by the air space created in the m ddle of the nodul ar

dat a poday 6bNencSsdes Ricks 01 CONMPOK @Fe kastihioliflator! afRtahONBYF donddiBugignt er of
t he nodul ar data pod. [0063] The tight grouping of the conputer Ttacks al so

o AR 8 S SR AL

that is rac e resuft 1s efricre rtrtioning

of hot and cold ais , close grouping (i.e., space savings), and close
distancegmﬂ%?ﬂggﬁpﬁéﬁéuter systens for electrical, mechanical, and IT

i nterconnections and treatnments. &9064 As shown in FIGS. 2A-2G the walls
of the ntd@iflr Fandandhemodytar datapriedd rlso dngludgseanyausiliay fepelpae 7381 ygonal
shapes including a pentagon (e.g., the nodular data pod 50 of FIG 2A),
hexagon {dagnt ta dre ofttie ksterndhpvall poenigds 007 Fod 072 Byvithieptagbary (caclgsyret he
nodul ar data pod 70 of FIG 2C), octagon (e.g., the nodul ar data pod 80 of
FI G 2D) 717 illustrated as being adjacent to external wall member 1071. Similarly, the auxiliary

enclosure 717 includes a close-coupled dedicated cooling system 727 for operation in

high wet-bulb temperature applications which is further described in detail below with

respect to FIGS. 3, 4 and 5.

[0078] In one embodiment of the present disclosure as illustrated in FIG. 2D,

modular octagonal data pod 80 includes an enclosure 108 including eight external wall

members 1081, 1082, 1083, 1084, 1085, 1086, 1087 and 1088 that are contiguously

joined to one another along at least one edge in the shape of a polygon. The octagonal

modular data pod 80 includes server racks 801, 802, 803, 804, 805, 806, 807 and 808,

cach of which is positioned internally in the modular data pod 80 in proximity to, and in a

position in angular relationship with two of the external wall members 1081-1088.

[0079] Again, in a similar manner as described above with respect to modular data

pods 50, 60 and 70, the server racks 801 to 808 are contiguously or substantially

contiguously disposed to define heat exchange volume 8002 substantially within a central

region of the modular data pod 80.

[0080] Similarly, the modular data pod 80 also includes an auxiliary enclosure 818

adjacent to one of the external wall members 1081 to 1088, with the auxiliary enclosure
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nonagon (e.g., the nodul ar data pod 90 of FIG 2E), and decagon (e.g., the
nodul ar data pod 100 of FIG 2F). These shapes can al so be nodified. For
exanpl e, wbheor¢tisgfonal - shaped nodul ar data pod 80 of FI &CTAD2@aN61529
stretched in one direction to increase the length of two walls of the
nodul ar data pod to formthe nodul ar data pod 80" of FIG 2G [0065] In
one enbodi nent of the present disclosure illustrated in FIG 2A, nodul ar
pent agonal data pod 50 includes a data enclosure 105 including five

ext er nal 8 Waillustreab ey seid®adjacchOZxtkAd Iyal lbkhberal (il 1 1 065 ckdriticdgireviously,
contiguously joined to one another along at |east one edge. For exanple,

edges 55theORkiIGHPERIYsurORNS EXUEIR c1vRd- &miﬁl’é&b@é dick@Rilcdoinpaly btenegiRetfor 1052,

external wall nmenber 1052 to external wal menber 1053, exfernal wall

Toner 8 0 U IR Ao erL L L et A0SR o
menber t he 0 on. [0066] The pentagonal nodul ar data
pod 50 ﬁ%?ﬁd@@@@%i&aﬁgékES%i&g%g?t| on[ed in]ternalol y ig the nmodul ar data
pod 50 in grom mty to external wall nenber 1051, server rack 502

posi t i ond¥81ht edpans gmbediniat ofgheprserd sissloseig asollustraisd ax FHiL3F. mepdefarer nal
wal | menber 1052, server rack 503 positioned internally in the nodul ar data
pod 50 i morpgondl rdiataypctdo90emlchldna hn wadlbsure hHe inch@b® nime rextrnal il HOdhbers
positioned internally in the nodular data pod 50 in proximty to external

wal | menbe1, 1062,1088d1®ar V695, 1agk 1903, pes, thd@nesd ihat elenahtiyudullytjogegodul ar
data pod 50 in proxi mty to external wall nmenber 1055. [0067] To define a

heat excRagfgeantpld ngomea%v Bt %H.'ééS%'ié.,ye { B NteAoRRNhE @haﬂeec%lta‘s)??lg%oﬁ he

nodul ar data pod 50, Server racks 505 whi ch are ed as

bei ng spaced apart e cont] I t her

via int e?ﬁ]eapo%\éf)?al mr%ﬁ’%%r a%SW mc ung] é{lg sseer &1 %E% %@18g%?6§02%M| ch

are illu el ng spaced part from o ano may .be cont.iguously
j oi ned t%@h&a |PH§1 P mmaalm% ﬁktfel?w@w %Qq R RERdP randa

|nt ernal wal | rrenber is a wall nenber di sposed W|th| n the confines of each

i ndi vi duabosiseluinagnggbir sclpioansbigf wite dit bapstdne adxheextemalvahll mestisey 5391 to

1099.

[0082] In a similar manner as described above with respect to modular data pods 50,
60, 70, and 80, the server racks 901 to 808 are contiguously or substantially contiguously
disposed to define heat exchange volume 9002 substantially within a central region of the
modular data pod 90.

[0083] The modular data pod 90 also includes an auxiliary enclosure 919 adjacent to
one of the external wall members 1091 to 1099, with the auxiliary enclosure 919
illustrated as being adjacent to external wall member 1091. As described above, the
auxiliary enclosure 919 includes a close-coupled dedicated cooling system 928 for
operation in high wet-bulb temperature applications, which is further described in detail

below with respect to FIGS. 2, 3, and 4.
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[ 0068] Al t hough server racks 502 and 503 and server racks 504 and 505 are
also illustrated as being spaced apart from one another, those skilled in
the art wDl20rx¢a8gfai ze that internal wall nenbers sim | &CTtus201nwetenal  wal
menbers 510 and 550 nay be di sposed to contiguously join server racks 502
and 503 or server racks 504 and 505. Additionally, those skilled in the art
w Il also recognize that the first heat exchange vol une 5001 need not be
tightly confined at each and every position between adjacent server racks

t 0 creat P084j t alih anbthai ctbadigfcer oL thedirtdean disvlobit ras tihestraaduhafiGl@Faapod 50.
[ 0069] The nodul ar data pod 50 al so includes an auxiliary enclosure 515

adj acent mb@uigX U8EABhal Vltd pBBMREN indRads ah RnObARE BODRAIAE HnSextbhgl auyi | iary

encl osure 515 nay be adjacent to one of the external wall nenbers 1051 to

1055. Th&e@{déﬂ% '@gy#w' PRt grlé%,Slf(ﬁC ‘f@@slﬁ)ﬁ!l%ﬁ; gﬁ%ﬁgﬁ&i H?gitﬁ@tt &d

I
cool i ng sy or ’chi ess béerdtlon in bul enperature
applications, ich is further described in detail below with respect to
PG O3 TS s o TGeT ERgbT FaoTSrOEne br Sh | BESHRE. as
illustrated in FIG_ 2B, a nodul ar hexagonal data pod 60 includes an

encl osur @ 20elyeani ngiesiocagonab mednlajaleia prebR(t ichuisy cighbsarver ks 19064,

1065, and 1066 that are contiguously joined to one another along at |east
one edgel(02, t1683,sH¥Pe 1605,al 06| YyO@H.an[dOHPE] iiseioned agomally nodid decaganad pod 60
i ncl udes server rack 601 positioned internally in the nodul ar data pod 60
i n proxifolylat BathPob 108t HAGimRIth, aRIA&s pdsdich in angular relationship with, at

least one of the ten external wall members 1101 to 1110.

[0085] Again, in a similar manner as described above with respect to modular data

pods 50, 60, 70, 80, and 90, the server racks 1001 to 1008 are contiguously or

substantially contiguously disposed to define a heat exchange volume 102 substantially

within a central region of the modular data pod 100.

[0086] Again, the modular data pod 100 also includes an auxiliary enclosure 1010

adjacent to one of the external wall members 1101 to 1110, with the auxiliary enclosure

1010 illustrated as being adjacent to external wall member 1101. Again, the auxiliary

enclosure 1010 includes a close-coupled dedicated cooling system 1020 for operation in

high wet-bulb temperature applications which is further described in detail below with

respect to FIGS. 3, 4, and 5.

[0087] In another embodiment of the present disclosure as illustrated in FIG. 2G, the

octagonal-shaped modular data pod 80 of FIG. 2D can be stretched in one direction to

increase the length of two walls of the modular data pod 80 to form an elongated

octagonal modular data pod 80'. More particularly, the octagonal modular data pod 80’

includes an enclosure 108' having external wall members 1081', 1082', 1083', 1084,
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and external wall nenber 1062, server rack 602 positioned internally in the
nodul ar data pod 60 in proximty to external wall nenber 1063, server rack
603 posi twonet/iiggsernal ly in the nodul ar data pod 60 i nPpTasReiy76r® bot h
external wall menber 1063 and external wall menber 1064, server rack 604
positioned internally in the nodul ar data pod 60 in proximty to both
external wall nenber 1064 and external wall nenber 1065, server rack 605
positioned internally in the nodular data pod 60 in proximty to external
wal | menbess’, 1086, 1681 ser MSR' thackrc@dbtigasisly joired to phe anahtyalomg thieastodul ar
data pod 60 in proximty to both external wall nenber 1066 and external

wal | menderedbfbls, EQR{RR! i tBe Shdpelo®h pBRABEr as described above with respect
to nodul ar data pod 50, to define a ﬁeat exchange vol ume 6002 substantially

Wi thin ag@gﬁf r a'Th%ﬁogka%gEa?{f%@g#‘&%‘b?{ |8ﬁs‘ ?m?é)sdse(?\oer thdksORA Sﬂﬁ’g@i' TEpL. the

server r S 601 a are ated as being spaced apart from

one anot her, e contiguoysly jained to er via.an internal, wall
monber G416 Bttie gl Bt Rk g gttt 8850 Rikidth UP: fdH FRL ser ver
racks 605 and 606 are illustrated as bei ng spaced apart from one anot her,

t hose skimemper A8k radagxterypl) yall é&@@bﬁrzw&2gatﬁsneﬁtlﬁlﬁa| Adjarant pervseracksi i | ar
to internal wall nenber 610 may be di sposed to contiguously join the

cor r espod@fiah 03y 8Sc', nad RG3 B0t dsvdpBOBnedgaemally mabe ostiagdrad choidnlat Hetaar t

will also recognize that the first heat exchange volunme 6001 need not be

tightly gan8inedhan pepchitans chvesittd peital onllbatmean 024d]. aSendr raesVsD4',r acks
in order for proper intended heat transfer conditions to occur within the

modul ar - g@ a,4A0ghcB e ol{ogl%ﬁladf ﬂﬁer’ﬁ?l‘f'}“lsx%h{jﬁ%%&ﬁfﬂar%t@hé@ 8?‘“{‘1 h}r'GlﬁﬁlitZ;}ﬂ Al val |

auxi liary enclosure or conpartnent” 616 adj acent to ohe o e ext

menbers 1061 to 1066, W t uxiliany. encl.osure 616 il ] ustrat as being
2 acent CteeicPaf RERos 0%, M HHAbES YRR RN E RaRtiud RS &6:°

807b', 807c', and 807d' are also positioned internally in the octagonal modular data pod
80', each in proximity to elongated external wall member 1087'. Server rack 808' is also
positioned internally in the octagonal modular data pod 80' in proximity to external wall
member 1088'.

[0089] Contiguous external wall members 1088', 1081', and 1082' form a first end
88a' of the modular data pod 80" while correspondingly contiguous external wall
members 1084', 1085', and 1086' form a second end 88b' of the modular data pod 80'.
Similarly, as described above with respect to modular data pods 50, 60, 70, 80, 90, and
100, the server racks 801' to 808" are contiguously or substantially contiguously disposed
to define heat exchange volume 8002' substantially within a central region of the modular
data pod 80.

[0090] Again, the modular data pod 80' also includes an auxiliary enclosure 818'
adjacent to one of the external wall members 1081' to 1088', with the auxiliary enclosure

818" illustrated as being adjacent to external wall member 1081'. Similarly, the auxiliary
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auxiliary enclosure 616 includes a cl ose-coupl ed dedi cated cooling system
626 for operation in high wet-bulb tenperature applications, which is
descri bedwOreot#t18§s8 bel ow with respect to FIGS. 3, 4 an@#CHUSL11H6TER9

enbodi ments, the cl ose-coupl ed dedi cated cooling system 626 nay all ow for
chillerless operation in high wet-bulb tenperature applications. [0074]In
anot her enbodi nent of the present disclosure as illustrated in FIG 2C, a
nodul ar heptagonal data pod 70 includes an enclosure 107 including seven
ext er nal enwddsurd @1 éficude® Al¢loddddatipl cHOdedlicaldd7e¢bolih EHsterh(BXB; f@nupelddion ihhat are
contiguously joined to one another along at |east one edge in the shape of

a pol ygoRigh [WAQ 10T RenRentRAPpALatiTRAL WiAEh fafudhBOdeséHbddfl SASS bSBLV Rith" ack
701 positioned internally in the nodular data pod 70 in proximty to both

ext er nal g&! qﬁﬁgf and external wall menber 1072, server rack 702
positioh@ FkF@rna'?y%?%aéhe nodul ar data pod 70 in proximty to externa

wal | e 07 ng.also .in proximty tq external |1 menber, 1073, server
ek ToSMIBLE 1 SHBaS ik ST oY o A 3 GEoRTE AOHBR AR y 1 o
external wall menber 1073, server rack 704 positioned internally in the
nodul ar PR gensegalipodgsigngicdsds madplar slatampasy Hhl Fifal3 illystrases am gvlow pattersr rack
705 positioned internally in the nodular data pod 70 in proximty to

ext er nal wvthinl thereinfbew crOribof the coamgrsystkem7i06a pwslutar date hoil ntlee nwidubar datat he
nodul ar data pod 70 in proximty to external wall nenber 1076, server rack
707 posi pddanagy ukd ernasblyyofl dirfldve patdtl and dat anddesld Ziklé Roig@xitionky He@ bot h
external wall nenber 1076 and external wall nenber 1077, and server rack

708 posi i angd dsnh&kAgh FYGI § hbsoMmdil @h tlak #hdPRAr 605l HF @XisBivky rdeR POt h
wall d I 'l menber 1071. WO

ext er nal [ menber 1077 and externa wal |- _
20121 118 ReREMPARE L ACRE Lk OOTRLR R BlTlP'alPPOET 188 HRRS [RAdnaPOVE

provides a natural chimney or upward convection of hot air within the hot aisle while the
cold aisle is a natural downward airflow pattern of cold air that can be assisted by the
fans.

[0092] As another example, the hot aisle could be in the center and the cold aisle
would be at the rear of the server racks. The top of the racks could also be modified to
allow hot air to flow within the rack or shelf itself and exit at either the top or the bottom
of the racks. With respect to airflow patterns, the hot air may flow in an upward,
downward, or other direction.

[0093] The modular data pods may also be designed to maintain neutralization
temperatures at various locations in the airflow circuit. In the embodiment of FIG. 3, the
primary cooling occurs at the rear of the server racks or shelving.

[0094] The fans may be arranged in other ways to create other airflow patterns
known to those skilled in the art. The fans may also be positioned anywhere within the

modular data pod. For example, the fans may be positioned in the upper or lower portion
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and 60, the server racks 701 to 708 are contiguously or substantially
contiguously disposed to define heat exchange volune 7002 substantially
wi t hi n a wenralisssegi on of the nodul ar data pod 70. [OOPZrKiseéiiasieyy the
nodul ar data pod 70 al so includes an auxiliary enclosure 717 adjacent to
one of the external wall nenbers 1071 to 1077, with the auxiliary encl osure
717 illustrated as being adjacent to external wall nenber 1071. Simlarly,
the auxiliary enclosure 717 includes a cl ose-coupl ed dedi cated cooling

syst em 7@f7th¢ etodope datiaad thay rhayghe ovidntdihdrizoetafie bat eitiealap plhcmisitonsindhi ch i s
further described in detail below wth respect to FIGS. 3, 4 and 5.

[ 0078] | niygRer ehAsl a8Rhd 6h tHBtch RSEMes ¢ QIR ?,Sin&lhhﬁ&gtiﬁlﬁio%mieﬂts FIG
2D, nodul’ar octagonal data pod 80 includes an encFosure 108 1 ncl udi ng ei ght

externalﬁmghgﬂﬂggggys 1081, 1082, 1083, 1084, 1085, 1086, 1087 and 1088
that are contiguously joined to one another along at |east one edge in the

shape of ol ygon. The octagonal dul.ar dat od 80 includes, seryer racks
801, 80219080k, ' 304 condse s Lomtrang B diASoP BRMAR IEEeRs) BRed
internally in the nodular data pod 80 in proximty to, and in a position in
angul ar PEVEERDHEH Haxk Oh ) wb ceelinghibie ek withig|thevgiodulss gife medy Jde-ongas.

[0079] Again, in a simlar manner as descri bed above with respect to nodul ar
dat a podswoi batb@Gicanaay the tventdr wehinr gk 8080 tharob@08& ahevic ont Fl§uoligiry or
substantially contiguously disposed to define heat exchange vol unme 8002
subst ant §cahdwhevd Whthin tBe 66l0tafs®d. regi on of the nodul ar data pod 80.

[0080] Sim larly, the nodular data pod 80 al so includes an auxiliary

encl osur @03&]8 More particularly, modular data pod 10 generically represents, for example,
modular data pods 50, 60, 70, 80, 90, 100, and 80" described above with respect to FIGS.
2A to 2@, respectively. Modular data pod 10 includes a data pod covering member 12
that substantially forms a roof of the modular data pod 10. The data pod covering
member 12 may be in contact with, and supported by, for example, upper edges 1051a
and 1053a of the external wall members 1051 and 1053, respectively, of data pod 50 (see
FIG. 2A). The external wall members 1051 to 1055 define an aperture 12' at an upper
end 11 of the enclosure 105 and also define inner surfaces 1051a, 1052a, 1053a, 1054a,
and 1055a of the external wall members 1051 to 1055, respectively (see FIG. 2A). Thus,
the data pod covering member 12 is configured and disposed to substantially cover the
aperture 12",
[0097] The computer racks 501 to 505 each define first sides 501a, 502a, 503a, 504a,
505a in relationship with the inner surfaces 1051a to 1055a of the external wall members
1051 to 1055, respectively, to define a first volume or hot aisle 5001 between the inner

surfaces 1051a, 1052a, 1053a, 1054a, and 1055a and the first sides 501a, 502a, 503a,

504a, 505a defined by the computer racks 501 to 505, respectively. First cooling coils
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adj acent to one of the external wall nmenbers 1081 to 1088, with the
auxiliary enclosure 818 illustrated as being adjacent to external wall
menber 1080.20/s118%3cri bed previously, the auxiliary enclPa3mseo1808767ncl udes
a cl ose-coupl ed dedi cated cooling system 828 for operation in high wet-bulb
tenperature applications which is further described in detail below w th
respect to FIGS. 3, 4 and 5. [0081] I n one enbodi nent of the present
disclosure as illustrated in FIG 2E, nodul ar nonagonal data pod 90

i ncl udes5anarensd 3ot fikust@didiglose srgthei fivet @ddsetnalandhvddla ofgebesrsack@30] 1092,
1093, 1094, 1095, 1096, 1097, 1098, and 1099 that are contiguously joined
to one apptdel r@pQRGeRt | east one edge, e.g., edges 99, to formthe shape
of a polygon. The nonagonal nodul ar data pod 90 includes eight server racks

901, 902 , , 7 d i Ll I I h
O,y 300, 00 R AR R T 0

nodul ar roximt 0, an

relationship w.th, at.least one qf t external wal]l nenbers 1091 to 1099.
[ 0082] 1 oGl i dpsrieine s sl Ba SR TRSRlo KR bP BEP I ROt dar a
pods 50, 60, 70, and_80, the server racks 901 to 808 are contiguously or
subst ant $e&P1d, side e defiraus pseoafl ypburathersbafaches fie fic koat paihgaes wolume 0002

substantially within a central region of the nodul ar data pod 90. [0083] The
modul ar ddd aisho0@0d@ksbed alwivadeish aaspeno [Fl@r $Aenthoss skidled 19 tldjracelt t o

recognize that heat exchange volumes 6002, 7002, 8002, 9002, 102, and 8002’ illustrated
in FIGS. 2B, 2C, 2D, 2E, 2F, and 2G, respectively, similarly form second volumes
defined by the respective second sides of the computer racks.

[0099] The modular data pod 10 also includes a computer rack covering member 14
that is configured and disposed generally above the server racks 501 to 505 to
substantially enclose the second volume or heat exchange volume 5002. The data pod
covering member 12 and the computer rack covering member 14 form a third volume 20
that couples the first volume 5001 to the second volume 5002.

[00100] An air circulator support structure 16 is also configured and disposed
generally above the server racks 501 to 505 and forms part of the computer rack covering
member 14. The air circulator support structure 16 is generally disposed above the
second volume 5002 to define a central upper boundary of the second volume 5002. The
air circulator support structure 16 includes at least one air circulator, of which three air
circulators 16a, 16b, and 16c are illustrated for circulating air downwardly, as shown by
arrows A. The second volume 5002 forms a cold aisle. The downwardly circulating air
circulates through the servers 511a, 511b, ..., 511n disposed on server rack 501 and

through the servers 533a, 533D, ..., 533n to remove heat therefrom, and through the first
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one of the external wall nenbers 1091 to 1099, with the auxiliary enclosure
919 illustrated as being adjacent to external wall nenber 1091. As

descri bedwealowe18ishe auxiliary encl osure 919 incl udes aPcClrasesiacoophed

dedi cated cooling system 928 for operation in high wet-bulb tenperature
applications, which is further described in detail below wth respect to
FIGS. 2, 3, and 4. WD 2012/ 118553PCT/ US2011/ 067679 [0084] I n anot her

enbodi ment of the present disclosure as illustrated in FIG 2F, a nodul ar
decagonatodtiag aoflod3 1aAAd i5A8%, whies tienaieheatod by ehd ddvdravd thgn tceale@x t(Binmadr wal
menbers 1101, 1102, 1103, 1104, 1105, 1106, 1107, 1108, 1109, and 1110 that

are cont ¢HaEThYs, indt SRR, ArlodSREPHA Eikst 3lAROFORE 5h8AILd B0Sa 60@Bver@ads, edges
111, in the shape of a polygon. The decagonal nodul ar data pod 100 incl udes

ei ght seryer 0 1003, 1004, 1005, 1006, 1007, and 1008
positiong ’PR?Z@??P%y%%ﬁC %gbecagonal nodul ar data pod 100 in proximty

to, and |j position i.n.angul ar rel atjonshi ith, ~at | t one of the ten
xt o1 nal [APHP b aPeIed o Rpges bR bR eRghe dive vordhe ST as Shkiby ac
descri bed above with respect to nodul ar data pods 50, 60, 70, 80, and 90,

the servibe atgerdB 200 furthsr Tmgs apwardnte iedhsd yobime2bs {mang gmbgdiment,
contiguously disposed to define a heat exchange vol une 102 substantially
wi t hi n asecemt callingegiloAl efid £herendishdsed indtht pathoef thO CircylO0g61igrivacn thae
nodul ar data pod 100 al so includes an auxiliary enclosure 1010
computer rack covering member 14 and the data pod covering member 12, and in a
position generally directly overhead corresponding first cooling coils 531 and 533 of
server racks 501 and 503, respectively, to define the boundaries of the third volume 20.
The second cooling coils 21 and 23 further cool the air, which then moves into the third
volume 20 as shown by the arrows C where the air is drawn through the suction sides of
the air circulators 16a, 16b, and 16c¢.
[00102] In one embodiment, the air circulator support structure 16 further includes a
third cooling coil 30 that is disposed on the suction sides of the air circulators 16a, 16b,
16¢ for further cooling of the air circulating through the air circulators 16a, 16b, 16c.
[00103] Thus, the one or more air circulators 16a, 16b and 16¢ are configured to
continuously circulate air through the first volume 5001, the second volume 5002, and
third volume 5003.
[00104] In one embodiment, the cooling coils 531, 533, 21, 22, and 30 include a
refrigerant, non-aqueous solution, gas, or liquid as the cooling medium. As defined
herein, the cooling coils 531, 533, 21, 22, and 30 are heat exchange members.

[00105] In one embodiment, the modular data pod 10 includes a dedicated electrical

power supply, illustrated as one or more batteries 32 at a lower end 11' of the data pod
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adj acent to one of the external wall nenbers 1101 to 1110, with the
auxiliary enclosure 1010 illustrated as being adjacent to external wall
menber 1W0.202¢AB353 t he auxiliary enclosure 1010 i ncl udesTtasedomerscoupl ed
dedi cated cooling system 1020 for operation in high wet-bulb tenperature
applications which is further described in detail below w th respect to
FIGS. 3, 4, and 5. [0087]1In another enbodi nent of the present disclosure as
illustrated in FIG 2G the octagonal -shaped nodul ar data pod 80 of FIG 2D
can be sédotdsafed0s.n Thnendidraabdrictrutteted may arsia dé@rita ngtdmoficdtiod wish bs of
the nodul ar data pod 80 to form an el ongated octagonal nodul ar data pod
80" . MNor girRalchir&n! Braltématine c@&érﬁ({@'@}%cm&%f rﬂﬁtsﬁoxﬁ’%d v&gﬁ)ch iN@lrHARSnan

encl osure 108" having external wall nenbers 1 81" 82", 1083, 1084',

1085, Qﬁeas 1488 fun gf’bﬁgn Wﬁaan otfﬂs% efd glcﬁpwe‘i‘%%%héft slh84>v d to one anot her

al ong at one e ape o a polygon

[ 0088] Th ag | ar ata d 80 nclud ol

502" 1 malddie" S g ShhedRaty n”ﬂtt@ Ry Pt TR 37O e ot sgs Tred” "
proximty to external wal | nenber 1081" and external wall nmenber 1082
respect | bargen adjagk sifle efethgdd Gehrels goaumputgossver rggcand hiadvabaef thare al so
positioned internally in the octagonal nodul ar data pod 80', each in
proxinitymddaeﬂuagademdeuuﬂdm&k:ma%hnﬂbhbaﬁhﬁﬁSQk:oﬁmewsnmn&mk&m804h, 805",
and 806" are positioned internally within the nodul ar data pod 80" in

pr oxi mi t ythtioweids ShBdbmpaxet rasRNGEIhsv84Ae podiSRid, to @RAtLOBS aislé especsitvel y.
Adj acent server racks 807a’, 807b', 807c’, and 807d" are also positioned

i nternal Lyl rlntd?l?er%?ﬁ‘tﬁﬁﬁﬂ@}lt rﬂ?éj E'J) éutglafa%kij ad &Qltrong@ﬁhoﬂh@r Wa9§({d7h%¥tet 0

el ongat ed ext ernal Server ‘rack ' So positioned

BRI R AR
1082 f Oarlrrenstal:lctclglrcgitltaglg
[00107] The fans, coils, computer racks, one or more batteries, hot aisle, cold aisle,
and piping tunnels are all positioned within the modular data pod envelop or container.
Additional compartments are attached to a side of the modular data pod. These
compartments include an exchanger module, pipes for the cooling system, a pump for
pumping cooling fluid (e.g., refrigerant or deionized water) through the pipes, cable
buses, and electrical compartments. These compartments may be waterproof. A user
may access these compartments, e.g., to perform deployment or maintenance tasks, via an
access door.
[00108] The fans may be arranged in other ways to create other airflow patterns
known to those skilled in the art. The fans may be positioned anywhere within the

modular data pod. For example, the fans may be positioned in the upper or lower portion

of the modular data pod and they may be oriented horizontally or vertically. The position
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88a' of the nodular data pod 80" while correspondi ngly contiguous external
wal | nmenbers 1084', 1085', and 1086' form a second end 88b' of the nodul ar
dat a pod W8O'20128i1845Bar | y, as descri bed above w th respectCrasaudobmre dat a
pods 50, 60, 70, 80, 90, and 100, the server racks 801" to 808" are
contiguously or substantially contiguously disposed to define heat exchange
vol ume 8002' substantially within a central region of the nodul ar data pod
80. [0090] Agai n, the nodul ar data pod 80" al so includes an auxiliary

encl osurandBifpe afljfacaniy tdepatie oaf tht hiates tadvanzks vial flan nedireisyl ABdluding 1088'
with the auxiliary enclosure 818 illustrated as being adjacent to external
wal | menpefrod@fdhts inSufibfRidn¥y. the auxiliary enclosure 818" includes a

cl ose-coupl ed dedi cat ed coollng system 828" for operation in high wet-bulb

t enper at ppl i C ur deseribed. . 1 o] \Mth
respect 1BTERGS METHREAE Lty iy TESSECHECHpP Tl o
el evation enerlc nodyl ar data pod i ca desi as
moautar BatueEba SotiERE ot soleBa e PROS Sobed st ﬁéatcﬂ
airflowcircuit of the cooling systemfor a nodul ar data pod. The nodul ar
dat a_podeodvapy bsedesigpad fehgnddy aapeatiuawopatryer sk aends Hiam sitdlovoi dics| e
configurations. For exanple, as shown in FIG 3, the hot aisle can be at

t he rearatmut $i208% pef sdriher raek;, wethehagkenalnde.t elt’mpucéﬂ) EVWapsiservearacke at t he
center of the nodular data pod. This airflow pattern provides a natural

chi mey m01UPVarthecasiest dam polis ol @k oW hixuml tbevdiabn anglagr bl dedthe col d

aisle is a natural dowward airflow pattern of cold air that can be

assi st edgRycdshe of 3% or other devices that can move air or create air patterns) to move air
through the hot aisle/cold aisle circuit. The air movement devices may be coupled to
energy efficient VFDs that can control the air movement devices using state of the art
control strategies that monitor both cold aisle temperature and server and rack loading
according to cloud computing technology.
[00111] The cooling coils in the modular data pods may employ micro-channel coil
technology. These cooling coils require far less depth and surface area than typical
cooling coils. The modular data pods may be built with removable coil sections that are
adapted to accept replacement coils, such as coils that provide higher output or that
incorporate future advances in coil technology. The modular data pod main coil circuit
may include a hybrid dual coil systems consisting of a standard refrigerant evaporation
coil, a receiver, and a tandem micro-channel coil. This pairing of coil technology enables
greater heat transfer capabilities by using the benefits of refrigerant “change of state.”

Alternatively, the system can include a straight liquid-pumped system without change of

state.
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[ 0092] As anot her exanple, the hot aisle could be in the center and the cold
aisle would be at the rear of the server racks. The top of the racks could
al so be w0OI2hi2>#d83s6 al l ow hot air to flow within the raekTars2ehebferdt sel f
and exit at either the top or the bottomof the racks. Wth respect to
airflow patterns, the hot air may flow in an upward, downward, or other
direction. [0093] The nodul ar data pods may al so be designed to maintain
neutralization tenperatures at various locations in the airflowcircuit. In
t he enboione2it dtheFnGduld; dhfaepqalsi mmay ybecodlti togvatalrsalatlatdifcatieas. dfort he
server racks or shelving. [0094] The fans may be arranged in other mays to

create ofhedpl@ithd hRMPAHL RERAtsKRAMR oA RrichES ega§1kétﬂn§egnd Hodrhfeaihidnts HA§ fans
may al so be p05|t|oned anywhere within the nodul ar’ data pod. For exanpl e,
the f ansbgaé/dﬂ?s?eda Q3 ' He@tne\grloﬂs ts@il %Q&ﬁ%en?erntg %‘a{mﬂgr 1EHeO Real requirements
promulgated by Sheet Metal and Cooling Contractors’ National Association (SMACNA).
The modular data pods may also include non-conductive fire suppression systems.
[00113] The modular data pods may be designed to receive either manufactured server
racks or custom designed rack and shelving components. Custom racks or shelving
components can be included as part of the overall physical structure of the modular data
pod to provide a strong “skeletal” system that can be easily removed, adapted, and
modified, to conform to the various types of server supports.
[00114] The modular data pod structure may be a durable but light structure. For
example, it may be made of a composite of light steel square tubing or I-beams and heavy
gauge aluminum structural members. The walls and roof of the modular data pods can
include either double or single-wall insulated panels. They can be constructed of metal,
plastic, glass, or other composite materials. The modular data pods can have structural
skeletal framing, or receive skin treatments that have structural capabilities. The type and
extent of insulation used in the modular data pod may vary based on the environment in
which the pod is deployed or any other requirements of an operator.
[00115] The exterior of the modular data pods may be treated with energy-saving
reflective paints, surface coatings, or solar membranes (e.g., photovoltaic) or coatings.

The roof structure may include supports and hold downs for solar panels in farm-type

applications.
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of the nodul ar data and they may be oriented horizontally or vertically.
The position and type of fan nay depend on the | atest advances in fan

t echnol ogyQ 2oreel18E$8ng i nprovenents in fan efficiency. [ @0¥AiSTée/06™50¢ i Nng
coil configuration showmn in FIG 3 provides redundancy by providing three
ways (N+3) of cooling the air within the nodul ar data pod. The one or nore
batteries may be nmounted within the fl oor chanber as shown in FIG 3 or
somewhere within the cold aisle. [0096] More particularly, nodular data pod
10 generjodalély rTermséuitis dathqiodextarpire,cantdautiacd dathalifimgslugCand6&ippdfd, 80,
90, 100, and 80" described above with respect to FIGS. 2A to 2G

respecti Mﬁic.‘{ured\/ﬁﬁﬁkﬁﬂl sabfe 16 vkOftC FefeshR e Bt RIRP dishBVRELITE, FRRRer 12
that substantially forms a roof of the nodular data pod 10. The “data pod

coverlng npl e,
ppor caganety fichPieRees BBol RefifEhahnthe he30RePHERR A b ElngRHBCE
respectivel of data pod 50 (s FI. G, 2A) .. The external, wal |l grs 1051
o 055 trart s R cape Pare ey FRE A QS EIFT 1 o Mgy R g ESIREIOT05 and
al so define inner surfaces 105l1a, 1052a, 1053a, 1054a, and 1055a of the
ext er nal T§PPTtnenbers 1051 to 1055, respectively (see FIG 2A). Thus, the
data pod covering nenber 12 is configured and di sposed to substantially
cover th@0apdrt dibe madulai 049 Polhear depltter withgleskf@d humiBOEH ceatrdls defli ne
first sides 50l1a, 502a, 503a, 504a, 505a in relationship with the inner

sur f acessykfbdsa tFor QhbpleOthd Rddakk alatapodkin e nixeIds wi Sthetn®rah®S Sapor
respectively, to define a first volune or hot aisle 5001 between the inner

ST e L T
respecti V%et%al sllz)laéesstor ?l?eoelrllv?rgnr%grlltl ifito the modular data pod envelop.
[00118] The modular data pods may or may not include access doors. The doors may
include double marine insulated vision glass for external inspection of the modular data
pod. The modular data pods may be fitted with lighting and service receptacles, both
internally and externally as needed. All electrical circuits may be protected with ground
fault protection. Modular data pods intended for outdoor use may include structure for
lightning protection.
[00119] The modular data pods may be pre-stacked with computer racks at a centrally-
controlled location before they are deployed on site. This saves the time and expense
required to stack a modular data pod with computer racks on site, especially in remote
areas.
[00120] FIG. 4 is a plan view (i.c., sectional top view) of the octagonal modular data
pod 80 of FIG. 2D showing an octagonal upper coil deck 838a that vertically supports an

array 840 of vertically disposed upper cooling coils 841, 842, 843, 844, 845, 846, 847,

and 848 disposed above respective server racks 801, 802, 803, 804, 805, 805, 806, 807,
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531 and 533 are illustrated disposed on the first sides 50la and 503a of
server racks 501 and 503, respectively. [0098] The conputer racks 501 to 505
each defiwe 2exusis3si des 501b, 502b, 503b, 504b, 505b, Pesaseaiwetoyy t hat
are substantially oriented to interface with at |east another second side
to define a second vol une therebetween, e.g., the heat exchange vol une or
cold aisle 5002 descri bed above with respect to FIG 2A. Those skilled in
the art will recognize that heat exchange vol unmes 6002, 7002, 8002, 9002,
102, andaB08GX. Ehttust thatwettidatly FdispSsed? Bppe2 Coolkhy cdlls, 8AF 84angi R B44, 845,
respectively, simlarly formsecond vol unes defined by the respective

second sgAeR49f arddgtSCRMRY L Youhdr $n ah QRASFIRENIMREHASeclfd BodRE cbils 2l SO
i ncl udes a conmputer rack covering nenber 14 that is configured and di sposed

general | Xt}da@? Yfat taE% éifsﬁgéle%r in' A& li)%ﬂfgil tl{egﬁgcgl?at#%eﬁﬂ g?t%@ﬁ :&@é Lé(mﬁ‘&l@ fRg the

second vol une or exchange “vol une a pod covering nmenber 12
and the conputer rack coveri menber 14 forma third.volu 20 t hat

Coupl oo (HENHE TG0l i dcibh Se RSBk RIS ddd S66 heJTHOBT IR ai
circulator support structure 16 is also configured and di sposed generally
above th’é‘eé@FC\B‘éﬂ?luﬁlﬁ@Q§S§9$ﬁbédwﬁé respgctite mpaslufpg datagodilQan Edaplit er rack
covering nenber 14. The air circulator support structure 16 is generally

di sposed[0db2lle tllveves ecwrdily oh timeb&BG2det ot gidwry o caenof tie coppeter badkndary of
t he second vol une 5002. The air circul ator support structure 16 includes at

| east 0NgOIaior808iai€ tlabdddins tdfefdbratt cbily 8%l a&id 5331 ih@UGas Orfhelbwer kbbsoignd 16¢
are illustrated for circulating air downwardly, as shown by arrows A The

second vk une arQQ% of A Mike i&glgﬁ\g%g)k %%%_li]F%Ethg %YWM%%%%% Hof GHilRtdsn988d. 1

circul ates throughthe server di sposed on server

acle SOL,nd Rl WO ST  v Ryt oA QuE SN L,
e di sphebdOband priomalyubacayss | 6aad Tobk Bocdor s ey baredaeRecnds, s0s,
and 505, respectively).
rear side of server rack 802 and external wall members 1082 and 1083. Similarly, hot
aisle 853 is formed between the rear side of server rack 803 and external wall members
1083 and 1084. Hot aisle 854 is formed between the rear side of server rack 804 and
external wall members 1084 and 1085. Those skilled in the art will recognize how hot
aisles 855 to 858 are similarly formed.
[00122] The upper vertical coil array 840, which is in an octagonal shape, is the
secondary way of cooling (n+2) the air flowing in the hot aisles 851 to 858. Piping
connections 840a and 840b provide fluidic communication with a refrigerant gas fluid
supply path 4100a, which is in fluid communication with the environment 5 of the
electronic equipment, and fluid return path 4100b, which is also in fluid communication

with the environment 5 of the electronic equipment, described below with respect to FIG.

6.
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[ 00101] The cool ed air noves upwardly through the first volune 5001 as
shown by the arrows B and further noves upwardly to the third volunme 20. In
one enbodwvoent2/11883ond cooling coils 21 and 23 are di spesedseoniobs7pat h of
the circulating air between the conputer rack covering nenber 14 and the
data pod covering nmenber 12, and in a position generally directly overhead
corresponding first cooling coils 531 and 533 of server racks 501 and 503,
respectively, to define the boundaries of the third volume 20. The second
cool i ng [BI123 21Aandv@Bedduflathsate codll 8Gthanabgousvibi third tdoelingrovié $0i thitoist he
third volunme 20 as shown by the arrows C where the air is drawn through the
suction éﬁﬂﬁéd@ﬁt&ﬁﬁwﬁbﬁsﬁbi&ﬂ%@hﬁkﬁw&ﬁﬁwsﬂﬁpd6@m%dH%§b&@ﬁ&ﬂ%&dhﬂmene

enbodi ment, the air circulator support structure 16 further includes a

third COQJn'té} Jfgﬁoofttg@ﬁn}odﬁla? 'dﬁt?tﬁjso%dS(PQﬁ %h%"th&#l’%&a:;{od} c%oﬂﬁ? I(r?+31) P! "

circulators 1 er coo e air crrculating

through he. air circul at 00, 3 Thus one_or ,.nore
air circ ?\aﬂn&frgor&é%e T lE%ﬁ‘f“idd{ﬂﬂe e DS RTEw at e
air through the first vol ume 5001 the second vol une 5002, and third vol une
5003. [ 08hi]th head inaderirn perser rack peil eggiTphyrpbImeatal gaolimg sThepthird o1l and 30
include a refrigerant, non-aqueous solution, gas, or liquid as the cooling
medi um #&) blefdigsatic hecrasiomal ¢veeloadiof iah gpacdid @rﬁﬁ]rack'sBBIheZthirdzml &0OctaBO are
heat exchange nenbers. [00105] In one enbodi nent, the nodul ar data pod 10

i ncl udesalgo Bedicdaised cabiggtshiiaglcoid dyvesxusthRBl w-lohd Hsdt oatpRe c@li@dis. dhenor e
batteries 32 at a lower end 11' of the data pod enclosure 105. The one or

mor e bat écﬁﬁﬂo@%trﬂg%lep?or' &oﬁh@%&&bﬁf‘h‘ck& {h%%b arm]a& 8d 80" m%Hfd%ent to

alternatlng curr I nverter not shown int IS In

electric ation mnt an o eI ctrlca [ ( £, shown) .
00106 CSHEBETERL 5 Prffiey ok Ml et BeBdniar® afl'ﬁ 1R g cgﬂh%@ Qisle |5
formed between a back S|de of the | T cablnets seryer cks and
the wal |%a"§f R Fodeinalowdst a THBdEaaneCiYis u6Pa) &1 2160By py %ey Yidig ont

side of the conputer racks. In other words, the conputer racks or shel ving

are posi edromanicatione petht theardfivgerantsgas Anid sunpdy dathi 41@0a, |whigh Herin fluid
enbodi ments, the conputer racks are positioned in other ways to create
ot her hotoramdnicatich witss e @eirtbhgontat ofoths clettionietquphent, embfididrenis pathhe hot
and cold aisles are strictly contained. [00107] The fans, coils, conputer
racks, om0 widheishadd BY 189 corghudt&lod, wiRlikk 8hdtdBment 5 of the electronic

equipment, described below with respect to FIG. 6.

