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 few selected areas within
the data center. As a result, the traditional chiller plant spends a considerable amount of
energy on areas that do not need to be cooled. Further, one of the design constraints used
to implement the traditional chiller plant is the power consumption capacity of the entire
data center, For that reason, if the data center does not run at its power consumption
capacity due to load fluctuation, the efficiency of the traditionally chiller plant drops
significantly.
[0004] Currently, several cooling systems exist in the market having a more modular
design approach compared to the traditional, large, oversized cooling electrical
infrastructures that allow them to treat selected areas of a large data center at a reduced
cost. For instance, an air-cooled “free cooling” system (also referred to as a straight air-
cooled system) uses ambient air as a 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 areas 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
40 kW per IT rack.

SUMMARY
[0606] The embodiments of the modular data pod systems and the associated cooling
systems of the present disclosure_may provide significant improvements over traditional
data centers and their cooling systems including, for example, (1) a lower cost per
kilowatt (kW) to build, deploy, and operate a data center, (2) faster deployment than
stick-built construction, (3) more easily restacked and redeployed to allow the data center
to keep up with new technological advances in server technology, (4) expandability, (5)

compatibility with very high efficiency systems to gain the highest power use efficiency



(PUE) factor, (6) space saving and efficient in its space requirements allowing higher
density capabilities (i.e., more kilowatts per square foot), (7) scalability, (8) efficiency in
mechanical cooling, (9) multi-use characteristics for single deployment, large indoor
warchousing, or large outdoor applications, such as data center farms, (10) energy-
efficiency in the containment of hot and cold aisles, (11) flexibility in its use of different
types of cooling systems, and (12) capability of being modified to meet data center tier
requirements for redundancy.
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ineludes-a-secondarv-coohing-device-eontionred-to-costuid Howing-throush-the-second

cooking-eireuitAccording 1o a first aspect of the present nvention, there is provided a

modular data center, comprising: a first cooling circuit including a primarv cooling

device: a plurality of modular data pods. each modular data pod comprising: a plurality of

servers. a heat exchange member coupled to the first cooline 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 1o

cool fluid flowing through the second cooling circuit.




raechanical-cooking-device:According to a second aspect of the present invention, there is

provided a modular data pod, comprising: a plurality of servers: at least one heat

exchange member configured to couple 1o a first cooling ¢ircuit 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,
[0009] There is disclosed aln-anotherembodimentthe modular data center includes a

central cooling system and 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, and a distributed cooling system coupled to the heat exchange assembly. The
heat exchange assembly is configured to cool the plurality of servers.

[0010]  There is also disclosed aln—smether—embeodiment—the modular data pod

includes an enclosure, a plurality of computer racks arranged within the enclosure. The
enclosure includes wall members contiguously joined to one another along at least one
edge of each wall member. The wall members are formed in the shape of a polygon. The

enclosure also

4
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includes a data pod covering member. The plurality of computer racks forms a first
volume formed between the inner surface of the wall members and first sides of the
computer racks. The plurality of racks also forms a second volume formed between the
inner surface of the wall members and second sides of the computer racks. The modular
data pod further includes a computer rack covering member which is configured to
enclose the second Vvolume. The computer rack covering member and the data pod
covering member form a third volume. The third volume couples the first volume to the
second volume. The modular data pod may also include an air circulator which is
configured to continuously circulate air through the first, second, and third volumes.

[0011] There is also disclosed aln—another-embodiment—the modular data center

includes a central fluid and electrical circuit, a chain of modular data pods and a central
cooling device. Each modular data pod in the chain of modular data pods includes a
shared cooling fluid circuit section and an unshared cooling fluid circuit. The unshared
cooling fluid circuit is coupled to the shared fluid and electrical circuit section. The
shared fluid and electrical circuit section form a part of a shared fluid and electrical
circuit. The shared fluid and electrical circuit are coupled at one end to the central fluid
and electrical circuit. The central cooling device is coupled to the central cooling fluid
circuit. The central cooling device is configured to support at least a portion of the

cooling requirements of the first chain of modular data pods.



