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erate via temperature differentials and con-
sume no external electrical power. Geotherm-
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tiple different sets of conduits extending into
the earth, where at least some of those sets of
conduits are not utilized for a period of time.
Combinations of hydronic convection mech-
anisms and geothermal cooling can also be
utilized.
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RENEWABLE ENERGY BASED DATACENTER COOLING

BACKGROUND

[0001] The throughput of communications, between multiple computing devices that are
transmitted via network connections, continues to increase. Modern networking hardware
enables physically separate computing devices to communicate with one another orders of
magnitude faster than was possible with prior generations of networking hardware.
Furthermore, high-speed network communication capabilities are being made available to
a greater number of people, both in the locations where people work, and in their homes.
As a result, an increasing amount of data and services can be meaningfully provided via
such network communications. Additionally, it has become more practical to perform
digital data processing at a location remote from the user requesting such processing, or on
whose behalf such processing is being performed. Consequently, large quantities of data
processing capability can be aggregated into centralized locations, comprising dedicated
hardware and support systems, and can then be shared across networks.

[0002] To provide such data and processing capabilities, via network communications,
from a centralized location, the centralized location typically comprises hundreds or
thousands of computing devices, typically mounted in vertically oriented racks. Such a
collection of computing devices, as well as the associated hardware necessary to support
such computing devices, and the physical structure that houses the computing devices and
associated hardware, is traditionally referred to as a “data center”. With the increasing
availability of high-speed network communication capabilities, and thus the increasing
provision of data and services from centralized locations, as well as the traditional
utilization of data centers, such as the provision of advanced computing services and
massive amounts of computing processing capability, the size and quantity of data centers
continues to increase.

[0003] However, computing devices can generate heat when performing processing. The
aggregation of large quantities of computing devices in a single data center results in large
quantities of heat being generated that must be removed in order to enable the computing
devices to continue to operate optimally and avoid overheating. Traditionally, data center
cooling is provided by forced-air mechanisms that deliver cool air into a data center and
remove hot air therefrom. The cool air is typically provided by cooling outside, ambient
air through the use of power consuming cooling methodologies, such as air-conditioning.

Such mechanisms can introduce substantial cost into the operation of a data center. For
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example, large air conditioning units, such as are typically required by a data center, can
consume large quantities of electrical power, often during the most expensive times of the
day, resulting in high energy costs. Additionally, by utilizing ambient air, airborne
particulates and impurities are introduced into the data center, where they can cause
damage to the sensitive computing hardware contained therein.

SUMMARY
[0004] In one embodiment, a data center can be cooled through hydronic convection
mechanisms, where the individual computing devices of such a data center are cooled
through a thermally conductive interface with a liquid whose container also extends to a
cooling apparatus located physically above such computing devices. By virtue of a
temperature differential between the heat-generating computing devices and the cooling
apparatus, the liquid can continuously circulate, removing heat from the computing
devices and delivering it to the cooling apparatus, without the consumption of electrical
power. The cooling apparatus can be external to the data center, and can be cooled through
heat radiation into the ambient air, thereby enabling the entire cooling apparatus to operate
without the consumption of electrical power.
[0005] In another embodiment, the data center can be cooled through geothermal
cooling mechanisms, where the individual computing devices of such a data center are
cooled through a thermally conductive interface with one or more heat pipes that can
extend into the earth. Such heat pipes can transfer the heat from the computing devices of
the data center to the earth without the consumption of ¢lectrical power.
[0006] In yet another embodiment, the data center can be cooled through geothermal
cooling mechanisms, where the individual computing devices of such a data center are
cooled through a thermally conductive interface with a liquid that can be actively pumped
through conduits extending into the earth, thereby transferring heat from the computing
devices of the data center to the earth. To avoid heat soak, such an embodiment can
comprise multiple different sets of conduits extending into the earth, where at least some
of those sets of conduits are not utilized for a period of time.
[0007] In a further embodiment, a data center can be cooled through combinations of
hydronic convection mechanisms and geothermal cooling. The cooling apparatus of the
hydronic convection mechanisms can comprise geothermal heat pipes or multiple conduits
comprising actively pumped liquid.
[0008] This Summary is provided to introduce a sclection of concepts in a simplified

form that are further described below in the Detailed Description. This Summary is not
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intended to identify key features or essential features of the claimed subject matter, nor is
it intended to be used to limit the scope of the claimed subject matter.

[0009] Additional features and advantages will be made apparent from the following
detailed description that proceeds with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The following detailed description may be best understood when taken in
conjunction with the accompanying drawings, of which:

[0011] Figure I is a block diagram of an exemplary hydronic convection cooling
mechanism for a data center;

[0012] Figure 2 is a block diagram of another aspect of an exemplary hydronic
convection cooling mechanism for a data center;

[0013] Figure 3 is a block diagram of an exemplary geothermal cooling mechanism for a
data center;

[0014] Figure 4 is a block diagram of another aspect of an exemplary geothermal
cooling mechanism for a data center;

[0015] Figure 5 is a block diagram of another exemplary geothermal cooling mechanism
for a data center; and

[0016] Figure 6 is a block diagram of an exemplary hydronic convection cooling and
geothermal cooling mechanism for a data center.