[00124] FIG. 5 is a plan view (i.e., sectional top view) at the ceiling level of modular

data pod 80 showing a ceiling fan assembly 870. The computer racks 801 to 804 and 806

to 806 each include corners 801a, 801b for server rack 801, corners 802a, 802b for server

rack 802, corners 803a, 803b for server rack 803, corners 804a, 804b for server rack 804,

corners 806a, 806b for server rack 806, corners 807a, 807b for server rack 807, and

corners 808a, 808b for server rack 808. The server racks 801 to 804 and 806 to 808 are

shown disposed in a circular pattern with corners 801a and 801b of rack 801 in contact

with the corners 808b and 802a of adjacent computer racks 808 and 802, respectively.
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and piping tunnels are all positioned wthin the nodul ar data pod envel op
or container. Additional conpartnents are attached to a side of the nodul ar
dat a pod.woOherel18ssapart nents i ncl ude an exchanger nodul eCTaiSp@s/ 069t he
cooling system a punp for punping cooling fluid (e.g., refrigerant or

dei oni zed water) through the pipes, cable buses, and el ectrical
conpartnents. These conpartnents may be waterproof A user nay access these
conpartnments, e.g., to performdeploynent or naintenance tasks, via an
access dmon25][ 00L& skilied fraths anmyillendarstakgie atrangziieat ofviig cotrercoftite ot her
airflow patterns known to those skilled in the art. The fans may be

posi t i oNRehANNWRGV& rhtitslEon, §dme 801)%%%&@7& TeHarrfFRemeXEsMhEseridi@adi@ans may
be positioned in the upper or |ower portion of the nodul ar data pod and

t hey rrayS(?letocg 4%%1%%6 Q(? %?%g{ﬁ & dé&far att&’ r}}r?\%ﬁes{ B&%\)egﬁ &‘?leetsy pe of

fan may depen on the es | y, I'nc

i nprove t ICI C 01 .The. nod ata are desi gned
to inclu 3‘? &H T@aﬁ% r’ﬁg% %ld(h}e ﬁ‘gg %Flfpwedéi?ﬁam Plin’?l@@g HhekeFf, data
col l ection, and HVAC coolrn capaci Each may be desr ned to handle a
spect r unsBPodimenisr the aekshapediair spasas é%lé mméﬁa 85¢', 857, s het\zefrévvlser
server rack, to the high end, i.e., about 40 kW per server rack. [00110]
The rmdu(cranpldatraclgso%m mwﬂlséob@mdn%@fat&%ahd@@ﬁvm anen¥ i d0akand ROR,emdnt
devices (e.g., fans or other devices that can nove air or create air

pat t er ns§0g shdBVe réxbéctivilyQ Ul Fr HehRirit@inediost f2dra ahdlcalil alste 8002C4Hdtfornd pertai r
novenent devices may be coupled to energy efficient VFDs that can control

the air gﬂ}ﬁ@%ﬂélslgﬁﬁlc%%z U3NG4 58k e P ahdI@SAT As € Iﬁﬂr&r{ o FI§}t safhg Fhdldrnat

nmoni t or h cold aisle tenperature and server a rack | oadi ng accordi ng

to cloud ti echno o 0111] coaql n_the

dat a pod%zﬁanBHma ﬁ} % (b§6fﬁlt echne! & é&Q Eégglgogwaﬁf @orls
require far |ess de th nd surface ea th ypi cal cooling COI|S The
modul ar 'aeéwaerbmseﬁér‘y K| VTR GG ﬁ@é B Ve SR RPCF ARl ACGT 8
adapted to accept replacenment coils, such as coils that provide highe

out put ofo thhaervenekpdilabed fngd 80 Sitiviarisesss idaordl | Int shhonbegimetyet duI ar
data pod main coil circuit may include a hybrid dual coil systens

consi st i mgdwbr datstpad diacdnoteiciuge hantcay dpor. aln thoseccanbodi@ctitectht werdulaand a
tandem m cro-channel coil. This pairing of coil technol ogy enables greater

heat tramgh gbd rAPELight éc@ser¥ckdsi ng the benefits of refrigerant "change of
state.”" Alternatively, the systemcan include a straight |iquid-punped

system V‘{dﬂ'i'?&]t aNge of it Qstsgmbly 870 and lighting 880 are positioned at the ceiling

level of the modular data pod 80. The fans are driven by variable-frequency drives
(VEDs) (not shown), which may be controlled by the central cooling system 1420 of a
Building Management System (BMS). The central cooling system 1420 can increase or
decrease the fan speed based on temperature and/or the loading of the computer racks.
For example, the central cooling system 1420 can increase the fan speed as the
temperature within the hot aisles increases.

[00127] FIG. 5 also shows the cooling pipes 882 that enter and exit a lower pipe chase
(not shown). The lower pipe chase may be removable and may be located below

auxiliary enclosure 818 that includes the heat exchangers (the complete close-coupled
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[00112] The nodul ar data pods may be built to various seal classifications.
For exanple, the nenbrane seal ants, wall construction, gasketing, and door
t r eat mrentworzalz/tgssadj usted to neet vari ous seal requirePEMUS20MOb16d¢ Ng t he
seal requirenents pronul gated by Sheet Metal and Cooling Contractors
Nat i onal Association (SMACNA). The nodul ar data pods may al so include

non- conductive fire suppression systens. [00113] The nodul ar data pods may
be designed to receive either manufactured server racks or custom desi gnhed
rack andcafial \siystgmc40900 naindhsinckidsd oondeasiks 1200as 200, ngd déopoRekrbaitedn be

i ncluded as part of the overall physical structure of the nodul ar data pod

to provig8od il R8skct BEIEERAnd S¥&HEME hh?hleﬁa@fth@n%ﬁlak Math @RS mbRHapt ed,
and nodified, to conformto the varlous ypes of server supports. [00114]

The nodu r. g T For
exarrpl e, hﬁl{ ¢ rraygﬂﬁels) 4 8§§ IH&IQJ %é 05| fgh? fsz);[l tgelll) ﬂlg%ac?éhﬁgﬂld%

- beans and heavy struct ural nber s he wal |.s. and roof of
e modultareodsc BOFUIELR ik Pl E@ﬁ@? RABSIOCE fatﬂlffg%g%h% bid fostieat ed
panel s. They can be constructed of netal, Iastlc ass, or other
CoNposi t OOHRE ePlaMs antHY OnSHEISACYET AINSBAS lt?aﬁloﬁ'al%%éftarm aysambli Bagt al
framng, or receive skin treatnents that have structural capabilities. The
t ype andinehutle mtatapprobfipartiaonsoretwsadhe maridvs conghattmentdat a pod may vary based
on the environnent in which the pod is deployed or any other requirenents
of an opmoa8y . MHRGkEmplaFnen®ilerdags peds 1hesoymdulzar sola9®@ 1Podanday’ he
treated with energy-saving reflective paints, surface coatings, or solar

menbr ane&es(ffﬁeﬁo? 3@291 GRYQN Gk @l 1%9% Et%r dﬂﬁ%t&r@%fo e%&“%&ﬂ%@ ug&Y forncl ude

supports and owns for solar pane farmt appl |cat|ons
[ 00116] IheIMT @r daygnpqﬂestru tH&?:%@Q ge flt&Fd mn%% JEeing L ug and
support SEFURL R I%ﬁh %ehdb TE5Y h PPy Pt %ﬁ\d%ove or Dbel ow

using forklifts, gantry, cranes, helicopters ot her rigging, equi pnent.
The ser vEReY calls wpd §MEPY IR gV aretipursie wifs- Y REANPLF 18, S Bl b dDYSHr ver
racks and other equipnent in the nodul ar data pod for transport. [00117]
The noduinaeutdenrprpdais clane Bevifanmaats. wi b btk o ditihinscetsayng srpeosize,and
systens. For exanple t he nodul ar data pods can be fitted with nenbrane,
vapor baind retasive segdhanliews thoth totbleémplunendidtwharoittis ndt pireaicalrlogisticallyi an t
mgration of humdity fromexternal spaces or the environment into the

modul ar - gabaviRo® R0 ¥ePRred AATLElY Thatimaba&r moasia: podsctirey or may not

i ncl ude access doors. The doors may include double nmarine insulated vision

gl ass fofpg mlle[trﬁg SRAEI AN ole LARITPUbAL: d8LanP o The D cg%ag offat a

pods may be T htlng and service cept acl es, |nternaIIy
d t t th
around £ 96T STEBEFO T oduf St e C@bed%ys feft A e 6l REPGal oy

i nclude structure faqr. lightning protecti
yet cooperating, fluid circuits designated as 4100 4200 4300, and 4400, respectively.

[00130] The first circuit 4100 interfaces with the electronic equipment of the IT data
center, and provides cooling to the electronic equipment via a first fluid. The first fluid
may contain a liquid refrigerant R134a or similar refrigerants. The first circuit 4100
includes at least one evaporator coil (not shown in FIG. 6, but see, e.g., the evaporator
coils of FIG. 12) that is in thermal communication with the electronic equipment and
extracts heat from the electronic equipment to the first fluid. As the first fluid flows from

an inlet of the at least one evaporator coil to an outlet of the evaporator coil, heat is
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[00119] The nodul ar data pods may be pre-stacked with conputer racks at a
centrally-controlled | ocation before they are deployed on site. This saves
the tine woadoexpseitse required to stack a nodul ar data pedTaisRérioeTspUt er
racks on site, especially in renpte areas. [00120] FIG 4 is a plan view
(i.e., sectional top view) of the octagonal nodul ar data pod 80 of FIG 2D
showi ng an octagonal upper coil deck 838a that vertically supports an array
840 of vertically disposed upper cooling coils 841, 842, 843, 844, 845,

846, transferred from the electronic equipment to the first fluid. In one embodiment, the first

fluid enters the at least one evaporator coil at a temperature of approximately 23°C.
During heat transfer or exchange, the first fluid transforms from a liquid state to an at
least partially vapor state.

[00131] The first circuit 4100 includes a fluid supply path 4100a and a fluid return
path 4100b coupled to the inlet and outlet of the at least one evaporator coil, respectively.
The fluid supply path 4100a delivers the first fluid in a liquid state to the inlet of the at
least one evaporator coil, and the fluid return path 4100b receives the first fluid in an at
least partially vapor state from the outlet of the at least one evaporator coil. The first
circuit 4100 includes a liquid refrigerant pump 4120 that pumps the first fluid through the
fluid supply path 4100a. The first circuit 4100 also includes a variable frequency drive
4125 that regulates capacity and motor speed of the liquid refrigerant pump 4120.

[00132] The first circuit 4100 further includes a main condenser 1300 that receives the
first fluid from the fluid return path 4100b. The main condenser 1300 is a refrigerant-to-
water heat exchanger that cools the first fluid that passes through the main condenser
1300 and condenses the first fluid from the at least partially vapor state to the liquid state.
In one embodiment, to fully condense and cool the first fluid, the main condenser 1300 is
maintained at a predetermined condensing temperature of approximately 23.3 °C or
lower.

[00133] Further, the first circuit 4100 may include (1) a fluid path 4100c that carries
the first fluid from the main condenser 1300 to a refrigerant liquid receiver 4128, and (2)
a fluid path 4100d that carries the first fluid from the refrigerant liquid receiver 4128 to a

suction side of the liquid refrigerant pump 4120.
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847, and 848 di sposed above respective server racks 801, 802, 803, 804,
805, 805, 806, 807,
WO 2012/118553 PCT/US2011/067679

[00134] The refrigerant liquid receiver 4128 is configured to detect and regulate the
temperature of the first fluid. Specifically, the refrigerant liquid receiver 4128 is
configured to reduce the temperature of the first fluid by thermally coupling the first
circuit 4100 to the fourth circuit 4400. In some embodiments, the refrigerant liquid
receiver 4128 maintains the first fluid at a predetermined temperature between
approximately 22.2 °C and approximately 23.3 °C.

[00135] The refrigerant liquid receiver 4128 may also include components (e.g., a
detector and a controller) configured to detect and regulate the liquid level of the first
fluid contained in the refrigerant liquid receiver 4128. A low liquid level in the
refrigerant liquid receiver 4128 may cause cavitation problems at the liquid refrigerant
pump 4120. To avoid this problem, the refrigerant liquid receiver 4128 includes a liquid
level controller 4127 that detects the liquid level in the receiver 4128 and triggers an
alarm if a low liquid level is detected. Also, the refrigerant liquid receiver 4128 may
collect the first fluid in the first circuit 4100 when the cooling system 4000 is in an idle or
standby mode.

[00136] The first circuit 4100 also includes a temperature sensor 4126 that is located
on the fluid path 4100c at the exit of the main condenser 1300. The temperature sensor
4126 detects the temperature of the first fluid when it exits from the main condenser
1300. The readings of the temperature sensor 4126 reflect the temperature of the main
condenser 1300.

[00137] The second circuit 4200 interfaces with the first circuit 4100 at the main
condenser 1300a, where the second circuit 4200 performs heat exchange with the first

circuit 4100. Specifically, the second circuit 4200 has a second fluid flowing through it.
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and 808. Each of the vertically disposed upper cooling coils 841, 842, 843,
844, 845, 846, 847, and 848 forns a boundary in an anal ogous nanner to
second cowmbDi2op/a8dsBs 21 and 22 that are di sposed in thePpatus2af/ostea9
circulating air between the conputer rack covering nmenber 14 and the data
pod covering nmenber 12 to define the boundaries of the third volunme 20 as
described with respect to nodular data pod 10 in FIG 3. [00121] Lower rear
coils on the back side (not shown) of each of the conputer racks 801 to 808
are anal Dhossohd flued rng@rcambatcohshd Jitstahdd DB 3hd firsEkfEcuiB410het thewedinr ear
coils are the first stage or the primary way of cooling the air flowing in

hot ai sl gmdBiskr 1808a. GRJncBaAbodiment, 896n &g BRIMERBeoddehsc 1306a,8@d 1S

formed between the rear side of server rack 801 and external wall nenbers

1081 andﬁ% ﬁgﬂ“$ﬁhg?Faﬁéﬁﬁgﬁgh%aéﬁ&gﬁ e@g%gg%p the rear side of server rack

802 and ex?erna Simlarly, hot aisle 853 is
formed b n e rear, side server rack, 80 t er nal | 1 nbers
1083 andlOPSEH, RIE SbdieSimn Floor it pafiiann 00 Gl BF scolfer v ack
804 and external wall nenbers 1084 and 1085. Those skilled in the art wll

r ecogni zBuiddiprhdtcoaling wsvegshiid oggig opdey aokar|(aet showainElG. §.001 52} ¢ Bhe upper
vertical coil array 840, which is in an octagonal shape, is the secondary
way of comlinggo¢er+@)-ltAef &ilG. 140t thg secondhercnot424Ds|'Be B&d rtath 85@)a i pi ng
connecti ons 840a and 840b provide fluidic communication with a refrigerant
gas fl ui fuidippbypledtid A HARRpathiZI0di Shich ddiiiess @RNMYBEBAE Fi®No WhE Mndihe
environnment 5 of the electronic equipnment, and fluid return path 4100b,

whi ch i s.alqsfel 1364, Uil GBR eﬁgﬁ{ fieMnclidtde ﬂ%{H’%eftH OOBSH hat f%fcei&%ethe

el ectroni c equi pnent, described below wth respect to FIG 6

2012/ 118553PCT/ 011/ 067679 [0012 n Qver head, f - pl at.e, coi | 0
anal ogoueep b Mg TG aitrso R SN B bR M Rpid 0y es o
the air circulators 16a, 16b, 16¢c nmay be positioned at the center (as
shown) oMt eawhlahtcarr&édﬁ%ee%g tfﬁ’éd ?%?r@‘ﬁ@@tﬂoﬁoe%ﬁ%ggvm the air
flowng fromthe hot aisles 851 to 858. This third coil 860 can al so be
used as secong flnkd baek fo the cedlingtewer, Muaticaneraprydry epeler. rack coil requires
suppl emental cooling. The third coil 860 handl es the occasi onal overl oadi ng
at speci fli0t3%ler Pesomackshodihents, the decoad |cir86id 4260 irmdlsles hepursied &gilane
energy-saving coil for extrenely | owload heat output conditions. The

control @krRjveer g §RbnE aald MBounar e sedor@kercwittdnon. theneRdodiméat dcpod 80
may include shutting down the primary or main coils (not shown) and

activati g&%oﬁ(g ngdhfs I dgl@%%% a@ Q Qlo_(xpralﬂf?ﬁ%lﬁalré)ﬂma%y?atl £op hf%?sqainu %p*tfﬁ% pump

connecti ons a an provi de C CO nicatron wt

refrigerant ,gas fluiLg s ly path 4100a,, which is,in fluid co ni.cation
Wth CretanbRaE At s BBy e Biby i el BUnS Beane cSaline orsh ATy SURR pat h
4100b, which is also in fluid comunication with the environnent 5 of the
el ect r onfleidggpicprest WatgegEquitheigothen hladi WHe @isplct to FIG 6. [00124]FIG 5

is a plan view (i.e., sectional top view) at the ceiling | evel of nodul ar
[00140] Further, the second circuit 4200 may include a mixed water temperature

sensor 4220 that monitors the temperature of the second fluid before it enters the main
condenser 1300. The second circuit 4200 may also include a water regulating valve
4214, which operatively communicates with the temperature sensor 4126 of the first
circuit 4100. The water regulating valve 4214 is configured to regulate the flow rate of

the second fluid in proportion to the readings of the temperature sensor 4126.
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data pod 80 showing a ceiling fan assenbly 870. The conputer racks 801 to
804 and 806 to 806 each include corners 80l1la, 801b for server rack 801,
corners SWO2012808453f or server rack 802, corners 803a, 8@8Wh/User11m6eTev®r rack
803, corners 804a, 804b for server rack 804, corners 806a, 806b for server
rack 806, corners 807a, 807b for server rack 807, and corners 808a, 808b
for server rack 808. The server racks 801 to 804 and 806 to 808 are shown
di sposed in a circular pattern with corners 801la and 801b of rack 801 in
cont act [0U#1]t h&oeoimamnse, 3@BbmainchiB0da ofaimdi@cemnder c O3qiutaer or alekew 8@8 and
802, respectively. [00125] Those skilled in the art will understand the

ar r angenpRtctefmihbe c6RIAghe t&hpdrh@rd fN@I QB.B@@,eﬂh\é%t&afélgﬁlaﬁﬁ% vaR@3421804,
806, and 807. This arrangenen? of the server racks 801 to 804 and 806 to

o a5 ateiEeilo R B e R BR A b APEEE M FEho RS e

enbodi ne , the pie-shaped air spaces 851’ 2', 853" ,..856', 857", and
558" bot WiiBhes AeeBihhp ane doReeBEA Shar 462 885 SxhibRo3 TRosMARRTEEa 806
and 807, 807 and 808, and 808 and 801, respectively, may be partitioned off
f r om t hescas0rd 443G |has goagadamy steaiffraphy thighert than Hbe Ripdqtersnipsh combppsings 3,

854, 856, 857, and 858. As shown in FIG 5, the nodul ar data pod may fit
seven seteuperatacKsg( &3 g. °C) 40k semvemdemek $300, Theweter scgalatipgoslv80B14bet ween
two server racks, e.g., server racks 804 and 806, to give a human operator

access teh RRnERaMey idcackss BO FoSOht@ntth8 36cdddIul MoaesL tsothohe 8dconlin some
enbodi nents, the nodul ar data pod does not include an access door. In these

enbodi e ; E fi : ] Fans
871 of T an el e Y B o B0 R oS (e AP e { g

| evel of the nodylar data pod 80. Th ns are driven vari apl e-frequency
i1 ves(URRE P AR CRRSRRE, Sfsore i 38 £yl oy, Bl PRl Bb o 'er

system 142Q of a uh%%ing Managenent Sy m (BM5S). The central cogling
syst em 1PFSBCEENNEHEPRACENY el SLE aﬁsst&éewtﬁfagegalaaﬂg Vet ddpur e
and/or the |oading of the conputer racks. For exanple, the central cooling
syst em 1the0 skighilyi inercasgs éhet fiaev faapokibe secoad fluikflowimgdhrouah thosicedridritchd hot
ai sl es increases. [00127] FIG 5 also shows the cooling pipes 882 that
enter and@®xit a | ower pipe chase (not shown). The | ower pipe chase may be
renmovabl e and may be | ocated bel ow auxiliary enclosure 818 that includes
t he heat [p@140aNaL Ikt ABLSRABIE! & HlafS€n GRERMFkrature of the main condenser

1300 at or below the predetermined condensing temperature (e.g., 23.3 °C), the second

fluid is maintained at a threshold temperature of approximately 18.9 °C or lower.

[00143] To maintain the second fluid at or below the threshold temperature (e.g., 18.9

°C), the second circuit 4200 may include at least one cooling mode to cool the second

fluid. For example, the second circuit 4200 may include a simple free-cooling mode in

which the second circuit 4200 relies on the atmosphere to cool the second fluid via a

cooling tower, fluid cooler, or dry cooler. In operation, after heat is transferred from the

first fluid to the second fluid at the main condenser 1300, the second fluid follows the

fluid paths 4200h, 4200¢ and proceeds to a cooling tower, fluid cooler, or dry cooler (not

shown in FIG. 6) to reject its heat into the atmosphere. The cooled second fluid then
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cool ing system 4000, which includes condensers 1200a, 1200b, and 1300, is
descri bed below with respect to FIG 6) and electrical equipnment of the
nodul ar owbaopods#mssenbl y. The cool i ng pi pes 882 i ncl udeCsius2@ilfpes79 t wo
supply pipes for supplying cooling fluid to the coils of the nodul ar data
pod, two return pipes for returning cooling fluid to the cooling system
and two reverse return pipes. The nodul ar data pod assenbly may i ncl ude
wat er proof partitions between the various conpartnents. [00128] The
exenpl ar follond dhefluid @k ths @06 difd, 4200d b€k toAbs mBth cdddenstd0300at0odto80the dire
designed to be universal in their use for conputer data storage. They can

be used fiQd. $i B iSon&PGOARSQOTB Muid hBEY¥okAMoby tRhl BE kBRE dyeke. t enpor ary
or semn -permanent use. They can be used indoors 1n warehouse Or suite-type

appl i catj T : I ' I : - Vi ments.
7o bonelTH); "I EnE SRLOAAGE 0¥ S L 63LaAD: Abse HALLR KA HRETTC
themto be inple e re it is not tical . logistically or otherw se
o use.otimubelesy B b Fporiuiin aindi i S oS feghdut Ertesdiso) “F o
6 depicts_a cl ose-coupled cooling system 4000 designed to cool electronic
equi prmenef B¢ Thdatacegtier & badow dr/ .2 %ae%é%fvéhwb@@m%qutﬁd@@bmm Prdethendent ,
yet cooperating, fluid circuits designated as 4100, 4200, 4300, and 4400,
respect i seebyd f1id0AB0Ixcérkits thresholditeropératudl 00 i nterfaces with the el ectronic
equi pnent of the IT data center, and provides cooling to the electronic
equi prenfoov4s| a Fukthst, the Uledondl Rechik r400f hdiy dinbRie COh&hBnidall tetpdssed
refrigerant Rl34a or simlar refrigerants. The first circuit 4100 incl udes
at | east . QIi5oGHERO riﬂtv%iclff%% tHiRPEir&ROWR0( Rodil he CecoRHiciRER: 4290 %hrouk®

evapor at or C§I|S of FIG 12) that 1s in thermal comunication wth-the

el ectronj c equi pnent and extracts,. .heat. f+omthe electroni.c I t to the
first f1 e WKaPRobe g S5GT  PgfRbe AR afe B NG GEPBRIR one
evaporator cqQil, to an outlet of the evaporator cojl, heat is transferred
from t hethiedbido iy AP e AUt retHg e SYCh |4y B.?Man BndYe PHSH; WERRIS t he
first fluid enters the at | east one evaporator coil at a tenperature of

appr oxi mefiégpa3C. During heat transfer or exchange, the first fluid
transforns froma liquid state to an at |least partially vapor state.

[00131] [mio@46]i r Stheahird vir¢uidd3D0 inclalesd@msatmofpherid sshippdlyr pahingti 0D@aand a
fluid return path 4100b coupled to the inlet and outlet of the at |east one

evapor at gib-&fl khe 5QSRE TV abYO bERRe fUtdoR@ARIY aRBD of HROMate bbRASrt he
first fluid inaliquid state to the inlet of the at | east one evaporator

col | anghde FludiGHUE RRLAHI0RAECEIYGR 08 HikskulUdiinyap ot

| east partia vapor “state fromthe ou t east one evapor at or
coil. The first circuit 4100 inc|ludes. a |.i,quid refr.igerant. punp.4 t hat
burps 1 nEPRIST U5 BT prioblgn et Piol b iiegoEi e Tp drhiERy 00
circuit 4100 also includes a varjable frequency drive 4125 that regul ates
capaci t yman@lsaordrdespaen cordanser 1209by whickfy # gdfigerentponyrtaryot cxdbens?] The
first circuit 4100 further includes a nain condenser 1300 that receives the
first flthiattrimsders thhet il the dhirde flurdn whaghhis4the Gbat thhtethadhind clond bassdrsod®00 i s a
refrigerant-towater heat exchanger that cools the first fluid that passes

t hrough frb@ thelkdtoad fldeheahe d3Mplastid sbrdenrs eschiahgerfl2064, bhtiiicdtht kesvntihe at

| east partially vapor state to the liquid state. In one enbodinent, to

fully Poﬂgﬁﬂs?héﬂﬂnpeﬁ&nih@bd&&ﬁﬁﬁ&%yﬂHwhﬁ@%1@BL&xHQ“Qﬁﬁﬁ%&oﬂaQ@0H§m
mai nt ai ned at a predeterm ned condensing tenperature of approximately 23.3

Cor lo Gnlﬁgggééhﬁ$&hﬂﬁf’ the first circuit 4100 may include (1) a fluid
path 4100cC RRAE® Carti es

[00147] The third circuit 4300 includes a fluid path 4300a that carries the third fluid

from the atmospheric sub-cooler exchanger 1200a to the sub-cooler compressor 4310 for

compression, and a fluid path 4300b that carries the compressed third fluid to the trim

40



the first fluid fromthe main condenser 1300 to a refrigerant liquid
receiver 4128, and (2) a fluid path 4100d that carries the first fluid from
t he refriwerar1183squi d recei ver 4128 to a suction side eCTtuseolioosrd
refrigerant punp 4120. [00134] The refrigerant liquid receiver 4128 is
configured to detect and regulate the tenperature of the first fluid.
Specifically, the refrigerant liquid receiver 4128 is configured to reduce
the tenperature of the first fluid by thermally coupling the first circuit
4100 to ¢tdmecheunlfoei Acditiondd)Che khird cineieaitidinoRidts a ftuid patdf4300e nkat

liquid receiver 4128 maintains the first fluid at a predeterm ned

t enper at ghrBePRLWRRD MRRPHEMN tHBt8hYcoddereCl 2008 8 RIPHOXHAR B e, %3 a3thérmd 00135]
The refrigerant liquid receiver 4128 may al so i nclude conponents (e.g., a

det ect or - I - ' I e liquid
evel of Al FPLURY ] Fiich BT ioled (54 B @M BERMAE WiSead | 5
Alowliquid |le in the refrigerant lLiqui.d receiver 412 cause
Cavttat i O pesE a0 ot i trorseitfe 268 pyig RS Rttt HeV Blafdh i <
problem the refrigerant liquid receiver 4128 includes a liquid |evel

cont r ol | @irdeipyit d3 adengay hethied ¢irqyfi 4300 évaqtiveigds he recei ver 4128 and
triggers an alarmif a lowliquid level is detected. Al so, the refrigerant
l'i qui d rPdé#8ler 14 3@8c mepodioichescthetthied Cireust4300us activatetlvalyf whet theiseamnidt 4100
when the cooling system 4000 is in an idle or standby node. [00136] The
first ciflgididxcddQtsahfgholdatmpastuge (ee%meg.atuo,ewﬁimmwry dck3bwhbathd §el-ocat ed
on the fluid path 4100c at the exit of the nmain condenser 1300. The

tenperat gy + HrdibaReHed 8oEs & LAY @@EW Bf ﬁfefth{?ﬁ cfebdist36d ﬁ'lia$I pwhen it

exits fromthe main condenser 1300. The readihgs o e tenperature sensor

4126 reflect the tenperature of th i n._caondenser, -1300. [0 7] o Jhe second

ciroutt 550008 b FEREERYHOR  lng iR Bl 6 HFSent Mt odencer
circuit 4200 perfornms heat exchange with the first

1300a, where the secon
circuit 4hgete B@Eﬁi?&gﬂpy; the second circuit 4200 has a second fl uid
flow ng through it.

WET-BULB COOLING CAPACITY OF THE THIRD
TEMPERATURE CIRCUIT 4300

63 wb (17.2 °C) 0 kW
64 wb (17.8 °C) 457 kW
65 wb (18.3 °C) 91.4 kW
66 wb (18.9 °C) 137.2 kW
67 wb (19.4 °C) 182.9 kW

68 wb (20 °C) 228.6 kW
69 wb (20.6 °C) 2743 kW
70 wb (21.1 °C) 320 kW

Table 1.
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The second fluid renoves heat fromthe first fluid of the first circuit
4100 at the main condenser 1300a. |In one enbodi nent, upon exiting the main
condenserw02004,1835he second fluid has a tenperature of @pprseimmemshy 22. 8
C. [00138] The second circuit 4200 includes a fluid path 4200a that carries
the second fluid froma cooling tower, fluid cooler, or dry cooler (not
showmn in FIG 6, but see, e.g., cooling tower CT-1A of FIG 14) to the
second circuit 4200. The fluid path 4200a is fluidly coupled to a fluid
pat h 42001481 cThdehird eirsuit H300sEowiy cditivildtheachpeaated of thondendeiuid 8390. The
second circuit further includes a fluid path 4200h that receives the second

fluid fremhhg il BootaRdRPI&hpd3WR of AR idcbhd MR Bnd 408Re ia$ af fib dIporcoupl ed
to a fluid path 4200e which carries the second fluid to a fluid path 4200m

t hat del S t l.er, or
dry cool%¥§£f06€§51§%8&£onéyg%%ggﬁ 3 “£Q%R293%g@% (§¥$%BP%E%§gB§?%bludes a
punp to facilitate t he sec nd flui thr h th nd circuit
7900, 1 e bbb e £ et TSR tcomesinbit PLba b FRb 0 afe of
apprOX|nater 1192 liters/mnute. The punp may be in any of the follow ng
forms: adgEeftral punpi ng and cooling tower, dry cooler, fluid cooler, well
water circuit, or other chilled water circuit. [00140] Further, the second
circuit HAO80]maynioneleutedsnanit. xfod cifati@cy treaspes, dheiseosed mgonit 4200 dirbas a
nonitors the tenperature of the second fluid before it enters the nmain

condensegmdlBpéHiod Betheaeeund fiiid Wbérfcﬂ*ﬁﬂ(kaﬂ&%h&h%owitﬂﬂ teltblied Auibeford Ul at i ng
val ve 4214, which operatively conmuni cates wt he tenperature sensor 4126

of the Tldeshd G Yhiors #iOmaTheotRhes [au! g{aéc@@ca‘ﬂ | YR d2bftd IchrcGRMobgur ed to
regul ate t e flowrate of the second n pro ortlon to the readlngs of
t he tenper ture S 795 stance mai ntai n
condenseleigot s Yssf230 b i Jhk %%%“%’e B3hdndnstS: R Bk

23.3 O, e ter. requl g valve 4214 adjusts_the flow rate of the
second fﬁ.ﬂ% f)@s%? 7ot ol é&aﬁ@ a@alft@ndf“b%ec F fuid et 1Ry 28
measured by the tenperature sensor 4126. For exanple, if the tenperature
sensor A4thd digbe sccpaddivig te agmilet efathe laymespheres suhﬁmlqrrﬁeclfmegeim(}m dad

condensing tenperature (e.g., 23.3 C of the main condenser 1300, the water
regul at i sugny ambedid2id, thegrrsergaf thecaodddy fluiddrag astesmptiheurt lo6 @2 Rate atothet he
second fluid flow ng through the second circuit 4200 to thereby rapidly

reduce tﬂﬁnb@ﬂﬁ&%ﬁbﬁm,n@ﬁd&&ﬁﬂ&&kﬁhﬁ%@ﬂﬁﬂ@@r 1300. However, if the
tenperature sensor 4126 has a reading slightly higher than the

predet er Z?'ﬂgﬂen i Igﬁérflﬂilc&&f’@oﬂ(ﬁ)t&rflﬁﬁy%oan&ﬁer Sp %ter e'%%i’l@tcﬁ{ gat' ng

val ve 42 i ncr eases wrate e second Iw

fl t t h d 00142] | t t
i nt o Pt & PR BT BT 15 95l ﬁraﬁeﬁ%@g%dbhg%w%a@vf RS
predet er i ned condenS|n& tenperature_ (e.qg. t he second f|UId IS

mai nt ai nBeventok vales AéPRe pesirncdtin r@l%@a@pﬁ@(s?séuh?ﬁff@myspi@e@tee B0\ der .

splitter tee 4211, the splitter tee 4211 allows the portion of the second fluid to flow from
an outlet of the atmospheric sub-cooler exchanger 1200a back to the fluid path 4200d. At
the splitter tee 4211, the portion of the second fluid, e.g., approximately one third of the
second fluid, rejoins the remaining portion of the second fluid, e.g., approximately two
thirds of the second fluid.

[00152] The blended second fluid then proceeds to the main condenser 1300. In some

embodiments, the blended second fluid has a temperature of approximately 18.9 °C
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[00143] To maintain the second fluid at or below the threshold tenperature
(e.g., 18.9 O, the second circuit 4200 may include at |east one cooling
node to cwol2otdmaszxsacond fluid. For exanple, the second eCTas2e1142009 may
include a sinple free-cooling node in which the second circuit 4200 relies
on the atnosphere to cool the second fluid via a cooling tower, fluid
cooler, or dry cooler. In operation, after heat is transferred fromthe
first fluid to the second fluid at the main condenser 1300, the second
f1uid fobdfomseritdringf thainthipabhdend@0B00. 420G atart), peparidsupan thealegicerng t ower,
fluid cooler, or dry cooler (not shown in FIG 6) to reject its heat into
the at NDsRB&HHse JPRBIEOS! BE MRAC R lowifbw BaMciA@VhIQWELbhE ffidwicntRAlds 4200a
and 4200d back to the main condenser 1300 to cool the first fluid. It is
envi si onggd_t : ' : [ - t ve cycle.
EHAR e i S R R e g S R
second fluid.at or bel he threshol.d te rature (e, g.., 18.9 ¢ anly when
e et - HITBHIE EsvBlsnsi oL0 o8 Teiang PhgHs sulEaa exp gt b0y ot oree Thy i

wet -bul b _tenperature i s above 17.2 C, the second fluid nmay exceed its

t hr eshol Buidésfet20d catirchobuormh nmip eprdensardé0@econd circuit 4200 may i ncl ude
a nechani cal conpressed cooling node, in which the third circuit 4300 cool s
t he secof@#®183]r c idditd2@0y 1 for effghenae cdramisc die seonplr @sgitdd0¢ yelyekrectortihiar d
fluid flows through the third circuit 4300. The third fluid may contain a
liquid rehdli geiantof tisisddons (IRU3Gerform dayt Xchaigesuittt tlol third efufd, gaeiadt .
[00146] The third circuit 4300 includes an atnospheric sub-cool er exchanger

1200a t og3Hft AR il SR G Fhatnl dndeARPP3RET gﬁ@ciﬁ‘fmfy,sgl%%@o&dl Yiditppves at

the mai n condenser 1300. The at nospheric sub-cool ef exchanger 1200a is a

refrigerant-to-wat.er he xchanger. , t hat i [ cool.s, at | east. a portion
of the saebia’ 71BN HRa2y feRaRERAd e soh R p S8 8 Tuf lngd® byl
condenser_1200b, ich is a refrigerant-to-water _ heat exchanger that

transf er SHeaths Srﬁ’mﬁrete? A2 AR & BTNt thesacnd Ak ©eh APPOREDEHY et | ui d
has absorbed fromthe second fluid at the atnospheric sub-cool er exchanger
1200a, bthil afghe kecogeddbmdl ig aiftiid Phid 4200t b dicrtoo eondiga@r AAYOY tor rekemi ncl ude
a sub-cool er conpressor 4310 that conpresses the third fluid. [00147] The

t hi rd ci hewiftond 300 thinkc fludes Ira sérhelicthtpdinicds3 Gha appiakimaclyi @ thivd éthithed f1 ui d
fromthe atnospheric sub-cool er exchanger 1200a to the sub-cool er

conpr ess@icodd ¥hid Has COMBIEFSURN of APProxithhtdlyd2pat e 430QD ohifat ofc &ler k@t t he
conpressed third fluid to the trim
condenser 1200b.
[00154] The second circuit 4200 may include an additional splitter tee 4213 on the
fluid path 4200h downstream from the splitter tee 4212. In conjunction with a flow
balancing or flow control valve 4200k positioned in fluid path 4200e between splitter tee
4212 and splitter tee 4213, the splitter tee 4213 allows the portion of the second fluid,
e.g., approximately one third of the second fluid, exiting from the trim condenser 1200b
to join the rest of the second fluid. At the splitter tee 4213, the portion of the second
fluid, e.g., approximately one third of the second fluid, rejoins the remaining portion of

the second fluid, e.g., approximately two thirds of the second fluid. In some

embodiments, the blended second fluid has a temperature of approximately 26.4 °C at the
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condenser 1200b. Additionally, the third circuit 4300 includes a fluid path
4300c that carries the third fluid fromthe trimcondenser 1200b to a

met eri ng wewhreL18s8 a t hernal expansion val ve 4311, whi ehTaspands’erhe third
fluid back to the atnospheric sub-cool er exchanger 1200a. It is envisioned
that the third fluid may continuously flow through the third circuit 4300
as long as the third circuit 4300 is activated. [00148] In sone

enbodi ments, the third circuit 4300 is activated only when the second fluid
exceeds sflstet hcehd] dhtanpricatedoad (fRuid) thent8g@hd)follovas die fiely paths 4200d)en t he
wet -bul b tenperature is over 17.2 C. The cooling capacity of the third

circuit 4§ﬁﬂhﬂ%&w&ﬁh§@ﬁﬂbﬁ%€§abﬁd@h&ﬁﬁhmﬂfOport'On to the wet-bulb
tenperature that is in excess of 17.2 C, as illustrated in Table 1 bel ow.

VEET- BUL By e &1 ERATHRG 90 L RnttAFoh in e of HoRRh b BGntng 3P thSowb (17.2

@)

balancing or flow control valve 4200k, flow balancing or flow control valve 4200k can
allow either partial or complete divergence of flow from the main condenser 1300 to the
trim condenser 1200b or force flow in fluid paths 4200h and 4200¢ entirely through main
condenser 1300.

[00156] In some embodiments, the third circuit 4300 does not include the atmospheric
sub-cooler exchanger 1200a or the trim condenser 1200b. Rather, the third circuit 4300
includes a trim chiller which is configured to cool the entire IT data center.

[00157] In one embodiment, the second circuit 4200 may exclusively have only one
cooling mode, either the simple free-cooling mode or the mechanical compressed cooling
mode described above.

[00158] In another embodiment, the second circuit 4200 may have both of the cooling
modes that alternate with cach other. For instance, the second circuit 4200 switches to
the simple free-cooling mode when the wet-bulb temperature is at or below a threshold
temperature, ¢.g., 17.2 °C, and switches to the mechanical compressed cooling mode once
the wet-bulb temperature exceeds the threshold temperature.

[00159] In other embodiments, the two cooling modes cooperate with other, and the
second circuit 4200 may operate in both cooling modes concurrently. In these
embodiments, the simple free-cooling mode is always on such that the simple free-
cooling mode remains active regardless of the wet-bulb temperature. On the other hand,

the mechanical compressed cooling mode, ¢.g., the third circuit 4300, is activated only
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0 kW64 wo (17.8 C) 45.7 KW65 wb (18.3 C) 91.4 kW66 wb (18.9 C) 137.2 kW
67 wo (19.4 C)
WO 2012/118553 PCT/US2011/067679

when the simple free-cooling mode alone cannot maintain the second fluid at or below
the threshold temperature, e.g., 18.9 °C, such as when the wet-bulb temperature is above
the threshold temperature, e¢.g., 17.2 °C. In these embodiments, when the wet-bulb
temperature is at or below its threshold temperature, the second circuit 4200 relies solely
on the atmosphere for cooling. Once the wet-bulb temperature reaches beyond its
threshold temperature, the third circuit 4300 is activated and is controlled to generate
cooling capacity in proportion to the wet-bulb temperature that is in excess of the
threshold temperature. It is envisioned that the third circuit 4300 can be turned on and
off automatically without user intervention. For instance, the atmospheric sub-cooler
exchanger 1200a automatically becomes active or inactive as the wet-bulb temperature
crosses its threshold temperature.