#-According 1o a third

aspect of the nresent mvention, there is provided a cooling svystem 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 circuii: and

a second cooling circuit coupled to the heat exchange member and confieured to cool the

enclosure, the second cooling circuit including a secondary cooling device confisured to

cool fluid flowing through the second cooling circuit.

[0013] There is also disclosedin—vet-anether-aspect—the-present-disclosurefeatures a

system for cooling electronic equipment. The system includes a free-cooling system and

a mechanical sub-cooling system. The free-cooling system is configured to cool a first
fluid in thermal communication with electronic equipment using atmospheric air. The

mechanical sub-



cooling system is coupled to the free-cooling system. The mechanical 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.

[6014] There is also disclosedin-vet-ancther-embodipent—the—present—disclosure

features a cooling system for cooling electronic equipment. The cooling system includes

a first fluid circuit, a second fluid circuit and a third fluid circuit. The first fluid circuit is
configured to cool electronic equipment using a first fluid flowing through the first fluid
circuit. The second fluid circuit is configured to free cool a second fluid flowing through
the second fluid circuit. Further, the second fluid circuit is configured to cool the first
fluid using the free-cooled second fluid. The 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

[6015] Various embodiments of the present disclosure are described with reference to
the accompanying drawings wherein:
[0016] FIG. 1 is a schematic diagram of a modular data center according to
embodiments of the present disclosure;
[60617] FIG. 2A is an illustration of a modular data pod having a pentagonal wall
configuration according to one embodiment of the present disclosure;
[0018] FIG. 2B is an illustration of a modular data pod having a hexagonal wall
configuration according to another embodiment of the present disclosure;
[6019] FIG. 2C is an illustration of a modular data pod having a heptagonal wall
configuration according to yet another embodiment of the present disclosure;
[0020] FIG. 2D is an illustration of a modular data pod having an octagonal wall
configuration according to one embodiment of the present disclosure;
[0021] FIG. 2E is an illustration of a modular data pod having a nonagonal wall
configuration according to one embodiment of the present disclosure;
[06022] FIG. 2F is an illustration of a modular data pod having a decagonal wall
configuration according to yet another embodiment of the present disclosure;
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cooling device configured to cool fluid flowing through the second cooling

circuit.

21.  The cooling system according to claim 20, 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.

22.  The cooling system according to claim 20, wherein the secondary cooling device
is configured to cool the portion of the heat lead within the enclosure as a function of the

atmospheric conditions.

23.  The cooling system according to claim 20, wherein the first and second cooling
circuits have a cooling capacity of at least 40 kW per server rack of the plurality of server

racks.

24.  The cooling system according to claim 20, wherein the first and second cooling

circuits are independent cooling circuits.

25——A-modular-data-center; comprisings
a-central-cooling-systems
a-plurality. of modular-data-poeds,-cach-medular data-pod-comprisings
a-plurality of servers;.
a-heat-exchange-assembly-coupled-to-the-central -cooling-systemthe heat.
exchange-assembly-configured to-cool-the-plurality-of servers;-and-
a-distributed-cooling-system-coupled-to-the heat-exchange-assembly.

26— The-modular-data—center-according-to--claim-25,—wherein-the-central-cooling

—system—is—a--free-cooling-system-and-the—distributed—cooling-system—is—a—mechanicab
-coolingsystems
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27.  The modular data center according to claim 26, wherein the distributed cgéling
system is configured to cool a portion of a heat load of the modular data pod that £xceeds

the cooling capacity of the free-cooling system.

28.  The modular data center according to claim 25, wherein the/heat exchange
assembly includes a heat exchange member and a cooling ¢gircuit in thermal
communication with the heat exchange member, the cooling circdit further in thermal

communication with the plurality of servers.

29, A system for cooling electronic equipment, comprisifig:

a free-cooling system configured to cool a first/luid in thermal communication
with electronic equipment using atmospheric air; and

a mechanical sub-cooling system coupléd to the free-cooling system, the
mechanical system configured to cool a second/fluid flowing in the free-cooling system
as a fimction of an amount by which the free/cooling system has exceeded its maximum

cooling capacity.

30.  The system according to claif 29, wherein the free-cooling system comprises:

a free-cooling device conffgured to cool the second fluid using atmospheric air;
and

a main heat exchanggr in fluid communication with the free-cooling device, the
main heat exchanger conffgured to enable heat transfer from the first fluid to the second
fluid.