DETAILED DESCRIPTION

[0017] The following descriptions relate to the removal of the heat generated by the
computing devices in a data center. A data center can be cooled through hydronic
convection mechanisms, where the individual computing devices of such a data center are
cooled through a thermally conductive interface with a liquid whose container also
extends to a cooling apparatus located physically above such computing devices. By virtue
of a temperature differential between the heat-generating computing devices and the
cooling apparatus, the liquid can continuously circulate, removing heat from the
computing devices and delivering it to the cooling apparatus, without the consumption of
electrical power. The cooling apparatus can be external to the data center, and can be
cooled through heat radiation into the ambient air, thereby enabling the entire cooling
apparatus to operate without the consumption of electrical power. A data center can also
be cooled through geothermal cooling mechanisms, where the individual computing
devices of such a data center are cooled through a thermally conductive interface with one

or more heat pipes that can extend into the earth. Such heat pipes can transfer the heat
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from the computing devices of the data center to the earth without the consumption of
electrical power. Alternatively, a data center can be cooled through geothermal cooling
mechanisms, where the individual computing devices of such a data center are cooled
through a thermally conductive interface with a liquid that can be actively pumped through
conduits extending into the earth, thereby transferring heat from the computing devices of
the data center to the earth. To avoid heat soak, such an embodiment can comprise
multiple different sets of conduits extending into the earth, where at least some of those
sets of conduits are not utilized for a period of time. Combinations of hydronic convection
mechanisms and geothermal cooling can also be utilized to provide data center cooling.
The cooling apparatus of the hydronic convection mechanisms can comprise geothermal
heat pipes or multiple conduits comprising actively pumped liquid.

[0018] The techniques described herein make reference to specific environments and
computing devices. For example, reference is made to data centers and the blade server
computing devices typically found therein. Such references, however, are strictly
exemplary and are made for ease of description and presentation, and are not intended to
limit the mechanisms described to the specific environments and computing devices
enumerated. Indeed, the techniques described herein are equally applicable, without
modification, to any environment in which heat, generated by the processing of data in
silicon-based processing units, is to be removed from multiple ones of such processing
units.

[0019] With reference to Figure 1, an exemplary system 100 is shown therein providing
hydronic convection cooling to one or more computing devices, such as in a data center
context. More specifically, an exemplary blade server computing device 130 is illustrated
as representative of the sorts of computing devices typically found by the hundreds, or
thousands, in a single data center environment. Each such computing device can, as will
be recognized by those skilled in the art, generate heat as part of the processing of data, by
such a device, and other like useful operations. As will also be recognized by those skilled
in the art, the individual processing units of such server computing devices typically
operate optimally within a defined temperature range, and typically operate sub-optimally
when the temperatures experienced by such processing units exceed the upper limits of the
defined temperature range. Consequently, it can be desirable to remove, from the server
computing devices, at least some of the heat generated by the data processing operations

of such server computing devices.
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[0020] One exemplary mechanism for removing heat from server computing devices,
such as the exemplary server computing device 130 shown in the system 100 of Figure 1,
can be through the use of hydronic convection cooling. As illustrated by the system 100 of
Figure 1, the computing device 130 can comprise a thermal interface, described in further
detail below, with a conduit 110 that can act as a conveyance for a liquid. Such a liquid
can be water, or other like liquid, and can be either at atmospheric pressure, or at higher or
lower pressures. The thermal interface between the computing device 130 and the conduit
110 can warm the liquid in the conduit 110, into the warmed liquid 121. As illustrated in
Figure 1, and as will be recognized by those skilled in the art, the warmed liquid 121
typically comprises a higher buoyancy and, consequently, will naturally tend to rise,
within the conveyance 110.

[0021] In one embodiment, the conveyance 110 can comprise a thermal interface, not
just with computing devices, such as the exemplary computing device 130, but also with a
cooling apparatus 140, which can be positioned vertically higher than the computing
devices. In such an embodiment, the warmed liquid 121, having been warmed by the
thermal interface between the conduit 110 and the computing device 130, can rise, within
the conduit 110, from the location of the interface between the conduit 110 and the
computing device 130, to a higher location at which the conduit 110 comprises a thermal
interface with the cooling apparatus 140. At such location, the warmed liquid 121 can be
cooled, by the cooling apparatus 140, into the cooled liquid 122. As will also be
recognized by those skilled in the art, the cooled liquid 122 can have a lower buoyancy
than the warmed liquid 121 and, consequently, can descend within the conduit 110.
Additionally, as the warmed liquid 121 rises within the conduit 110, it can create an area
of lower pressure behind it, which can suck in the cooler liquid 122 from the lower
portions of the conduit 110. In such a manner, the temperature differential between the
computing device 130 and the cooling apparatus 140 can cause the liquid within the
conduit 110 to cycle without any external pumping mechanisms, or other like energy
consuming activities.