[00160] Statistically, the cooling system 4000 operates exclusively in the simple free-
cooling mode for approximately 95% of the operating time. The mechanical compressed
cooling mode is turned on for approximately 5% of the operating time. In a geographical
arca where the wet-bulb temperature is about 18.3 °C, the cooling system 4000 may run
exclusively in the simple free-cooling mode virtually all year round and turns on the
mechanical compressed cooling mode for less than 0.04% of the operating time. If the
arca has a wet-bulb temperature of about 20.6 °C, the mechanical compressed cooling
mode is active for about 3% of the operating time. In all these scenarios, a traditional,
large, oversized cooling electrical infrastructure as in the prior art would rely on
mechanical compression cycles for about 40-60% of its operating time, thus inducing a

much higher operation cost than that of the cooling system 4000.
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182.9 kW68 wb (20 C) 228.6 kW69 wb (20.6 C) 274.3 kW70 wo (21.1 C) 320
kKW
WO 2012/118553 PCT/US2011/067679

[00161] In addition to the second circuit 4200, the fourth circuit 4400 may also
perform heat exchange with the first circuit 4100. Specifically, the fourth circuit 4400
interfaces with the first circuit 4100 at the refrigerant liquid receiver 4128 where the
fourth circuit 4400 condenses and cools the first fluid via a fourth fluid that flows through
the fourth circuit 4400. The refrigerant liquid receiver 4128 has a sub-cooler coil 4129,
which is an evaporator thermally coupled to both the first circuit 4100 and the fourth
circuit 4400.

[00162] The fourth circuit 4400 includes a sub-cooler compressor 4410 configured to
compress the fourth fluid and a sub-cooler condenser 1300a, which transfers heat from
the fourth circuit 4400 to the second circuit 4200. Both the sub-cooler compressor 4410
and the sub-cooler condenser 1300a are fluidly coupled to the sub-cooler coil 4129 of the
refrigerant liquid receiver 4128.

[00163] The fourth circuit 4400 includes a fluid path 4400a that carries the fourth fluid
from the receiver sub-cooler coil 4129 to a suction side of the sub-cooler compressor
4410 for compression, a fluid path 4400b that carries the compressed fourth fluid from
the sub-cooler compressor 4410 to the sub-cooler condenser 1300a, and a fluid path
4400c that carries the fourth fluid from the sub-cooler condenser 1300a to a thermal
expansion valve 4420, which expands the fourth fluid and provides the expanded fourth
fluid to the sub-cooler coil 4129.

[00164] In some embodiments, the fourth circuit 4400 is automatically turned on and
off based on the conditions detected by the refrigerant liquid receiver 4128. For instance,
the fourth circuit 4400 becomes active when the liquid level detected by the refrigerant

liquid receiver 4128 drops below a predetermined threshold. Specifically, the fourth
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Table 1. [00149] The third circuit 4300 closely controls the tenperature
of the second fluid by trinmm ng and cooling the tenperature of the second
fluid onewOegrxas#s a tinme. For instance, if the secondPCiraisdoienmay at ur e
rises above its threshold tenperature by one degree, the third circuit 4300
t hen reduces the tenperature of the second fluid by one degree. [00150] In
one enbodi nent, for efficiency reasons, the second circuit 4200 directs a
smal |l portion of the second fluid to perform heat exchange with the third
fluid, befitedd0bensesoantiviteditreapéme so hinelamaisignaloguderasel bylBo liquid level
Specifically, the second circuit 4200 includes a splitter tee 4210 on the

fluid pagdhtdAOOd] elpéra 3w iIRLRLE 1@ it H@te@f%&i natﬁ%ﬁ’ﬁﬁ@&"melfﬁggwe-r\bﬁensﬂ'e' tter
tee 4210 diverts a portion of the second f d, €.9., approxinmately one

third of i nj f ggﬁq

exchangelrl(alll]%%%?? %hégo{rfrleedpéﬁ%e? éd %SP ﬁle ]’gﬁhla%’n%g ﬂeggéggﬁd F%S'd has a
t enper at ur e, of et of t heric s exchanger
15008 | 801 b8 pornired FuGanafs bk udseT Elﬁ‘yfaﬁsﬂﬁF@d‘é iy EieRisdity o
4211 on the fluid path 4200d upstreamfromthe splitter tee 4210. In

conj unct HioHd wFackrea 4ﬂ2%mﬁ@fa1naﬁqe¢%gheofouﬂh§wcw AP may dicgema 20 Wi thiconed i n
fluid path 4200d between splitter tee 4210 and splitter tee 4211, the

spli tt erteperad@dt ofaht dngt flnd gxoeddsonpefletemeinse ¢clonshold, Lind hze@omledmadtivem an
outl et of the atnospheric sub-cool er exchanger 1200a back to the fluid path

4200d. Ahéhhes@hpdri@re diefs ok belohthe pesdetcdmiel thidashos@cond fluid, e.g.,
approxi mately one third of the second fluid, rejoins the remaining portion

of the S@fge@ﬂl f 'T‘Hegeccﬁld% éuﬁ‘gﬁé@%‘én%%@h&ttﬂ‘&n ity f‘oﬁﬁh QrctiPg4GRAIRD sifd-ui d.

[ 00152] _ende second flurd then procee s to the main condenser 1300.
In some e%?c%;ié e@se& l%B&a bllgnsdo%% %ego&menjts the Qéacsén(eil 01rc1q}%e4’2%bu1r1181u865 a

appr oxi I'T% e

splitter tee 4205 on the fluid path 4200d. The splitter tee 4205 includes a split path 4200b
that diverts a small portion of the second fluid, e.g., approximately 19 liters/minute, to an
inlet of the sub-cooler condenser 1300a where the small portion of the second fluid
extracts heat from the fourth circuit 4400. The remaining, undiverted portion of the
second fluid follows the fluid path 4200d to the main condenser 1300 to remove heat
from the first circuit 4100.

[00166] The second circuit 4200 may also include another splitter tee 4215 on the fluid
path 4200e. The splitter tee 4215 has a split branch 4200c that carries the small portion
of the second fluid returned from an outlet of the sub-cooler condenser 1300a to the fluid
path 4200¢ to join the rest of the second fluid proceeding towards the exit of the second
circuit 4200. In one embodiment, the temperature of the second fluid at the splitter tee
4215 is approximately 26.4 °C when the fourth circuit 4400 is active, i.e., when the sub-

cooler condenser 1300a is turned on, and approximately 26.7 °C when the fourth circuit

4400 is inactive, i.e., when the sub-cooler condenser 1300a is turned off.

47



before entering the main condenser 1300. Alternatively, depending upon the
degree or percentage opening of the flow control or flow bal ancing val ve
4200g, flwa2entiszsB or fl ow bal anci ng val ve 4200g can alPCowseditioers7conpl et e
or partial divergence of flow fromthe main condenser 1300 to the

at nospheri c sub-cool er exchanger 1200a or force flowin fluid path 4200d
entirely through main condenser 1300. [00153] Additionally, for efficiency
reasons, the second circuit 4200 nmay direct only a small portion of the
second f[00167]t o Ther Elosemdipild exaiihgngstem t4000 heayt Mier tisthlled dn aaf hedilidrhe
second fluid exits fromthe main condenser 1300. Specifically, the second

circuit 42@Qutdnel WdRSdMas Rhial p&I ah@MmAZprovidt tifedldsyi GoRAS RvildPOh dah the
exit of the main condenser 1300. The splitter tee 4212 diverts a portion of

7 ST 6 e AR oS S R L
1019 0,000 RIBOHLIENS S, Lic, SRLe) TEL el nes b gl e, segan 11 v

condenser 1200b. 500154 The second circuit 4200 may include an additional
spl it t er of BN 29323 qnd RE-3G . eepcs Ry Hy 4RBO HICHE RS elosdrequping ¢aling systeter tee
4212. In conjunction with a flow bal ancing or flow control valve 4200k
posi ti oné@D0iof HIGubd path 4200e between splitter tee 4212 and splitter tee
4213, the splitter tee 4213 allows the portion of the second fluid, e.g.,
appr oxi NEK0eby] OMhctdperationlof tiecisQe@IPIdd ddoling 8y6itérh AQ06 ha Beh@iniraribed
condenser 1200b to join the rest of the second fluid. At the splitter tee

4213, thgs RALKONN e H@ﬁg&g@%gﬂoaé Y Gper@idh, thARRY e&u@gﬁ%ﬁim@omh{cﬁ of the

second fluid, rejoins t Ining portion of the se fluid, e.g.

appr oxi mat gl -t hirds. of second fluid. In sone odi,nent s, the

bl ended Dutgiu i RESNG LS aE iRy ifleralh ETE 525G B Seoplle
splitter tee 4213. The bl ended second.fluid then together follows the fluid
pat hs 42050 A5DhIE RIS e T9in SECREE bRl AT B GPETHODE 456 55]

Al ternatively, dependi ng upon the degree or percentage opening of the flow
bal anci nigapiroft the reetitlaradata apdseSU HOOK0, §0. . BEI entindeseribead dhwve oit thel val ve

4200k can allow either partial or conplete divergence of flow fromthe main
condens efluill 30Pply pathhéel 00k iand €loiense path2000b and foorefet hidadwo the chivivoitn@at hs
4200h and 4200e entirely through main condenser 1300. [00156]In sone

enbodi medh She 14V téhipdrehufd Sppiyt pABUD 0098 RAL priMeyUER[Th P @oBtIFBERY Yat &
sub- cool er exchanég¢ 1200$ﬁggl?he trin1condé%ser 1200bg Rather%gthe third

circuit 4300 basl.HEes G ri mchiller which is configured to cool the entire
| T data center.

[00169] When the environmental conditions preclude exclusive reliance on the free-
cooling mode of operation, ¢.g., if the wet-bulb temperature is at or exceeds a
predetermined wet-bulb temperature limit, or if there is an increase in the heat load
generated within the modular data pods 50, 60, 70, 80, 90, 100, or 80', the close-coupled
cooling system 4000 is placed into an incremental, mechanical-assist cooling mode of
operation. In the incremental, mechanical-assist cooling mode of operation, first cooling
circuit 4100 and the second cooling circuit 4200 as described above with respect to the
free-cooling mode of operation continue to remain in operation while the third cooling

circuit 4300, which includes the trim condenser 1200b, the sub-cooler exchanger 1200a,
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[00157] In one enbodi nent, the second circuit 4200 may exclusively have
only one cooling node, either the sinple free-cooling node or the

mechani cavocormprexssed cool i ng node descri bed above. [ 00PESJuskoviAINer
enbodi nent, the second circuit 4200 may have both of the cooling nodes that
alternate with each other. For instance, the second circuit 4200 sw tches
to the sinple free-cooling node when the wet-bulb tenperature is at or
bel ow a threshold tenperature, e.g., 17.2 C, and switches to the nmechanica
conpr essad drofubAgo@denyresot Be1dyeis-Huddd ineorppcration eo gxeeedacichentahr eshol d
tenperature. [00159] In other enbodinents, the two cooling nodes cooperate

W th ot hgdditiGHaf cddlmgSSTARE thodllifa dhda ﬁ&ﬁ@@om@w 7@9@0 aj(e 100, &08(1“ s&@Othhi@eModes
concurrently. In these enbodinents, the sinple free-cooling node is al ways

on such [ c{b% t g%c%&pdfgl%é st §e%ﬁ ihd ’YBH‘& ch&%&ﬁcu‘f‘&tzﬂ . 1apaL 956, 0f the

wet - bul b ani ca conpfessed dool ng

node, third.circuit 43 tivated on

free. coolthistiNgae et eéalﬁﬁfgmeﬂ&ﬁxtdgpwadﬁ%%&%ﬂwng? in B ot gl G The

t hreshol d tenperature, 9 C such as when the wet-bulb tenperature
i s abovemppelar Aptad1d §0t 6&6& H0uPB, 10, gr 801 ndorcany phanke 4k CBVFIERIMEL S

when the wet-bul b tenperature is at or belowits threshold tenperature t he
second céandlitians $20d omeh¢ wst-bdbé¢gpaatutche at nosphere for cooling. Once the
wet - bul b tenperature reaches beyond its threshold tenperature, the third
circuit BYM] s Iachi Mahedivanicresesantmahhiidalt Rsigeoyakeme@Obf Bgerg@MAci ty in
proportion to the wet-bulb tenperature that is in excess of the threshold

t enper at gt §iretl dooli ﬁpeunsa, 1@@%%%@&%6&?0&&1&1% dirEhi md aéoﬁegalweamb%%&v&thned on

and off autonatica y W t hout user I ntervention. I nst ance

at m)Sphe{el Se ?lflot f?e 1)1(10%n o olzePQa aut Iql?et ocr% beoc%r on ﬂe

i nactive 5% %ﬁﬂ £ emperat Qatius fod ?ﬁreéh % ﬁ%era%ure
[00160] S stically, e co llng S st n14000 oper tes usively in the
sinple f Buh ceplry ﬁl@c% ICQF}B?IB% ntg% éuﬂgﬁ%%@ﬁl pHEr i%%mnﬁﬁbe titve. The

mechani cal conpressed coollng mode is turned on for approximtely 5% of the
oper at i ngpf¢reompresser gdfr applasall iatceapevhere to hpermiit ingtantentanpdditiondle i s
about 18.3 C, the cooling system 4000 nay run exclusively in the sinple

f r ee- cootaatigg raddhee wiadilsaldata pdds 30e®0, 70U 9N 00,usmS0’ Gactt et heckwhing al
conpressed cooling node for |ess than 0.04% of the operating time. If the

area hascapavigibs il thet BrPEERbHECafd fBROMIc03AnE Giculthetpchano cald aoppr essed
cooling node is active for about 3% of the operating time. In all these

scenar i Ogy e%tltvélgd el &f‘lﬁslted ltﬁfegr?entaq e&%‘ g&q% R0t qgcr@%]%cérrd CRlase in heat.

i nfrast I’UC ure e pl’l or art y on nechnani ca conpressi on
oper at 1 oRe4 B fhivorinat e nofe SBoh b Penpdaticrs BB G TndeEha ™ O
environmental conditions based on the wet-bulb temperature.
[00171] When the environmental conditions and/or the heat load from the modular
data pods 50, 60, 70, 80, 90, 100, or 80' preclude exclusive reliance on the free-cooling
mode of operation together with either one of the incremental mechanical-assist modes of
operation, the close-coupled cooling system 4000 is placed into a supplemental,
incremental, mechanical-assist mode of operation. In the supplemental, incremental,
mechanical-assist mode of operation, the first cooling circuit 4100, the second cooling

circuit 4200, and the third cooling circuit 4300 as described above with respect to the
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[00161] In addition to the second circuit 4200, the fourth circuit 4400 may
al so perform heat exchange with the first circuit 4100. Specifically, the
fourth ciwount2/4430 interfaces with the first circuit 4p00/UsRo11Ie7679
refrigerant liquid receiver 4128 where the fourth circuit 4400 condenses
and cools the first fluid via a fourth fluid that flows through the fourth
circuit 4400. The refrigerant liquid receiver 4128 has a sub-cool er coi
4129, which is an evaporator thermally coupled to both the first circuit
4100 andintleencheil mbchahicabadsisd4dde of 0pdadn Eheinfuous trémainris wptradd®Ohilacl udes
a sub-cool er conpressor 4410 configured to conpress the fourth fluid and a

sub- cool gt fe@adessl 3ARa40MN Shcdd RRSHREStidheBtpethRMhdrBRcd@Uhldtishd C Ui t
4400 to the second cCircuit 4200. Both the sub-cool er conpressor 4410 and

4129 of CRAME Y (o rRRfr il s E o, 204y S0P STAT ARl AR it

4400 i ncl udes. a fl ui ath 440Qa, t hat. carries the four i om.t he
ecei ver cTens! Bt Bishpeipse tigh and ferb hodmgec it Aaod AR, dpdd SRt
conpressor 4410 for conpression, a fluid path 4400b that carries the

conpr esst4P0 sePEHIVElwiaEE #diBtied Heraupiabodwendipeeneabe dcropsq O decredss in
sub-cool er condenser 1300a, and a fluid path 4400c that carries the fourth
fluid friatidd fsarbtoombdulac datd endef0,XB008, 8 98, t ¢k omiD' axiangly oncreakyv e
4420, which expands the fourth fluid and provides the expanded fourth fluid

to the suengeh@enteiodond#ibd9basedBh by wttbhigp renRidiedi ments, the fourth
circuit 4400 is automatically turned on and off based on the conditions

det ect ed he foLd i 8 ecel j 1 fourth
cireuit HR00 Decueu ol kel LRy RSl R R FrglioRu
refriger anthnl is?l%il’(ljl re eisvC ri114 2§ lgr o%s sbellliﬂ"\f ., ot eqre irertmxngrgsiénhro% iE\lol d.
Specific§F1y? he ' Pourt i “CrF et ¥4 6lnﬁy BeP At Vat'ed TR resp fseSt o an
al arm signal generated by the liquid | evel controller 4127 when a_| ow
liquid | S0Ems sFadt &&@ﬁlﬂgrﬁaﬁ?ﬁy%@c%wqw%&ﬁ?%mm@ﬂw essistguraplingvel
reaches the predeterm ned threshold. Further, the fourth circuit 4400 may
al so be ndnstrusiture thanetasdtianal edpding sypenat Thecafing Wpstéri @900 fricedagesass upet ect ed
by the refrigerant liquid receiver 4128. For instance, the fourth circuit
4400 mayobhewohmi@thisigcdvienlirtighenfiaenpau@t onle whert heccksargt Spevifitabbyxciheds a
predeterm ned threshold, and becone inactive when the tenperature drops to

or bel O\I\bdoflliﬁgl%r@t@ﬁit 001 He%dtv&d‘B;@s'i@@i_ralits[ 00168 filfeiseEando Gl GHé tebdB0
renoves heat fromthe fourth circuit 4400 at the sub-cool er condenser

1300a. | aﬁ%ﬂpﬁu@g%g‘{hh%%%gé{ah%%%ﬁqm l%.c[(ﬁ]%' icfraﬂéggei rt}‘fé $9RSciAui Sbbt er tee

4205 on t p e splitter tee Tncludes a split path

4200b that, di verts .a artion of the second fluid, . .e.qg...approxi mtely
To 11t er iR 5igul P BRCL Rl it nESrar - conduitals B uuiliidie " he
smal | portion of the second fluid extracts heat froamthe fourth circuit
4400. ThE3PeireicHyhgnlyumben, et wef-pdlh tareneraare: inabeee Bisdhfasheld temperaige.t he
fluid path 4200d to the main condenser 1300 to renove heat fromthe first
circuit adde fguatidahitTHe0 sewtndotly vdentthedfiBofinmyiguidievelng larder thadtrdter
splitter tee 4215 on the fluid path 4200e. The splitter tee 4215 has a
split brandhefp8O@rd Raboedd tdreasn thigshsnalSingeaht tvanbadkup becwieapachtd duliyd
returned froman outlet of the sub-cooler condenser 1300a to the fluid path
4200e touhai Heée@&a&,ee?% %prBQi%la%&&?Q'Gdzd% %‘i‘hé’&ﬁ&%@ el ﬂ’ﬁé%o@ﬁné Rest&yit of
the second circuit”’4200. 1n one enbodi nent, the tenperature of the second
fluid at e i {& | i l. f. th
circuit ﬂ%@ﬂ“&%hg%%g%gé%ﬁsé%%ﬁﬂkgﬁggﬁéggﬁﬁﬁﬁl6%%%&%%H1%ﬁg§?héggﬁ%8¥£ t ur ned
on, and gﬁﬁroxin&tely 26.7 C when the fourth circuit 4400 is inactive,

i.e., WhEP'PB&YYYB- cool er condenser 1300a is turned of f

[00173] Second, the cooling system 4000 is less prone to failures than the traditional

cooling system. Specifically, the cooling system 4000 completely avoids a full system
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[ 00167] The cl ose-coupl ed cooling system 4000 may be installed in an
auxiliary enclosure of a nodul ar data pod and nmay provide chillerless
cool i ng wvohwre/assat a encl osure of the nodul ar data podPcm/usegh/oemts bul b
tenperature applications. For exanple, the dedicated cl ose-coupled cooling
systens 525, 626, 727, 828, 1020, and 828" of FIGS. 2A-2D and 2F-2G
respectively, may include the cl ose-coupled cooling system 4000 of FIG 6.
[ 00168] The operation of the cl ose-coupled cooling system 4000 may be
sumar i zeding®vErgirbeuss that i3 dohendir iwehenaditioghl boslén cofystope rAatiulbsystehevihgr st
cooling circuit 4100, which includes the liquid receiver 4128 and the
liquid refdripsSleddwiRhEPb&HRebh A6y stdhes BEGRREh LA ik Sistehibihdd ¢48Hg uphi ch

i ncl udes the mai n condenser 1300,” are i'n operation to transfer heat from

t he nodu - , 7 L i e via
the 1 i SeumpyoBetedtgsPedhon iRy oF8opd oofle ABRESERUTERERRAT Mo
to the epvironnment via the | ow tenperat.ure suppl 4200a and vi a
bty BEb PG ST G0 BT rOLPh S SHoc PBul 2560 POBE6T when
the environnmental conditions preclude exclusive reliance on the

f r ee- cooPliogeps ipdangstous sad arqnsrio faluges. The ¢aedingsystesn|4900.crpibe ather 8ands at or
exceeds a predeterm ned wet-bulb tenperature limt, or if there is an

i ncr easeavonds the filkbgtstehoaxtr pervessatle dhadohing sydtem A0 Ithe badat @rcpdsisndhe 60,
70, 80, 90, 100, or 80", the close-coupled cooling system 4000 is pl aced
into an boktgrBBL® runnBefRAI&Rly; §55¢Rherbn) Wit sRdethdr. PR Bisiobircdifd t he

i ncrenmental , nechani cal -assi st cooling node of operation, first cooling

circuit Alﬂdboa@nﬂzdohﬁn%%ﬁmug glg'g%}glegg 5pfﬁie_tsta4899t@,sba@g§§eﬁaﬁe Ap0\EIW th

respect to the free-cooling operation continu O remain in
operatio ile the third cooli ci,r eyt 4300 ich jncludes the trim
condenser dhoofhe Bt bedBr a0 BHaTte: <5 d0net TG dohl SUth e rer
conpressor 4310, is placed into operatjop tqo permyt incremental, additional
cool i ng Secaripehindin ‘éﬁO?Ié}&tséiStﬁ@a‘@%ﬁcﬁVo thegiilugs mg%? filbeyStap SBute QViEh ¢ hat
the cooling capacities of the first, second, and third cooling circuits
4100, 42pOcesarmndageeafer anppeashithas the tradigionaljcaekirgisyisisor-ement al | y dependi ng on
the change in heat |oad fromthe nodul ar data pods 50, 60, 70, 80, 90, 100,
or 80" afid1?4] arthirdhalngeoolingepywitenoiPdntiads « diighict itolemnbaded high tvbebulet - bul b
tenperature. [00170] In an alternative increnental, nechanical -assi st

cool i ng ERGRradire® ARAALthONraditial i1c08king AQteMI CTHCC WiallitbAM0 cadlthgt REst&RCONd
cooling circuit 4200 as described above with respect to the free-cooling

cirourt BB ORR oA Th R b PSR A AT ! fy Sy feceoet T o

sub-cool er conpressor 4410, i ced into,operation t rmt increnental
id ¢ 1 onti” BYaRngRaRet HETyath b Eber Bt ERe sy Ror BT ahstAGHT or g0
such that the cooling capacities of the first, second, and fourth cooling
Ci r cui t sSWYiYe in 255-RRHNg ARde iy aypedaiady Y0 "qr Vhe) thetved-tuH icamster| y
dependi ng on the increase or decrease in heat | oad fromthe nodul ar data
pods 50, e@0¢ds7i®, *(Bthe t©@litidrabcoading8Pstemmaidsd swiely fromanfyec covlivgsystomnent al
conditions based on the wet-bulb tenperature. [00171] Wen the

envi r onnegttahicaboshlingaysteand/msvild sufiierbt tadagfto amIThata@swrarodabsutpods
50, 60, 70, 80, 90, 100, or 80" preclude exclusive reliance on the
free-cooljeng Hdgegbe ABEFAHDOT, LAGGhOGaN WAL BoSinzh§fstdN§afTtot fictC hpmENt al
mechani cal -‘assi st nodes of operation, the close-coupl ed cooling system 4000
s Pl aceds il BdiRRLEIRAL & 120 NET SRR AlanIEARARLARI PRI BE JRYS 6
operation. 1Tn e supptenental’, intremental, nechani cal-assi St node of
operation, the rst cooling circuit, 4100, the second cooling circuit 4200,
and the 99918 SHESIRBOS R gFrerasfy additinnabeqolBe CaMGHE with respect to the

i ncremental , mechanical -assi st node of operation continue to remain in

oper at i oWOMAP]l e Qmher eher kandoBic enpliag systpm HWOOS the preseeiddiselosiropay ati on to
permt increnental, additional cooling of the nodul ar data pods 50, 60, 70,
80, 90, HOer tdera86 feruuph Weabulbhenpooitirng ¢apae tehdedofientd)ehd nrastmusecond,
third, and fourth cooling circuits 4100, 4200, 4300, and 4400,
respectively, are adjusted increnentally depending on the increase or
decrease in heat |load fromthe nodul ar data pods 50, 60, 70, 80, 90, 100,
or 80" and/or any increase in environantaI conditions based on the

wet - bul b tenperature.



[00172] The cooling system 4000 has many significant advantages over
traditional cooling systens, such as chilled water systens, chiller plants,
or directwoxpemasi®d cool i ng systens. First, the cool i ngPsYAiSeomABO9
requires far | ess nechanical -assisted cooling infrastructure than
traditional cooling systens. The cooling system 4000 increases its use of
nmechani cal - assi sted cooling infrastructure only when necessary.

Specifically, the cooling system 4000 has two basic circuits, i.e., the
first ciwenbdlb4dOfcranct thhieths ecoling Gisteaud@00420Curvidd e freecedingtrasdd iy, and
two backup circuits, i.e., the third circuit 4300 and the fourth circuit

4400, WhigfoXiHate®Nl ¥ 2 W eRuAERRESARY thaPSCthE kaditiodal cbbﬁn%@sfe%.cbh@éﬂh% 4300
is active only when the wet-bulb tenperature is above the threshold

t enper at yr.e n u i heWw b4 .S Aact 0 fjrst
fluid | i%ﬁebd“ 1?6%31%?%& oéx}/zcg?&st r%Z'léf [ ?éﬁﬁioldglﬁﬁesb{%te?lag Bg%%{%%%% %lecertai n
threshol d. Since the two backup circuits operat nl en essary, e.g.,
appr ox! HEEERPIED STt KA Eng FOT STt T FREnEosys i J008 over oi |
relies on | ess mechanical -assisted cooling infrastructure than the

t radi ti omarhaglss| cerypPwysed gopling 0oms| Saeskd, ant aiditians] rerjingyepasy100657s | ess
prone to failures than the traditional cooling system Specifically, the
cool i ng kWstwemck,000 twonpbestueley agofidmtly fesd Iposygsttean tlewimditiondr cqmlingess
that is common in the traditional cooling system A full system sw ng over
process §uidnt hBscaagd BEROhigWAoISHBLE feT Hiyh HBUbEIL RgnpRNRrQRR CsihgRYyAnd
starting up another, which typically happens when the traditional cooling
system SXY?]GOC?@?%ttQFEM‘F‘e%”fo? af ﬁigﬁ deRQly ngdax%ﬁm,a@%, 30 TBENRRIEA, 18ROkt N9
system The full system sw ng over “process |Is dahgerous and prone to
faiIures&angﬁﬁoqhhpgyﬁ¥sten14000, on the other hand, avoids the ful

system ove %rog%ssg At he cool ing system 4000, the basic circuits and the
backup circuits run independently, t .cooperating w th each other. The
basi ¢ ci MO478ls Fouthatha caoks PYFTE 490 inrp0s VGF%’g%fflﬁ168%§1ant#? Hadipaale of
the backup circuits 4300 and 4400. The backup circuits 4300 and 4400 are
tur ned oepodbinkysywisen rdeetwoking systewot Hl0nglayimiz¢secasgy istgngsy 8y dnvmgoeavoi ds
the failures in the full system sw ng over process, and is a safer approach
t han t hesitnpédfrtd-covding eamlciwigcls ydice om afrddpRdt td hssisd codling tho ol dag csyst.em 4000
has a hi gher tolerance for high wet-bulb tenperatures than the traditional

cool i ng Ryt &ihpld HReldoalind hRaal the @8blipdsysitat SIV00&MSHRE] ¥ liRARd dF WB&¥r,hi gh
operation cost when the wet-bulb tenperature is above 10 C. For instance,

the maxi %ghy\fotr-iﬁggget ?s”g@{org}%%értﬁaﬁ DAk Eshx%ﬁ%i't're j§/0t {i@l)%l th\%& b alsé/osoth‘_ﬁg‘ucan

I
survive In a free-coolin I'S appr oxi eﬁlt e wet | b
tenperature exgceeds 10 C..the traditiopal cooling system mist switch froma
fro. coolPirg st 15 el nalt OSBRI B By e b ah SR er Tt i ent
cooling tg an IT data center. For about every half degree abgve 10 C, the
mechani calfuncgen iohghe ipse dintha T datagenisr ats he leasdinercgsral thegorling skdpici ty of
320 kW which denmands the traditional cooling systemto acquire sufficient
power t o4¢¥nermasestitsepoaddiconsungitios dotel tycaapagiimoreasp @0 iesflovomatche beher
hand, the cooling system 4000 of the present disclosure has a better
t ol er ancevd dasihicgbuivetindiod bctivarpetabtibeth. of theshuvkue rdxoditdyBritich, hh@myaxi mum

generate more cooling capacity to compensate for the load increase. By contrast, as the
load decreases, the cooling system 4000 decreases its power consumption level which, in
turn, reduces its output of cooling capacity.

[00177] Fifth, the cooling system 4000 is more scalable to the size of the IT data

center and casier deployable than the typical cooling system. For instance, the cooling

52



wet - bul b tenperature that the cooling system 4000 can survive in a
free-cooling node is approximately 17.2 C, nmuch higher than that of the
traditi omsiD 2020118359 system Once the wet-bul b tenperat uPeTaseEaMds761y. 2 C,
the cooling system 4000 switches to the mechani cal conpressed cool i ng node.
For every half degree above 17.2 C, the nechani cal conpressed cooling node
generates an additional cooling capacity of 45.7 kW which, in turn,
consunes significantly | ess power than the traditional cooling system
Because ofstent 4000 ghn thel doptuyeed rheduldryght wedcifinlthrgtedpecaious én anhid dmal i ng
system 4000 is better suited for a high density IT data center, e.g., 40 kW
per rackgenidram bdiRrab RNk Ok &mhg rs?stgms\tvﬁi@h Ha®Qd 8l dcbRiyEd s af WRolgOO! i NG

system 4000 1s nore energy efficien han the traditional "cooling system

Tne ool AR e ARR BT, ORCO 3N BBV AR. Bl |,
Cem e W B SRR R B S RO B U A 2999, B, 2

power the traditional cooling system Further, the cooling system 4000

adj ust s §Qodingowdso dusrie mﬁsfﬁqu@?ﬁrﬂwhwwmgwagméopﬁ Gt boAcrdeyeding axdidgi n t he
| T data center. As the |oad increases, the cooling system 4000 increases
its poweandcotelpoclory $ysicels whick dls g/paral icockreassten failsgofdoowFurdicesthen t he
two basic circuits and/or activate one or both of the backup circuits,

whi ch, i furhbdrivf g6mes §iseni4®0CcRploydd i€ @P AL idhth detef mmlgaj&%@aled fab¢orling | oad

i ncrease. By contrast, as the | oad decreases, the cooling system 4000

decr easeg, (j{ a?zrpa(ﬂ’ﬁ@rch%r%g;#gggﬂrﬁ{kdr‘agx@\lfth‘,"@ftﬁgilTithatcEﬁt@r. reduces its output of

cooling capacity. [O I1fth, the cooling system 4000 is nore scal able

to the sj f the,lT.data,.center a easi er, depl o | e .t han e i cal
cool 1 ng. PT78 RS- R RLRIEE e RTRE ElePane R0 G BE AelieictB

nmodul ar | t s?ecific, targeted | ocations.in an IJ ata center, iq contr ast
to the t%ﬁwa COIMEY SIEPs t Ieth IHHNoR: e SoPlinswystrapf RPegadsesaRH¥E I¥8ver i ng
the full extent of the |IT data center. Due to its nodularity, the cooling
syst em 4006 capitpb eed spayéranee.| Beghdrotss toritstameray eitieicreye vt eoliagdysemi ds

| ocations that do not need cooling. Also due to its nodularity, the cooling
system 4000 hanaldewdepdratiomdcann eXs sit icsgit,athd doetingfsiystemoddlONy sipsd eom whi ch
the typical cooling systemfails to do. Further, the nunber of cooling

systens 4@R0veeninaieeadifiond cbdlitiBb Rt NBefausBYf REowEAl Ry 86t 0hGldBGIohO t he
dynam ¢ change, e.g., shrink or gromh, of the IT data center. [00178]

Lastly, Eo*lf‘s lggg}dlé}gnc?%} ﬁi%%%@-%ufﬁém?eﬂaﬂ%ftﬁ&‘&fl :SX&%MOE)B%“% At the

traditiona I ng syste or 1 nstance, the coo g system requires
relatively. lowiniti api.t al. d i Nt enanc rther, due to its energy
Gt ot ertPmEREoEs Bt E) Sedin dR o Rt T ou bW B P cost . As o reoul b
the cooling system 4000 is nore cost effective than the traditional cooling
system BOEAUse Thwus,a congobpteateey inwmpdaicd to anapdrislosotystesn picssurs gl HoVer ance
for high wet-bulb tenperature, the cooling system 4000 is an opti nal

cool i ng huoimes fivlizing bypdsg honterd stvgs, | tTmpatmrcant pnessues sgnsord,ankiiégreyerr ack.
[00179] Thus, a control strategy is enployed to enable close system

pr essur esagtitsfah® prdsalre Fpntes s UThisicohfi@l dpyRas ettt gxetutydinies, titheamekat ur e
and pressure sensors, and receiver safeties and pressure regulators. This

control  SARhEG¥itBYnhEc B3R LE! icS'mR@r?éntst. TR @Afoll Srafc@ly FhdoPRthteVidel
dynam c control of all conponents. The control strategy incorporates feed

back f h fach | - | i based
on- 1 eal - D PRASTBGr o R irare R PR Gu R PR R BLE B fillgoa=®

| 00180] e 00 ISRty hak 88k St d, gl ove-coupl ed cooling systers

[00180] One of the benefits of the dedicated close-coupled cooling systems (e.g., 525)

is that they can adapt to the different heat loads that are generated by different servers
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is that they can adapt to the different heat |oads that are generated by
different servers contained in the nodular data pods. As a result, the

dedi cat edwol2oe¢t18338pl ed cool i ng systens can oper at e ef f iPCirarseé/0616mo
contrast, traditional cooling systens for data centers and data pod nodul es
are typically designed for and operate at the worst case conditions for a
particul ar conputer design. Also, traditional cooling systens cool all data
pod nodul es according to the data nodule with the greatest heat | oad.
[00181] &dnGined irsthe wothdamtite pddagrian eésult, deddakidaed closseouptsdptedinpybri d
refrigerant-cool ed and water-cool ed cooling systemfor nodul ar data pods.

I'n the exgmpsadan EARMNIOT Hrlcbhtrdse, telRlidHal %lﬁgggﬁeﬁl@lf@ﬂ &da ByREdsd

refrigerant-cool ed and water-cool ed cooling system525 of FIG 2A

i ncor por ' - ' | S . S - bei ng
applied ?%F%%%ﬁ@%ﬁﬁgg%gﬁ%ﬁgbégﬂg9&%$%¥q§%83%&$%%9g%?ﬁp% &f%$géﬁgﬁ eSendent
and indiyi dual |l.y-punped refri.gerant cooling,coil circuits 4001, 4002, and
2003, [ 0o pryHABH BT RuFE AR D s Al BT ab he g SyE ot 8T it Ry
allow for chillerless operation, is housed within an auxiliary encl osure or
corrpartn@ﬁtiulsﬂgicoﬁgn&l@stg? Apfa eyl withhergreaeshbedt loasd. FI G 2A. The dedi cat ed
cl ose-coupl ed cooling system 525 includes the three i ndependent and

i ndi vi duglon§tjpuped? nef sahgmanbntliagool ohgdabedtedlpsuidupleddPbrid 4QBgemand 4003
that are each simlar to the cooling system 4000 of FIG 6. For the

pur posescdied bad ividfer-dobRdr &oling&yystdin €¥0moB@at dida FddsC Ui knSthO0&kndl ey
illustrated as sinplified versions of the cooling system 4000 of FIG 6,

but may &ﬁg&dﬁsmeap ir1@f 7t Bé?i{:ﬁ@& lé{c%é-_ceapleﬁglybﬂ@ é?%%-%@&@d Abhd Rl $er-6-

Those skilled in the art w recogni ze t cool circuits 4002 and 4003

al so may_inc]ude each of.,th ures of .cooli.ng. syst 0 F 6.
loores] e 4PfinE Qi ng P FIGRA T mR = oo NI P AR R e
the first cooling cjrcuit 4100, the second cqooling circuit 4200, the third
cool i ng e obeing AgpoHetor B A @%mpﬁg?%c?fjr%&-t2f%4nbélerf@§5é€tt FEly. As
descri bed above with respect to FIG 6, if the wet-bulb tenperature is at
or exceeidependeidedendivia! leumpgfl befrgapet seelmg ¢aihtirquits 04 e 400V anfui d
circuit 4200 is placed into operation to sub-cool the first fluid fl ow ng
t hrough 4008.first cooling circuit 4100. Operation of the second fluid
circuit 4200 includes operation of the conpressor 4310, the sub-cooler

exchangefppigf0a @Rddédié MR E QnABRSEFled 2QRMng 3Bt G265 efwhi@emait aflbwi fbr

receiver 4128 that is designed to provide stable liquid levels at the inlet
to liquid; [ p : o ' [ r.eul 1:iqcl.udes
R R R e R RO SRS
coupled to prijmary coqglin rtical,coils 531 to 535, adj,acent to rear

o dbs sotSeltiEainte Tt kil % RIES 407 S Lud i PG e biaur
vertical coils 531 to 535 are in fluidi¢c comunication with refrigerant gas
fluid suppl yooheden the dbsevinderendayt ands indiadushy -nupwed Hgfrigesans (gopline celnect i on
header 410l1a. The refrigerant gas passes through the primary vertical coils
531 to 5@&cuite 460bl400Rand 00 that arckschGinitay t& OB, coobsp exsttént d0Q0 o REG. 6.
refrigerant gas is then discharged to refrigerant cooling gas return
connect i Bor thegaeposdd of lchrity)ahe irsfrigiraiid todling c@@NTUvite 00O rarsMiltustrhdae as

el ectronic equi pnent and fluid return path 4100b descri bed above with

respect k& vBrsidnQQF3Rd chlﬁl§ss%»§faﬁfi4@dor SUFLG 4D Q% ! HeG8e CAH1r econdary

cooling vertical coils 21 and 22°as descri bed above wth respect to nodul ar
data pod In . I tiopal. ( ver k. co0l.4 il 3, 24,
and 25 tﬁé&“%}%f%%§m§£g$%§f?@§‘&Fﬁ@skré@%%gFﬁmﬁééfﬁ%f“ggé%2%5%§&8§? i cal
coils 21 to. 25.are in flujidi omuni.catjon with refrigerant gas fluid
supply pSft ng gouts 10 %r}ds‘qu%éﬁ%q gay dpglu o%ﬂCIV““ﬁé %ea Ay ?fﬁcoeaﬁ%ézs%t?ran
header 4102a. The refrigerant gas passes through the secondary verti cal
coi | s 214Q® AFIGwhi ch are generally positioned in proxinity to server racks
501 to 505 to cool the server racks 501 to 505, respectively. The
refrigerant gas is then discharged to refrigerant cooling gas return
connecti on header 4102b that is in fluidic comunication with the

el ectronic equi pnent and fluid return path 4100b descri bed above with
respect to FIG 6.
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[00186] Sim larly, the third circuit 4003 includes one or nore (N+2) cooling
coils, such as third cooling coil 30 that is disposed on the suction sides
of the aiwoenrxuB#Bors 16a, 16b, 16c¢c for further cool i ngCofustéra/oaion9
circulating through the air circulators 16a, 16b, 16c, as descri bed above
with respect to FIG 3. In a simlar manner, third cooling coil 30 is in
fluidic communication with refrigerant gas fluid supply path 4100a vi a
first refrigerant cooling gas supply connection header 4103a. The

refri ger pot83jas Thas,sts doblimgigitciitsed@hi #002; coldi 4093 caby eddh inbhideitse gesier al |y
posi ti oned above server racks 501 to 505 to cool the server racks 501 to

505, resgpftink\aklit 410@ th&§dchbB® tadlingd@ult 4200 eMe %iﬁ?&ﬂﬂﬁ%@jﬂcﬁﬁ ugHa,iagr ant
cooling gas return connection header 4103b that is in fluidic comunication

i v oonS R i B P A A R BB B SR B B G 1
h respect To F1& 6 00TATT LR “cony'unct o' h F'G Yo,
Communi cUE A BPRGNET s CYseRl BT OEsB g MEbPre st re el

the cooling water sup I§ header 2152a via the primary cooling coil_ cooling
wat er sujssPyd cﬁé‘%é@fﬁlgﬁ A%03 placoghiipte oreratipnt fousud-¢oot dhenivstc Bl offowingh t he
first low tenperature supply path 4200a and via the primary cooling coi
cool i ng thatueh thefivst npod migreactit ¢ 0 200emtighmotthe isscond fluidicidiugt 420fmnriudeat i on
with the first high tenperature return path 4200m The prinmary cooling coi

cool i ng ¥@dr@fon Gt the oBPRREET 4300, 4R0OQIH-dodldr lexthdniggi C200ANaNdNrigatiRnyrt h a
cooling water return header 215 | b. The cooling water supply header 2152a

may al so i | AisSo ST A E ) : i : ply
header 2%1}]?2? Qnscli l#lié: %FIIQ%/& t he %g%feli‘%g 4%% Zl%ﬁrlitg gér?%%ﬁgtg errb{)lgi\g?%bgé H@ggal so be

in quidfcefo : %hqﬂihpniw%hhe%l§qunq Q@OIing wat er return header 2152b.