31.  The systemt according to claim 30, wherein the mechanical sub-cooling system is

configured to ¢bol the second fluid flowing into the main heat exchanger as a function of




W0 2011/163532 PCT/US2011/041710

a first heat exchanger configured to enable heat transfer from the second
flowing into the main heat exchanger to a third fluid flowing throngh 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 fo the second fluid
flowing out of the main heat exchanger; and

a pressure reducing unit fluidly coupled between the firgt heat exchanger and the
second heat exchanger, the pressure reducing unit configur

o reduce the temperature

of the second fluid flowing from the second heat exchanger'to the first heat exchanger.

33.  The cooling system according to claim 32, fupther comprising
a temperature sensor configured to sense # 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 fignction of the sensed wet bulb temperature of

atmospheric air.

34.  The system according to c¢laim 32, further comprising:
a fluid receiver configyfed to receive the first fluid flowing out of the main heat
exchanger; A
a sensor configured to sense the liquid level of the first fluid contained in the fluid
receiver; and
a second methanical 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/Aevel.

e system according to claim 34, wherein the second mechanical sub-cooling

syster comprises:
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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 flgwing
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 Lompressor and
configured to enable heat transfer from the compressed fourth fluid t¢ the second fluid;
and

a pressure reducing wvnit fluidly coupled between the third/heat exchanger and the

fourth heat exchanger, the pressure reducing unit configured t¢/reduce the temperature of

the fourth fluid flowing from the fourth heat exchanger to th¢/third heat exchanger.

36.  The cooling system according to claim 35, whefein the first fluid, the third fluid,

and the fourth fluid contain a refrigerant and the second fluid contains water.

37.  The cooling system according to claim 36, wherein the refrigerant is R134A and

the second fluid is condenser water, chilled water, or a glycol solution.

38.  The cooling system according i¢ claim 37, wherein the mechanical sub-cooling

system is closely coupled to the electrgnic equipment..

39. A method of cooling electronic equipment, comprising:

cooling electronic equipment using a first fluid;

includes meghanically cooling the second fluid as a function of the temperature of the
second flydd.
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41.  The method according to claim 39, wherein mechanically cooling the second fluid
COmprises:
cooling the second fluid before using the second fluid to free cool theAirst 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 tyansfer from the
compressed third fluid to the second fluid after using the second flui
fluid; and
reducing the pressure of the condensed third fluid to redyCe the temperature of the
third fluid.

42.  The method according to claim 41, further comprising
sensing a wet bulb temperature of the atmosphgric air; and
varying the speed of compressing the thirdAfluid as a function of the sensed wet
bulb temperature to vary the temperature of the sgcond fluid.
43.  The method according to claim 41, fifrther comprising
receiving the free-cooled first fluid in a fluid receiver;
sensing the liquid level of the fifst fluid contained in the fluid receiver;
mechanically cooling the figét fluid to condense the first flmd 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 lignid level hjgher than the first predetermined liquid level.
44.  The method accbdrding to claim 43, 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 fourth fluid;

compyessing the fourth flnid;
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condensing the compressed fourth fluid by enabling heat transfer from the

the fourth fluid.
45.  The method according to claim 44, wherein the first fluid, the thifd fluid, and the

fourth fluid contain a refrigerant and the second fluid contains water.

46.  The method according to claim 45, wherein the refrigérant is R134A and the

second fluid is condenser water, chilled water, or a glycol sojdtion.

47.  The method according to claim 39, further comprising:

sensing the temperature of the free-cooled fiyst fluid; and

regulating the flow rate of the second flujd as a function of the temperature of the
free-cooled first fluid.