[ 00188] AP Re 'Héa oad Mt Re Rnéu'ar data pod 50 increases, the
secondar 1) vertical cooling coils 21 to 25 can be installed and the
second ¢ ﬁy‘ﬁg i it 004 Behecie SPBPW@%@&QQ%WW@#@%%PM ool i ng
coils 21 to 25 and to the cooling water supply header 2152a via the second
cool i ng ¢HI0b thatoire Alpidigtcenplsd pp bymesnpedngoveriad 2eils dhi th53% adracentupdi ¢
comuni cation with the first |ow tenperature supply path 4200a, and via the

second cmat sidegs S0lial to SO64 b gervatracksr X uo b 06 pregetiveln. 4 202mry whitichl ¢oslsi n
fluidic conmunication with the first high tenperature return path 4200m

The secontl o5 28 irf Alildi CORMMRSIcNRInBKith edftEErafORRTRId Qipph2FAnUil60d Waf | ui di c
comuni cation with the cooling water return header 215 I'b. [00189] As the

heat | o sl . ol : or nore
third ( ?ﬂ?&%@%ﬁ‘ﬁg&é’ gﬁ? ghg%“pgﬁﬁr]@%@gﬁh@%ﬁfapée‘éﬂ?% e ??ﬁg%ént% f?‘ﬁ%%i Fcui t
4003 is connected to the one or e, thi cooling coils 30 and t ool i ng
water sulBTinEsaRimeySRrtRR AT bt g 8l IMCSErPhEHartl Sunbiy
connection 4203a, which is in fluidic communication with the first | ow

t enper at gpReCEYRp y Tt ¢{riggonagasaidthen dicchiiead do aefriggraabepoligoisnstuiat er
return connection 4203mwhich is in fluidic comrunication with first high

t enper at comacetemurqadgat 1914200 ns inTHiiddt coohimgatoei Wit ol ¢legronet equipre¢nir n
connection 2313b is in fluidic communication with cooling water return
header 2ahflfuid return path 4100b described above with respect to FIG. 6.

[00185] The second circuit 4002 includes (N+1) secondary cooling vertical coils 21
and 22 as described above with respect to modular data pod 10 in FIG. 3 plus additional
(N+1) vertical cooling coils 23, 24, and 25 that are not explicitly illustrated in FIG. 3.
Secondary vertical coils 21 to 25 are in fluidic communication with refrigerant gas fluid

supply path 4100a via first refrigerant cooling gas supply connection header 4102a. The
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[00190] Detail 7Ain FIG 7 illustrates that supply header 2151a can be
physically installed with a | oop or pipe bend 2151"a to provide a | onger
total | ermyolomsiIsssapared to the alternate supply header PRTAR201f10O6760Ne

pur poses of providing reverse return capability. [00191] Simlarly, return
header 215 | b can be physically installed with a | oop or pipe bend 215 I b’
to provide a longer total |length as conpared to the alternate return header
2152b for the purposes of providing reverse return capability. [00192] Thus,
the fir stefrigeeqands passds thiough thoabdangdargi veetidal 80Dl to 25)Ghickt @f3generally
respectively, can be installed and operated in a staged or as-needed

manner, pdkittonst 8 pfoiRHY 18 sedat PicROG01 ASBENU BELIURORervBEralRAS01 RASHS, When
the second and third cooling systens 4002 and 4003 are not used, all or a

portion ou ui.gd in. the i i . g t he
vapor st%%%%ﬁgggboﬁ%¥g%kgﬁggg %%Ef@%%g%gh%%%?ﬁ%ﬁé%%%%?%gﬁ%%%Qg%d%u&ﬁich
i ncl udes the subcoqgl e nser .1300a, can be operated to maintain a

| qutd 1 edeion faager BB dBR AR Mt P BRBrT R SR A (ot gt ce
refrigerant cooling coil circuits 4001, 4002, and 4003 may use R-134a
(i.e., 1and fuid ratampath H0bdenaihey abee vk Fesnect 1o RlGther embodi nents, one or
nore of the circuits nay use other refrigerants known to those skilled in
the art.[08a86 ciSumuatly,400 third@02yit 4003 4D0Blchasici drsmoren(N-2)wiodlingfepilger ant
punp 4120. Each circuit may al so include a secondary or redundant punp (not

shown) . §RA%R4hirfFlc6oling edib 80 shaus dwpbet-cionk adctiandeansst e k308rculdiodt her
enbodi nents, the cooling system can use air-cool ed condensers or other

types of | GORGRNIESr fuﬁﬁ@ﬂ”bo%ﬁﬁ'%@fﬁ% hircidcGltih {H?S&ghQEé 2B RGN OB f (ja?ﬁ?d:'t
controls to nmaintain, optimze, and manage %he refrigerant and cool i ng
water citeuits. The col d-water sij f ,the cooling system can use.. 3Ry

mect um 1 S ety RS R G, 3184 Bl S REE RMeE3EN 30 ) i o
cool ers, . gl ycol ..wat er-cool ed syste and geof hermal syste [00195] The
control Hntf %@gﬂﬁ OB ORI r@@?%tg%eﬁb‘ér Sthrhe PR gi?l%’g &H %{ﬁt

wat er -regul ati ng val ves that regulate the ten8§1ature of the liquid

ref ri gerehtgasans expobng sgagisyupplysennpgiont heatlae 460 i rdiesiggigsmant rgals upessscont r ol
logic that nonitors the interior conditions of the nodul ar data pods and
regul at etrduph thoohirdgodingt @ih Iuthauis pasedyqositivacd ab@renselver emarsdt uve and
speci fic rack-1oading requirenments. The deionized water or refrigerant
circuit s5gmyo @86l tHensdrideracRAB0Uant 503U MBSpecti i@y, PUIRS re¥fiferdit ¥&NisVitea and
are controll ed according to various control strategies. The control

gééﬁﬁ §?L§f%”§“a%ﬁd2"éﬁ@?ﬁ%%%%% ?Rgﬁ{gg%n%ﬁ@?‘éiﬁfré%iféé‘fejﬁﬁgﬁ%b?@%f?% SuhgErC o
i o1 - CoUTRACBERT Y Ly U TSRO0 Sa BRBH G (104, 5atPap  Ack 0o Enow ng

0
the flow of cqoling water, e.g., deionized (nonconductive) water.

Wat er - cotorg vadoresiegt ©yldBef 2400 i ncl udes three i ndependent and

i ndividually punped dei oni zed water cooling coil circuits 2401, 2402, and
2403 i nst0AN8Ed Wi tdeherahuxicbijangtieanwitb e 65 it thef inptpd idoafigwatien, ghe fi50. The
circuits of FIG 8 are simlar to the circuits of FIG 6 except that the
dedi cat ecbotingSircaioupd Bdk @ohiditgonaheticioateith 208 0iryRleical coslingoswilkepl aced
in FIG 8 by a dedicated cl ose-coupled cooling water system 2400, which

i ncl udessiiegt sBXahEREL IR cd%ﬂﬁg Leraa 1&@1%&%%9@@ ¢4Q0: Bﬁmﬁ%o&ﬁn@%{lher _
i ncl udes a dei oni zed water source (not shown) in fluidic comuni cation with

a dedic aéoeogifg)%a%rns%ioplglhéolnhgcrtioﬁ l51'26 1 %%QCID RUR ?ﬂuc\ﬁ‘c tcgfinﬁluth?c%tigﬁl )v(viitlhi AL Yirst
encl osure :
low temperature supply path 4200a and via the primary cooling coil cooling water return

connection 4200m, which is in fluidic communication with the first high temperature

return path 4200m. The primary cooling coil cooling water return connection 4200m is
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WO 2012/ 118553PCT/ US2011/ 067679 [ 00197] The dedi cated external chiller skid
2450 is illustrated as including a first nmechanical assist chiller 2451 and
a redundaw0 20exsdd3nechani cal assi st chiller 2452. EachPpofi/usb@1memiié ng coi l
circuits 2401, 2401, and 2403 includes a heat exchanger 2420 having a

dei oni zed water side 2420a and a cooling water side 2420b. On the dei oni zed
wat er side 2420a, deionized water is discharged fromthe heat exchanger
2420 via a deioni zed cooling water supply line 2403a | ocated within the
auxi | i ar yn fndicosuireurbddion Thieh deboling edtee oclnnigcadat 2r5 15 U piileycobling wadd 3a

i ncl udes redundant punps 2431 and 2432 having a common punp suction header

2430. Healypf, NalUer 212hYRdY D18 b ATILIAR FREMLACaERE RitRA%esthd ®olifE WaRd t O
t he heat exchanger 2420 via deionized cooling water return |ine 2403b where

exchanger Pno0 e U comify Fab PRl gl Tl APa 2 ALt IR IR0R, 2420

[ 00198] The.cooling water. side 2420h. of heat exchan 420 is in fluidic
communt cANRSEGTHIEHRNCUAT § SGo MRS inE BTy HERRR 628 vi a & f1 1 st
cooling water supply line 2410al. The cooling water side 2420b of heat
exchangel0028810 iAs Hicsheaf foad| withincthe gnedidacdate edwi® Hcrgssese dlog pergndt er
return header 215 | b via a first cooling water return |ine 2410bl. In a
simlar @ahbheertas! cediogichesl2 hbo¥ecan behinsteBpkatd the s@endicboli afcull48027
Detail 8A shows that the cooling water supply header 2152a may be in
f1uidi c goypaedtedtd e wkddtady Seeiefldcovnalicods Batter2ssaiploythbeadehg 3bkka.
Simlarly, cooling water return header 215 |b may be in fluidic

comuni Cﬁfpip Hati 328 8 %L se&%ic%n%&&r caﬁﬁg%@ﬁ@gﬁ@ ohrélion 496391 The

mechani ca ssist chillers 2451 and 52 are in f communi cation with

t he commop. pu ucti on header 2430.,vi first deionized chil\l.ed ter
Lo ob o aRhicR R Al RS onRd e fsfioh ibe Rl Muff nfR 408
expansi on, t nical assist chil]ers 2451 and. 24

nk 2460. The nech 52. ..

al ter nat Bry I peEnAGPORTE 0 AERIBE YHGHIAHE C@J@B%@Po‘&%og% Phchoizen fdicemove
heat during the cooling phase of operation of the nechanical assist
chi | | er scaaBunigatebm2w8h thafrsthsghhiamgerature refonl path ddPomi zy seeemsk cdgdioR to t he
expansion taffl( 2460 and punp suction header 2430.

coil cooling water return connection 4202m is in fluidic communication with the cooling

water return header 2151b.

[00189] As the heat load within the modular data pod 50 further increases, the one or

more third (N+2) cooling coils 30 can be installed and the third cooling circuit 4003 is

connected to the one or more third cooling coils 30 and to cooling water supply header

2152a via third cooling coil cooling water supply connection 4203a, which is in fluidic

communication with the first low temperature supply path 4200a, and via third cooling

coil cooling water return connection 4203m which is in fluidic communication with first

high temperature return path 4200m. Third cooling coil cooling water return connection

2313b is in fluidic communication with cooling water return header 2151b.
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[ 00200] Those skilled in the art will recognize that although the deionized
chilled water supply and return are illustrated as occurring in an

al ternat iwgQ 20equeisée via first chilled water supply andPc@&tuseorilosTeas 2461,
the deionized chilled water supply and return can also be effected via
separate supply and return |ines between the nechanical assist chillers
2451 and 2452 and the common punp suction header 2430. In that case, the
mechani cal assist chiller skid 2450 includes separate punping capability
(not shopoy9eind xeghat & BIpPT yllwndtes @hatrsapplyniesdémdis iahannhe plysivatlyf r om
the punp suction header 2430 for a continuous cooling node of operation.

[00201] Astafles MithReopBPYHWch 21 ?Pzp ﬁpﬁrobﬂletahl%ngé&%i raphl Ktoratddng system
2000 of FIG 5, the deionized cooling water supply line 2403a of the first

et S R YL D S Lo
i di i 31 535.
FEAE T R A A

2101a transports deionized water through the primry coolrng coils 531 to
535, whi kend 319 1buorprowids anangrs tﬁ@hieeathdei mrzaé@ri Wathéralfte@af%@ﬁfm hsadaret ur n
connection header 2101b that is in fluidic communication wth the deionized
cool i ng ¥e2brfor tht purposé¢snd pRedding r§\@aR02juriAsapdbdity.i bed above, the dei oni zed
cooling water return |ine 2403b transports heat to the deionized water side
2420a of [gohe2]heathuexeharnysr, 24384, Ine thireweaflingoelrtwig WaOEr 4002,t heox ool i ng
wat er side 2420b of the heat exchanger 2420 is controlled by a tenperature

or flow QR kil f*A Ve IRatled %n@%?%{eﬁqnq %ged?tasl&@dbdtrﬁ%ﬁe?mﬂear ghyee in

t he dei oni ed cool i ng water supply |ne 24 the first cooling circuit
2401. [002 the dei o | 0 ter su l.i ne 2403a of
the second 8 E‘atad)o rP‘%IZ? fhn§415)fnt foagdl\gg%n\(l)% F%n(f thlrdt B9 lﬁlé second
suppl y connectlo 2102a t hat enerally e S in t he nmodul ar data
pod 50 ahdigs ¢ 0% r*tﬂa 65@ e@mnrseérrgﬁr\rr poTtigR Entg%g r&b%lmdn@l teifwdar to
25. Again, instead of transporting refrigerant gas, the second supply
connect i AciNeRAERS mpgchangsia theneqpor stitaleTondorater vihis erccutignsgg et feartecond
cooling coils 21 to 25, which, in turn, discharge heated deionized water to

t he secoadeeM@Onwhmhﬁedt&mnhae&deobﬂ&ﬂﬁhnﬁmaBO®§cmnbébyﬁdkdt@ﬁmnumhcation
wi th the deionized cooling water return |ine 2403b. Again, the deionized

cool i ng yag@H 1&.1 W the kdMBerddARId FRBSBIM IS, heat to the deioni zed water side
2420a of the heat exchanger 2420. [00204] Also, the deionized cooling wat er

igﬁgL%iL t?% 43ﬁ§BQL%qu ﬁﬁglsﬁ%%?%hgghﬁ%%%?gﬁoﬁ4ﬂggi§ . #%gt generally
d h d 5 d h
oo P S R BB s el w&r@rﬁ%@rﬁ%w "

refrigerant gas, the third supply connection header 2103a transports

dei oni zethe\gicatts ewr/drr@wﬂrqrée&rg@r%lrs ke thihage skidled Ay thortts Bsh qipstn, in
turn di scharges heated deionized water to third return connection header
2103b t h4@01j, 4003 and 08B has osowmi loatid osfrigeaht plenp Al 2&dEedotirewt may elsor et ur n
| i ne 2403b. Again, deionized cooling water return |ine 2403b transports
heat to mbrddeisedvnded oratd@indsitpanpAB0eshofvny.ne heat exchanger 2420. [00205]

In a simlar manner as descri bed above with respect to FIG 6, if the
wet - bul b[00194] FIG. 7 also shows water-cooled condensers 1300. In other embodiments, the
cooling system can use air-cooled condensers or other types of condensers. Each

condenser circuit includes energy-efficient controls to maintain, optimize, and manage

the refrigerant and cooling water circuits. The cold-water side of the cooling system can
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tenperature is at or exceeds a predetermined limt, one or both of the
mechani cal assist chillers 2451 and 2452 are placed into operation to

sub- cool wbeotzilgssszed water fl ow ng through one or nor @Cofuskdg/06wad i ng
circuit 2401, 2402, and 2403. [00206] Thus, the first, second, and third
cooling circuits 2401, 2401, and 2403, respectively, can be installed and
operated in a staged or as-required manner in an individual nodular data
pod dependi ng upon the heat |oad requirenents at a particular tine after
initial uksnglnhaliumfofkjdtieg bawe, ©f., aivceolod dydtans, dadslmgrodsrs, [I02é]lerdThe heat
rejection can al so be acconplished using air-cool ed condensers or ot her

types of sicendensedodlcd§ysicaOhst YRirmal fRtcdft20b of the system can include
any nmediumfor rejecting heat, e.g., air cooled, cooling towers, fluid

cool ers, ol t I - G i h s ant
purps. - TS, 8" ool MaPRRWENGLBP, e RGEHAE dhhRerfle PRGOS,
is managed by the control, of requl.ating valves |aocated aon the cold side of
e hoat Neetraniine Yohie el gl HE GAPoRlrSat ediaid ittt Sa8d based
on a predeterm ned set point. The systemincludes control | ogic that

noni t or sgERk SPnPARt o' he sreling syserpfinglidesnenntiioh dogdathat Jaeritosh dher BYRIIOAt es t he
cool i ng system out put based on internal tenperature and specific

r ack- | oachndgione @fithrcemeditlar. daRopddabing refpiladed the doalatgerys@mdowpygdnasidon thanks ar e
used to provide water to the cooling system as needed. [00208] Thus, the
data podmt&adl tdEPcRiirbeind dpeanic zeck-Watipp REuirahéitgerant dgaarddgateidrs. Each
set of coils have individual circuits that can be used in tandem (to neet

hi gh de"%‘Pﬁ‘ge_)raIR oir@gity ﬁg;? Q%%?Pglﬁ?%&dﬁﬁdﬂt gﬁﬂ%&.sThé: P%nﬁgsxﬁrn Li€en ViE®sdAla pods

can use a prinmary set r typic ondi t one or nore
suppl emental _set.s,of cails for .other canditions. 0020 FIGS .9-11

i1l ustrat'é %Onr%ﬁ?i}ﬁ? dieqiing Fod*8gHe s ?grsatt%%l?ﬁw arl&het 801%%%% TERE T M dul ar
data pod. 10 of FIG 3 with a few differences. As conpared to the geperic
modul ar  HAPROFSY deeegd sloRTBE a5y & A dafledpeation agcording e dlotl ar
data pod 80" as illustrated in FIG 9 includes an additional "A-Frane"
cool i ng edmpuiing tadoelogyn one enbodi ment, the "A-Frame" cooling circuit 2601
contains a coolant supplied froma first cooling cycle skid 3001 as

di scusse0b@blowEAMGt B is @asg@cmhatiodibEmh off 2n aremplBry dhbodiAcht afre'dedieicing
circuit 2601 has an "A-Frane" heat exchanger assenbly 3400, which is forned
partial | Mo@f-chipRld RatcERbdISd 2A0RE: Gyand BRDZ2& &pplicd! tesibabiad dafd Fdd55010, in
conjunction with an air circulator support structure 816 illustrated in

)t SO L AR P g gl S 0 e
I L e v WM R RIS .

the top of each server rack 803a’ or 807c' to the bottaom of the server

rack. Af vater eprding; qoilpasaiss 24 My 3teh 2ad 28P3 apstalled gvithiig gwgliary engloswievdp rack,
e.g. 803a', the air passes across a heat exchanger 3214a, and then enters a
hot ai sl ef 800dlar Hategtodd>bhet Weenirtthe oferierd amcimiler tp. th803wuits ahdfl@n6
external wall menber 1083'. Subsequently, the air circulates upwardly into
a third yakpnthaBed3dedieut@bBpk&toupdRE c6dlingUivatet evst@y cl0B0 ofEIGI T id hewn

recircul ates through the "A-Frane” heat exchanger assembly 3400 in the sane
order degplichedn FNBY& by a dedicated close-coupled cooling water system 2400, which
includes heat exchangers, and the cooling system 2400 of FIG. 8 further includes a

deionized water source (not shown) in fluidic communication with a dedicated external

chiller skid 2450 housed within the auxiliary enclosure 515.
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[ 00211] The nodul ar data pod 80" is supported on a support structure 8000
whi ch includes fluid supply paths 2701a and 2702a which is part of the
first fluwo2eivasiss 2071 and fluid return paths 2702a amdTAR®N/06tsTTh i S
part of the second fluid circuit 2702 as expl ained below with respect to
FIGS. 12 and 13. [00212] The nodul ar data pod 80" al so includes cable trays
340 that are exenplarily nounted above the server racks, e.g., 803a'" and
807c'. In one enbodi ment, the nodul ar data pod 80" includes a dedicated

el ect ri cHi019BweThs ughaligatedeegernanehitier shide245@t tseilluetsat8B2s lincadiad affira | ower
end 811" of the data pod enclosure 108". [00213] As seen in FIG 9, the

ext er nal maetahniAPBRR ThilR8I45andd 0B Gundlet Is8@n@Nm&MBhicHI &sBL 2hillgt 2450 upper
end 811 of the enclosure 108". A data pod covering nenber 812 is configured

and di sppggd, ¢ eﬂeacomy%ﬂ Ef?cﬁ%ébzr?tto‘i‘”ﬂ(ﬁ' g}{ﬁi 25 s APRY {%Ecgn ﬁ%e% 2412h00214]

FIG 10 s an u I ew o ta cent er

nodul ar data |den ical .to t cent er pod 80
o P& Bl eetizen e niRan and aactoahl&%magﬁr BBt 8l %ﬁbﬁ%ﬁdig? nieefloss er
anount of server racks along each external wall nenber 1081'-1088' . For

i nst anceWaichaids| #8at dejorized watdr inedischpigae drom dlss hegtichanesr 2420 8 packs
803a'-c', and the second end 88b' includes two server racks 804" and 806’
The ser végiomagk soateg Wwatcasumiydide i2403a Tddated harlengbe iabkilistyr atcdabuienS H.G 10,
or other shapes. [00215] Mdul ar data pod 80" also includes first heat
exchangeTke &didiaedlcdtdivp vateralpe 1Be2463a makkiss Rddadant BORPS 2480 243and
804', respectively. Nbdular data pod 80" al so includes second heat

exc hangeﬁa%n%@%@mﬁlo Qicﬁgﬁlﬁ@ad“e? DY H@%& va%%? Getu %/prom B9 tRodulANd
[00 e

806", respectivel y IG 11 is a lower plan vi t he nodul ar
data cen il stratln |r o atprs. 8 nd_ 816h gsed

bel ow ce?iaft Bﬁ%)g? 8§ rgt% fth? }ﬁeat Grer 2é§(§l§1 c(gen mze 088I§l Watgr EFt%r(I)lri v gur ed
to force_ air flow vertically upwards thrqough a, sunp 2. trays
340 exhib 3baWB@fﬁel}ear P@exq&a‘s‘%@pﬁ%we%mq SQP%F%MW}@ @ﬁg&s@f 31& Beatcke
803a'-c', 804', 806', and 807a'-c'. [00217] In one enbodi nent, as

i | | ust r atebanger RA2andithe eaplingeatppddd 24208 shedwat evchpreger 8620.nay i ncl ude t wo
"A-Frame" cooling circuits 2601, 2602. For clarity, odd-nunbered reference

nunmer al s[00&98)r tTthec oogone Mtgeri Balcudd2Dl roft heatf excdianga@old2@ ei irc Uitidi2601 and
even- nunbered reference nunerals refer to conponents included in the second

cool i ng &drhi@uhitatd0%ith! ths tablidt makeragpYPRdaatd 21529f vih NEefig®Qbbhty Gakgui t's
2601 and 2602 need not take place concurrently. [00218] The two cooling

circuitsg @g%hn@%?og{lec?hé’ 0GR @gtlrels éik bgg%ﬁfﬁe%&h‘;h e§t2|4§99% 8%% gycl €

skid 3001 a second coo I ng cy respect

shown in FI.G 13, each co CUIt 260 udes firs f|UId
ol oni ¢ "BYEE e TRRRn S OF folithutud g gt ATSUE VR e Froh Cinen o0
are evaporator circuits that utilize RL 34a or. a simlar refrlngant and,
in one eWdGHFGERtInCAd0bh {masivailarmanngy @ desmibash 229v e Srithvicsnect eDeali ous

heat exchangers of the data center assenbly 10 or 10'.
7A of FIG. 7 Detail 8A shows that the cooling water supply header 2152a may be in

fluidic communication with a second cooling water supply header 2151a. Similarly,
cooling water return header 2151b may be in fluidic communication with a second
cooling water return header 2152b.

[00199] The mechanical assist chillers 2451 and 2452 are in fluidic communication
with the common pump suction header 2430 via a first deionized chilled water supply

and a return line 2461 that is in fluidic communication with an expansion tank 2460. The
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[00220] Returning to FIG 12, each of the first fluid circuits 2701, 2702
includes a fluid supply path 2701a, 2702a and a fluid return path 2701b,
2702b, bowb 20f2/mBi56h are in fluid comruni cati on with heaCTaxsehangsrs, e.g.
310l1la-n, by carrying fluid or refrigerant to and fromthe heat exchangers.
The heat exchangers, e.g., 310la-n, are placed in close proximty to IT
servers or I T racks in the IT data center for providing close-coupled
cooling at the point of |load. [00221] The first fluid supply path 2701a

i ncl udesmacHhanicat aksiandiillqeatdds? 7da2452, altdrhablycéiatvi ésogiaed aniterofromothki ng
fluid to the first heat exchangers 310la-n via sub branches 2703a-n and to

the secopgahgst t81CNaBEab SredbIearcat ‘dhﬁn? URe RioBREN §hag’ B dpBratidN & (T ik St
fluid return path 270 I b carries coolant fromthe first heat exchangers

310la-n fﬁie@ha‘?ﬁ&g ers lﬁﬁﬁ%s 749?%}18 2ng E%&a 1sEljfh?%g j[l{esctoofeg%gﬁ_gzeaivﬂﬁwﬁ CEGOL

and carries coo}anﬁpg om thé secon exchangers nvia su

branches 06a-n.. [ 00 I n,one enbodi nent, e first fluid supply path
2701a inEﬁéﬁéﬁmaﬁgégﬂﬁéﬁ%Paﬂ%HW$B§W“§W6§a%ﬁ€ﬁ3@ supplies coolant to fourth
heat exchangers 3401 a-n via sub branches 2775a-n, and then to fifth heat
exchangeiﬂéng@ozéﬂhﬁ.se vhdcd do|tharrtewilt sccopeize jthathplthengh dhe HelnpiEed cBRlda- n vi a
sub branches 2776a-n to the first fluid return path 270 | b via a branch

pat h 270&b@2r stjpdy @odlretntn arenbvemtdieat ofouomg mearf alterhdtirgnebqhierfce hvih dagt
exchangers and is converted to a heated fluid as a result. [00223] It is
envi si ongdliéhattct Beppie and eethinUind Pl hthe2dtitazdd dhakal Wittt bupplsbidichurhes and
functionalities as that of the first fluid paths 2701 a-b to cool heat

exchangeg.s, eﬁgﬁ bacffectdd %ﬁaﬁegara%lglpgfyi%ﬁfs&%th%g bt tth\ﬁ PRl AD bgaves

each heat exchanger, the cool ant eat fromthe heat exchanger and
becones heate ui d, ich.is then delivered t,o the, j,nle f. the pmin
oo are P 0ash i d:adiPiahl, he by Siign Raliods) Bh Bl HE R T 1 o

13, the first. cooljng .circuj 601 i ncludes a coqoling, systemsimlar to the
cool i ng %@%&a@}ﬁaﬁﬁwf ifes skes E%Sﬁ)én?liufi% SepRIgiccP USRS wpaaﬁlﬁv fhovwdndhe
first fluid return path 270 Ib of the first cooling circuit 2601 are

r espect i eppsptcawpleehd wturndings (ot skeppl tp apdtirom tlgopuram duatioa Herdet2486t ur n
path 4100b of the first circuit 100 of the cooling system |n operation,

t he fi r sforfalcontinuoat usslingahdd2ofdpetatioar ri es the heated fluid to the first
return path 4100b, which delivers the heated fluid to the main condenser
1300 whefop2oine headgeritdduidve svithaedRdt RNdc CRRELHHAEH cdingRYSRRASRDOVT
cooling the heated fluid, the main condenser 1300 may be aSsisted by the
second cj it 4 : i i it 2281 . fi.uid
exits frgﬁ?#%g“ﬁ%%%n%%ﬂﬁgﬁggﬁﬂ%%gﬁﬁﬂpngf¥§?%8¥?%ag to Pﬁ%kﬁéPﬁ?ggHgnt
liquid recgiver 4128 where t li.guid level and temperatyre. of the fluid is
reasur edi e TR reyeh the e Erpfliond RBETLAiE Sh8 st ne sub
cool er conmpressor 4410 and the sub coql er. condenser 1300a are activated to
i ncr eas eS| infuths medelpr dag/ead PR due ds tindTuidispemapypigation WHB WY, After
the fluid exits fromthe refrigerant liquid receiver 4128, the fluid flows
to the |¢apling calsr pyletarit3Spudpsterti20f twhipehtigmmpsigehaet fghsi the ow supgy
coolant, to the fluid supply path 4100a, which then delivers the coolant to
the firstornketich Beadpl 91(pat thankpiadeidhieed oatarnthroophltee pHsanbeodlRigs&dlst 0 cool
the heat exchangers, e.g., heat exchangers 310la-n.

531 to 535, which, in turn, discharge heated deionized water to the first return connection
header 2101b that is in fluidic communication with the deionized cooling water return
line 2403D.

[00202] As described above, the deionized cooling water return line 2403b transports

heat to the deionized water side 2420a of the heat exchanger 2420. The flow of cooling
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[ 00227] Having now received the benefit of the description of cooling
system 4000 descri bed above with respect to FIG 12, those skilled in the
art will wecomniigs3t hat cooling systenms 4001 and 4002 areTAisaqiiobiced
versions of cooling system 4000. [00228] For extrenmely high density
applications (e.g., greater than 25 kWper rack), a dual-coil (in series)
circuit can be utilized. The secondary coil (e.g., a mcro channel coil)
receives the coldest refrigerant liquid first. This coil nay receive inlet
ai r tenpen@t vheake lceskng hater tside 24208t oft thepenatwhenged 2400 iprconmslicdcioy b

(i medi ately adjacent to the IT racks) (e.g., approximately 6.2 Cless than

the inl efenfpRrARGE 3k WoS Edhtlol QalRE kHMREYa®@itdd dep-gﬁ@enlt sk theaBslppandé & theapor
| eaving the micro channel then enters a sinple serpentine single row

evapor at T rack. Therefore
t he serp%%?%%%i%%gpé%mﬁg @@ﬂ§!ﬁ§2ﬁ&%#gﬂf ﬁk?agﬁﬁéF?C%$§4dl nately 46.6 C).
The rema liguid can be hoiJed. .off in serpentin the utilizing
Che i IWeBR | tBbfngaRs demPrd iRk st BTG i b P et pi oo
There are no thernal expansion valves or other pressure neterlng devi ces
ahead of citqy 2492 isin flydezgmnpynagation Wit the seaeadsuprly aprigeten bgadgr 2102a

wat er - cool ed cooling system 3000 for a nodul ar data pod, e.g., nodular data
pods 10, th50genthlly Z3ten8 nt®the modylaraduth &l S@hnd-sGS flukie 2@namdic3idiBwithn t hi s
enbodi ment, cooling towers CT-1A, CT-1B, CT-2A, and CT-2B provi de the heat
rejecti ogbcbﬁnaWGzoemg EGIMTENto 231 AREInC Atdad JoSitSispoRtiBa0 0@ rideRardtdag the

enbodi ments, however, other heat transferring equi pment can be used, such

as ot her efcbﬁld @u%ﬂ%'c%hﬁeé%ﬁ M erC O PN ﬁow (B ng&%' HEEniSY tw%@%raﬂh%rg'h“&llel*des

dual redundant e mal ns and eqU|pnent coo ing towe [00230]
More particul arl from cool

and” ot olfis SR Al St TG ndgscgaﬁgsval%a %ﬁryonhzegaféms%? Ful 1y
redundant or alternatlvely half C|ty punps, 3102a and .3102 a

r

f1uidi c ¥SAMIAFUER iCORNSRHIPR Rosdere §§ﬁ5)?rathéh%to\ﬁems i gompruniggtiopTvgh, thind
CT-2B via the supply header 3101 and separate cooling water supply header
branch | deiewzal@pangnatd reutn kinech08hat\ epumhe3icdmazedcaakngswater mtuilachr anch

| ine 3101la and punp 3102b draws suction via branch |line 3101b. [00231] The
cool i ng 24(8baranSRRf3 heatctb Uttedeianiz@eitseside?420a of ithpeheat exwhhigeo42(he mai n

pi pes and the branch pipes, which connect the nodul ar data pods to the main
pi pes. Mwpogopar tAIsH! ﬁﬁéldeloﬂlibdon%lﬁgb@dbmaﬁplﬁfhﬂeh%me@fefHe thiCéRtmse, a
first nodul ar data pod cooling water supply branch line 3103a is in fluid

communi caLd a4t maidl@gomlﬁ%uﬁ PRl BEREL S BEAN Gl BAB4 fRasuPPl Y

cooling water to one or nobre no second

nodul ar a _po li,n ter r ine 3103b is |n fI

communt ci1e! BT rgadh i Decref St poRRGaut a5 SRR Prnatader vEhsuppl y

cooling water to ane or nor e _modul ar data pods 80. [00232] Cooling water is

suppl i edOIteombﬂ’@“‘thlWD‘?@hﬁBd?ﬁll&ﬁoda/ﬁ%?lbddétegb of frangpoging: FeHHeBNtt S, ‘ihier st and

second cooling water supply branch |ines 3103a and 3103b, respectively,

t hat pasthirdsopplylvonestiankedden? w3entans1su¢seie®lﬁzedfwatmdht®ghdm encpudn@o.

[ 00233] The first and second nodul ar data pod cooling water supply branch

| i nes 31Ma3d @alingd103h 30, ehieRCin Med WisciedrgesCliggatddgduiedzandadt spasedratiina
"U-shaped” configuration to provide reverse return capability to the

cool i ng v@ahekictyfd.g8e BR8. thitQ9¥§ﬁhldT@eorﬁ %hicaﬁomtﬁrdemﬁéed%%hﬁg%%#

t hrough the auxiliary encl osure has been heated by the eqU|pnent in

t he one ul S r

CT- 1A, C%ETE%%H% &%adﬁi ?,&F e\(al cgggn tte? &%ﬁl‘?&ebﬂo%ﬁ‘&a ds%&t%: g%étto H%

data pod, coali ret | i nes 3113 d 3113b, respectively. The
first an@ﬂg@ﬁ%ﬂgaﬁﬁﬂg?gfﬂhéggkﬁﬁd @8@@Wﬁ§3?g?urn branch |ines 3113a and
3113b, respectively, are in fluidic comunication with a common cooling

t oner wat0920%let Up g sHediapamen as desaribdteabore WithgesmeretosFIGT 614 thowettBIbCT- 2A,
and CT-2B via separate cooling water return header branch |ines 3111a and
3111b, respeciureas yt of &B23B]a @Gicdttbmmihyd limdobhagr batherf ths neupplicabdsdio one or
nore nodul ar data pods 80 via a section of first and second nodul ar data

pod cool ing water supply branch |lines 3105a and 3105b, respectively, that
pass through the auxiliary enclosure 818 of another nodul ar data pod 80.
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[ 00236] The first and second nodul ar data pod cooling water supply branch

| i nes 3105a and 3105b, respectively, are also configured and disposed in a
" U shapedWocordiigissati on to provi de reverse return capalpCriusgoiioetehe

cool ing water system 3000. [00237] Again, the cooling water that has passed
t hrough the auxiliary encl osure 818 and has been heated by the equi pnent in
the one or nore nodul ar data pods 80 is returned to the cooling towers
CT-1A, CT-1B, CT-2A, and CT-2B via a section of the first and second
nodul ar ddllas 246l emdl450are @laced iho apehtibn tresib3bbbthealeibndZl Simter opiagt i vel y.
The first and second nodul ar data pod cooling return branch Iines 3115a and

3115b, r@sneHtdn¥ek Mmré%ﬁth@'c%hﬂgbufchwzdop 240DTaAQi2agsi on with the common
cooling tower water return header 3111 and the cooling towers CT-1A, CT-1B,

CT-2A, a 2 a h e n e h r | i nes
3111a an@%ﬁlb%h\rﬁgsg{gc {S\@e%%%{ 0%@3@41111(1] 900"?@1 &r u?t rgr?@ lt%(‘3113 %rﬁ{aéﬂggd for
addi ti onal n? | ar E ﬁs |n r eases, f|r gnd second $Ddular data pod
cool i ng WaReErY Mpﬁ"f“%/ Br’& aieq F"H PP amaﬁds%gf 39, A EdgERt iNAY, "t Rt pass
through the auxiliary enclosure 818 of npdul ar data pod 80, can be extended
as firstindpddusedalarsiaty pad dencadipadipendhe ReptiasdereasipiBEats B ameriquisies
3103a' and 3103b', respectively, to allow for the addition of one or nore
addi t i ontine fcuiniial datadlappadst 80 on¢ GORBE] mdhaarfdataspodand second nodul ar dat a
pod cooling water supply branch |ine extensions 3103a" and 3103b',

respecti poRy7] armearaf tgestiod candiwi sPasethplibhad Usihs hiaRedicd @onddngersairi on t o
provi de reverse return capability to the cooling water system 3000. [00240]
Simlarl et gﬁeg bf %Bn&ageéemdcor?%k&rs@@@mw@f &@f%lggtgﬂl £ fﬁ?ﬁd@ raﬁgch

| ines 3113a and 3113b respectl can al so be ext ed as first

second nndglar dat%cﬁﬁtﬂaﬂ cooa%n ter, bra%chm %pl Q§hq@5|p 313%%3a and
3113b’ Bec a § 6°%1 rewto e %&d%t oo u‘%g oF “nbr e bi ona
modul ar dat a p [00241] Those skilled in th art w ogni ze t hat
first angfds otﬁafﬂ??gdarﬂlsﬁlralafSapaa VE BIPdt REgs- ?E%ﬁ@l}}r%@aﬁé% 118131054
and 3105b, respectively, and first and second nodul ar data pod cooling

wat er r ethardeitizadcivater hewp BTIS:tadis3naBEcd bystheconiel 9f quaﬁltlags\@l\tﬁé
extended in a simlar manner as first and second nodul ar data pod cool ing
wat er sulophtyd bnaie boltlisite @xhehsit@rshaddgOsa ThandgdadibvalessR4f5ras¢ opgnddsecond
nodul ar data pod cooling water return branch |line extensions 3115a" and

31 éSbéb ERBOIBSId HBLY on taOprBHdOMIAT sdthRiRATIHe SRt iR EortRI GogtRdMtar dat a
pods :

monitors the interior conditions of the modular data pods and regulates the cooling
system output based on internal temperature and specific rack-loading requirements.
Portable deionized water and expansion tanks are used to provide water to the cooling
system as needed.

[00208] Thus, the data pods can use either deionized water or refrigerant cooling coils.
Each set of coils have individual circuits that can be used in tandem (to meet high
demands) or as redundant back-up circuits. For example, the data pods can use a primary
set of coils for typical conditions and one or more supplemental sets of coils for other

conditions.
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[ 00242] The first and second nodul ar data pod cooling water supply branch

| i nes 3105a and 3105b, respectively, can al so be configured and disposed in
a " U shape020rangisgurati on to provide reverse return capabiuszen/06w7¢ he

cool ing water system 3000. [00243] As can be appreciated fromthe foregoing
description with respect to the reverse return capability, the total path

| ength of the pipe circuit that connects a nodul ar data pod to the cooling
towers is the same for each nodul ar data pod. This reverse-return feature
al | ows n@d0Yr daG8. pddsilligrdoe a anlstidhridat:opod 80t wakthdd siniitumtd hiee garkicng
system wi thout requiring a system shut down of adjacent pods on the circuit

or af f echbAflat Q8RR B8 LPFIGT 3aditRGERly AFfREs datAchRMied kOdREHenctibl S

feature enables a data site the flexibility of adding and subtracting

SSSFL g B0uRanRT Bﬁ%ﬁ“ﬁfﬁ%‘% 2@%&@2@ %?%%CEQ%%@?&?‘éh_%éﬁ%ﬁl%ﬁﬁéﬁg‘}f%%ni,;ﬁl o
o ooont  SEHELin g Poltetiet % RdlBiaaf TA R FEr Sl i L IR ot

nodul ar data pods with relative ease. Thus, a nodul ar data pod can be
i nst al | eempedigent, they “A-Framqyecoolipg fiaguit K0 contapns agnlang surpdica fioaus firdqui r e
| ess upfront infrastructure work and thus | ower costs than a typical data
cent er henoling cyblassédl BAHdisndjsomsad bdlowe wiflOB2dE} t-FEIS.1B asd &3.sdherdti ¢
di agram of a cooling system 3000" for |ow wet-bulb environnents where high
wet - bul bFgardicbbln}S cib@it 2600 asis QA A -Fra@eC Weat &QAAAIRY aSyHibBNBRV) @ hidhSis
identical to cooling system 3000 descri bed above with respect to FIG 14
except tme&g@!rmg, oY St S0 F B! ahdCIsed8s, aidiaain ¢ig! 1@y 3150 The
cool ing system 3000" 1 ncludes tﬁe one or nore cooling towers CT-1A, CT-1B,
CT-2A, or CT-2B or..other .fluid cooler that effecti for | ow wet-bulb
condt &1 or Oefon S stion gt SR&EplsRy STA RS EEL FE B oh Vet -bul b
condi tions. . [00246 re particularly, podular chiller 3150 provjdes a
bypass aﬂ@ah&l t HeIth FRlCTsPCay %Kg%?hen%jr CERERST B4NPOR, st@?tuieaglwc °S 3kd CT- 2B
since the nmodular chiller 3150 is in fluidic comunication with separate
first andraddendload lithgandad ke thattage orfedest ansk dispased imesagnaritg isduge3111b,
respectively, via first and second nodular chiller suction |ines 3131a and
3131b, raspeculaviehyin thedfoioing elpactidne fColdt aiand thecand aidel§009' fatvar
supply header branch |ines 3101a and 3101b, respectively, via first and
second naslhvedrdBfrbh@he BpSENALE Servbmni@sk 80 2akayr VU 32RO botidrh REEd 3@V
[ 00247] Under high wet-bulb conditions, the nodular chiller 3150 is placed
into ope [ c OV : r [ ssi.st:.cool i ng
Rk Qficl ﬁmt @a!rsr%g Gﬁgegﬁ E%@%@hg.,%ﬁ% &Pdserv&ci@&?'e%g%soﬁa Sth hir€

to one or nore o r-data y Injecting c er water Into

first d d | i t | y header b h |l 310 d 3101b,
respect | VERS 00248F! CbrTeHS 22 A o doo0 s i BelcTT A Es e ToRul ar
data pod hive so that the cooling systemcould operate with ljittle or no
need forthg ssBisaragke cehif0Per apd aBoBitCrpplevlhtasmbsr 198 SubsaueHly. fhaipy.

circulates upwardly into a third volume 8003' to complete one circulation cycle. The air
then recirculates through the “A-Frame” heat exchanger assembly 3400 in the same order
described above.

[00211] The modular data pod 80" is supported on a support structure 8000 which
includes fluid supply paths 2701a and 2702a which is part of the first fluid circuit 2071
and fluid return paths 2702a and 2702b which is part of the second fluid circuit 2702 as

explained below with respect to FIGS. 12 and 13.
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[00249] FIG 16 is a schematic diagramof a portion of a water-cool ed
cooling system 3110 that includes an existing water-cool ed cooling system
t o whi ch woadoi2anssfat a pods, e.g., nodul ar data pods 80, parascaupbmd? The
nodul ar data pods 80 nmay be designed to be fed fromall kinds of

wat er - cool ed and refrigerant-cool ed cooling systens. The nodul ar data pod
structures 80 may be designed to operate on new or existing condenser

wat er, glycol, geothermal, waste water, or refrigerant cooling systens.
[00250] p@2sHoWThemddubar defls pdbd80'palpd g lides rublberaywddd aliat ded exepdsilg0 i s
coupled to an existing chilled water circuit. In particular, the existing

chiller Mahfedabseltht séiel 1EIS c g ROBR ahdAder I3 lendtitdiAedt et b dugader
3202. The piping fromthe data pods nay be coupled to the "warmer" or

"spent sjde" B il ' e N n
because ?‘ﬂ% p?r(?)ggl {ah?hféig% gdg%aé@{ljglcraedgfg%ﬁgr%ergl{}?ﬁly’eeﬁ%'gngtoﬁ(rii%dg@toﬁ%?r{egﬁggﬁhi gher
than typjcal ,confort c i,ng Syst ens,. re ficularly, water-cool ed

cool i ng @%F%?ﬁ %&WGTFW@?L@E*& dﬁgﬁ%ﬁgﬁ%@ﬁﬁgﬂm having a chilled water
side 316la and a nodul ar _data pod side 316 I b. The chilled water side 316la
is in fl0031Y cakmbaenciat Flén S?Nitgﬁ cxsaraali wigll erpmbesy 10%Y exndy K80r defisagar 3202
via heat exchanger 3161 chilled water supply line 3160. [00251] The "spent
si de" wagrertufa 8’ ahen ohpdrlead 84dtadrthe enadosurdéd®ier AROR2pdd owsring maanghert he
inlet of chilled water side 316la of the heat exchanger 3161 via one or

nor e chi §126d copfi@ired hiCAUbRIst® th PohaRSer t€ substanAMINPE3L iiApanee 3162B. The
outlet of chilled water side 316la of the heat exchanger 3161, in which the

watter i SigROuRt 0. §heN keI TRST A B A, ARIRRF Sl RrkdiSoHERE! Alet he

inlet of the chilled water 316la of the heat exchang 3161, is also

in fluidic,co ni catlheon with the.chilled water, return h er ia the
purps 3189478 pEBEODR Mol MafichLle oF Bl Ml pF LI 2 P
3163. [00252] The nodul ar gata pod side 3161b is in fluidic communication
Wi th oneSHePhirk toagraar 3l LptsEPO0O Wi 1AClYdGrob S8 HRQUPt PEPCBIT IS wat er
supply header 3165. The nodul ar data pod chilled water supply header 3165
is in flapog eachowtarmdoeall mamipt w&lﬁ'é()g&)’dlﬁoéﬂnm& thodlospated 8itemp! prllt he
heat exchanger 3161 via one or nore nodul ar data supply chilled water
supply poember B)&3: includepserd Gdoks R08a'2] aAB thesstcdnd drait 8 Sbainetudtd wssekveam t he
outl et of the nodular data supply side 3161b of the heat exchanger 3161 to
t he nmodutaaks 864 an@®A6'ChTid @evarah@ds HspPRE ¥rrh@adah a34G8shaphes Mushfed ifodul ar
data pods 80 are in fluidic communication with a section of nodul ar data
pod chil kgel I‘G%F&hé%@ X header branch line 3166 which passes through the
auxiliary enclosure of nodul ar data pod 80.

[00215] Modular data pod 80" also includes first heat exchangers 3101a-d mounted

above server racks 803a', 803b', 803¢', and 804', respectively. Modular data pod 80" also
includes second heat exchangers 3102a-d mounted above server racks 807¢c’, 807b’,
807a’, and 806/, respectively.

[00216] FIG. 11 is a lower plan view of the modular data center pod 80” illustrating air
circulators 816a and 816b disposed below central aisle 850 of the modular data center
pod 80” and configured to force air flow vertically upwards through a sump 852. The
cable trays 340 exhibit a generally “U-shaped” configuration above the server racks

803a'-c’, 804', 806', and 807a'-c".
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[ 00253] The cooling water that has passed through the auxiliary enclosure
818 and has been heated by the equipnent in the one or nore nodul ar data
pods 80 iwonetumsssd to the existing chilled water returrChasdan/ 8802 via a
section of nodular data pod cooling return branch |line 3167. The nodul ar
data pod cooling return branch line 3167 is in fluidic comunication the
inlet to nodul ar data pod side 3161b of heat exchanger 3161 via a commpn
heat exchanger nodul ar data supply side header 3170. [00254] Simlarly,

cool i ng W82&T] i 9n st pmbedinicat, ap dltrated ire FIGRIular3, dat modhogsdaBOcanta padsect i on
of nodul ar data pod cooling water supply branch |line 3168 that passes

through ghemapxichi®twoeNCFasir o8l tcdRokben 6P dwbataHBL 8dRAGMBEed[ 00255]
Again, the cooling water that has passed through the auxiliary enclosure

818 and e e dat a
pods 80 ?%§P§%J$h 9%%9?%%0cBﬁgﬁH%FPgﬁgkﬁggaﬁggfﬁgt%ﬁ%g 'qugﬁg%%dof heat
exchanger 3161 vu%]d section ) ul ar data pod caﬁ£ retur branch |ine
3169. TheHIHN % %tfeée&‘f&dl%%t‘ﬁﬁ °F &3 GRRPYIeRRCRCY SSGF%H foding
fluidic communication with the inlet of the nodul ar data god si de 3161b of
heat excHEWfe?0031 dnstgllafionrmdanersiontddhe sqelangecuitirgdl and dé@%neadpiity si de
header 3170. [00256] The nodul ar data pod cooling water supply branch |ines
3168 andtaBd fBceregncatrstlibe confi gured and di sposed in a "U shaped"”
configuration to provide reverse return capability to the cooling water
syst em 3[p0Q18][ 0025 7woT b linp tWitcalts d80 B JH0dSrcEelne @bslentbgupsittdwirdh £ ffirdt! ed

wat er that has been used for other coollng purposes and is in transit back

to the c The data pods
&RJh'ngg H@@ktfd%b%hdﬂg | CI gf% c(y'c}egs\ilﬂedl 356%)9 Fe?ibétclrttlg&?ont

may operate at extrene y rol system can
be nodif 0 inc rat tim.zation
strat egi L0%91§|lhese > TP lelgﬁesnﬁo PG nf?}) méamcgl%%?gg 3 5 &IS %tdﬁ]l er gy

use, but also redyc the oper at i_ng s..of the_ e chllled-mater
plant. [062%8} 0As prlieh TBPeapY e ciTAF 65 fleieh Gty 87@5 4159 7 BreTPAgtgai n to
Fl GS. 2A 2G in one enbodinent, the present disclosure relates to a

modul ar eiguas o utibzgR | 34noe %tmllalateérlgﬁ@@t@eé, inpnEle@bodimentypdeinathededla pod
106 in FIG 2B, conprising: an enclosure including wall nenbers

cont i guoflsidic opirmedcdtnonieh thoohtieus laabaghaigckealSthe dite cettgeassé¢mieladio onal |
menber in the shape of a polygon and a data pod covering nenber; a
pluralityyof conputer racks arranged within the enclosure to forma first
vol ume between the inner surface of the wall nenbers and first sides of the

conput er gop3seiS %@urﬁm%%otft@} viol ung, H%P{HEEﬁ'rs fluReso d&&'ts%ﬂ?szﬂfz h@ﬁd&é’gp“t er

racks; a conputer rac cover|l ng nmenper COI’] lgured to encl ose e second

AR ey R B A T N

an air circulator configured to continuously circulate ajir thrqugh the
first, sﬂ%lérf@mr%tﬁucqﬂﬁprvat%t% gEehangge %93 1 ﬂi a{ny py, §W§étt1%é1uiqnoﬂﬂle@§e@lﬁ and
17A, the nodul ar data pods 80 and 180 i nclude significant adaptive,
expandabloggnddnain ithat heat tadbbegdreale beat chettangdrs.omg.t A0 ldat, arqpldscdt o dhase

proximity to IT servers or IT racks in the IT data center for providing close-coupled
cooling at the point of load.

[00221] The first fluid supply path 2701a includes a first branch path 2702al, which
carries coolant or cooling fluid to the first heat exchangers 3101a-n via sub branches
2703a-n and to the second heat exchangers 3102a-n via sub branches 2704a-n. The first

fluid return path 2701b carries coolant from the first heat exchangers 3101a-n via sub
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nore easily deployed in stages. Mdre particularly, FIG 17 is a schematic
di agram of the data pod farm or nodul ar data center 1400 of FIG 1 in an
earl i er sweagei2ofisshepl oynent of the nodul ar data pod hi ve@CTAB01i1lob1632 r at i ng
staged expansion of the data pod farm 1400. As shown, in an initial phase,
a partial hive 1410 is deployed. The data pods 80 and 180 shown via solid

| ines are data pods that are deployed in an initial phase with the base

i nfrastructure, which includes punps, electrical conponents, and cooling
towers. WiahetestAn0Sa-nnbdckab tdedlratydowhing cicue 2681 aampbdari8 casidntlB0m thbown vi a
the dashed lines, and associated support systeminfrastructure may be

added. Ai&@ndﬂ&ﬁ@x&ﬁﬁéér@@lﬁl&%%%sulB’HfEB@hes@"/%élhher equi pment for the
cooling systemcan be added as the |oad increases over tinme. [00260] The

physi cal [dg E%]as tlﬁ ldﬁ%] 811}180 thS ifd ikt ﬂulﬁ'sﬁfplgggtheiﬁ(f% cfites g@?&oﬁ%i vRden! ocat ed

on one s |§ arrangemen uces e anmoun plpe needed

to support.t act maj ns ectrlcal
cabl o T orits 23Tped 6 syotiist Souiae g%a& R R gt 3400 G S B S ey
reduci ng_t he anount of support branch mains installed in the field and the
cost of ?Hord.ldnddghené é‘tﬁf@plaﬁrat chehpnerrs n0As D nThesoelagt exitsTihe iffl) Bentr educes
costs significantly. [00261] As shown in FIG 17, a nodul ar data pod 80 or
180 can Gehagned3i@aor Via&rmb\}ceahoﬂm@ﬁ?%aetanatmdﬁtshﬂuﬂ 1kdi0 peth 270datvaa pod
chain 122, 124, and 126. In particular, each nodul ar data pod 80 includes
syst em cempengnh 97012t Eel @dlanPeloes Hadt dropoths 86kt endifiadeadxtinghe dat a
pod hive 1410. Each nodul ar data pod 80 includes an auxiliary enclosure 818

contaln|QghaC&b%hgdapgh&h&pﬂ&hgahr&hBCU|t section 820. The fluid and
electrical circuit sections O may 1 nclude segnents of HVAC pi pe and

electric nd The nts 0 e, and elec rlcal ndui ts
cont ai ne@i(n%ﬂeag 'S efl VeiRe© (zum eﬁ?‘f}méincql(gggﬁ{%@fgj ]tlaverﬁlmﬂ?rl ei‘?cfl hd
electrical link position ternally t he iliary enclosures 818
bet ween ﬁwel@s@.h&?t ﬁ@thahequ*eaﬁat ﬂatimaéh%zl‘ﬂt ool t%atﬂliﬁafdgx%ﬁn&qﬁ%g tdhar data
pod chains 122, 124, and 126. [00262] The auxiliary encl osures 818 and

t heir HVﬁﬁ3pﬂpén®ﬁaV@HBctrlcal conduits facilitate staged expansion of a
data center w thout disrupting the operation of previously deployed nodul ar
dat a podH0224] coyy ths pooldhiigave@acinfedt rkclampen) dicutodlanFabsoesaligat &pmathei ni ti al
depl oynent of the nodul ar data center or the nodul ar data pod hive 1410 of

FIG 17 RaychaMuBed 288 beécthesaReled Thiid, MHich Rith&HidlivieRtal t dhdialcR of Bthah
cool ing device such as a first pair of cooling towers 131a and 131b, supply

i nes 11 %§ﬁﬁ’ d 125b, and a chain of nodul ar
dat a pods f%%% ac Hu&%&%&@tgg?g§g Bh ‘he chain of nodul ar data pods 122
i ncl udes uxi | i S 8 th cont red o n fluid
Lnd o oo™ ds ke SR Tl %%%érstéa B8 3 d S ssBling MR ha
of nodul ar data_pods. 122 al so includes a data encl gsure 85 (see also FIG

1) that @%ltaat%e seolingasystem YbeftFlbh OofThgdireifind pewply pthd’ Qtﬂjarét tBefirstcal

circuit 822 (shown schematically as dashed |lines traversing internally
wi t hi n dflvid retueh psthr 270856 )of dhel first poelsentirewgt, 26 1gare respeetyvedy Coupled/wr thiccal | y
di sposed upper cooling coils 841, 842, 843, 844,
first supply path 4100a and the first return path 4100b of the first circuit 100 of the
cooling system. In operation, the first fluid return path 2701b carries the heated fluid to
the first return path 4100b, which delivers the heated fluid to the main condenser 1300
where the heated fluid is cooled and condensed. For purposes of cooling the heated fluid,

the main condenser 1300 may be assisted by the second circuit 4200 and the third circuit

4300.

67



845, 846, 847, and 848 di sposed above respective server racks 801, 802,
803, 804, 805, 805, 806, 807, and 808 or overhead flat-plate coil 860
descri bedwalowe18ésBh respect to FIG 4. PCT/US2011/067679

[00226] After the fluid exits from the main condenser 1300, the fluid flows to the
refrigerant liquid receiver 4128 where the liquid level and temperature of the fluid is
measured. If the liquid level is low or if the temperature is high, the sub cooler
compressor 4410 and the sub cooler condenser 1300a are activated to increase the liquid
level and/or reduce the temperature of the fluid. After the fluid exits from the refrigerant
liquid receiver 4128, the fluid flows to the liquid refrigerant pump 4120, which pumps
the fluid, now the coolant, to the fluid supply path 4100a, which then delivers the coolant
to the first fluid supply path 2701a. The coolant would then be reused to cool the heat
exchangers, e.g., heat exchangers 3101a-n.

[00227] Having now received the benefit of the description of cooling system 4000
described above with respect to FIG. 12, those skilled in the art will recognize that
cooling systems 4001 and 4002 are simplified versions of cooling system 4000.

[00228] For extremely high density applications (e.g., greater than 25 kW per rack), a
dual-coil (in series) circuit can be utilized. The secondary coil (e.g., a micro channel
coil) receives the coldest refrigerant liquid first. This coil may receive inlet air
temperatures less than the inlet temperature to the primary coil (immediately adjacent to
the IT racks) (e.g., approximately 6.2 °C less than the inlet temperature to the primary
coil). The liquid and partial vapor leaving the micro channel then enters a simple
serpentine single row evaporator coil. This serpentine coil is closest to the IT rack.
Therefore the serpentine coil receives the hottest air (e.g., approximately 46.6° C). The
remaining liquid can be boiled off in serpentine coil thereby utilizing the full heat
rejection benefits of latent heat of vaporization principles. There are no thermal

expansion valves or other pressure metering devices ahead of the coils.
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[00263] As illustrated in and described above with respect to FIG 10,
cable trays 340 that are exenplarily nmounted above the server racks, e.g.,
803a' andwBQérz/118#ad, as illustrated in, and descri bed &bows2eitobrerespect
to FIG 9, a dedicated electrical power supply, e.g., one or nore batteries
832 located at a |lower end 811" of data enclosure 108" of nodul ar data pod
80", that couples to the shared fluid and electrical circuit section 820.

[ 00264] Thus, the unshared fluid and electrical circuit 822 includes a

cool i ng f00229l ciRIGUIil4 is & schemagikrdaper8AGT at Watkr-teoledoddlmygrsgsteino3 dofor the

el ectronics contained within the correspondi ng data encl osure 85. The

shar ed f hidhgla0sly BhECL £1 68t UM ods 301 SGIER, 8080, 0! YeiR: dhirsdt opriss, 320
and second ends 820b. The shared or comon fluid el ectrical sections 820

are couphedhdf GAPLNAT i REhHRim i deooli§E SA0s €10 828 4f, @rbiuf Sha Bhar €0

fluid an ical circurt section is coupledto end 820a
of an adjacent. , secand shared fluid and el ectrical circuit ti.on 820, to
Corm a f PG TE At FIRESPN 49 S IORTER 3R qoBBesTems D) JB Ot ed

FIG 17, adjacent data enclosures on the same side of the comopn fluid and
el ect ri cembedimenis: havtrarn othep Beat dragsferripgpgnipmepsean hrosd.soch poetheallydt hway
providing a user access to an auxiliary enclosure, e.g., auxiliary

encl osur eocdd8and fi§0266}s. | Thecamjing syston alsb titclEdoG dudl7red i dant gipAniamsandet ai |

of an exenpl ary enbodi ment of a plurality 800-1 of nodul ar data pods 80 and
180 whosgqipibid (pirtpLdRicioblig@lovedrg)cui t sections 820 have first and second
ends 820a, 820a' and 820b, 820b', respectively, and are coupled together in
series t m Il St i j TG L 1 i fHiar st and

9329@ bie &y%}n Edﬂygi G818 aJafe?tﬁlfd;& @éﬁgglgltg\t&bﬁ G éﬁilé%,rgT A,

second en 20a and 820b' [ respectively. ata po as a data

encl osurg ing.a configuration that.is ner al Ldentj.cal to.the
cont tgur g S 3¢ PR aned SbufnasRbinen R S Ruly noGBE HET uber
since nodul ar data pod 180 i oupled to the_ first fluid and el ectrica
Cirouit Saurdigh a7 olEmarvel zlﬁlg'é?l??étt}’n@u%ﬁf?’ TR ifﬁd% Ty eglpefﬁtldlfo
modul ar data pod 80, the connections to supply lines 115a and 115b and to
return | ¢qremunipgzonamdthlthseogting [toiwvers ab-1&Y, detlBe 41 T-€1r @nd tCEEBt vien$he820 of
auxi liary enclosure 818" included with nodul ar data pod 180 are in reverse
order, asippgphesienBétl byd bipacdc 83dling watch supslpdehddrobrhing GonnEldibend t o
supply lines 115a and 115b and to return lines 125a and 125b of fluid and

el ectri cl016ishehitat M%Bm dFafs QdctidiXid brahoh BNCY QI HER] Bl@pi3ngrvig@dsW t h
nodul ar data pod 80. [00267] The first shared fluid and electrical circuit

17051 is - fiar end 1710 to the fluid supply lines 115a and
115b andm%ﬂgE?ﬁUf%kPgFﬁggﬁﬁ?nes 125a and 125b of the central cooling fluid

circuit The fluj.d supply,l.Lne 15a and 115b and fluid return |ines
(50 and W38l mekrerseol B Senap 090 ABptS K eCsTonE Bt 'Y ot FerBnar od
fluid and electrical circuit chain 1705 via a U-bend or 180 el bow 1750a and
1750b, rgpeerd W Yranghpinesswhicht qomacetrihe maestylar dakgipodip tuther makt BIPEHJ
capacity is required, as explained below For sinplicity, unless otherw se
not ed, r¥&oes pmrteulary tihendesboipidnpnf el oesenbdivddsirara st enodokdr 8ataaod
auxiliary enclosure 818 is assunmed to also apply to nodul ar data pod 80

and auxi édotihy veated appheb&h8h ling BAB88Js Thaukhasmgduticattanwith dobling wars
electrical circuit chain 1705 includes at |east one supply line 115a and at

| east ongphit HEdet bRAcH &R 3100etS _133’ c@d?ﬁllgr&zitb'rr B eSS mbiomoddr ddaa may
be arranged’in a reverse return confi'guration. For exanple, each of the

shared o i n ' Ci [ Chk t ontained within
2 cor r espsiatne i) (ot nPELE) Gl HEhE AREHURTS SRS SBF S A
segnment s, apd. two return |ine segnents. (For ex le, refer to the

di scussi BB OEmATiCaRn HtE ol WakT by s Breaichl s> L0 gp iR der
2151a can be physically installed with a | oop or pipe bend 2151'a to

provi de epdligageteritopad of mapraodarctmiadsd0t o the al ternate supply header
2152a for the purposes of providing reverse return capability and that,
simlarly, return header 215 I b can be physically installed with a | oop or
pi pe bend 2151b' to provide a |onger total |length as conpared to the
alternate return header 2152b for the purposes of providing reverse return
capability).

69



[ 00269] The shared fluid and electrical circuit sections 820 nmay be
contained entirely internally within the auxiliary enclosure 818, as shown
in FIG AyvoanizpasisBons may extend partially external ly peyarsdottiioe7eéencl osur e
818 as shown by the shared fluid and electrical circuit section 820 at

| ocation 1715 in FIG 17. The pipe chases (not explicitly shown) within the
auxiliary encl osures 818 of each nodul ar data pod 80 include dual
reverse-return pipe circuit segnents to provide redundancy in case one of

t he pi pe[0d282jui tGooliag vaterThesmlied ne vhe sr aond modelat Hetarpede BB &id £beution
capabilities of the cooling systemas each new nodul ar data pod is depl oyed

on a nodgt @k fHRtAdRenANRbAng Watcs shfAy BrRcENal £R3khad3d03E, irepciveryenmval
of nodul ar data pods wi t hout shutdowns or costly water system bal anci ng

problensﬂmgﬂmghﬂg%¥ﬁﬂpgg%H§$F§%%O%§§gg?gghﬁ%ngaﬁaﬁgggoinclude direct feed

mai ns (versus revetse- non-redundant mains (e.g.,
the co oli luid,circuit inclydes single supply.line d a single
Foturn RS THE bt Srcid: ol Sl SordBa “wreh Rty B el 7l Pes
where sel f bal ancing, reliability, and redundancy issues are less critical.
[00270] IHBapand 3103eotcsprstivelieraei eorfieyradl yand odippatedt dn t e Eeshenad
cooling fluid circuit and is configured to support at |east a portion of

t he cool ¢condiguedion tepenide roferscreturn catabditaianthe ftontoduvater Gatean Jdls. | n
particular, the pair of cooling towers is configured to support all of the

cool i ng [0eAs4|r enMeRticsoliig Wher thahas wksoaabisuan tidaduailpegsndiewies 8 feaerakl e
envi ronnental conditions, e. a favorabl e anbi ent wet-bul b tenperature.

g.,
[00271] psndesklivhed BentGRHE SRAH Abre FAS 1R W tal Rifels 4GS rAuddad @ @RC! osure
and an auxPIiarybgnch§g§e6%18. As s omﬁein FI G f%?gthe sﬂared fluid and
el ectrical ,circuit ti o f auxi, | i encl osure ar oupl ed toget her
T seri eyl SR TR T TAS Ui GR Bk Ml FRUOF o EsahEadiost
corresponding auxiliary enclosures on alternating sides of this |inear

pat h. ‘ol deih o8 SPUNE EBT mfélrﬂé%?%gg% ?&%é?wﬁ?ﬁ@@ﬁwﬁ%cém figdt a

encl osures on the sanme side of the |inear Eath forma pathway that allows a
per son t endasseessmppelandath ppdcgolegcichsnbeanch ines Hhbl3a aad Sl bsurrespeetavelt.ake t he
shape of a polygon, such as a hexagon or an octagon. This arrangenent of
nodul ar gatia fhodis comomindesioa vdét a commicar couling tawwewytes methin iedeprilnd as
conpared to traditional data centers. To further increase the data capacity

per squaif] fheQoolihf o WTanAdatral ods-2eynkC PRRCKE depitate AdoRAg QAEH Ot her .
[ 00272] After the 1nitial depioynent, t he nodul ar data center nay need

addi tion RV ¥ ' S age, a second chain of

nodul ar %%?g%%%igggﬁghgx?ﬁpﬁgggﬁ%?%ﬂgf&%@gﬁrg'data pods may be coupled to
t he cent oold.ng fluid.circuit in.a manner simlar to,the injti.al

cop oy melD2371°¢ 19 i apt Gt &% b B P BRE pr HoRmpiaP ol Podsid Vi : ng
towers CT-1A and CT-1B do not have sufficjent capacity to handl e the

cool i ng &t pehipshend wrond@odear datoped cetimgvstgrsupply iraichdiges 3 Hdsngdo, t hen
a second central cooling device, such as a second pair of cooling towers
CT- 2A andll 05> &Bpeataylyb ¢hatt Ipassdthyougbupt edxiliaryt ¢relasera 8 Bl of owlothey nfdduiag
circuit in the second stage. In future depl oynent stages, additional

modul ar das popstls may be appended to the first and second chains 80. In
this manner, the nodular data center is seanlessly expanded over tine.

Al'so, asigaggn iMheHi atd seddi@ SEMIEAUAE AR Bblb Ul shef st ordlf! HASS
supply and return lines in a reverse-return configuration.” [00273] To
facilita h I pL. - th g xpansi on.of t.h | ata farm
1400, FI @%7%‘??@“9 %?%‘??QP?%I& Bﬁoéﬁgd‘feoglgggﬁeﬁo@‘f@és%ﬂ%eéiufnago ggtsgg‘lfeglr m 1400

of FIG 1 : : . :
configuration to provide reverse return capability to the cooling water system 3000.

[00237] Again, the cooling water that has passed through the auxiliary enclosure 818

and has been heated by the equipment in the one or more modular data pods 80 is
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and FIG 17 and of several pluralities of the plurality 800-1 of nodul ar
data pods 80 and 180 of FIG 17A illustrating the staged expansion of the
dat a pod warm214833and of the data pod hive 1410 accor diPag/useoieobhwd ment s
of the present disclosure. Mre particularly, the bl ocks designated 800-2,
800-3, 800-4, and 800-5 represent pluralities of nodul ar data pods 80 and
180 of FIG 17A that are generally identical to the first plurality 800-1
of nodul ar data pods 80 and 180 of FIG 17A. The bl ock designated 17052

r epr esenicsuraed touihd ca@ptng keedrs iICdal AcCTelB,tCT-205 2nd 1Cl-0Beda Aysesttomoniithe
plurality 800-2 of nodul ar data pods 80 and 180. The bl ock designated 17071

repr esentift ainfil dcn@NAoRIACHA CRdd oot fretdrfO BlancRClidides BY 4dd ndisd ural ity
800-3 of nodul ar data pods 80 and 180. The bl ock designated 17072

represen . i I I I 7 i e o

o ur a1y Bg o TR P b A Il Pl R QTS Fnd B,

desi gnat ed %Zﬁil re resgpts alfLui .and el ect.rical chrﬁuit 17091 i.ncl uded
by a fiffH 2l $PYCBEE. 510 ARG U a8 VIR dhe S8MIWoLPAPE The

bl ocks designated 1430 and 1430' are sinplified representations of the
central ©I6T watpr s§tuindipader2dl kihand theeealmedones eqlrldY (odBi G§-24-@nd (di-r cui t
1430 and a bl ock diagram representation 1430' of the cooling towers CT- 1A,
CT- 1B, CIB2wa (OF- &Patdtatcoalieg i wabtudetdrn metdee bmnth dines obllilagarsly Stléhb,1420.
[ 00275] Referring again to FIG 17A, in the initial stage of depl oynent of
t he dat arcgpadtibélye 1410, the fluid and electrical circuit sections 820 of
the first plurality 800-1 of nodul ar data pods 80 and 180 are coupl ed

toget her [60Q3§§er 118 Snk QoftREFhdn: T & thE Iidb @ fANidBl RGE FoBflar GhfaGiddl idcfOrds havi ng
a first end 820a and a second end 820b'. [00276] Returning to FIG 17B, the

first en 20a of first fluid and el ectrical gircuit, 17 LS. n

des: gnat 1At 420 piveny s il opBlSooing it Blef i i Sorook Enf fpao.
designated as 820bl. The first end 820al is pled to the central fluid
and el ectPPeHMelY fgewatss o b ﬁ‘t"?lgfi‘fyc?BﬁlPﬁlﬁa%ggOf Eodylangita pad Sbé’ﬁiﬂ&ent ed
for exanple by one or nore of cooling towers CT-1A, CT-1B, CT-2A, or CT-2B
i s coupl edendsdiandirgeandrsatondovpduer dats ped coalimgovathresupbly brengl lineg X1R8a'f j r st
fluid and electrical circuit 17051 to the central cooling device 1430'.
[00277] 4ami 3108b'S enpeatianiyeto drsicfor iedhddixmneo fwint lor hesp edditidrel Fodulat d4ta
regarding the first plurality 800-1 of nodul ar data pods 80 and 180, the

fluid angoglgectrical circuit sections 820 of the second plurality 800-2 of
nodul ar data pods 80 and 180 are coupled together in series to forma

second f }yhhRgan I rigal..cirecui 052 i S -and a
second eh@hg%0b§?g[§%g?g§qﬁgﬁgr%ﬁ%%bﬁég |8§9%9§?“$H%%%irgﬁggﬁﬁﬁggggéof t he
second fl uid.an ectri ,circui.t 17052 is now desi gnat ed he f,irst
ond 820not it B i a b TS oo iBa el iR e 50n 20 bt 1 o
end 820a2 of second flujd and electrical circuit 17052 is now coupled to

t he secoffifighertignthrrogfdermecrs iern £anabHity frthe cagling water wisteau30017051

t hereby coupling the second fluid and electrical circuit 17052 to the
central HB9a#0ing Sdevidy the 30st aaddeé@rdminndular détamed chblngircurd tebrdt lines al

circuit chain 1705.
3113a and 3113b, respectively, can also be extended as first and second modular data

return cooling water branch line extensions 3113a" and 3113b', respectively, to allow for
the addition of one or more additional modular data pods 80.

[00241] Those skilled in the art will recognize that first and second modular data pod
cooling water supply branch lines 3105a and 3105b, respectively, and first and second

modular data pod cooling water return branch lines 3115a and 3115b, respectively, can
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[00279] In the same manner descri bed above with respect to FIG 17A
regarding the first plurality 800-1 of nodul ar data pods 80 and 180, the
fluid andwelzectmszsal circuit sections 820 of the third pCunsketpeso0- 3 of
nodul ar data pods 80 and 180 are coupled together in series to forma third
fluid and electrical circuit 17071 having a first end 820a and a second end
820b'. [00280] Returning to FIG 17B, the first end 820a of third fluid and
el ectrical circuit 17071 is now designated as a first end 820a3 and the
second eilso B20ktendesl inavsitidsi maaiceds fiag aB2 Qkdnd Thweluldrrdata yddcodB0a I ates
coupled to the central fluid and electrical circuit 1430 thereby coupling

the thi rQg}g%%ﬁnéﬂﬁn@bﬁ@ﬁﬁ&ﬁaj10@&*&6@103@%& firSt dfdescesid MBlulaPBhth HRJdeVi ce

1430'. [O 1] Again, in the same nanner descri bed above with respect to
FIG 17 r.di ' . pl ! - f dul - p and
180, ¢ ne bR TP bbb in el Bibi s, ST K R S SoPIR R 2Ty
800-4 of ,nodul.ar data pods 80, and 180 are coupled together in series to
form a f%ﬁﬁg%“PPﬁ Bn%ﬁﬁﬁ@@éHWPﬁ?éP%ﬂrpééﬁt 17072 having a first end 820a
and a second end 820b'. é00282] Returning to FIG 17B, the first end 820a
of a foutd0R42] uilhealiigt enésesandamodilpc dpte Porogopling igfr geriilybanel linesa fir st
end 820a4 and the second end 820b' is now designated as 820b4. The first
end 820a3l105k ande3 05ty tdspédtively, amad abbent cordm@jurasli arsldispdse0782 a SUmbupeclGupl ed

to the second end 820b3 of the third fluid and electrical circuit 17071

ther eby eauigliiation tdproflertverid tetuen aayhbElte e the cablingl wast dyskrDI@OL 0 t he
central cooling device 1430' and form ng a shared fluid and el ectri cal

circuit mpais 17}£§7caﬁ°‘%_eia!p§fb%{a'i&lt &8 ﬂleFfo@oiﬂg d_@&gipgiglgzwiﬁh?es Ly @ @pd

electrical circurt chain 1707 may have an Tnterimterm nati on point 1711.

[ 00283] Upon increase .. he, f di t.i onal .modul ar dat a
capabi | 1o RAGEPElR: It bT B et oE IR b B B Ae S M
ext ended , by insﬂﬁllation of addition es of nmpdul ar data pods as

| pluraljti
shoun bydathaodiiestieaoglinede s i sy 1of g @zﬂdu%r frRedy ,Tﬂisrife‘(qﬁée-ﬁ&ﬁﬁer
descri bed above with respect to FIG 17A regarding the first plurality
800- 1 of featvdeuhBewsimoduigo datag®damel be 8dded toeorf subirdctaeh drost dstgoobng systermui t
sections 820 of the fifth plurality 800-5 of nodul ar data pods 80 and 180
ar e coupivétbout requiring a system shut down of adjacent pods on the circuit or affecting the
operation of adjacent modular data pods. Indeed, this feature enables a data site the
flexibility of adding and subtracting modular data pods at will without affecting the
overall operation of the cooling system.
[00244] The reverse-return feature coupled with the modular capabilities of the
modular data pod design according to embodiments of the present disclosure allows for
the addition, removal, and restacking of modular data pods with relative ease. Thus, a
modular data pod can be installed in a “just in time” manner. Also, the modular data
pods require less upfront infrastructure work and thus lower costs than a typical data
center having phased loading over time.

[00245] FIG. 15 is a schematic diagram of a cooling system 3000' for low wet-bulb

environments where high wet-bulb conditions may occasionally occur. Cooling system
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together in series to forma fifth fluid and electrical circuit 17091
having a first end 820a and a second end 820b'. [00285] Returning to FIG
17B, the woret2/1w83$3820a of fifth fluid and el ectrical ciPCEAIS201I/POBI9I S now
designated as first end 820a5 and the second end 820b' is now designhated as
820b5. The first end 820a5 is coupled to the central fluid and el ectri cal
circuit 1430 thereby coupling the fifth fluid and electrical circuit 17091
to the central cooling device 1430' and forming fluid and el ectri cal
circuit 3008 i3 idadRal forcoalisg Bydtan 308 dexcribsd sese rwithedspdeoweF@.tiR axegpect to
fluid and electrical circuit chain 1707, as illustrated in FIGS. 17 and

178, thethhl bodlingNgs@METI00! foftheCintRidbd a GRdulr AR FRY0 haMR @BIih@kedtéd
term nation point 1713. Upon increase in the demand for additional nodul ar

data pod i) ' - i_cal ~ei ket ,chal A 540 be
ext ended3@p?1§15 dg% ?ﬁgto}ncg)ﬁr ch){‘&éa%)c? %géﬁgﬁg P TIu r?§1 (lj ilgg Wg} 2%’0@&?2% Z3d‘§{togil?é|cf)ods as
shown by_.the dashed lines.in.F|G 17. [00286] Those skil | i art wll
7 coogni »BuEiRper Hat uie cRERGA T kS Rilp gt b eyt MLl dar a
pods 80 and 18Q and the third fluid and electrical circuit 17071 may be

i nst al | eeffeesive fr highe wadbyb gerditiens. of nodul ar data pods 80 and 180 coupl ed
to the central fluid and electrical circuit 1430 thereby coupling the now
second f[00R46]anMelkgettidqutaly, madolar tchill20315Q provives @dntpas arowal thegndevi ce
1430" and formng a fluid and electrical circuit chain 1707 with an interim

t er m nat ingre @iling tdwdrd'CTS1 Al CAL1B,aCT-ha, bid eI kRcethahbdnaPsiimdr 31501. The
first fluid and electrical circuit 17051 now has an interimterm nation

poi nt 17 L ear |y i LAl ddt 00- dat a
pods 80" and 180 ant T T or i M Rg Mg RSP i 2B et e

installed _as the Krd it f nodular, data pods 80, and. 180 coupled to
the cent parc i P aLDR keediveliof i Bt el iredsf G S usaBEhi o
fluid and electrical_ circuit 17091 to the central cooling devjce 1430" and
forming FRgYi 3R Wt bi eanectir ynd ng SPAPISONH AR FA0BR GRPHRY AL | on
point 1713. [00288] FIG 18 is a schematic diagram and plan view of the
dat a podsurahnhedentrandhalinadatlQ ! end &F0 b4 oppentichyodial fast angt el niidpéar 1410 of
FIG 1 illustrating a transport system 1801 for the nodul ar data pods 80

and 180 ediiardischargedinsodE larhddil dEntrSpodtiviche present di scl osure.

[00247] Under high wet-bulb conditions, the modular chiller 3150 is placed into
operation to provide supplemental, external, mechanical-assist cooling to one or more of
the modular data pods 80 by injecting cooler water into first and second cooling water
supply header branch lines 3101a and 3101Db, respectively.

[00248] Cooling system 3000' could be coupled to a modular data pod hive so that the
cooling system could operate with little or no need for a separate chiller to cool the water
or other cooling fluid.

[00249] FIG. 16 is a schematic diagram of a portion of a water-cooled cooling system
3110 that includes an existing water-cooled cooling system to which modular data pods,
¢.g., modular data pods 80, are coupled. The modular data pods 80 may be designed to

be fed from all kinds of water-cooled and refrigerant-cooled cooling systems. The
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[00289] As shown in FIG 18, the data enclosures 85 of the nodul ar data
pods 80 and 180 nay be designed to be renoved from nodul ar data pod chain
124 usi ngwe 2012218553805 and pl aced on a drop-bed tractor PCTAiSk&n/0dB819 f or
transport to another |ocation. The crane 1805 is illustrated noving the
data encl osure 85 of the nodul ar data pod 85froman initial position 1821
within the nodul ar data pod chain 124 to an internedi ate position 1823
above the drop-bed tractor trailer 1810 to a final position 1825 on the

dr op- bedmbdalat data podistrasturk8 80 nmay Herdepi@nad toospckae oh hanspekistiapayndenasm t he
data pod farm or nodul ar data center 1400. The size of the data encl osures

85 of thga PRI, LdaharRdsadOwaRd ok 8k n%oﬁﬁ%lsﬁ@etﬂ@vm to fit on smaller

trucks and railroad flat beds. Thi's scal ed-down design decreases the total
out put p th a . I door
envi ron n@&?éﬂlor qﬁgsp%lla?]g g? ?g&r%'s E6?[ ﬁées%p?‘%ggﬁ%rqpe g@? ﬁig?nd%%& Olhg gﬁg%ce&%%/egﬁ ead
gantries, cr.anes, .and rail.s..If sufficient overh roomfor. riggjng i s not
avai | abi i SR et vt iuizoe Phigeuih R e e Vor e achi Bt be
increased. This allows fork lifts or other grade-level rigging apparatus to
access t #@Pboheddanp20lsend pagtushbeadgt 32¢0ddhe Rivine fiogstheydate appe

depl oyed. [00290]FIG 19 illustrates the data pod farm or nodul ar data

cent er 140Plend thotwhamerdat dspsodsitié’vel thd thillefl vRitds cirtuit mnvthé clnlleémtagirn dat a
pods 80 or 180 have been renoved fromthe hive 1410 at positions 1901,

1902, 19€8irn 1R64ksc HOmodalnd ddQGds ane cdslapsap kdngstratifes Shiters @ighbathah he
renoved data pods 80 or 180 can be restacked with new conputer systens or

servers.  The| abhtfdd aofingGLesN! it fyivhidnSoflieGolihg & stéhAubt
secti ons,ﬁi ncl udi ng pilgg gnd el ectridpcaal1 cﬁa}ge cﬁarrtger S, rlegra#sn In place to
enabl e the, data, pod_envel r_enclo to be.r ved, while l.eaving the
ot pe. and o108t FrER Rt ERun ot by 208 HIBHGRe" Rt 0 S p B BB el S on
pod hi veSdt PO ol i ab e BoE § B Bes dadbicr @RpIBHcH At GEN R
retrofitted without affecting the operation of the remaining data pods.
[00291] dthlled wetst tpturg dpeder t3Rgﬁaviamamb@rlgbé&bﬁlgélilmxaatmppbdme@é 68e nmoved
to a separate area either onsite or offsite where the data pods are

rest ackeoaftlh réw ‘Gpomutide” syesdrefremotheottibedvivaeerr epah riedderTR20X éstvacked
data pods may then be redeployed in the same or different data pod farm

Thi s desingsugBSRE ail@ IfhARY &Patér s 3UH a P ARYhdaNctREREr WN6T Qial iR Hah@cpod i's
deployed in a renpte area because there is no need to send a technician and

equi p”enéhifl%’d WAk Bgorﬁgﬁl?lpﬁ,oe.%gﬁ@gk 3962 R1NE NS, rﬂ&a&%& e cﬂﬁfeé pod.