48. A cooling system for cooling elettronic equipment, comprising:

a first fluid circuit configured to cool electronic equipment using a first fluid
flowing through the first fluid cir

a second fluid circuit ¢onfigured to free cool a second fluid flowing through the
second fluid circuit, the secgnd fluid circuit further configured to cool the first fluid using
the free-cooled second fldid; and

a third fluid cifcuit 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

et bulb temperature when the wet bulb temperature exceeds the first

wet bulb temperature.
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a sensor configured to sense the Hquid level of the first fluid contained in the fluid
receiver; and

a fourth fluid circuit in thermal communication with the first fluid contained
the fluid receiver, the fourth fluid circuit configured to mechanically cool and congénse

the first fluid when the sensed liquid level falls below a predetermined Liquid level

50. A modular data pod, comprising:

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 4nd a data pod covering
member;

a plurality of computer racks arranged within the egclosure to form a first volume
between the inner surface of the wall members and firs{/sides of the computer racks and a
second volume formed of second sides of the compder racks;

a computer rack covering member confighired to enclose the second volume, the
computer rack covering member and the dgfa pod covering member forming a third
volume coupling the first volume to the segénd volume; and

an air circulator configured to cphtinuously circulate air through the first, second,

and third volumes.

51.  The modular data pod/according to claim 50, wherein the polygon includes at

least five wall members.

52.  The modular data pod according to claim 51, wherein at least two of the at least
five wall memberg’have different lengths.

53.  The/modular data pod according to claim 50, wherein the polygon is a hexagon or
an octagon.

54 The modular data pod according to claim 50, wherein the plurality of computer

racks is arranged in a U-shape, circular shape, or elliptical shape.
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55.  The modular data pod according to claim 50, wherein the air circulator is coupled

to the computer rack covering member.

56.  The modular data pod according to claim 50, wherein the air circulator inCludes a

plurality of fans.

57.  The modular data pod according to claim 50, further comprising a \}axiable fan
drive configured to vary the speed of the air circulator depending gh the environmental
conditions associated with the modular data pod.
58.  The modular data pod according to claim 50, furthér comprising a heat exchange
member disposed in the first volume adjacent to the plupality of computer racks.
59.  The modular data pod according to claipg 58, further comprising a second heat

exchange member disposed in the third volumg!

60.  The modular data pod according/to claim 59, wherein the second heat exchange
member is disposed adjacent to the ajf circulator.

61.  The modular data pod/according to claim 50, further comprising a dedicated
electrical power supply electfically coupled to the plurality of computer racks.

62.  The modular data pod according to claim 61, wherein the dedicated electrical

power supply inclpdes at least one battery.

g

63. The xéodular data pod according to claim 61, further comprising at least one
DC/AC /i{erter electrically coupled to the dedicated electrical power supply.
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64.  The modular data pod according to claim 62, wherein the dedicated electrical
power supply is configured to supply electrical power to an external electrical grid via ¢
at least one DC/AC inverter,

65. A method of cooling a plurality of computer racks, comprising:
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 enclosyfe and first sides
of the plurality of computer racks and to form a second volume betwéen second sides of
the computer racks; and
enclosing the second volume to form a third volume cofipling the first volume to
the second volume; and
circulating air between the first volume and thé second volume via the third

volume and the computer racks.
66.  The method according to claim 65, wherein circulating air through the first,
second, and third volumes includes varyigg the speed of the air depending on the

environmental conditions.

67.  The method according to cldim 65, further comprising disposing a heat exchange

member in the first volume adjagent to the plurality of computer racks.

68.  The method accopding to claim 67, further comprising disposing a second heat

exchange member 1 the third volume.

69. A method of deploying a plurality modular data pods to form a data center,

comprising;

a firgt end and a second end;
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coupling an unshared fluid and electrical circuit of each modular data pod of th
plurality of modular data pods to a respective shared fluid and electrical circuit section;
and
coupling a shared fluid and electrical circuit section at the first end of e shared
fluid and electrical circuit to a central fluid and electrical circuit.
70.  The method according to claim 69, wherein the shared fluid electrical circuit

includes at least one fluid supply line and at least one fluid return Ii

71.  The method according to claim 70, wherein the at leagt one fluid supply line and

the at least one fluid return line are in a reverse-refurn con

72.  The method according to claim 69, further prising 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 requiremeénts of the plurality of modular data pods.