The data pod can sinp ans to a separate area where the data

pod can be, rest d repaired. 2] FI.G 20 is a schematic dji ggram
Pd o anvoiebasriaT af e SRRM T aned B0 Parhitbof Re S RONAT thafatelt ot a
pod farns or nodul ar data centers 1400 and 1400' .and respective data pod
hi ves 14%0Wsrdure 43 sompaisdpe thsowpier ahitg inlst af thegthilisdayeicpsifle 8l ik ofthe
mrror-image placenent of hives allows for integration anong hives. The
hi ves cabhcabexdepigoy 8461, nis stisng es flordip lvasesingagen twitke theEaltiHed evatéri xeturoan be
connected to the mrror-inage hive adjacent to it in any direction. This
comuni t Yeadtr BRO2eSiactht GoEnph @162 AMNAAAITRRB eaphdit lckthagemB Ldli chitlbe watare
comunity structure. [00293] As shown, the |arge-scale data pod farm

i ncl udes,AaResS 39pds 2005 that can be used to serve adjacent hives. As
shown in FIG 20, a nobile crane and/or a tractor trailer or other

transpor fony&hY cl fhdBbafitl DaARRSSAL AR A nRl e AR g a2

data pod Vi a access roa surround mu e ular data pod
Farns 14glgrearrrllgd&lgp (c)iat'a pods 80 via a modular data pod chilled water supply header 3165.

The modular data pod chilled water supply header 3165 is in fluidic communication with

the modular data pod side 3161b of the heat exchanger 3161 via one or more modular
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[ 00294] The overall design of the data pod farmincorporates efficient use
of data pod shapes and hive patterns to nake it possible to deploy a |arge
data pod warm2z/mnsishree to four tinmes | ess space than a Pgpiusadiigercas cent er.
Thi s nmodul ar approach is far nore efficient inits use of over all space
versus ot her containerized nodul ar designs. The data pods thensel ves can be
much nore tightly packed than a typical nodul ar rectangul ar or
squar e- shaped data pod, such as the data pods in the formof a shipping
cont ai nedata Stgplyl ahidicd odscraapsly Pungst @g e phogs Ge6v/s and 3164B,piuels ent wdtescl osur e
can be fed froma nodul ar punp house and el ectrical buildings, which are

al so i NcAsROHBhEMCIORHE & thERddul2Ahfrdupply sid0ZRAb of fhCRA: Hﬁ'éhtah?é} et h the

foreg0|ng dlscu33|on of FIGS. 1-20, FI 21A and 21B illustrate one
embodi nmept d 4 I r-ORisC u ervers
Shata | RS a0 PORIE] MR Q}?gﬁ*@?%&an epfLics ?ﬁ“‘?% ool g2 o
FIG 3, u a first fluid, e. ui d r or simlar
refri germds%rﬂs it <O afion st Sabon oF el Phopod (Rud vl £ 7

is free cool ed enabling heat transfer fromthe flrst f|UId to a second
fluid, esupply b%%/‘ r hegchdig W whichshasges athraveB HBE jagxdiary, cedowes $A8 dd wi t h
respect to FIG 6, and nechanically cooling the second fluid to the extent
t hat fr@modd@tdﬂgpom&Ofirst fluid is insufficient to cool the first fl uid.
The mechani cal cooling of the second fluid is a function of the tenperature
of the spoess) f Ime@ool[lﬁgm%} tHabh&t RRscdTRfugh iR HRARA cidisiue 8 B aRIALd

before using the second fluid to free cool the first fluid by enabling heat
transt er,dh A By SRCONphEMIifl thlorft drithérd rhddhi - datahod 88 i¢REncd Remkhi rd
fluid is conpressg v?ﬁgg E éoo e? conpressor 43 f&qfn thé thlra circuit
4300 of F ep 451 th ressed thir S. ¢ ndensed by
enabl  ngoHaie SLSTAF e Rkt ?2% R SEA P adyiclahs RREPLEERRE Y o
via the tr| nser_ 120 |ng t he second f|UI o. free .cool the
first flbAach 3%&?&1&&%@&1@ H8od 6 APligs B R lfl}euglcptll§1€ fised by
trimcondenser 1200b. [00297]1n step 4512 the pressure of the condensed
third fl Qnrmmu@lcatguutbédnleétqgmodvhaad@tﬁmodeﬂldeeikﬁihwfdwavganmlﬂﬂtV@a peduce
the tenperature of the third fluid. In step 4514, the wet-bulb tenperature
of the atomsphécitexaiangersmednaatita JuppBisige Kad&,31t70e speed of conpressi ng
the third fluid, e.g., via sub cooler conpressor 4310, is varied as a

functi On‘(IOQSAI he Ssanged coBlindWhier Is&UPSlicLtdo8e bPmba Moliingr &a%’?@ds?@wig aof the
second fluid [00298] In step 4518, the free-cooled first fluid is

recei Vedsécﬂ?@ OF itz %%ﬁﬁ' o rcoo watdr! sldgglyrtﬁrgr? hfe Sthat s§ésetﬂﬂo%§§0i’ st he

liquid | eve the tirst ontain int | 'urd recerver
sensed via ontroller 4127, [00299] In step 4522, the
Frrer i e furithdaslaited % 88‘2%5@&“?% il he first fluid when the

sensed liquid level in the f|UId receiver 4128 falls below a first
predet er MORSY | dvasin. thyeoqtwgngaieicihint kasonasied throughdhs pwdkary cgrlgsyay1Be

performed by fluid circuit 4400 via sub cool er conpressor 4410 causing a
fourth fénd tag bednl beutechbypubh cquipmeoblirethecoid od hxge ghodiha daté modeants | i qui d
receiver 4128 into subcooling condenser 1300a. In step 4524, the nechani cal
cool i ng teturflehet theahRd of ¢hegmodbilyr H&h Podalidangl pesfaidad Bxddngdres 15Ubigaol er
conpressor 4410, when the sensed liquid level in liquid receiver 4128

reaches ?ecﬁ&?%@%&fu%i‘e&a@a[ ?bdf'%@ol'ni Hicghn! 94&dh fiRaB 166 MiLgNRsdlINaRath hedf i T st
predetermned liquid | eve 12/118553PCT/ US2011/ 067679 [00300] I'n step

4526, t hgoofh'nrg Sr%tul;tll llfura%ch Mink hfl 6% ! iy Iagso ﬁcﬁul&%r co%gmcgho%o&ltﬁ qhé) Ynlgtn(?fb th'e ng

modular data pod side 3161b of heat exchanger 3161 via the common heat exchanger

modular data supply side header 3170.

75



heat transfer fromthe first fluid in the fluid receiver 4128 to a fourth
fluid. In step 4528, the fourth fluid is conpressed, e.g., via sub cooler
conpr essowo24i18isa st ep 4530, the conpressed fourth fl mca/ussocoapressed by
enabl ing heat transfer fromthe conpressed fourth fluid to the second fluid
t hat has been cool ed using atnospheric air. In step 4532, the pressure of
the condensed fourth fluid is reduced, e.g., via the fourth fluid exiting

t he sub cool er condenser 1300a to a thermal expansion valve 4420, which
expands [08e5éJourTtha rhoduld dagcpod codling vedsdr supplyeiramadi lined B268 ad BecRiaryt he
tenperature of the fourth fluid. [00301] The first fluid, the third fluid,

and the &9&6&@0&ﬁ$ﬂ&1ﬂﬁymﬁ&ﬁééhﬂaa[ﬂﬁ%ﬁ&ﬁ@h@ﬂgmﬁﬁ&buﬁ&03&§4@w§§9ﬁ%ﬁﬁ second

fluid contains e.g., condenser water, chil water, or a glycol
sol ution al so include sensing the tenperature
of the fg1LQQ§QﬁLHJP§¥g§R?ﬁ pst coollng circuit 4100 and regqgul ating

the flow r of the |d i C ool 4200 as .a
functi onlo(ﬁgﬁh Lf{‘]‘ga P95t 7B aisrosté? ’Eégd’}’l Cl?lh?cgf’va%elrt?llila&tha% &0 USHa the
tenperature sensor 4126 detecting the tenperature of the first fluid when
it exitsforogier caelingapuipesshaehsen ol backne the serlgsmaiuiadiemgeeryeraenir e
sensor 4126 reflect the tenperature of the main condenser 1300. The net hod
4500 end€.catthesthelberdh3the Ja@OBRIB M1 @Srat@ 2ex@2@elyl hipgk tffatiacy lavetsha h600 of
depl oyi ng nodul ar data pods to forma data center according to one

enbodi megdnt@i dytempeas et nﬁl'tiﬁ‘i?ekiot‘ouﬁrﬁ;og:i\&zﬁt@ ARy tdke UFudlr btvankdge COMNjsiiighi on
wth FIGS 1, 17, 17A, and 17B, nethod 4600 starts at step 4601. In step
4602, plstfrﬁltzatpd iiidkdgion, S¥sclsipliodidstiol R teBhRGhE b&s@'of 8t ol bnsgeLLOnS 820

of a respective Ity o pods, e.g. ar dafa pods 80

and 180, r eries, t or.m..a st flul nd electrical circuit
and 150, 1 BoCOURLE. %@fng]fcfgitsg?&wae%sge%ﬁhﬂlsﬁavaé%?) R step 4604, the
first en 20al of the first fI id and electrical circuit 051 .coupl ed
to cent r& % glui d*sa‘i‘?ﬂq’éla‘@elfeﬂaé%il up Ofegflf@@ref?rﬁmgtaébm%@é&g ’rlgl
cooling device, e.g., cooling towers CT-1A, CT-1B, CT-2A, or CT 2B, is
coupl ed e webadimpntt thei pdessntdistlesire rajates toi # twitlal 4ga pohes: gbodolap Idiltng t he
first fluid and electrical circuit 17051 to the central cooling device,
e.g., copdd nQstioveis V- iddulel-dhB, p&d-124, inoFIT2RBcompesiagt e onolokiumg
device is configured to satisfy at |least a portion of the cooling

requi r enpRkudir®f whitenddvsiatddtipuehisipsidbdio 6a¢ andtREISalSh: anad&he dd303P4] The
first fluid and electrical circuit 17051 includes at Teast one fluid supply

l'ine and, - h 2151a,
21524 and’D V%a?%ﬁ&&%% UL BT ¥ PpbR S Elapo gk’b%lx nbern TRy > A
previ ousl des ribed with re FIG, 7, th qu I eader s
DS ta, S pii b A e O o S g e Fﬁ%&} BT et ur n
conflguratlon 00305] Referrl again to FIGS. 22A—228 in step 4608 a
second piuifase pf jhegwel] 2168¥ R Rdciaintide Glcih FmPUeT Ficks AnceERioBRS EPBEOf o
respective plurality of nodular data pods, e.g. nodul ar data pods 80 and
180, ar eformaplddsdcond erdes soft thef crmpuiers eastisid a f domipditandick | @ytring ahengharcui t
17052 having a first end 820a2 and a second end 820b2.

configured to enclose the second volume, the computer rack covering member and the

data pod covering member forming a third volume coupling the first volume to the
second volume; and an air circulator configured to continuously circulate air through the
first, second, and third volumes.

[00259] As illustrated in FIGS. 17 and 17A, the modular data pods 80 and 180 include

significant adaptive, expandable, and retractable features that allow the data pods to be
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[00306] In step 4610 of FIG 22A, the first end 820a2 of the second fluid
and electrical circuit 17052 is coupled to the first end 820bl of the first
fluid andwelzectmsszsal circuit 17051 thereby coupling theprseaspaifobisrd and
electrical circuit 17052 to the central cooling device, e.g., cooling
towers CT-1A, CT-1B, CT-2A, or CT-2B. [00307]In step 4612, a third
plurality 800-3 of fluid and electrical circuit sections 820 of a
respective plurality of nodul ar data pods, e.g. nodul ar data pods 80 and
180, ar emoeoespiledeploysianiseges.oMoas parecillily, F16L U7 & asdhembhtc tiageat ofihecui t
17071 having a first end 820a3 and a second end 820b3. [00308]1n step 4614,

the fi rSaatﬁ?sld%%Qﬁ&rﬁéddl&ledawﬁée&l@brflhub df A1 BInesl dak1staok b HeployrhBilt bl S

coupled to the central fluid and electrical circuit 1430 thereby coupling

Che 0 g o B4 s e <o
devt o LSRN %) SRS pheshod, Bentien o hs.ceoi B e
gégf i gg ésGHow% Lig usro}ili1 hrr)lleéJ ral?el (Iia;[ta)l/ pggso EhAaflt (a)lIe Eielplljoiy%dailqdaneilnieti%& E)ihgsael w1ct;1|1 rtlfeu{);se
infrastructure, which includes pumps, electrical components, and cooling towers. After
this initial deployment, more data pods 80 and 180, shown via the dashed lines, and
associated support system infrastructure may be added. Also, more cooling towers,
pumps, and other equipment for the cooling system can be added as the load increases
over time.
[00260] The physical infrastructure mains (i.e., pipe and electrical cable) are located
on one side of the hive. This arrangement reduces the amount of pipe needed to support
the hive. The actual branch mains (i.c., the pipe and electrical cable for a particular data
pod) are included with each data pod thereby reducing the amount of support branch
mains installed in the field and the cost of installing the support branch mains in the field.
This also reduces costs significantly.
[00261] As shown in FIG. 17, a modular data pod 80 or 180 can be added to or
removed from a data pod hive 1410 or a data pod chain 122, 124, and 126. In particular,
cach modular data pod 80 includes system components that allow modular data pods 80
to be added to the data pod hive 1410. Each modular data pod 80 includes an auxiliary
enclosure 818 containing a fluid and electrical circuit section 820. The fluid and

electrical circuit sections 820 may include segments of HVAC pipe and electrical

conduits. The segments of the HVAC pipe and electrical conduits contained in each of
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820 of a respective plurality of nodul ar data pods, e.g. nodul ar data pods
80 and 180, are coupled in series to forma fourth fluid and el ectri cal
circuit IwoO2B1asisnag a first end 820a4 and a second endP8Z201s4011/08B340] | n
step 4618, the first end 820a4 of the fourth fluid and electrical circuit
17072 is coupled to the second end 820b3 of the third fluid and el ectri cal
circuit 17071 thereby coupling the fourth fluid and electrical circuit
17072 to the central cooling device, e.g., cooling towers CT-1A, CT-1B

CT- 2A, othe GUx2Bry whvdssardsitd 8cfoahianfuidevid ekctricat Ginit ipgsitiectdt intes@dliyskighiat | east
a portion of the cooling requirenents of the plurality of nodul ar data pods

80 and 18@.aukP8Lddcldyuits R 8 HeEMbenand Ediktihgd heh dddd Mt&@%o‘éiu&fr dbdaods 3R

electrical circuit sections 820 of a respective plurality of nodular data

pods, e. I t 0, are coupled in series to forma
fifth fl%llfe g‘llﬂd?% ?ralcga 9??%?%4,[ 1 having a first end 820a5 and a

{ Fﬁ?gdaﬁﬁ’%% it g oo TE and lic ShYAG BBnepdriEnGiey dts

el ectrical circuit 1430 thereby coupling the fifth fluid and electrical
circuit fepdtate shgechexnaayion af a dagIceRigr webewelisrapting the speriiign poNEYOUEY- 1A,
CT-1B, CT-2A, or CT-2B, where the cooling device is configured to satisfy
at | east dlpedtmodulafdatthpodsonidi qogrespopdingecmehng iofrastrhetup. uF@l éxtaynpdd, anodul ar
data pods 80 and 180.

initial deployment of the modular data center or the modular data pod hive 1410 of FIG.

17 may have a central cooling fluid circuit including a central cooling device such as a

first pair of cooling towers 131a and 131b, supply lines 115a and 115b, return lines 125a

and 125b, and a chain of modular data pods 122. Each modular data pod in the chain of

modular data pods 122 includes an auxiliary enclosure 818 that contains a shared or

common fluid and electrical circuit section 820. Each modular data pod 80 in the chain

of modular data pods 122 also includes a data enclosure 85 (see also FIG. 1) that contains

at least a portion of an unshared fluid and electrical circuit 822 (shown schematically as

dashed lines traversing internally within data enclosure 85) and representing, ¢.g., array

840 of vertically disposed upper cooling coils 841, 842, 843, 844, 845, 846, 847, and 848

disposed above respective server racks 801, 802, 803, 804, 805, 805, 806, 807, and 808

or overhead flat-plate coil 860 described above with respect to FIG. 4.

[00263] As illustrated in and described above with respect to FIG. 10, cable trays 340

that are exemplarily mounted above the server racks, e.g., 803a' and 807¢', and, as

illustrated in, and described above with respect to FIG. 9, a dedicated electrical power

supply, e.g., one or more batteries 832 located at a lower end 811' of data enclosure 108"
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[00313] The central cooling device is a first central cooling device, e.g.
cooling tower CT-1A, CT-1B, CT-2A, CT-2B, as illustrated in FIGS. 14, 15,
and 17. Iwoane/u8ss8he cooling towers CT-1A, CT-1B, CT-2RCTAR2@B06BMANOL
satisfy at |least a portion of the cooling requirenents of the second
plurality of nodul ar data pods 80, the nethod 4600 includes coupling a
second central cooling device CT-1A, CT-1B, CT-2A, CT-2B to the centra
fluid and electrical circuit. [00314] Each nodul ar data pod of the

pl ural i tyf sbdotaddhtarpodad(®, gadsodfled rcthedshared filad anedrddoasaat @irct gectidat a
encl osure 108 of nodul ar data pod 80 in FIG 2D, and an auxiliary

encl osurgype.g., auxiliary enclosure 818 in FIG 2D, containing a
respective shared fluid and electrical circuit section 820. The shared

fluid an ctr | 4 Gi t 0 fine
fluid anﬁmgrgct;$@§lﬂ%ﬂ%§3%% é%%§@%§%§%a§$§9ﬁp Tgagﬂggﬁﬁﬁﬂbgdmﬂ?near
path, ai ns 12 4, 26 . e net hod 4600, f

PRcl udes i gt ﬁatelﬁaoaéawse t%§0%f11€hf‘ge%{m<is Gt rdbin g8 a18 on
alternating sides of the shared fluid and electrical circuit 1705, 1707, or
1709, ascqrfaspending defajgnciopae §57. Thaehpst Hiad epd<lontried sgousactiong$395]

FIGS. 22D-22E illustrate an alternate enbodi nent of the nmethod 4600 of

depl oyi nopchidd firstrendat®@0pedd seanflands &20at dheeshtred evomibimfuidoclediacal

enbodi nent of the present disclosure. Mre particularly, in conjunction

W th Fl Gectidns 990 ard thupladdogk s imeériade 460&ondteattsa0Blof Stfalt 4REH fluiin step
4602', a first plurality 800-1 of fluid and electrical circuit sections 820

of a resﬁﬁ?élb&ﬁcﬁ'&%ﬁt'sEého(ﬁfSZ'@joigléb?ﬁle&J% thePRdBen 8ﬂ)a" of@l‘f"&{i%en@@&%n@‘ms 80

and 180, are coup ed 1n series to forma first f d and e ectrlcal circuit

h d h
foor DeflaBg Aybghd kG Rftal 60 SRGo DR IR Betnf ?%8“2 raiafled by tRRA L1

to a cen%ral f|UId and electrical circuit 1430. In step 4606, a central
cool i ng ce, e.g., cooling towers CT-1A, CT-1B, CT-2A, or CT-2B, is
coupled to the central fluid and el ectrical circuit 1430 thereby coupllng
t he firstO0R6%i d Asndlustrated in ¢4G. ¢7.r adieaent 3g8 kenclosurhe on ehe same solsl ¢indicdevi ce,
e.g., cooling towers CT-1A, CT-1B, CT-2A, or CT-2B, where the cooling

devi ce i sommodf i fiud eddtdecatdl sfincuait chagad?08 Q@ hicainlaafddd@odo8D) figm a

requi renents of the plurality of nodul ar data pods 80 and 180. [00316] The

first flpdtBwanprofldesd & bf@hcdekd fétuntau%ﬂﬁ%leﬂdl‘t%hkbd@% ,abixiliedsdncRRBrefd18i. d supply
l'ine and at Ieast one fluid return line, e.g., ui d supply headers 2151a,

2152a a”fby%é@ In 2 ctlhﬁs&ﬁﬁtﬂ@' Y7 %&GShP)M‘ 1@01{1'“' defea+ ;ﬁb?éar? As

previ ous scri be respect to F , the supp

2151a, 2152a..and f hggd rgp v -return
conflgur?ﬂlﬁdﬂrne b@ Vﬁféiggbi g aga%éﬁ (%I rg?4ﬁg Qﬁﬁl 1ﬁF 4fi d and
el ectri cal ercult,sectlon

electrical circuit sections 820 have first and second ends 820a, 820a' and 820b, 820b',

respectively, and are coupled together in series to form a first fluid and electrical circuit

17051 having first and second ends 820a and 820b', respectively. Modular data pod 180

has a data enclosure 85 having a configuration that is generally identical to the

configuration of the data enclosure 85 of modular data pod 80. However, since modular

data pod 180 is coupled to the first fluid and electrical circuit section 17051 in an

alternating configuration with respect to modular data pod 80, the connections to supply

lines 115a and 115b and to return lines 125a and 125b of fluid and electrical circuit
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820 of a respective plurality of nodular data pods, e.g., nodular data pods
80 and 180, are coupled in series to forma second fluid and el ectri cal
circuit IWwO2tasisnag a first end 820a3 and a second endP8ZQIs3011/06B348] | n
step 4610', the first end 820a3 of the second fluid and electrical circuit
17071 is coupled to the central fluid and electrical circuit 1430 thereby
coupling the second fluid and electrical circuit 17071 to the central
cooling device, e.g., cooling towers CT-1A, CT-1B, CT-2A or CT-2B, where

t he cool sergotke82C of iasixitanf egeloede t8A8'Saichsity waith Inealstar adapo pdd Ai®0cdre tihe
cooling requirenents of the plurality of nodul ar data pods 80 and 180.

[00319] | Revsts@RrdB12s repfesthticd %y%lUél@%Qﬂ?’w@t@ore@e@f i tnéi ShraBeiohk %6"5(1%@9' co

circuit sectlons 820 of a respective p urality of nodul ar data pods

modul ar EI?EII ca d8915%n%n§%8)0r tﬁ{lelnfegul gdandnlﬁg cgegulgoalfcdoél&ltﬁc&lml &gltf luid

and el ec circult aving a |rst secon

820b5. sections 820 of auxiliary enclosure 818 included with modular data pod 80.

[00267] The first shared fluid and electrical circuit 17051 is coupled at a first end 1710
to the fluid supply lines 115a and 115b and the fluid return lines 125a and 125b of the
central cooling fluid circuit 1430. The fluid supply lines 115a and 115b and fluid return
lines 125a and 125b may be temporarily coupled at second end 1720 of the shared fluid
and electrical circuit chain 1705 via a U-bend or 180° elbow 1750a and 1750Db,
respectively, until such time that additional modular data pod capacity is required, as
explained below. For simplicity, unless otherwise noted, reference in the description
below to modular data pod 80 and auxiliary enclosure 818 is assumed to also apply to
modular data pod 80' and auxiliary enclosure 818'.

[00268] The shared or common fluid and electrical circuit chain 1705 includes at least
one supply line 115a and at least one return line 125a. The supply and return lines 115a
and 125a may be arranged in a reverse return configuration. For example, each of the
shared or common fluid and electrical circuit sections 820 contained within a
corresponding auxiliary enclosure 818 may include four supply line segments and two
return line segments. (For example, refer to the discussion of Detail 7A in FIG. 7, which
illustrates that supply header 2151a can be physically installed with a loop or pipe bend
2151'a to provide a longer total length as compared to the alternate supply header 2152a
for the purposes of providing reverse return capability and that, similarly, return header

2151b can be physically installed with a loop or pipe bend 2151b' to provide a longer
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[00320]In step 4614', the first end 820a5 of the third fluid and el ectrical
circuit 17091 is coupled to the central fluid and electrical circuit 1430

t her eby cwopbizgsishe third fluid and el ectrical circuit PCTAS201106T6he
central cooling device, e.g., cooling towers CT-1A, CT-1B, CT-2A, or CT-2B
where the cooling device is configured to satisfy at |least a portion of the
cooling requirenents of the plurality of nodular data pods 80 and 180.
Finally, the nethod 4600' ends in step 4616'. [00321] The nodul ar data pods
of the ptoeselohgttli &Clospired naythbealthesdtgrewrd dcadee hisgbefor cthol puigoses of
tenperatures than standard confort cooling tenperatures (e.g., above 75 F

at the iplofldidPrel 8 ROGth cagdiglitppds can use cold water (e.g., deionized
water), refrigerant, a hybrid of cold water and refrigerant, or cold air to

mai nt al ”{60989 Co%e%ﬂaﬁe@%?{ %&‘EﬁctfﬁcalaciﬁpﬁQg&io'n?‘é?b hfJAL Sl eacf[ fpdLort.
cooling tenperatures. The tenperature of the cooling-air (or other cooling
fluid) nmay be. nmaintaj ned.safely abo t he, dew.pajnt_te rature wthin the
rodul ar BRI GRS EEY SrdpBRe “Tae uov R R Bl her BRTorobES S ot
nodul ar data pods may include one or nore hum difiers and an associ ated
cont r ol | Rartiplly eriprnaly hexamd theipiddesuye B8 ahehozing by the sharad flugl adkclegtiealar dat a
pod at a desired level. The one or nore humdifiers may be housed in an

adj acent cipumtpsectianB2( aslocasnt b/ 1Sepdilat 71 Hdhewapechasenage aeplicitty stoem) (e. g.

| eak control) fromthe other systens associated with the nodul ar data pod.

The podswitay ks0xitaAt Elodubs $18Mdtédcl ridduldredatnped Balindide B&dlNgveadse-
conbi nation of humdifiers or other nethods that use water or steam

00323 ' i l 1] : | oved
[ ] f%ugggggbeicﬁgtﬁlggstegﬁeﬁma Bebviad &u&h&nwﬁyéﬁé oqéfo@_trl&gage cRRiReaAep! oye

with |ess ucture than a typical stick-bui ata center. This
saves Up{y o0t Con! Sutle Hl e L ML A il nisAded o Havs & dighodata
|l oad in eé?Ff 8%616§neﬁ? ﬁhggeg. & SV LS Ar'e” SLAEOP R VARG qu??e far

l ess infrastructure for the initial deploynent. [00324] _ Mst of th
corrponen%a'blﬁr a noxleigeploaed Ofyerc Al iah dath ‘Fhlani‘-ngf‘é?sfer"‘%? G?Sé’l%%/@‘?errs can
be integrated into prefabricated support structures, which significantly
reduce t ddditsorpantremdval jofemedhdarmndaie pofls withikes shwidevep oy cestiyavateporsteyst em i n
the field. [00325] The designs of the cooling systens and the nodul ar data
pods pr ovilgieiiderobleens. bin othyr tbadjests, the mbdulid éta ppécidciclendadsfaatli an

i ntended data center project. Large depl oynent systens such as warehouse

hi ves anghafngl(Mebiy RS cAELctdBS hARRY of QinBRY RofXSRMdaR! Baihe 3t U, @8 Eddioal | oW
the systemto expand in tier capability should it becone necessary to do so
over ti : et t.0.:l . j.er.capapll.i er time
IS refe?§£%£?gmgg&gﬁgﬂgﬁg%?fggﬁﬂgﬁgﬁ%§g§%gg§%§% g&%gﬁég&?niﬁﬁﬁé%%wg¥ve
conponen and energency contral strategies,that ble the .systemto be
fod {1 onfBaRHnGoE Gl BEd oG bt SHL0ES Whe so! PN he oRHBRPAG™ eat ur e
enabl es modul ar data pods to. be fed from suppl enental cooling sources if
necessar Fdupdsng spucsiEe Keveiititgl pr ocess (cycl e) provided by cooling system
10 enabl es cl ose tol erances in approach tenperatures between atnospheric
condi t i ol#927Wet -Thgl nit efpeolataiteycrans flundy exoupleilrtg the rcenentperdingrdsdto 1T
rack cooling. The cycle is designed to utilize environnmental conditions

(I ow wet cibgufitarideisRetfifdgute®€ sy suppoftut lsashapdtt@®nradake cooling requirements of the

first chain of modular data pods. In particular, the pair of cooling towers is configured to
support all of the cooling requirements of the chain of modular data pods under favorable
environmental conditions, ¢.g., a favorable ambient wet-bulb temperature.

[00271] As described above, each modular data pod includes a data enclosure and an

auxiliary enclosure 818. As shown in FIG. 17, the shared fluid and electrical circuit
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cooling | oad when environnental conditions permt. It also includes a back
up system of subcooling processes that enable the systemto handl e the
cool i ng lwaads12¥nssspi te of spikes in wet-bulb tenperatur ®T/URRIII/06879
acconplished by optimzing to the specific heat characteristics of the
cooling nedia (Rl34a) or other refrigerants. [00327] The indirect cooling
cycle provided by the cooling system 10 is capable of maintaining I T rack
inlet tenperature utilizing a sub-cooler systemthat can be sized to | ess
t han abosdctidiYobfhevlnatliano uhdosues arl doppled togebitrr ickefios toefdrines liRargratichi | 1 er
capacity. [00328] The nodul ar data pod is designed to be added to or

removed fTROMLA @Hélc%ufé@chr@icﬁgpl% t@ c‘é%ﬁm@@fﬁgczﬂﬁéﬂﬁbryldﬂc]%%&é &H! Afernaeagh

nodul ar data pod is designed to include system conponents that allow the

nmodul ar - d | V... L j rl.cal
condui t sagéeszocfﬁ?gél g%ﬁ)g\t}gdgtr?eedaﬁ%gf%%élgg éllagl bgasgﬁpérégﬁglsgére Bgoa?t%q ng&ﬁ)d tgr m a

i nk between existjng, new, future ul ar data pods,.on the nodul ar
data poce IR ToBsRrerde o P 1 BB oW ot BRT aUTHS ptrPRdPudes
dual reverse-return pipe circuits. These circuits are intended to continue
t he revetssessrbe gunilicapanilosurgsesTlhy datpenglosyrencas takgdhe sleaperifcupaygemt a pod
i s deployed on a nodul ar data pod chain. This feature enables the addition
or renovaicheb aheszgoniarhowrtagbut domnasangenoams bf snodelbedats pedseprobdtandatag

probl ens. Alternatively, the nodul ar pods may include direct feed mains
(versus sev@nsith helddy RmaRi ostpriat asco@b&ed NOMratRduAd@Rs coReRs. T Hesierpods
can be used on Tier 1 type facilities where self balancing, reliability,
and redu [ e : ict 1:CAl.. g\ngl 7679

[ 00330] Elglgﬁeaﬁt&:e %r&g?%g Igcelqr%@l&fr% f%st ?lietr{lée(@l%\nqgaﬁ‘{ é%(ﬁ\?gs anétyg%gl]f}“{% ances
needed tofdefl)lo%)érthe pipe circuit, fill the pipe circuit with site-specific
oper at i n% FfU°d and conmi ssion the pi pe circuit. The system may

i ncor por at strict process that allows the reverse-return, circuits to be
conti nue0d7 e afiaded i dpplgrasy, i QT el qep%,mae/élﬁ@é ﬁ%dcﬂ(lm# f#Ag), and
hydrostatically testing the circuit before the nodul ar data pod is

i nt r oduceapacity-t hleuss 52 sqvpod stepd @l weombehaipoldsodul datppetsend adbpilicbaines t he
hydrostatic or pneumatic fitness testing that is done in the factory to
ensur e t dfaiotitler dataepods rmeayi be icsupied te drpeammab ecbling fluidnsichitdn adnbnmg

depl oynment. This allows a nodul ar data pod to be added seanlessly to a data

pod syst gmimk thendt indfdl @ieplofthehh8f BRematIIANd8h RAcAT806. MPEH Afst Patr»Fpods,
or causing costly unintended shutdowns. [00331] The end unit on each pod

cha | IGLIESo B PRTA S ROSPRORI SI0SAGR B I ARE QUSRS
Wi thout Eegllfltrérilg S %?\4[\{{116 Elcri]cﬁtiglga?\/c; s o a&lgdlﬁé)rd(?atg %085 %8} ﬁlegoadse%ro]gcii Nentral
cooling device, such as a second pair of cooling towers CT-2A and CT-2B, may be
fluidly coupled to the central cooling fluid circuit in the second stage. In future
deployment stages, additional modular data pods may be appended to the first and second
chains 80. In this manner, the modular data center is seamlessly expanded over time.
Also, as shown in FIG. 17, the central cooling fluid circuit includes supply and return
lines in a reverse-return configuration.

[00273] To facilitate the description of the staged expansion of the modular data farm

1400, FIG. 17B is a simplified block diagram of the modular data farm 1400 of FIG. 1
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[ 00332] Each data pod chain in a data pod hive is designed to include
integral but fully-detachable dual pipe, electrical, and IT system

i nfrastruwoure/i18gsat ed, for exanple, in the | ower secti eaTafS2atheeTogiul ar
data pod. This nmechanical/electrical chase section is designed to be
isolated fromthe main data pod envel op. The rear section or auxiliary
encl osure is detachable fromthe main pod assenbly to enable the data
envel op or enclosure to be renoved. The nodul ar data pod may be

peri odi cald §IG. diemedfsoveral phirhlisdsted thophikdlion S00-1ref shatukartdaen mels30taad
servers or to maintain or upgrade the nechanical, electrical, or contro

systenms ofo bhRIGTOGWN ﬁfusﬁ'@eh% ﬁa@qﬁdgea' B;%pa%leﬁ%famci@ce @)@lwf&@l MO0 AREbtiGe
attachment mechani sns .g., flange or break-away bolts or wiring harness

) T Sl e,
bt ween FRUCOHLERNA T iBGAAP0 fapd Bo%ﬂ"de%%ﬂiﬁﬁ TBo8ba] NS o

data pods 80 are installed in outdoor environnments, the pipe circuits of
each nodupdvlagdas pask b andy 80l e hEAtthetr aei grgerallijsidenticabio thgmdirst

i nsul ation protection. Each nodul ar data pod may have its own heat tracing
panel t hpluralisy 80041yofi mbégamtdsd pails BOtand IBUB)f KiKi. cltY Avafhp bdodkddesegnaterh and
status information. [00334] Each pod may include | eak contai nnment pans

bel ow eacjoseaprebainka filiPaRpEISctABY dilaltudes? arkuddebecicosl Hloalitpseo-Li nked
to the BMS. The BMS nay trigger an alarmor otherw se notify an operator

when a | gk o@iaP A pod0RAT R 1500 Hhd bRRK (Rsi gnated“lg('mhfé%}éébﬁty aMifiliiapgt he

nodul ar data center envelop) Is detected. Each pod nay be titted

e L e %ara%ﬁ&%lﬁ@%heg USSR, i
o SeLarlpeys, Meplel Sl abochaniel, U8 LAt N ey

information. [00336] The nodul ar data pods are desi gned to handl e high
density kerviurdgqliphsnt00-duehmadulknldeip pedsudtiand 180 kingitarlverthe dldek. The

nodul ar data pod design is scal able to accommbdat e i ncreased power out put
per cubi designatedof709¢r represegsliap fimilt adds chectrzalilcircwif 1809Bwedsdddnby er fiéh
technol ogy. Scaling the nodul ar data pod design may require refitting the

heat exchlangiey @06 oPHBLRL JAE b 1BNindrsd. t he power distribution to the
server racks.” The extent of any nodifications made to scal e the nodul ar

data pod n e t1~0f
[0033?] [@%ﬂgdl}:ﬁg ﬁ%‘?ﬁ%&%ﬁ&égggﬁ ﬁg"lﬁgﬁ“%g ?%lﬁy gﬁgfae%e%%r%?%%{,loﬁo(%fs@l%nyl

ot o cettCadPaB Sy Bl F4BbERT iRl aRREy GRBRE hufl B uic 1138 E‘%L%%%&ELSZ

strength, and thickness of the pi pe depend on the requirenents o
par ti cul SiraE Epprsentayen MA0' phsamplinn éovirss (ilatAdelal q%;da%%a?Tb%B dhather

mass produced or individually custom made to neet given specifications.
are included in the central cooling system 1420.

[00275] Referring again to FIG. 17A, in the initial stage of deployment of the data pod
hive 1410, the fluid and electrical circuit sections 820 of the first plurality 800-1 of
modular data pods 80 and 180 are coupled together in series to form first fluid and
electrical circuit 17051 having a first end 820a and a second end 820b'".

[00276] Returning to FIG. 17B, the first end 820a of first fluid and electrical circuit

17051 is now designated as the first end 820al and the second end 820b' is now
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[ 00339] The nodul ar approach, which involves building and depl oyi ng nodul ar
data pods and nodul ar punping and el ectrical equipnent, is a cost-effective
way to buwbaooatissseent ers. For exanpl e, the nodul ar approaais2eilgnicl’é cant |y
reduces field | abor costs and risks because field |abor is only needed to
install and depl oy the nodul ar data pods and the nodul ar punpi ng and

el ectrical equipnent. [00340] Energy costs can be reduced by installing
nodul ar data pods according to the present disclosure in a warehouse or
simlar daidnatedyas 8DObS. IThebsnesk 820w ispaceEcivtd iencepaahflomdinda¢ledeta pod
envelop is the only space within the warehouse that requires conditioning.

The war efjai$e143pa¢RnRMl bRy 8B&GE: Ul kefiddetcR T6k éx%ﬂ%ilé' BPorB &Y AH@of
ventilation. This is significant because the nodul ar data pods are desi gnhed

to save hgi-r I ingal  feet,pr: , r use or
simlar ?%%ﬁgit?¥]e§a§Tbl§ 2@ rrlertI]]ﬁérk@ f[2 3011?‘19&13%1%{}%3?[55;{? athcg:g(r:?{l%? ?‘2’3@ res a
m ni mum f.oot int totreat the air 4 n the hot. and col i.sl es defined by
server gt P el Phakng e St Buth ol lgrisec al WO e B SPIEL . Fo
exanpl e, a 10,000 square foot data center may house approxi mately 200-220
server repokiag devien 143tk may have the ability to generate on average between
6 and 12 kW Sone racks can generate higher outputs, e.g., 16-24 kW In
cont r ast [0027Y nddlvhasandamanpodicagded dibnyge tvathsospecewblodi. nedt sgafditghéiepr esent
di scl osure can attain high enough | evels of heat rejection to cool eight
server rAgkphesits 800D of\edduftld da¥y bodsa8 ahatligeethe Sl dndpdlyaiieal cifcant pri nt.
[ 00342] The tight circular configuration of server racks in enbodi nents of

the modulariogadd Hosle @@&Hh?ﬁgh@t&@?%&ﬁm@&ﬁ%ﬂé{m&?E&%@%@W@ax:e%%géﬂer gy is

needed to cool the relativ alr space wthin the nodul ar data pod.

Al so, begcause of the ti.ght confi,gur.ation, of.server. and ai.sl.e

Cont ai nrgArnes foseriaa kP cRn Mg b Y Blichf Rt BB TRl F5REnd 1 ow
pattern control. [00343] @g nodul ar data pods can be fed from nodul ar
punpi ng %%Héapﬁaﬁe@@@epﬂﬁ' Fromcooling towers, fluid coolers, chillers,
geot hermal systens, or existing building or plant water systens. [00344]
The geon0R7E sKepenioR tpr‘r"eIGr-rdagL thre et anp 80 ohthei sseend Auidomjdudiedtiion wit h
the circular configuration of the server racks provides efficient use of
space andraiteEt088 inadwrdebighatd as eefisobmll 820aleindaind séconeend &20b' iahow al
"chimey effect” for hot air pattern control. [00345] An additional benefit

of the alidsidnafldusigeebIOAUE FHistdagi8a0a2bt Q06nd Bhideardl @&l FBLINY 76092 Security
and conpartnentalization for deploynment in "cooperative"-type data

var enousgs, %aflt% !tBetﬁﬁ s@%d”&ﬂf‘%%blb&‘rﬁlgé E?stteﬁuiéea%e& gga;e%fcam phper 1T

server racks in the cooperative. oxes can be and easily

of serverert @ittt MHERTIRT ard sl et Pl aroc BB vl = "

groupings of interrel ated servers and | T equi pnent, e.qg., parent/child,
mast er / sfierie, 1 43Rpnddatmiagshaied flapdandiecdrigal gheuitgim bﬂ)éat ion allows for
shorter fiber and cable runs between IT interdependent conponents.

[00279] In the same manner described above with respect to FIG. 17A regarding the

first plurality 800-1 of modular data pods 80 and 180, the fluid and electrical circuit
sections 820 of the third plurality 800-3 of modular data pods 80 and 180 are coupled
together in series to form a third fluid and electrical circuit 17071 having a first end 820a
and a second end 820b'.

[00280] Returning to FIG. 17B, the first end 820a of third fluid and electrical circuit

17071 is now designated as a first end 820a3 and the second end 820b' is now designated

&4



[00347] The tight packing of the actual nodular data pods into a hive
allows for shorter cabling and fiber run | engths than would be needed in a
nor mal dawe 2b1201a855Bui | d out. The hive structure can be porpssaEi0bi6yo
patterned to allow interdependent IT systens to be efficiently grouped in
depl oynment. These i nterdependent groupings may reduce cabling and fi ber

| engt hs. These reductions not only reduce | abor and material costs, but

al so reduce operating costs because of shorter data cable runs. [00348] The
nmodul ar gkaf20bPodehenfirgt emic20d8 is ealpléd wethdataraidhiid and sigciseavardaitclapabl e of
producing real-tinme nonitoring of critical IT loading, IT status, cooling,

and povetherp$icaipIRRY the tRNAGI ahdeseReual afrcHal 207208 ShdTBdht@l @&Hn@ccieu@e
external touch pad system status and nonitoring display panels.” [00349] The

nodul ar pods can al so be scal ed down in physical sizes for |ow rack
density applications. Snaller applications can utilize pentagon, hexagon,

or ot her onal . shap that are no ef.ici al n smal | er d r data
pods. T oWIBYIUZ BT B SHIRG HBMHSE oSy APV bTeSRECt bt R § BRen
|nd|V|duaIIy or |n a s ystem provides a cost benefit over tﬁplcal dat a
centers ¥egaiding élesflrsmlwllwt 800rheofc gdulgr datappeds 89 ae 14§, |the fltidmnd

depl oynent of nodul ar data pods may be at |east 30% | ess than stick-built
or sit e-@oethitaldatcait certioas $20 of ABShjurtihydurdkiyl 800 nf neiddulao dedagrodd &0 angods
needs far less on-site man hours for construction. This significantly

reduces tdearvesupldd ®gbmoulesdids 8 daha errthefluidr gidecltetriespaiual 1307dat a
center projects in renote |ocations. [00352] The pipe, |IT fiber conduits,

and el ecfyy R BSERERNNAINVTESHY &&aoh's fully detachable fromthe main
data pod agggiﬁ ly. %e chaéé can be fltted W th Ieak detection and | eak

cont r ol G&:ﬁgﬂr e%(ethpr%ltngl tséoi:fg 1'/tl§1 hwaélrstr eid %&(?a of o Roﬂuld anr(] € e&ﬁg It he

act ual

circuit 17072 is now designated as a first end 820a4 and the second end 820b' is now
designated as 820b4. The first end 820a4 of the fourth fluid and electrical circuit 17072
is now coupled to the second end 820b3 of the third fluid and electrical circuit 17071
thereby coupling the fourth fluid and electrical circuit 17072 to the central cooling device
1430" and forming a shared fluid and electrical circuit chain 1707. As illustrated in FIGS.
17 and 17B, the fluid and electrical circuit chain 1707 may have an interim termination
point 1711.

[00283] Upon increase in the demand for additional modular data pod capability, the
shared fluid and electrical circuit chain 1707 may be extended by installation of
additional pluralities of modular data pods as shown by the dashed lines in FIG. 17.
[00284] Similarly, in the manner described above with respect to FIG. 17A regarding
the first plurality 800-1 of modular data pods 80 and 180, the fluid and electrical circuit

sections 820 of the fifth plurality 800-5 of modular data pods 80 and 180 are coupled
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data pod envel op. There is no "m xed space" use of data areas and cooling
wat er. The nodul ar data pods may include either refrigerant | oops or

dei oni zedwoaber118§3pl i cati ons. No external cool i ng wat er PCOtUS011066M9

dei oni zed non-conductive water if water application is used) enters the
actual data pod envel op. [00353] The nodul ar data pods can be coupled to
cooling systens that use innovative control strategies to attain high

ef ficiencies. The cooling systemcan use innovative control strategies that
al | ow i t togethepmrsaties @t foex tarféfiteflyidhing lRleetridat tiedudi EZM divida taafisiediidet20power
use standards. The system nmay use control strategies that allowit to
operate @d dsetoidEd @l s for areas or zones that have beneficial wet-bulb
conditions. [00354] For environments that experience unfavorable wet-bulb
conditio he ' { j | L -he.
mater-cogﬁggﬁcoggﬁﬁghgagﬁgﬁf3Z%hﬁgﬁgkﬂé#yg§¥€P§%%%#@%%%gi%E?g?%éégﬁg to the
poi nt wh t.he system | oad .can onger ., be handl ,atnospheri c

Ponai | ohiD 1 [io s RHueRar 4T 00a0 Srhis Bl PEqeuracr ab Bons: i kbe- r un
conduits, cabl e-bus duct, or standard-bus duct, at either |ow or nedium
vol t age. asThbg| lderfirslagnd $30adds eeunlest @ thayweneal dliid end plestrisalctraysd 4dRd have
the ability to be expandabl e and adaptable if it or an adjacent pod is
added t othercby evoplen the difihaflpdding lekictrical CiDA66] 7(BAah tiockntml catding deette may
include its own uninterruptible power supply (UPS) or the ability to
connect 14308 ablPSoraing A¥idt &8 cRc@ical tREuit @hge OAP| oymeNntindppl hediet @gs. The
pods may be fed with dual redundant UPSs, such as the rotary style or the

static t&é&@riﬁ%ov@%ﬂ?%ﬁe&% R P InPBIERRET GHURHaf TRPLIY SIIdsHARATAr Mer s
and chargers. The transfornmers, UPS, one or nore batteries, and

di stri bugy ne be housed in.c artnents ernal to the actual
data podr el HAM 1gBEy P dE SHAG TBE0L RS L Bdharh gt BB b
fitted with one or, more backup batteries for energency power. The pqds can
al so be FrPIaHORPPH ﬁ?%-nwppdpcrﬁmgnt%éelaﬁ@c o hopkmedylas g%taéap ilar to
a plug in an electric bus. Each pod can have a charger capabl e of

r echar gi ¢rpabihiey, dhre floid andrdediacal sirceis chaihd 70N enagrbengxtended dl-ingalidionefi es may
be charged via alternative or green energy feeds. The interstitial space
bet ween adlitieahplyrdieicsisohotiwlat daopodyratskowh by ploveshanichedai BIGat/ch pl ug
points for each conputer rack. [00358] The pod el ectrical connectors

bet ween fopeséer@i mhbus stieed ik hdagyviMdedAizcddh@ aROGa@IL! BP thRY pRRalitgnOVabl e
and allow the pods to be disconnected fromthe nain bus feed to all ow

omoval SOES SEPABITEN. o, ROGEPLEPH: G08RGH priionon PRy
AR RN R e R T
depend Ocnentcrgle ﬂtu¥ %n(? necljec?r?cg?icg%ui? f14t3Beth(e)1Pe%; ac;[oiuggné ?l?ed now second fluid and
electrical circuit 17071 to the central cooling device 1430' and forming a fluid and
electrical circuit chain 1707 with an interim termination point 1711' similar to the interim
termination point 1711. The first fluid and electrical circuit 17051 now has an interim
termination point 1703.
[00287] Similarly, the fifth plurality 800-5 of modular data pods 80 and 180 and fifth
fluid and electrical circuit 17091 may then be installed as the third plurality of modular

data pods 80 and 180 coupled to the central fluid and electrical circuit 1430 thereby
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[ 00360] The pod el ectrical systens can be adaptabl e depending on the
specific tier requirenents for a given data center project, e.qg., Tiers
1-4. [003s020Rasisattery circuiting can be nodified to iPaclusd@1adjéacent pod
battery backup capabilities should it be required for a specific project.

[ 00362] The pods may feature custom renovabl e conputer racks. The conputer
racks nmay be designed to be adaptable so as to be capable of handling both
smal |l and | arge server support |oading. The conputer racks will also have

f eat ur escdupliag ltlowHiddeflsié randredectrdcab @irtuit 12001t © theaehtd @oling davice pasd'er n at
the back of the conmputer rack (e.g., server rack) that is an upward fl ow

pattern. ynth@rARFAULE hnd Q6K cATRYrchiR BRI 136T WRA $ntbMdltcaNRidngRintand3 si de- bl ow
airflow patterns. [00363] The nodul ar data pods may include water and

British I i T ek r i ' '
contro||Tﬁgg?méfﬁgopf%g“gé%?%%f&iﬁégﬁ%@ﬁﬁ%f%ﬁg?%‘%%@%5ﬁ%@ﬂgﬁéﬁu émgwcontro
systemand all of the necessary cqntro a conponents to control,
vont ¢or e et 149D 38 e e dubapd e IR EAG. BBuEREReN S Bre et o036
The nodul ar data pods may be capable of tying into the spart grid system
and use HHubprchapoeduy dae meds §gyandol8Q é&@r%ﬁ%dai&@gleaﬁabwhamfécqfi@ﬁ of
processing information to alternative pods and off-site data collection
sites. [P@SGHHiFhleswodul ar data pods can be seal ed or unseal ed. Seal ed pods
may i nclude or be coupled to equi pnent that creates a vacuumw thin the pod

or changm®289le conghesintih ANGO1 S tthe dab enWoress bethp@sbdutarGlata foRlEBYaindof
oxygen) to increase heat transfer and suppress fire. [00366] Wil e several

embodi meEmad bt BEsiHHeAGh B8 Yo AR BRAuRE AYA ggg chiig 1@&%%9?%%@6

described in the specification, it 1s not int ed that t i

i scl osure be
limted to these enbodi nts, Lt.is Jd.Atended that t isclosyre be as
br omd | R AR B W or Wyt oy D RS RL ol T Pitof i€ B35

he 'speci on
| i kewi se. Therefore, the above descri ption shou not be construed.as
i miting!8ous ﬂﬁ@%‘i@g} MY ISP RENEIREYTE RS ngheﬁm lﬁl%r A PUHSEIHEtEtal Those
skilled in the art will envision other nodifications within the scope and
spirit opositipm £$2di wthiwethe fragdufiar pakapppd chain 124 to an intermediate position 1823

above the drop-bed tractor trailer 1810 to a final position 1825 on the drop-bed tractor
trailer 1810 in preparation for transport away from the data pod farm or modular data
center 1400. The size of the data enclosures 85 of the modular data pods 80 and 180 may
be scaled down to fit on smaller trucks and railroad flat beds. This scaled-down design
decreases the total output power that the modular data pods can handle. In indoor or
outdoor environments or applications, the transport system may include overhead
gantries, cranes, and rails. If sufficient overhead room for rigging is not available, the
width of the corridors between chains of data pods can be increased. This allows fork
lifts or other grade-level rigging apparatus to access the corridors so that the data pods
can be easily removed or deployed.

[00290] FIG. 19 illustrates the data pod farm or modular data center 1400 and

modular data pod hive 1410 of FIG. 1 in which certain data pods 80 or 180 have been
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CLAI M5 What is claimed is: 1. A nodul ar data pod, conprising: an
encl osure including wall nenbers contiguously joined to one another al ong
at | east woeopdgsssaf each wall nmenber in the shape of aPpolusgan/oarsds a dat a
pod covering menber; a plurality of conputer racks arranged within
the enclosure to forma first volume between the inner surface of the wall
menbers and first sides of the conputer racks and a second vol une forned of
second sides of the conmputer racks; a conputer rack covering nenber
conf i gur ethdved €rveh drechitbie4 seeopskitialsuo], 1902, ¢O0MUVeH, THSK acd 0, ngd menber
and the data pod covering nmenber formng a third volunme coupling the first

vol une t Qadspert&re@nste 4O itkiTRhc AMtbved data I%Eiseg'ororcl J0CHh BcOlesta QI ik Bekwt O
contlnuously circulate air through the first, second, and third vol unes.

2. The i sg/?t.‘eﬁls%?@er%&o " hxhiRirf Lt oG S LA RALESO LR 2

hexagon or

sections, including pipe and electrical chase chambers, remain in place to enable the data
pod envelop or enclosure to be removed, while leaving the pipe and electrical system
infrastructure intact to support the adjacent data pods that remain in operation. Thus, this
design of the modular data pod hive allows modular data pods to be added, removed,
modified, and retrofitted without affecting the operation of the remaining data pods.
[00291] This design saves time and money because data pods can be removed to a
separate area either onsite or offsite where the data pods are restacked with new computer
systems or otherwise repaired. The restacked data pods may then be redeployed in the
same or different data pod farm. This design especially saves time and money in cases
where the data pod is deployed in a remote arca because there is no need to send a
technician and equipment to the remote area to restack or otherwise repair the data pod.
The data pod can simply be transported to a separate arca where the data pod can be
restacked or repaired.

[00292] FIG. 20 is a schematic diagram and plan view of a large-scale data pod farm
2002. As shown, adjacent data pod farms or modular data centers 1400 and 1400' and
respective data pod hives 1410 and 1410' can be positioned in mirror-image patterns.
The mirror-image placement of hives allows for integration among hives. The hives can
be deployed in stages or phases over time. Each new hive can be connected to the
mirror-image hive adjacent to it in any direction. This community of hives allows for

redundancy capabilities within the hive community structure.
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3. The nodul ar data pod according to claim2, wherein at |east two of the
wal | menbers have different lengths fromthe remaining wall nenbers. 4.
The nodulwio 2de¥@8§38d according to claim 1, wherein the pCunskétpesio
conputer racks are arranged in a U-shape, circular shape, or elliptical
shape. WD 2012/ 118553PCT/ US2011/ 067679 5. The nodul ar data pod accordi ng
to claiml1, wherein the air circulator is coupled to the conputer rack
covering nmenber. 6. The nodul ar data pod according to claim11, further
conpri si [09293|varAsadhoent die ldrdevweale alata god Beimtiocvagsyactés regpisex06fthath@nai r
circul ator depending on the environnental conditions associated with the

modul ar gah@dieGerve ladjabdft RREW! AL sHEVA iR PIGASEOf HloBle bANE UL b trdctdrt her
conprising a heat exchange

trailer or other transport vehicle may gain access to modular data pods 80 in the modular
data pod farm via access roads 2005 that surround multiple modular data pod farms 1400
and 1400'".

[00294] The overall design of the data pod farm incorporates efficient use of data pod
shapes and hive patterns to make it possible to deploy a large data pod farm in three to
four times less space than a typical data center. This modular approach is far more
efficient in its use of over all space versus other containerized modular designs. The data
pods themselves can be much more tightly packed than a typical modular rectangular or
square-shaped data pod, such as the data pods in the form of a shipping container. The
data pods according to embodiments of the present disclosure can be fed from a modular
pump house and electrical buildings, which are also incorporated into a small footprint.
[00295] In conjunction with the foregoing discussion of FIGS. 1-20, FIGS. 21A and
21B illustrate one embodiment of a method 4500 of cooling electronic equipment, e.g.,
servers 5511a...511n and 533a...533n illustrated in and described with respect to FIG. 3,
using a first fluid, e.g., a liquid refrigerant R134a or similar refrigerant. The method
starts at step 4501. In step 4502, the first fluid is free cooled by enabling heat transfer
from the first fluid to a second fluid, e.g., that has been cooled using atmospheric air, as
described with respect to FIG. 6, and mechanically cooling the second fluid to the extent

that free cooling the first fluid is insufficient to cool the first fluid. The mechanical

cooling of the second fluid is a function of the temperature of the second fluid.
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menber di sposed in the first volune adjacent to the plurality of conputer
racks. 8. The nodul ar data pod according to claim7, further conprising a
second hewD 2exxhsssge nenber di sposed in the third vol umeCT/S201The7onpdul ar
data pod according to claim8, wherein the second heat exchange nenber is
di sposed adjacent to the air circulator. 10. The nodul ar data pod
according to claiml1, further conprising a dedicated electrical power
supply electrically coupled to the plurality of conputer racks. 11. The
nmodul ar [@R96]podn 3eparsdbNde tsocaidafiluid 1O codled béfere wdmgptheseaghdafluid @agicecone

cool the first fluid by enabling heat transfer from the second fluid to a third fluid. In step
4508, the third fluid is compressed via sub cooler compressor 4310 in the third circuit
4300 of FIG. 6. In step 4510, the compressed third fluid is condensed by enabling heat
transfer from the compressed third fluid to the second fluid via the trim condenser 1200b
after using the second fluid to free cool the first fluid. More particularly, the compressed
third fluid is condensed by trim condenser 1200b.

[00297] In step 4512, the pressure of the condensed third fluid is reduced, e.g., via
thermal expansion valve 4311, to reduce the temperature of the third fluid. In step 4514,
the wet-bulb temperature of the atmospheric air is sensed. In step 4516, the speed of
compressing the third fluid, e.g., via sub cooler compressor 4310, is varied as a function
of the sensed wet-bulb temperature to vary the temperature of the second fluid.

[00298] In step 4518, the free-cooled first fluid is received in a fluid receiver, e.g.,
fluid receiver 4128. In step 4520, the liquid level of the first fluid contained in the fluid
receiver 4128 is sensed, ¢.g., via liquid level controller 4127.

[00299] In step 4522, the first fluid is mechanically cooled to condense the first fluid
when the sensed liquid level in the fluid receiver 4128 falls below a first predetermined
level. The mechanical cooling of the first fluid may be performed by fluid circuit 4400
via sub cooler compressor 4410 causing a fourth fluid to flow through sub cooler coil
4129 of the refrigerant liquid receiver 4128 into subcooling condenser 1300a. In step
4524, the mechanical cooling is deactivated, ¢.g., by terminating operation of the sub
cooler compressor 4410, when the sensed liquid level in liquid receiver 4128 reaches a

second predetermined liquid level that is higher than the first predetermined liquid level.
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DC/ AC inverter electrically coupled between the dedicated el ectrical power
supply and an external electrical grid. WO 2012/ 118553PCT/ US2011/ 067679

12. A noowbanizdaszs3pod, conprising: a plurality of servecs/us2011/0676at | east
one heat exchange nenber configured to couple to a first cooling circuit
including a free-cooling device; and a second cooling circuit coupl ed
to the heat exchange nenber and in thermal comrunication with the plurality
of servers, the second cooling circuit including a mechanical cooling

devi ce. [00300]Thén ragpusae, dartfarspdidaacthe diuid rdcoivet 4128 k2cooldiebe emiing
mechani cal cooling device is configured to operate when the wet bulb

t enper at yae tr8hsfhRoAROERNALRI iAIBROALAUBEIWr 4128 hea R @lid &t dcpashexceeds
a predeterm ned wet bulb tenperature. 14. The nodul ar data pod accordi ng

0, L7 M3 BRAL B B 38 P06 R CARRANES M) e
compressed fourth fluid is compressed by enabling heat transfer from the compressed
fourth fluid to the second fluid that has been cooled using atmospheric air. In step 4532,
the pressure of the condensed fourth fluid is reduced, e.g., via the fourth fluid exiting the
sub cooler condenser 1300a to a thermal expansion valve 4420, which expands the fourth
fluid back to the sub cooler coil 4129 to reduce the temperature of the fourth fluid.
[00301] The first fluid, the third fluid, and the fourth fluid may contain a refrigerant
such as R134A and the second fluid contains water, ¢.g., condenser water, chilled water,
or a glycol solution.

[00302] The method 4500 may also include sensing the temperature of the free-cooled
first fluid in first cooling circuit 4100 and regulating the flow rate of the second fluid in
second cooling circuit 4200 as a function of the temperature of the free-cooled first fluid,
e.g., via the temperature sensor 4126 detecting the temperature of the first fluid when it
exits from the main condenser 1300. The readings of the temperature sensor 4126 reflect
the temperature of the main condenser 1300. The method 4500 ends at step 4534.

[00303] FIGS. 22A-22C illustrate a method 4600 of deploying modular data pods to
form a data center according to one embodiment of the present disclosure. More
particularly, in conjunction with FIGS. 1, 17, 17A, and 17B, method 4600 starts at step
4601. In step 4602, a first plurality 800-1 of fluid and electrical circuit sections 820 of a
respective plurality of modular data pods, ¢.g. modular data pods 80 and 180, are coupled

in series to form a first fluid and electrical circuit 17051 having a first end 820al and a
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15. The nodul ar data pod according to claim14, wherein the second cooling
circuit includes a primary cooling coil assenbly coupled to the primary
heat exchwsiogeiymsiser and a secondary cooling coil assenpCy/usouploe®7¢ o t he
secondary heat exchange nenber. 16. The nodul ar data pod according to
claim15, wherein the primary cooling coil assenbly and the secondary
cooling coil assenbly are cascaded coil assenblies. WO

2012/ 118553PCT/ US2011/ 067679 17. A nethod of cooling a plurality of

conput er seicandkend £0wpr s ke 4604, the fidt erah@h0ad ofi thel fustafluit ind tlecwieplutienitr acks
wi thin an encl osure having the shape of a polygon to forma first vol une

bet ween y@jsl BBk Bfcchhel Amal ARUEISARS ditdugt1450dem Qbp 406 P WEALdILY Of
computer racks and to forma second vol une between second sides of the

conput ercc{oﬁl@ﬁsdevice, e.gl,ﬁd%éliﬁ%it erk @F-ﬁgcwllﬁob%f%%%& Eqr-fﬁ,gist&h?%%ivﬂl une

coupling frrst’ v he second Vol uhre; = circu ing air
et v L e 43P B0 LEEEAIENCLUTE R the fhr gL and L1
of the. aFeCBAU A HEE RO BN &) CauRaOeRE T La CTIB, C1aa.” *PEe

or CT-2B, where the cooling device is configured to satisfy at least a portion of the

cooling requirements of the plurality of modular data pods 80 and 180.

[00304] The first fluid and electrical circuit 17051 includes at least one fluid supply

line and at least one fluid return line, e.g., fluid supply headers 2151a, 2152a and 2151b,

2152b, respectively, as shown for example in FIG. 7. As previously described with

respect to FIG. 7, the fluid supply headers 2151a, 2152a and fluid return headers may be

configured in a reverse-return configuration.

[00305] Referring again to FIGS. 22A-22B, in step 4608 a second plurality 800-2 of

fluid and electrical circuit sections 820 of a respective plurality of modular data pods, ¢.g.

modular data pods 80 and 180, are coupled in series to form a second fluid and electrical

circuit 17052 having a first end 820a2 and a second end §20b2.

[00306] In step 4610 of FIG. 22A, the first end 820a2 of the second fluid and electrical

circuit 17052 is coupled to the first end 820b1 of the first fluid and electrical circuit

17051 thereby coupling the second fluid and electrical circuit 17052 to the central

cooling device, ¢.g., cooling towers CT-1A, CT-1B, CT-2A, or CT-2B.

[00307] In step 4612, a third plurality 800-3 of fluid and electrical circuit sections 820

of a respective plurality of modular data pods, e¢.g. modular data pods 80 and 180, are
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19. The method according to claim 17, further conprising disposing a heat
exchange nenber in the first volune adjacent to the plurality of conputer
racks. 290 0t11888hod according to claim 19, further cegprisgimyewi7sposi ng
a second heat exchange nenber in the third volunme. 21. A nodul ar data
center, conprising: a first cooling circuit including a primary cooling
device; a plurality of nodul ar data pods, each nodul ar data pod
conprising: a plurality of servers; a heat exchange nenber coupled to the
first coeduphg iaiserddsitd forangthird fluid and eleaidaladebit NGO Tl Hasving a finupld20ad t he
heat exchange nenber and configured to cool the plurality of servers, the
second cgl 4 fgokd Esdtopincl udi ng a secondary cool i ng device configured to
cool fluid flow ng through the second cooling circuit.

[00308] In step 4614, the first end 820a3 of the third fluid and electrical circuit 17071
is coupled to the central fluid and electrical circuit 1430 thereby coupling the third fluid
and electrical circuit 17071 to the central cooling device, e.g., cooling towers CT-1A,
CT-1B, CT-2A, or CT-2B, where the cooling device is configured to satisfy at least a
portion of the cooling requirements of the plurality of modular data pods 80 and 180.
[00309] In step 4616, a fourth plurality 800-4 of fluid and electrical circuit sections
820 of a respective plurality of modular data pods, e.g. modular data pods 80 and 180, are
coupled in series to form a fourth fluid and electrical circuit 17072 having a first end
820a4 and a second end 820b4.

[00310] In step 4618, the first end 820a4 of the fourth fluid and electrical circuit 17072
is coupled to the second end 820b3 of the third fluid and electrical circuit 17071 thereby
coupling the fourth fluid and electrical circuit 17072 to the central cooling device, e.g.,
cooling towers CT-1A, CT-1B, CT-2A, or CT-2B, where the cooling device is configured
to satisfy at least a portion of the cooling requirements of the plurality of modular data
pods 80 and 180.

[00311] In step 4620, a fifth plurality 800-5 of fluid and electrical circuit sections 820
of a respective plurality of modular data pods, e.g., modular data pods 80 and 180, are
coupled in series to form a fifth fluid and electrical circuit 17091 having a first end 820a5
and a second end 820b5.

[00312] In step 4622, the first end 820a5 of the fifth fluid and electrical circuit 17091

is coupled to central fluid and electrical circuit 1430 thereby coupling the fifth fluid and
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22. The nodul ar data center according to claim 21, wherein each nodul ar
data pod further conprises primary cooling coils in thermal conmunication
wi th the wounediigis3of servers. 23. The nodul ar data cem®CerusaciaoOswINg t o
claim 21, wherein the second cooling device is a nechanical cooling device
configured to operate when the wet bulb tenperature of the atnosphere
associated with the nodul ar data center exceeds a predeterm ned wet bulb
tenperature. 24. The nodul ar data center according to claim23, wherein

t he nmecheélsitoiadl oirooit il AQP Ide\vthe ecntiat tauding d@viconpg.essiling tekests CT-tANCTgWB,ed to
conpress fluid flow ng through the second cooling circuit. WO

2012/ 118593RCH UROBILAEHEEGRS codlrg dRRTO b fRIurétPloPsafiSRt R 1cREE B6RioAD St O

claim21l, wherein the fluid flowng through the first cooling circuit is a

o vcol <L AL 8.9 55, 3 MGORL gLl WG o e i cush e sccond,

claim 21[00\94I|ﬁr eiﬂe%%ﬁt?alrg%gﬁrlléi Eievqgg 1% apf?rcslt central cooling device, e.g. cooling tower
CT-1A, CT-1B, CT-2A, CT-2B, as illustrated in FIGS. 14, 15, and 17. If one of the
cooling towers CT-1A, CT-1B, CT-2A, CT-2B cannot satisfy at least a portion of the
cooling requirements of the second plurality of modular data pods 80, the method 4600
includes coupling a second central cooling device CT-1A, CT-1B, CT-2A, CT-2B to the
central fluid and electrical circuit.
[00314] Each modular data pod of the plurality of modular data pods 80 includes a
data enclosure, e.g. data enclosure 108 of modular data pod 80 in FIG. 2D, and an
auxiliary enclosure, e.g., auxiliary enclosure 818 in FIG. 2D, containing a respective
shared fluid and electrical circuit section 820. The shared fluid and electrical circuit
sections 820 are coupled together to define fluid and electrical circuit chains 1705, 1707,
or 1709 forming a linear path, e.g., chains 122, 124, 126 in FIG. 17. The method 4600
further includes coupling the data enclosures 85 to the auxiliary enclosures 818 on
alternating sides of the shared fluid and electrical circuit 1705, 1707, or 1709, as
illustrated in FIG. 17. The method ends at step 4624.
[00315] FIGS. 22D-22E illustrate an alternate embodiment of the method 4600 of
deploying modular data pods to form a data center according to one embodiment of the
present disclosure. More particularly, in conjunction with FIGS. 1, 17, 17A, and 17B,

method 4600' starts at step 4601'. In step 4602', a first plurality 800-1 of fluid and

electrical circuit sections 820 of a respective plurality of modular data pods, ¢.g., modular
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further conprises: a second heat exchange nenber coupled to the first
cooling circuit; and a third cooling circuit coupled to the second
heat exchsiogeizmgiser and configured to cool the plurali PgTafiS2e0emrs, the
third cooling circuit including a second secondary cool i ng device
configured to cool fluid flowng through the third cooling circuit. 27.
The nodul ar data center according to claim26, wherein each nodul ar data
pod further conprises secondary cooling coils in thermal comunication with
t he pl urddta tppdoRO @ VISOS are dBiplcthid sepids i@ fordat aisefltidr amiceostdealgitcaitcl ai m
21, wherein the primary cooling device is a free cooling device. 29. The
nmodul ar  gajsa RNl RGCHITRIE ] t:add &dcBhd8nd WREBE M ke {d0ae tkOakdtR@ddevi ce

820al of the first fluid and electrical circuit 17051 is coupled to a central fluid and

electrical circuit 1430. In step 4606', a central cooling device, ¢.g., cooling towers CT-

1A, CT-1B, CT-2A, or CT-2B, is coupled to the central fluid and electrical circuit 1430

thereby coupling the first fluid and electrical circuit 17051 to the central cooling device,

e.g., cooling towers CT-1A, CT-1B, CT-2A, or CT-2B, where the cooling device is

configured to satisfy at least a portion of the cooling requirements of the plurality of

modular data pods 80 and 180.

[00316] The first fluid and electrical circuit 17051 includes at least one fluid supply

line and at least one fluid return line, e.g., fluid supply headers 2151a, 2152a and 2151b,

2152b, respectively, as shown for example in FIG. 7. As previously described with

respect to FIG. 7, the fluid supply headers 2151a, 2152a and fluid return headers may be

configured in a reverse-return configuration.

[00317] In step 4608, a second plurality 800-3 of fluid and electrical circuit sections

820 of a respective plurality of modular data pods, ¢.g., modular data pods 80 and 180,

are coupled in series to form a second fluid and electrical circuit 17071 having a first end

820a3 and a second end 820b3.

[00318] In step 4610, the first end 820a3 of the second fluid and electrical circuit

17071 is coupled to the central fluid and electrical circuit 1430 thereby coupling the

second fluid and electrical circuit 17071 to the central cooling device, e.g., cooling

towers CT-1A, CT-1B, CT-2A, or CT-2B, where the cooling device is configured to
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includes a fluid cooler or a cooling tower. WO
2012/ 118553PCT/ US2011/ 067679 30. The nodul ar data center according to
cl ai m 21, wbuntdwasssesonpri sing a third cooling circuit coeplras24ie/06te29 second
cooling circuit, the third cooling circuit including a cooling fluid source
and an expansion tank. 31. The nodul ar data center according to claim 21,
wherei n the heat exchange nenber is a condenser. 32. The nodul ar data
center according to claim 21, wherein the first cooling circuit includes
t wo suppsayistyl Aésasandortion of eétclonlihg rr@irtmeats bEterderalist affmodubafdaglalisi on.
33. A cooling systemfor a nodular data center, conprising: a first cooling
circuit gmgddiong a prinmary cooling device;

[00319] Instep 4612', a third plurality 800-5 of fluid and electrical circuit sections 820

of a respective plurality of modular data pods, e.g., modular data pods 80 and 180, are

coupled in series to form a third fluid and electrical circuit 17091 having a first end 820a5

and a second end 820b5.

[00320] In step 4614', the first end 820a5 of the third fluid and electrical circuit 17091

is coupled to the central fluid and electrical circuit 1430 thereby coupling the third fluid

and electrical circuit 17091 to the central cooling device, e.g., cooling towers CT-1A,

CT-1B, CT-2A, or CT-2B, where the cooling device is configured to satisfy at least a

portion of the cooling requirements of the plurality of modular data pods 80 and 180.

Finally, the method 4600' ends in step 4616'.

[00321] The modular data pods of the present disclosure may be designed to use

higher cooling temperatures than standard comfort cooling temperatures (e.g., above 75°

F at the inlet to the pod). The pods can use cold water (e.g., deionized water), refrigerant,

a hybrid of cold water and refrigerant, or cold air to maintain the cooling temperature at a

higher level than typical comfort cooling temperatures. The temperature of the cooling

air (or other cooling fluid) may be maintained safely above the dew point temperature

within the modular data pod envelop to protect against condensation.

[00322] The modular data pods may include one or more humidifiers and an

associated controller to maintain the humidity of the air internal to the modular data pod

at a desired level. The one or more humidifiers may be housed in an adjacent pump

chamber so as to separate the water management system (e.g., leak control) from the
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a plurality of nodul ar data pods, each nodul ar data pod conprising: an
enclosure including a plurality of server racks; a heat exchange nenber
coupl ed twothe/fiB¥58t cooling circuit; and a secon®CTaskNgYe™ry cui t
coupled to the heat exchange nmenber and configured to cool the encl osure,
the second cooling circuit including a secondary cooling device configured
to cool fluid flow ng through the second cooling circuit. 34. The cooling
system according to claim33, wherein the secondary cooling device is
confi guretticit oysem@ asopatet i with dic modeat daagbdM Thi poldhensgnakoesoneolt that t he
primary cooling device cannot cool. WD 2012/118553PCT/US2011/067679 35.

The cool hRfidsty i end A&l dinBidet: &rAbiRAtRdh oMRRKIBIRrd SlSREGRARHASYthEAREI NY
device is configured to cool a portion of a heat |oad within the encl osure

as a fungtion. of. the atnospheric conditions.

[00323] A data center including multiple modular data pods can be deployed with less
base infrastructure than a typical stick-built data center. This saves upfront costs for sites
that are not intended to have a high data load in early deployment phases. The systems
are scalable and require far less infrastructure for the initial deployment.

[00324] Most of the components on the electrical, mechanical, and IT infrastructure
systems can be integrated into prefabricated support structures, which significantly
reduce the amount of time and money it takes to deploy a data pod system in the field.
[00325] The designs of the cooling systems and the modular data pods provide the
flexibility to adjust to the tier-specific needs of an intended data center project. Large
deployment systems such as warchouse hives and farm hives are designed to have
expandable features that allow the system to expand in tier capability should it become
necessary to do so over time. The methodology to increase the system tier capability
over time is referred to as shared hives. The basic system design includes valve
components and emergency control strategies that enable the system to be fed from
cooling sources in adjacent hives. This hive interlocking feature enables modular data
pods to be fed from supplemental cooling sources if necessary.

[00326] The cooling process (cycle) provided by cooling system 10 enables close
tolerances in approach temperatures between atmospheric conditions (wet-bulb
temperature) and the entering air temperatures to IT rack cooling. The cycle is designed

to utilize environmental conditions (low wet-bulb temperatures) to fully handle rack
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36. The cooling systemaccording to claim33, wherein the first and second
cooling circuits are independent cooling circuits. 37. A nodul ar data
center, cwOppi2ilgE3 a central cooling system a plurali PgTafS2omdeieay dat a
pods, each nodul ar data pod conprising: a plurality of servers; a
heat exchange assenbly coupled to the central cooling system the heat
exchange assenbly configured to cool the plurality of servers; and a
di stributed cooling systemcoupled to the heat exchange assenbly. 38. The
modul ar caliag tent eicro@eabamogal enditRingpdimit. whatseiincltds acleick alsystomldfng
systemis a free-cooling systemand the distributed cooling systemis a
nmechani cglpc6Qald REcaYS&ttBMenable the system to handle the cooling loads in spite of spikes
in wet-bulb temperatures. This is accomplished by optimizing to the specific heat
characteristics of the cooling media (R134a) or other refrigerants.
[00327] The indirect cooling cycle provided by the cooling system 10 is capable of
maintaining IT rack inlet temperature utilizing a sub-cooler system that can be sized to
less than about 15% of what would normally be required for either DX or chiller
capacity.
[00328] The modular data pod is designed to be added to or removed from a data pod
hive or a data pod chain. In particular, each modular data pod is designed to include
system components that allow the modular data pod to be added to the hive. The HVAC
pipe and electrical conduits described above are included in each modular data pod to
form a link between existing, new, and future modular data pods on the modular data pod
chain.
[00329] The pipe chase of each modular data pod includes dual reverse-return pipe
circuits. These circuits are intended to continue the reverse return capabilities of the
system as each new modular data pod is deployed on a modular data pod chain. This
feature enables the addition or removal of pods without shutdowns or costly water system
balancing problems. Alternatively, the modular pods may include direct feed mains
(versus reverse-return mains) or single, non-redundant mains. These pods can be used on

Tier 1 type facilities where self balancing, reliability, and redundancy issues are less

critical.
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39. The nodul ar data center according to claim38, wherein the distributed
cooling systemis configured to cool a portion of a heat |oad of the
nodul ar owbaopodsishat exceeds a cool ing capacity of thePCTas2coobiony
system WD 2012/ 118553PCT/ US2011/ 067679 40. The nodul ar data center
according to claim 37, wherein the heat exchange assenbly includes a heat
exchange nenber and a cooling circuit in thermal comunication wth the
heat exchange nmenber, the cooling circuit further in thermal communi cation
wi th the[0oB80]al | Eachofluid eir\pepescircudilis fAtcdethliodalots depbpylirtegansesubateddat a pods
to forma data center, conprising: installing a plurality of nodul ar

dat a podgegdidy @ﬁ@wg wcﬁlp Anehangpd&ircul @k h didleappasc i difetditicnflud, fani d and
electrical circuit section in fluidic and electrical comunication with the

modul ar gcﬁﬁ 159%g’théa e 01rcu1t ‘1; s%%%nﬁyﬁh&)rr?drh Ya ﬁlflc Arr{)l%eg%ﬁ{aaﬂ%ﬁé\f 1FhrI cal

circuit sec |ons |n her orma ectrica

Cl ai m PR ERR c'e‘%?f%f ?osﬁ% f@ialagcf RGBT Mo draseis BFBRES THE VBRI ¢ Lo a

central fluid and electrical circuit.
(burping), and hydrostatically testing the circuit before the modular data pod is
introduced to the system of modular data pods. This process duplicates the hydrostatic or
pneumatic fitness testing that is done in the factory to ensure that the pipe circuit is not
compromised in transit or during deployment. This allows a modular data pod to be
added scamlessly to a data pod system without affecting the operation of adjacent
modular data pods, or causing costly unintended shutdowns.
[00331] The end unit on each pod chain includes a bypass tee arrangement on each of
the two reverse-return circuits. This enables future expansion of pods to the data pod
chain without shutting down the previous data pods on a data pod chain.
[00332] Each data pod chain in a data pod hive is designed to include integral but
fully-detachable dual pipe, electrical, and IT system infrastructure located, for example,
in the lower section of the modular data pod. This mechanical/electrical chase section is
designed to be isolated from the main data pod envelop. The rear section or auxiliary
enclosure is detachable from the main pod assembly to enable the data envelop or
enclosure to be removed. The modular data pod may be periodically removed to an off-
site location to restack the computer servers or to maintain or upgrade the mechanical,
electrical, or control systems of the modular data pods. The pipes and conduits may
include attachment mechanisms (e.g., flange or break-away bolts or wiring harness plugs)

to facilitate easy detachment and re-attachment of the pipes and conduits to the modular
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43. The nethod according to claim42, further conprising coupling a central
cooling device to the central fluid and electrical circuit, the central
cool i ng dw0i20e2/108358i gured to satisfy at | east a porti onPofi/ush@1m6m7¢ ng
requi renents of the plurality of nodul ar data pods. 44. The nethod
according to claim43, wherein the plurality of fluid and el ectri cal
circuit sections are a plurality of first fluid and electrical circuit
sections and the fluid and electrical circuit is a first fluid and

el ect ri cédta @od caskdmblf urTHeepipe aimdrdonidng .chase may icdudd wals, anphbiraakd, tayid of
second fluid and electrical circuit sections of a respective second

plural i t feathts"RABIALdAAt RatBRASt fab Betv@@ntBefBafB and eﬁ@ml%ofuwl dhtandd
el ectrical circuit having a first end and a second end; and coupl i ng

a second ‘ngd and electrical circuit section at the flrst end of the
second f?UI and electrical circuit to a first fluid and electrical circuit

et hod aaRh ngt b0 R 22 Tl SRS SBMRIERdh yidoor enrgrgiibts i Figi - andl

el ectrical circuit sections of a second plurality of mnmodul ar data pods in
series t@rqudsof sadepeddar daig godRA mayapelufle hat daciagi swatiohgng ipsufadionend and
a second end; and coupling a second fluid and electrical circuit
section pb&aﬁnmddhahrdam&HpUdipbdeQrha&ohﬁowhdmathayngmamddhwamiﬁaya pods
at the first end of the second fluid and electrical circuit to the central

fluid anghtehraed withahe BMS; wihich mépproVhie aleinhed segeOntirigtié® cl ai m 45,
wherein the central cooling device is a first central cooling device,

further Ai | Siggh ?QCI L griﬂclédél%% E'&ht&ﬁﬂﬁeﬁtaﬂang ‘BQI'oW'&cH Uil B&nil OThGangeNt 1 Al

fluid an ectrlca uit the first central cooling device cannot

;?L:, Z}c ly t 3 ay ]mc?s(%tu Fakp &)er ;Ctt%g th%g a}enlnkeg ?o { %ng lﬂlr %rpla’@ may%]rclgéeg %n Saiaa(%r?lnoq

otherwise notify an operator when a leak or other abnormal condition (e.g., high humidity
within the modular data center envelop) is detected.