73.  The method according to claim /72, wherein the plurality of shared fluid and
electrical circuit sections are a plurality of first shared fluid and electrical circuit sections
and the shared fluid and electrical circuit is a first shared fluid and electrical circuit,
further comprising:

coupling a plurality ¢f second shared fluid and electrical circuit sections of a
respective second plurality/of modular data pods in series to form a second shared fluid
and electrical circuit haying a first end and a second end;

coupling an yhshared fluid and electrical circuit of each modular data pod of the
second plurality of modular data pods to respective second shared fluid and electrical
circuit sections and

coupling a second shared fluid and electrical circuit section at the first end of the

second sHared fluid and electrical circuit to a first shared fluid and electrical circuit

sectioff at the second end of the shared fluid and electrical circuit.

4. The method according to claim 69, further comprising:

on.
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coupling shared fluid and electrical circuit sections of a second plurality of
modular data pods in series to form a second shared fluid and elcc’m;cal circuit havin
first end and a second end;

coupling an unshared fluid and electrical circuit of each modular data pod of the
second plurality of modular data pods to respective second shared fluid angdelectrical
circuit sections; and

coupling a second shared fluid and electrical circuit section of a rfodular data pod
of the second plurality of modular data pods at the first end of the secofid shared flwid and
electrical circuit to the central fluid and electrical circuit.
75.  The method according to claim 74, wherein the centfal 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 cogling device cannot satisfy at least

a portion of the cooling requirements of the second piurality of modular data pods.

76.  The method according to claim 69, whefein each modular data pod of the plurality
of modular data pods includes a data enclgsure and an auxiliary enclosure containing a
respective shared fluid and electrical cipéuit, and wherein the shared fluid and electrical
circuit forms a linear path, further/comprising coupling the data enclosures to the
auxiliary enclosures on alternating $ides of the shared fluid and electrical circuit.
77.  The method according to claim 76, wherein adjacent data enclosures on the same
side of the shared fluid ard electrical circuit form a pathway providing a user access to

the auxiliary enclosure

78.  The méthod according to claim 69, wherein the central fluid and electrical circuit
includes at/east one fluid supply line and at least one fluid return line in a reverse-return

configuration.

A modular data center, comprising:
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a central fluid and electrical circuit;
a chain of modular data pods, cach modular data pod in the chain of modular data
pods including a shared cooling fluid circuit section and an unshared cooling fluid/circuit
coupled to the shared fluid and electrical circuit section, the shared fluid and/electrical
circnit section forming a part of a shared flunid and electrical circnit, the shared finid and
electrical circuit coupled at one end to the central fluid and electrical circui
a central cooling device coupled to the central cooling fluid dircuit, the central
cooling device configured to support at least a portion of the cooling requirements of the

first chain of modular data pods;

80.  The modular data center according to claim 79, wherein the shared fluid and
electrical circuit includes at least one fluid supply hine at least one fluid return line.

81.  The modular data center according to claim/79, wherein each modular data pod of
the chain of modular data pods includes auxiliary enclosure that contains the

respective shared fluid and electrical circuit sgction.

82.  The modular data center accordifg to claim 81, wherein each modular data pod of
the chain of modular data pods inclyddes a data enclosure that includes a portion of the
respective unshared fluid and electfical circuit, and wherein the shared fluid and electrical
circuit forms a linear path and fhe data enclosures are positioned on alternating sides of

the shared fluid and electrical circuit,

83.  The modular data center according to claim 82, wherein adjacent data enclosures
on the same side of the shared fluid and electrical circnit form a pathway providing

access to the auxihary enclosure.

84.  The/nodular data center according to claim 82, wherein the data enclosure is in

the shapg/of a polygon.
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85.  The modular data center according to claim 84, wherein the polygon is a hexagén

or an octagon.

86.  The modular data center according to claim 80, wherein the at leagt one fluid

supply line and the at least one fluid return line are in a reverse-return confyguration.

87.  The modular data center according to claim 79, further compising:

a second chain of modular data pods, each modular data god in the second chain
of modular data pods including a shared fluid and electrigsl circuit section and an
unshared fluid and electrical circuit coupled to the shared fluid and electrical circuit
section, the shared fluid and electrical circuit section forming a portion of a second
shared fluid and electrical circuit, the second shared f/hid and electrical circuit coupled at
one end to the central fluid and electrical circuit; apd

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.

88.  The modular data center agtording to claim 87, wherein the central fluid and

electrical circuit includes at least one fluid supply line and at least one return line in a

reverse-return configuration.