[00335] Each pod may be fitted with leak detection sensors that can be deployed at
strategic points within the modular data center envelop, the pump, the heat exchanger
chamber, and the detachable pipe/electrical chamber. The leak detection system may be
fully integrated with the BMS, which can provide alarm and status information.

[00336] The modular data pods are designed to handle high density server equipment,
such as fully redundant 40 kW server racks. The modular data pod design is scalable to
accommodate increased power output per cubic foot of server equipment as a result of
advances in server technology. Scaling the modular data pod design may require refitting
the heat exchanger and pumping equipment and the power distribution to the server
racks. The extent of any modifications made to scale the modular data pod design may

depend on the amount of increase in power output.
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47. The nethod according to claim41, wherein each nodul ar data pod of the
plurality of nodular data pods includes a data enclosure and an auxiliary
encl osur ewoant2ailgdsag a respective fluid and el ectrical e@ecrasea119ewmsre on in
fluidic and electrical communication with the data encl osure, and wherein
the fluid and electrical circuit section fornms a |linear path defining at

| east first and second sides of the fluid and electrical circuit section
and the data enclosures are positioned alternately on the at |east first
and secofid337|desThef mbddarf data ghodrdokhe edainscahy bicrseatl tpifge Polyansy] chloridoer
conprising coupling the data enclosures to the auxiliary enclosures on

al ter nat (M)Splg@sst%letsmtefell gmpe @c%eleb%t Fb&@las il rdin®e&H @srete e The

met hod according to claim47, wherein the step of |nstaII|ng a plurality of

nodul ar 0 y D acent
dat a encﬁ?&&‘ %g%?)l}\érgxgés ?(1} Hll)tg rzg%g}g) i?ggél ?S{srteﬁéﬁ’de 0?1?{1 u;ag: gﬁl&

el ectrical circuit sectlon e se |de of the fluid and el ectrical
circuit @%@P@BHHFHfﬂ%Fﬁ?%ﬁ %ﬂ%&#ﬁﬁr %ﬁ Y§°Oser access to the auxiliary
encl osure. 49. The nethod according to claim4l, wherein the step of

i nstal | i H§338Ip Jﬁlﬁ|m@@1§fd%mﬂ8amaﬂgﬁéltb@d@assmrpdwﬂrﬁrwdlmu@heCWher
includes installing the plurality of nodular data pods in proximty to one
anot her , medeto et gywodpenttandnng the fluid and electrical circuit section
in fluidic and el ectrical comunication with the nodul ar data pod and a

ref ri ger OB3g00lThRgnSdSirePpidach) whidh Gnadieksaheiding Gall d inodtlapdatai t h t he
nodul ar data pod, the refrigerant cooling system dedicated to cooling

el ect ron%&dsea%'nﬁﬁ&[ﬁr ﬁﬁﬁpr&seﬁﬂ %&&a@e%ﬁﬁnéﬁsg%é st @ffé@l%lvx% d8hfd aAd- S50. A

nodul ar data center rsing a lectrical circuit;

a chain of . nod r.dat.a po n f1yi.d and
el ectri c%ﬁnterf’r?% EX WYy R m‘hd“? pB“’aC %%mfdcan@ (%Fescg?r#ﬂa "qactoFtSnan%n th the
central fluid and el rical circuit; a pIur lity he f and

o oot 11 CHINSIFEDE (1elE BPPHROTSY MR torital nddapiesp ww% Sk P es with
each other to forma fluid and electrical circuit haV|ng a flrst end and a
second efhg;modular pumpingfandiciectimgl equapmentcal circuit coupled to a central

cooling fluid and electrical circuit; and
[00340] Energy costs can be reduced by installing modular data pods according to the

present disclosure in a warchouse or similar facility. This is because the space within
cach modular data pod envelop is the only space within the warchouse that requires
conditioning. The warchouse space outside each modular data pod requires minimum
ventilation. This is significant because the modular data pods are designed to save space
by their small physical foot print. Thus, the warchouse or similar facility can be smaller.

[00341] A typical data center requires a minimum foot print to treat the air in the hot
and cold aisles defined by server rack assemblies that are spread out across a data center
floor. For example, a 10,000 square foot data center may house approximately 200-220
server racks. Each rack may have the ability to generate on average between 6 and 12
kW. Some racks can generate higher outputs, e.g., 16-24 kW. In contrast, the modular

data pod according to some embodiments of the present disclosure can attain high enough
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a central cooling device coupled to the central cooling fluid and
electrical circuit, the central cooling device configured to support at

| east a pwoto18§53t he cool i ng requirenments of the chai RCofUuSdwb®r9 dat a
pods. 51. The nodul ar data center according to claimb50, wherein the fluid
and electrical circuit includes at |least one fluid supply |line and at |east
one fluid return line and wherein the at |east one fluid supply Iine and
the at least one fluid return line are in a reverse-return configuration.
52. The mwdulodhecgtatpci@ntoetoohedr dérngr taokLiamisumbiy, owshdd W iraablatioelyl ar
data pod of the chain of nodul ar data pods includes an auxiliary enclosure
that conpriisgsysidaefdogRective fluid and electrical circuit section. 53.
The nodul ar data center according to claim52, wherein each nodul ar data
pod of t ai f..pmdu d i nel at I
includesm§3%§rtﬁg% 8gﬁt gaggég%@@£€%ﬁ¥ﬁgfdggﬁgIgﬂgb%?féa%dgﬁgﬁﬁf#h@%ctions,
and mhereia fhg fluid aTd.elgﬁ%r%cal circuit sections forma I'nearlpath
def i ni ng™Qfulpbde rof results iny reduceh SRR SLSTH PGS PUPRPTER G Rided 19 €og
circuit and the data enclosures are positioned alternately on _the at | east
first andegeletdy siudlsaipspachevithinithe medulsr daterpagal Alsor begause obthe tighd
nodul ar data center according to claim53, wherein adjacent data encl osures
on at | eastfigoratioofof sérwerf facky arsl dee ebntalmendnk, thd mexddlae dete tpoid eabdscliessclant and

t he second side of the fluid and electrical circuit forma pat hway
providinmnaggaﬁaqbpmﬂmﬁyEgﬁ@@@@hﬁﬂ.auxiliary encl osure included by the
nodul ar data pod. 55. The nodul ar data center according to claimb53,

wher ei n tdﬁ@4ﬂat FHRNGO AT Eitd ?odsfbah@)% SR Abd@aPPhMBAB pods that FhEmFRAUI ar
data center according to clalmb50, further conprising:

from cooling towers, fluid coolers, chillers, geothermal systems, or existing building or
plant water systems.

[00344] The geometric shape of the modular data pod container in conjunction with
the circular configuration of the server racks provides efficient use of space and creates
natural hot aisle/cold aisle containment and natural “chimney effect” for hot air pattern
control.

[00345] An additional benefit of the all inclusive modular design allows for a greater
amount of security and compartmentalization for deployment in “cooperative”-type data
warchouses and suites. The modular box creates segregation from other IT server racks
within the cooperative. The boxes can be locked and easily monitored for security
purposes.

[00346] The tight, circular configuration of server racks within the modular data pod
facilitates much tighter groupings of interrelated servers and IT equipment, e.g.,
parent/child, master/slave, and redundant servers. This tight configuration allows for

shorter fiber and cable runs between IT interdependent components.
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a second chain of nodul ar data pods, each nodul ar data pod in the second
chain of nodul ar data pods including a fluid and electrical circuit section
in fluidiwoant/BeB#satri cal conmuni cation with the centralPCrius2el 18679

el ectrical circuit; and a second central cooling device coupled to
the central fluid and electrical circuit, the second central cooling device
configured to support at |east a portion of the cooling requirenents of the
second chain of nodul ar data pods. 57. The nodul ar data center according

t o cl ai n0BB47whditei tighe gebkinpdafl the atatah npathlaf ddth@odhaita 0hiveodldvar fodat a
pods includes an auxiliary enclosure including a fluid and el ectri cal

circuit apgefcifting Harmt regPRhbMg (BSHEMdI R ddedddinCa AL ldetkt flddt duild
comuni cation with the fluid and electrical circuit, the refrigerant

Gata onchiours iy Y RENFEhCRRM BRI ERCHRRLS TG0 AEERberRB RS ReRk M "
et a1 RgbS eI g TetselexPih 4 B PR e QPICes GG TS her
each data pod including a circuit section in conmunication with the nodul ar
dat a pode¢abdipg and fiber lepgips.i hbess rpdusHians 1ef opty reduceclaberand metetislggstsi fitser i es
with each other to forma circuit having a first end and a second end. 59.
The met hdso ecloor oengingaosts diecaus8oef shorter data cable runs.

[00348] The modular data pods may include real-time data monitoring servers capable

of producing real-time monitoring of critical IT loading, IT status, cooling, and power

system performance. The modular data pods may also include external touch pad system

status and monitoring display panels.

[00349] The modular data pods can also be scaled down in physical sizes for low rack

density applications. Smaller applications can utilize pentagon, hexagon, or other

polygonal shapes that are more beneficial in smaller modular data pods.

[00350] Embodiments of the modular data pod design, either taken individually or in a

system, provides a cost benefit over typical data centers that are stick built. The cost of a

partial or full-system deployment of modular data pods may be at least 30% less than

stick-built or site-built data centers.

[00351] The deployment of modular data pods needs far less on-site man hours for

construction. This significantly reduces the overall schedule for a data center project,

especially data center projects in remote locations.

[00352] The pipe, IT fiber conduits, and electrical chase containment area is fully

detachable from the main data pod assembly. The chase can be fitted with leak detection

and leak control measures that isolate the water systems transport lines from the actual IT
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wherein the step of installing includes installing a plurality of nodul ar
data pods in proximty to one another, each data pod including one of a
fluid cirwoizp12as8isBon and an el ectrical circuit secti onPCh/USeMOnI6CAt i on

wi th the nodul ar data pod, and wherein the step of coupling includes
coupling a plurality of the fluid circuit sections in series with each
other to forma fluid circuit having a first end and a second end, or
coupling a plurality of the electrical circuit sections in series with each
ot her t oddtopml anvedecThéeredd ne i“mixtdt sphea’i usg ofl dhiar8tasesmd c@blingwaeeoMticend.

60. The nethod according to claimb59, further conprising one of coupling

the fluigogilheHith pbBs aGaRdIn@d et irékrigbragHidop@BH dSiIBHRLA Ratdr a%%ﬁéa%hg.i cal
circuit to a central electrical circuit. v{?2012/118553PCT/ 2011/ 067679

61. A SyﬁBeQ}t‘é&%% Cc%‘ahhggwgﬂeFC Eht%P' ﬁaﬁqb,'éiﬁ’xg@ 1no§%th&{v@9 water _if water
free-cool 'ng system configure 0 cool A st Tuid i n therml
communi cation.with el ectroni c equj pnent using atnospheric air; and a
mechani cHIPUSHIRICIS 355 5H@§§£§ﬁ¢%§dkﬁ&§@?@?@8-free-coo|ing system the
mechani cal system configured to coal a second fluid flowing in the
f r ee- cool003®lsy sTlgvnggular daghpedsorndic carplasiviproling sypireh thah 8s§ maevatiysl i ng
system has exceeded its maxi mum cool i ng capacity.

control strategies to attain high efficiencies. The cooling system can use innovative

control strategies that allow it to operate at extremely high efficiencies for data center
power use standards. The system may use control strategies that allow it to operate at 1.1
PUE levels for areas or zones that have beneficial wet-bulb conditions.

[00354] For environments that experience unfavorable wet-bulb conditions, the
cooling systems can include a chiller to assist the water-cooled cooling system when the
wet-bulb conditions deteriorate to the point where the system load can no longer be
handled by atmospheric conditions.

[00355] The data pods may be fed electrical power via home-run conduits, cable-bus
duct, or standard-bus duct, at either low or medium voltage. The electrical infrastructure
may be built into each pod and have the ability to be expandable and adaptable if it or an
adjacent pod is added to or removed from a pod chain.

[00356] Each modular data pod may include its own uninterruptible power supply
(UPS) or the ability to connect to a UPS main system, e.g., for large deployment
applications. The pods may be fed with dual redundant UPSs, such as the rotary style or
the static type UPSs. The pods may also be configured to receive transformers and
chargers. The transformers, UPS, one or more batteries, and distribution panels may be

housed in compartments external to the actual data pod envelop.
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62. The system according to claim6l, wherein the free-cooling system
conprises: a free-cooling device configured to cool the second fluid using
at nospherwo 2ai7118%#8d a mai n heat exchanger in fl uPdTASeOWMOGTAL I ON
with the free-cooling device, the main heat exchanger configured to enable
heat transfer fromthe first fluid to the second fluid. 63. The system
according to claim®62, wherein the nechanical sub-cooling systemis
configured to cool the second fluid flowing into the mai n heat exchanger as
a functi @e387] t s dssofidadbore thé bideerfske podlcdd bi fltted G4h ohber siyst daok-
according to claim62, wherein the mechanical sub-cooling system conprises:

a first [ephtt@ins faNaRrg&GRY PodME.ethé BodN@hl Asogatittdd *p s intkfigmitdlgpeecond
fluid flowing into the main heat exchanger to a third fluid fl ow ng through

the fi rs%leﬂg | XA Srhilar 10 o pifla GRTRIERRRS phd? ELH ?%‘f;eg’a[?’ﬂ,ﬁﬂryg“ﬁﬂua?%r"“ th

the firs eat exchanger and co gure 0 conpress fl ow ng
out of the first heat exchanger, .a second heat exchan in fluid
cormuni cHPRBH ureTorHeE LG ABF RE SIS BTN TG OPEQT (10 e FAr & HESEIct Fitbof er
fromthe conpressed third fluid to the second fluid_flomﬁn% out of the main
heat exchafieed Higglternative or preeaisenceeyr Egdei Age upicrstifipl ingrs betpigen deckset ween
the first heat exchanger and the second heat exchanger, the pressure
r educi ngmapbt uswirtd iigroretate cha pove end detatpetvhereg poiets dér dahle cempatadratk.ui d
flowng fromthe second heat exchanger to the first heat exchanger.

[00358] The pod clectrical connectors between the main bus feed and the modular data

pod envelop may be removable and allow the pods to be disconnected from the main bus

feed to allow removal and redeployment of pod envelops. Each modular data pod may

incorporate DC diode decoupling capabilities.

[00359] The pods will have the ability to be illuminated on the exterior with color-

coded light (e.g., a LED or fiber optic light). The color and intensity of the light may

depend on the type and density of the operating load.

[00360] The pod electrical systems can be adaptable depending on the specific tier

requirements for a given data center project, e.g., Tiers 1-4.

[00361] The battery circuiting can be modified to include adjacent pod battery backup

capabilities should it be required for a specific project.

[00362] The pods may feature custom removable computer racks. The computer racks

may be designed to be adaptable so as to be capable of handling both small and large

server support loading. The computer racks will also have features to allow the servers to

be tilted to provide a hot air pattern at the back of the computer rack (e.g., server rack)

that is an upward flow pattern. The computer racks may handle servers that have rear

and side-blow airflow patterns.
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65. The system according to claim64, further conprising a tenperature
sensor configured to sense a wet bulb tenperature of atnospheric air; and
a controlwenoraugised to the sensor and the conpressor, Prhg/usetoetcher
configured to vary the speed of the conpressor as a function of a sensed
wet bul b tenperature of atnospheric air. 66. The system according to claim
64, further conprising: a fluid receiver configured to receive the
first fluid flowi ng out of the main heat exchanger; a sensor
confi gur @8363) sdmsandhdad daqaipddd evelindbdd hatck iang tBritlstii Theemalt BhingBTILN t he
fluid receiver; and

meters for operating, monitoring, and controlling the cooling system. The modular data

pods may include a control system and all of the necessary control panels and

components to control, monitor, and optimize the modular data pod and associated

Systems.

[00364] The modular data pods may be capable of tying into the smart grid system and

use cloud computing technology for load shedding and redirection of processing

information to alternative pods and off-site data collection sites.

[00365] The modular data pods can be sealed or unsealed. Sealed pods may include

or be coupled to equipment that creates a vacuum within the pod or changes the

composition of the air within the pod (e.g., removal of oxygen) to increase heat transfer

and suppress fire.

[00366] While several embodiments of the disclosure have been shown in the

drawings and/or described in the specification, it is not intended that the disclosure be

limited to these embodiments. It is intended that the disclosure be as broad in scope as

the art will allow and that the specification be read likewise. Therefore, the above

description should not be construed as limiting, but merely as exemplifications of

particular embodiments. Those skilled in the art will envision other modifications within

the scope and spirit of the claims set forth below.
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a second nmechani cal sub-cooling systemconfigured to cool the first fluid
when the liquid level of the first fluid contained in the fluid receiver
falls belwaraizpnesset ermi ned | evel. 67. The syst em accorPdirng2410/0616a% m 66,
wherein the second mechani cal sub-cooling system conpri ses: athird
heat exchanger disposed in the fluid receiver and configured to enabl e heat
transfer fromthe first fluid contained in the fluid receiver to a fourth
fluid flowi ng through the third heat exchanger; a second conpressor
in fluid communi cation with the thiCOANESt exchanger and configured to
conpress the fourth fluid flowng out of the third heat exchanger; a
fourth heaft RxEhapBg@esr in fluid communication with the second conpressor and
configured to enable heat transfer fromthe conpressed fourth fluid to the

second fluid; p qr.e reducing unit fluidly coupled between
t he thir% heaéq@%%ﬁgﬁggﬁQghgﬁﬁﬁgﬁﬁ'urth heat exchanger, the pressure

reduci ng unit configured to reduce the tenmperature of the fourth fluid
Tow ng t rom thardei Rt Sk REmEs ©5tPubipRediebic i &' s,
The system according to claim67, wherein the first fluid, the third fluid,
and the katirang odpeof cedntall mombeain thyethaps ohadolen sad oridts ped oveERUdes

wat er .
member;

a plurality of computer racks arranged within the enclosure to form a first volume
between the inner surface of the wall members and first sides of the computer racks and a
second volume formed of second sides of the computer racks;

a computer rack covering member configured to enclose the second volume, the
computer rack covering member and the data pod covering member forming a third
volume coupling the first volume to the second volume; and

an air circulator configured to continuously circulate air through the first, second,

and third volumes.

2. The modular data pod according to claim 1, wherein the polygon is a hexagon or
an octagon.
3. The modular data pod according to claim 2, wherein at least two of the wall

members have different lengths from the remaining wall members.

4. The modular data pod according to claim 1, wherein the plurality of computer

racks are arranged in a U-shape, circular shape, or elliptical shape.

107



WO 2012/ 118553PCT/ US2011/ 067679 69. The system according to claim 61,
wherei n the nechani cal sub-cooling systemis closely coupled to the

el ectroniwoequ/psssat. 70. A nmethod of cooling el ectroniPCTA20 1PETSTY
conprising: cooling electronic equipnent using a first fluid, free
cooling the first fluid by enabling heat transfer fromthe first fluid to a
second fluid that has been cool ed using atnospheric air; and

mechani cally cooling the second fluid to the extent that free cooling the
first fluid is insufficient to cool the first fluid. 71. The nethod
according to claim 70, wherein nechanically cooling the second fluid

i ncl udess mechapd GRULMr 899 |p'oﬂgtcéd}§1n Q6 QN1 Widras tR ik Bigéd1 S0 %fco"uﬁl%d
tenperature of the second fluid 2. The net hod according to claim 70,

wherein %%ﬁ@@&hﬁ&%ﬂééa??&lénﬂg Iﬁejﬁ%&econd fluid conprises:

6. The modular data pod according to claim 1, further comprising a variable fan
drive configured to vary the speed of the air circulator depending on the environmental

conditions associated with the modular data pod.

7. The modular data pod according to claim 1, further comprising a heat exchange

member disposed in the first volume adjacent to the plurality of computer racks.

8. The modular data pod according to claim 7, further comprising a second heat

exchange member disposed in the third volume.

9. The modular data pod according to claim 8, wherein the second heat exchange

member is disposed adjacent to the air circulator.

10.  The modular data pod according to claim 1, further comprising a dedicated

electrical power supply electrically coupled to the plurality of computer racks.
11.  The modular data pod according to claim 10, further comprising at least one

DC/AC inverter electrically coupled between the dedicated electrical power supply and

an external electrical grid.
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cooling the second fluid before using the second fluid to free cool the
first fluid by enabling heat transfer fromthe second fluid to a third
fluid;, cownpressilggfdthe third fl uid, condensi ng t heCtarspoie®smdot hi r d
fluid by enabling heat transfer fromthe conpressed third fluid to the
second fluid after using the second fluid to free cool the first fluid; and
reduci ng the pressure of the condensed third fluid to reduce the
tenperature of the third fluid. 73. The nethod according to claim72,
further conprising sensing a wet bulb tenperature of the atnospheric air;
and varying the speed of conpressing the third fluid as a function of

;Peizensgg vweh hsdubartRmRdatithsridiggvary the tenperature of the second
ul a.
a plurality of servers;
at least one heat exchange member configured to couple to a first cooling circuit
including a free-cooling device; and
a second cooling circuit coupled to the heat exchange member and in thermal

communication with the plurality of servers, the second cooling circuit including a

mechanical cooling device.

13.  The modular data pod according to claim 12, wherein the mechanical cooling
device is configured to operate when the wet bulb temperature of the atmosphere

associated with the modular data pod exceeds a predetermined wet bulb temperature.

14.  The modular data pod according to claim 12, wherein the at least one heat
exchange member includes a primary heat exchange member and a secondary heat

exchange member.
15. The modular data pod according to claim 14, wherein the second cooling circuit
includes a primary cooling coil assembly coupled to the primary heat exchange member

and a secondary cooling coil assembly coupled to the secondary heat exchange member.

16.  The modular data pod according to claim 15, wherein the primary cooling coil

assembly and the secondary cooling coil assembly are cascaded coil assemblies.
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74. The nmethod according to claim 72, further conprising receiving the
free-cooled first fluid in a fluid receiver; sensing the liquid | evel of
the firstwbl2ai2d1sssat ai ned in the fluid receiver; nmechanipcalusgoiaooeteorng t he
first fluid to condense the first fluid when the sensed liquid |evel falls
bel ow a first predetermned liquid |evel; and deactivati ng nmechani cal
cooling when the sensed liquid | evel reaches a second predetermned liquid
| evel higher than the first predetermned liquid level. 75. The nethod
according to claim 74, wherein nmechanically cooling the first fluid

conpri ses: cooling the first fluid in the fluid receiver by enabling

heat trapsferafhQpyd BiecJollﬁ%B pldrilitd) o QofPetef tadkd chb@pasiMgr to a third fluid;
conpressing the third fl ui condensi ng the conpressed third fluid by

enabl i ng heat ,f[ %Iﬂ?d; hluhﬁfg?y”b %ﬁ&p{aa?ssxﬁghlh%{f%cfosﬁpeqla%?lgttﬁ'g slﬁ%g %@g fluid

t hat has been co

polygon to form a first volume between wall members of the enclosure and first sides of
the plurality of computer racks and to form a second volume between second sides of the
computer racks;

enclosing the second volume to form a third volume coupling the first volume to
the second volume; and

circulating air between the first volume and the second volume via the third

volume and the computer racks.
18.  The method according to claim 17, wherein circulating air through the first,
second, and third volumes includes varying the speed of the air depending on the

environmental conditions.

19.  The method according to claim 17, further comprising disposing a heat exchange

member in the first volume adjacent to the plurality of computer racks.

20. The method according to claim 19, further comprising disposing a second heat

exchange member in the third volume.

21. A modular data center, comprising;:

a first cooling circuit including a primary cooling device;
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reduci ng the pressure of the condensed third fluid to reduce the
tenperature of the third fluid. 76. The nethod according to claim75,
wherei n twe 2hivsssBl uid and the third fluid contain a reCriusesians’éand t he
second fluid contains water. 77. The nethod according to claim76, wherein
the refrigerant is R134A and the second fluid is condenser water, chilled
water, or a glycol solution. 78. The method according to claim 70, further
conprising: sensing the tenperature of the free-cooled first fluid; and
regul ating thephirdity vhinedabr ddhe psdc oauth rhodiilad das godf avngiristng: of t he
tenperature of the free-cooled first fluid. 79. A cooling systemfor

cool ing el ectroni c,; BRWIRIBNorv&@NPr i Si NQ: a first fluid circuit
configured to cool electronic equipnment using a first fluid flow ng through
the first fluid ci £ﬁéﬂttekchange member coupled to the first cooling circuit; and
a second cooling circuit coupled to the heat exchange member and
configured to cool the plurality of servers, the second cooling circuit including a

secondary cooling device configured to cool fluid flowing through the second

cooling circuit.

22.  The modular data center according to claim 21, wherein each modular data pod
further comprises primary cooling coils in thermal communication with the plurality of

SCrvers.

23.  The modular data center according to claim 21, wherein the second cooling
device is a mechanical cooling device configured to operate when the wet bulb
temperature of the atmosphere associated with the modular data center exceeds a

predetermined wet bulb temperature.
24.  The modular data center according to claim 23, wherein the mechanical cooling

device includes a compression device configured to compress fluid flowing through the

second cooling circuit.
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a second fluid circuit configured to free cool a second fluid flow ng

t hrough the second fluid circuit, the second fluid circuit further

conf i gur esot2012¢108353t he first fluid using the free-cool e#tCsasend/o6tend d; and
athird fluid circuit configured to nechanically cool the second fluid as a
function of the difference between the wet bulb tenperature of atnospheric
air and a first predeterm ned wet bulb tenperature when the wet bulb
tenperature exceeds the first predeterm ned wet bulb tenperature. 80. The
cool i ng 3yst emhasodildi dga tented @icondiy, towhamel In whiesid theStuid Fowthgcthroight
includes a fluid receiver, further conprising: a sensor configured to

sense t hgel ﬁl@ﬂ'cgolh%V Bircf id Elegl%édl Ssbhftﬂoﬁ' & waRrt ainpedhdrBint e fididi ﬂjO\{ll@lgei ver,
and a fourth fluid circuit in thernal comrunication with the first fluid

cont ai ”eﬂf(}l{ghttﬂﬁefchﬂd &dis g%llr\égli Igﬁéeg%”tt h fluid circuit configured to

mechani ca cool "and con fluid when the sensed liquid | evel
falls below a predetermned liquid |evel.

26.  The modular data center according to claim 21, wherein each modular data pod
further comprises:

a second heat exchange member coupled to the first cooling circuit; and

a third cooling circuit coupled to the second heat exchange member and
configured to cool the plurality of servers, the third cooling circuit including a second
secondary cooling device configured to cool fluid flowing through the third cooling

circuit.
27.  The modular data center according to claim 26, wherein each modular data pod
further comprises secondary cooling coils in thermal communication with the plurality of

SCrvers.

28.  The modular data center according to claim 21, wherein the primary cooling

device is a free cooling device.

29.  The modular data center according to claim 28, wherein the free cooling device

includes a fluid cooler or a cooling tower.
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30.  The modular data center according to claim 21, further comprising a third cooling
circuit coupled to the second cooling circuit, the third cooling circuit including a cooling

fluid source and an expansion tank.

31.  The modular data center according to claim 21, wherein the heat exchange

member is a condenser.

32.  The modular data center according to claim 21, wherein the first cooling circuit

includes two supply lines and two return lines in a reverse-return configuration.

33. A cooling system for a modular data center, comprising:
a first cooling circuit including a primary cooling device;
a plurality of modular data pods, each modular data pod comprising:
an enclosure including a plurality of server racks;
a heat exchange member coupled to the first cooling circuit; and
a second cooling circuit coupled to the heat exchange member and
configured to cool the enclosure, the second cooling circuit including a secondary
cooling device configured to cool fluid flowing through the second cooling

circuit.

34.  The cooling system according to claim 33, wherein the secondary cooling device

is configured to cool a portion of a heat load within the enclosure that the primary cooling

device cannot cool.
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35.  The cooling system according to claim 33, wherein the secondary cooling device
is configured to cool a portion of a heat load within the enclosure as a function of the

atmospheric conditions.

36.  The cooling system according to claim 33, wherein the first and second cooling

circuits are independent cooling circuits.

37. A modular data center, comprising:
a central cooling system;
a plurality of modular data pods, each modular data pod comprising:
a plurality of servers;
a heat exchange assembly coupled to the central cooling system, the heat
exchange assembly configured to cool the plurality of servers; and

a distributed cooling system coupled to the heat exchange assembly.

38.  The modular data center according to claim 37, wherein the central cooling
system is a free-cooling system and the distributed cooling system is a mechanical

cooling system.

39.  The modular data center according to claim 38, wherein the distributed cooling

system is configured to cool a portion of a heat load of the modular data pod that exceeds

a cooling capacity of the free-cooling system.
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40.  The modular data center according to claim 37, wherein the heat exchange
assembly includes a heat exchange member and a cooling circuit in thermal
communication with the heat exchange member, the cooling circuit further in thermal

communication with the plurality of servers.

41. A method of deploying modular data pods to form a data center, comprising:
installing a plurality of modular data pods in proximity to one another, each data
pod including a fluid and electrical circuit section in fluidic and electrical communication
with the modular data pod; and
coupling a plurality of fluid and electrical circuit sections in series with each other

to form a fluid and electrical circuit having a first end and a second end.

42.  The method according to claim 41, further comprising coupling the fluid and

electrical circuit to a central fluid and electrical circuit.

43.  The method according to claim 42, further comprising coupling a central cooling
device to the central fluid and electrical circuit, the central cooling device configured to

satisfy at least a portion of the cooling requirements of the plurality of modular data pods.

44.  The method according to claim 43, wherein the plurality of fluid and electrical

circuit sections are a plurality of first fluid and electrical circuit sections and the fluid and

electrical circuit is a first fluid and electrical circuit, further comprising:
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coupling a plurality of second fluid and electrical circuit sections of a respective
second plurality of modular data pods in series to form a second fluid and electrical
circuit having a first end and a second end; and

coupling a second fluid and electrical circuit section at the first end of the second
fluid and electrical circuit to a first fluid and electrical circuit section at the second end of

the fluid and electrical circuit.

45.  The method according to claim 42, further comprising:

coupling fluid and electrical circuit sections of a second plurality of modular data
pods in series to form a second fluid and electrical circuit having a first end and a second
end; and

coupling a second fluid and electrical circuit section of a modular data pod of the
second plurality of modular data pods at the first end of the second fluid and electrical

circuit to the central fluid and electrical circuit.

46.  The method according to claim 45, wherein the central cooling device is a first
central cooling device, further comprising coupling a second central cooling device to the
central fluid and electrical circuit if the first central cooling device cannot satisfy at least

a portion of the cooling requirements of the second plurality of modular data pods.

47.  The method according to claim 41, wherein each modular data pod of the plurality

of modular data pods includes a data enclosure and an auxiliary enclosure containing a

respective fluid and electrical circuit section in fluidic and electrical communication with
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the data enclosure, and wherein the fluid and electrical circuit section forms a linear path
defining at least first and second sides of the fluid and electrical circuit section and the
data enclosures are positioned alternately on the at least first and second sides of the fluid
and electrical circuit sections, further comprising coupling the data enclosures to the

auxiliary enclosures on alternating sides of the fluid and electrical circuit sections.

48.  The method according to claim 47, wherein the step of installing a plurality of
modular data pods in proximity to one another includes arranging adjacent data
enclosures on one of the respective first side of the fluid and electrical circuit section and
the second side of the fluid and electrical circuit section to form a pathway providing a

user access to the auxiliary enclosure.

49.  The method according to claim 41, wherein the step of installing a plurality of
modular data pods in proximity to one another includes installing the plurality of modular
data pods in proximity to one another, each data pod including the fluid and electrical
circuit section in fluidic and electrical communication with the modular data pod and a
refrigerant cooling system in fluidic and electrical communication with the modular data
pod, the refrigerant cooling system dedicated to cooling electronic equipment enclosed

within the respective modular data pod.

50. A modular data center, comprising:

a central fluid and electrical circuit;
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a chain of modular data pods, each modular data pod including a fluid and
electrical circuit section in fluidic and electrical communication with the central fluid and
clectrical circuit;

a plurality of the fluid and electrical circuit sections of each modular data pod
coupled in series with each other to form a fluid and electrical circuit having a first end
and a second end;

the fluid and electrical circuit coupled to a central cooling fluid and electrical
circuit; and

a central cooling device coupled to the central cooling fluid and electrical circuit,
the central cooling device configured to support at least a portion of the cooling

requirements of the chain of modular data pods.

51.  The modular data center according to claim 50, wherein the fluid and electrical
circuit includes at least one fluid supply line and at least one fluid return line and wherein
the at least one fluid supply line and the at least one fluid return line are in a reverse-

return configuration.

52.  The modular data center according to claim 50, wherein each modular data pod of

the chain of modular data pods includes an auxiliary enclosure that comprises the

respective fluid and electrical circuit section.

53.  The modular data center according to claim 52, wherein each modular data pod of

the chain of modular data pods includes a data enclosure that includes a portion of the
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respective fluid and electrical circuit sections, and wherein the fluid and electrical circuit
sections form a linear path defining at least first and second sides of the fluid and
electrical circuit and the data enclosures are positioned alternately on the at least first and

second sides of the fluid and electrical circuit.

54.  The modular data center according to claim 53, wherein adjacent data enclosures
on at least one of the first side of the fluid and electrical circuit and the second side of the
fluid and electrical circuit form a pathway providing access to the respective auxiliary

enclosure included by the modular data pod.

55.  The modular data center according to claim 53, wherein the data enclosure is in
the shape of a polygon.
56.  The modular data center according to claim 50, further comprising:

a second chain of modular data pods, each modular data pod in the second chain
of modular data pods including a fluid and electrical circuit section in fluidic and
clectrical communication with the central fluid and electrical circuit; and

a second central cooling device coupled to the central fluid and electrical circuit,
the second central cooling device configured to support at least a portion of the cooling

requirements of the second chain of modular data pods.

57.  The modular data center according to claim 50, wherein each modular data pod of

the chain of modular data pods includes an auxiliary enclosure including a fluid and
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electrical circuit and a refrigerant cooling system in fluidic and electrical communication
with the fluid and electrical circuit, the refrigerant cooling system dedicated to cooling
electronic equipment enclosed within a data enclosure of the respective modular data

pods.

58. A method of deploying modular data pods to form a data center, comprising;:
installing a plurality of modular data pods in proximity to one another, each data

pod including a circuit section in communication with the modular data pod; and
coupling a plurality of the circuit sections in series with each other to form a

circuit having a first end and a second end.

59.  The method according to claim 58,

wherein the step of installing includes installing a plurality of modular data pods
in proximity to one another, each data pod including one of a fluid circuit section and an
electrical circuit section in communication with the modular data pod, and

wherein the step of coupling includes coupling a plurality of the fluid circuit
sections in series with each other to form a fluid circuit having a first end and a second
end, or coupling a plurality of the electrical circuit sections in series with each other to

form an electrical circuit having a first end and a second end.

60.  The method according to claim 59, further comprising one of coupling the fluid

circuit to a central fluid circuit and coupling the electrical circuit to a central electrical

circuit.
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61. A system for cooling electronic equipment, comprising:

a free-cooling system configured to cool a first fluid in thermal communication
with electronic equipment using atmospheric air; and

a mechanical sub-cooling system coupled to the free-cooling system, the
mechanical system configured to cool a second fluid flowing in the free-cooling system
as a function of an amount by which the free-cooling system has exceeded its maximum

cooling capacity.

62.  The system according to claim 61, wherein the free-cooling system comprises:

a free-cooling device configured to cool the second fluid using atmospheric air;
and

a main heat exchanger in fluid communication with the free-cooling device, the

main heat exchanger configured to enable heat transfer from the first fluid to the second

fluid.

63.  The system according to claim 62, wherein the mechanical sub-cooling system is

configured to cool the second fluid flowing into the main heat exchanger as a function of

the temperature of the second fluid.

64.  The system according to claim 62, wherein the mechanical sub-cooling system

comprises:
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a first heat exchanger configured to enable heat transfer from the second fluid
flowing into the main heat exchanger to a third fluid flowing through the first heat
exchanger;

a compressor in fluid communication with the first heat exchanger and configured
to compress the third fluid flowing out of the first heat exchanger;

a second heat exchanger in fluid communication with the compressor and
configured to enable heat transfer from the compressed third fluid to the second fluid
flowing out of the main heat exchanger; and

a pressure reducing unit fluidly coupled between the first heat exchanger and the
second heat exchanger, the pressure reducing unit configured to reduce the temperature

of the second fluid flowing from the second heat exchanger to the first heat exchanger.

65.  The system according to claim 64, further comprising

a temperature sensor configured to sense a wet bulb temperature of atmospheric
air; and

a controller coupled to the sensor and the compressor, the controller configured to
vary the speed of the compressor as a function of a sensed wet bulb temperature of

atmospheric air.

66.  The system according to claim 64, further comprising:

a fluid receiver configured to receive the first fluid flowing out of the main heat

exchanger;
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a sensor configured to sense the liquid level of the first fluid contained in the fluid
receiver; and

a second mechanical sub-cooling system configured to cool the first fluid when
the liquid level of the first fluid contained in the fluid receiver falls below a

predetermined level.

67.  The system according to claim 66, wherein the second mechanical sub-cooling
system comprises:

a third heat exchanger disposed in the fluid receiver and configured to enable heat
transfer from the first fluid contained in the fluid receiver to a fourth fluid flowing
through the third heat exchanger;

a second compressor in fluid communication with the third heat exchanger and
configured to compress the fourth fluid flowing out of the third heat exchanger;

a fourth heat exchanger in fluid communication with the second compressor and
configured to enable heat transfer from the compressed fourth fluid to the second fluid;
and

a pressure reducing unit fluidly coupled between the third heat exchanger and the
fourth heat exchanger, the pressure reducing unit configured to reduce the temperature of

the fourth fluid flowing from the fourth heat exchanger to the third heat exchanger.

68. The system according to claim 67, wherein the first fluid, the third fluid, and the

fourth fluid contain a refrigerant and the second fluid includes water.
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69.  The system according to claim 61, wherein the mechanical sub-cooling system is

closely coupled to the electronic equipment.

70. A method of cooling electronic equipment, comprising:

cooling electronic equipment using a first fluid;

free cooling the first fluid by enabling heat transfer from the first fluid to a second
fluid that has been cooled using atmospheric air; and

mechanically cooling the second fluid to the extent that free cooling the first fluid

is insufficient to cool the first fluid.

71. The method according to claim 70, wherein mechanically cooling the second fluid
includes mechanically cooling the second fluid as a function of the temperature of the

second fluid.

72. The method according to claim 70, wherein mechanically cooling the second fluid
comprises:

cooling the second fluid before using the second fluid to free cool the first fluid
by enabling heat transfer from the second fluid to a third fluid;

compressing the third fluid;

condensing the compressed third fluid by enabling heat transfer from the
compressed third fluid to the second fluid after using the second fluid to free cool the first

fluid; and
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reducing the pressure of the condensed third fluid to reduce the temperature of the

third fluid.

73.  The method according to claim 72, further comprising
sensing a wet bulb temperature of the atmospheric air; and
varying the speed of compressing the third fluid as a function of the sensed wet

bulb temperature to vary the temperature of the second fluid.

74.  The method according to claim 72, further comprising
receiving the free-cooled first fluid in a fluid receiver;
sensing the liquid level of the first fluid contained in the fluid receiver;
mechanically cooling the first fluid to condense the first fluid when the sensed
liquid level falls below a first predetermined liquid level; and
deactivating mechanical cooling when the sensed liquid level reaches a second

predetermined liquid level higher than the first predetermined liquid level.

75.  The method according to claim 74, wherein mechanically cooling the first fluid
comprises:

cooling the first fluid in the fluid receiver by enabling heat transfer from the first
fluid in the fluid receiver to a third fluid;

compressing the third fluid;

condensing the compressed third fluid by enabling heat transfer from the

compressed third fluid to the second fluid that has been cooled using atmospheric air; and
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reducing the pressure of the condensed third fluid to reduce the temperature of the

third fluid.

76.  The method according to claim 75, wherein the first fluid and the third fluid

contain a refrigerant and the second fluid contains water.

77.  The method according to claim 76, wherein the refrigerant is R134A and the

second fluid is condenser water, chilled water, or a glycol solution.

78.  The method according to claim 70, further comprising:
sensing the temperature of the free-cooled first fluid; and
regulating the flow rate of the second fluid as a function of the temperature of the

free-cooled first fluid.

79. A cooling system for cooling electronic equipment, comprising;:

a first fluid circuit configured to cool electronic equipment using a first fluid
flowing through the first fluid circuit;

a second fluid circuit configured to free cool a second fluid flowing through the
second fluid circuit, the second fluid circuit further configured to cool the first fluid using
the free-cooled second fluid; and

a third fluid circuit configured to mechanically cool the second fluid as a function

of the difference between the wet bulb temperature of atmospheric air and a first
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predetermined wet bulb temperature when the wet bulb temperature exceeds the first

predetermined wet bulb temperature.

80.  The cooling system according to claim 79, wherein the first fluid circuit includes
a fluid receiver, further comprising;:

a sensor configured to sense the liquid level of the first fluid contained in the fluid
receiver; and
a fourth fluid circuit in thermal communication with the first fluid contained in the fluid
receiver, the fourth fluid circuit configured to mechanically cool and condense the first

fluid when the sensed liquid level falls below a predetermined liquid level.
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