[0022] As illustrated by Figure 1, the conduit 110 can be arranged in a circular
arrangement, or other arrangement forming a continuous loop. Such an arrangement can
facilitate the rising of the warmed liquid 121 and the descending of the cooled liquid 122
into the location from which it can be sucked back up, as the warmed liquid 121 rises, past
the thermal interface between the conduit 110 and the computing device 130. In one

embodiment, the computing devices to be cooled by the conduit 110, such as the
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exemplary server computing device 130, can be positioned, with respect to the conduit
110, at a location that is vertically above the lowest point of the conduit 110. Such an
embodiment can facilitate the warmed liquid 121 rising along only one leg of the conduit
110, thereby encouraging the cyclical flow of the liquid within the conduit 110.
Additionally, as will be described in further detail below, to facilitate flow of the liquid
within the conduit 110, the conduit 110 can avoid configurations comprising sharp bends,
angles, or other like changes in direction. Consequently, as also will be described in
further detail below, the computing devices, such as within the data center, that can be
cooled by such a hydronic convection cooling apparatus, can be oriented to support the
above design optimizations.

[0023] In one embodiment, the cooling apparatus 140 can be a heat sink or other like
cooling apparatus that achieves cooling functionality through the dissipation of heat into
ambient air, such as the ambient air 141. In such an embodiment, the cooling apparatus
140 can be positioned externally to an enclosure, such as a data center, comprising the
computing devices being cooled, such as exemplary computing device 130. For example,
the cooling apparatus 140 can be positioned on the roof of such a data center, or can be
positioned on a vertical structure extending from the roof of the data center. Because, in
such an embodiment, the cooling apparatus 140 can facilitate cooling through the
dissipation of heat into the ambient air, it can be desirable to increase the flow of ambient
air, such as ambient air 141, through the fins, or other like physical constructs of the
cooling apparatus 140. Energy consuming devices, such as fans, can be utilized to increase
the flow of the ambient air 141 across the cooling apparatus 140, thereby increasing the
cooling capacity of the cooling apparatus 140. Alternatively, the cooling apparatus 140
can be positioned in such a manner to increase the flow of the ambient air 141 across it.
For example, the cooling apparatus 140 can be positioned at a vertical height that is above
nearby structures that could block the flow of the ambient air 141 across the cooling
apparatus 140. Thus, in an urban environment, the cooling apparatus 140 may need to be
positioned at a vertically higher level than in rural environments having less structural
impediments that can negatively impact the amount of ambient air 141 flowing across the
cooling apparatus 140.

[0024] Asindicated, the conduit 110 can be thermally coupled to the cooling apparatus
140, for purposes of removing heat from the warmed liquid 121, thereby generating the
cold liquid 122, and the conduit 110 can be thermally coupled to the exemplary server

computing device 130, for purposes of removing heat from the exemplary server
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computing device 130, by warming the cold liquid 122 into the warmed liquid 121. One
exemplary thermal coupling between the exemplary server computing device 130 and the
conduit 110 is illustrated in Figure 1. More specifically, as shown in the lower half of
Figure 1, the server computing device 130 can comprise one or more processing units,
such as exemplary processing unit 131, that can, as indicated previously, generate heat as a
byproduct of data processing. In one embodiment, a heat conduction plate, such as the
exemplary heat conduction plate 150, can be thermally coupled to the processor 131, such
as by being physically joined with it through a thermal paste or other like facilitator for
passing heat generated by the processor 131 to the heat conduction plate 150.

[0025] The heat conduction plate 150 can then, in one embodiment, protrude beyond the
physical boundaries of the server computing device 130 and can be thermally coupled to a
track 111 that can be part of the conduit 110, such as an individual pipe, or other like fluid
carrying member, of the conduit 110. The thermal coupling 160 between the heat
conduction plate 150 and the track 111 can be based on any number of thermal transfer
mechanisms. For example, the heat conduction plate 150 can wrap around the track 111
one or more times, thereby facilitating the transfer of thermal energy from heat conduction
plate 150 to the track 111 as a result of the increased mating surfaces therebetween. As
another example, the track 111 can wrap one or more times around the heat conduction
plate 150, again increasing the mating surfaces between the heat conduction plate 150 and
the track 111. As another example, the thermal coupling 160 can comprise a thermal paste
or other like facilitator for exchanging thermal energy between the heat conduction plate
150 and the track 111 when the two are physically proximate to one another, such as
touching one another along a physical interface formed therebetween. Other like thermal
couplings are also intended to be represented by the exemplary thermal coupling 160.
[0026] As will be recognized by those skilled in the art, computing devices, such as the
exemplary server computing device 130, are typically arranged in vertical racks in
datacenters. In such a manner, increased utilization of the space in the data center can be
achieved, as the racks of server computing devices can extend along two dimensions in the
horizontal direction, and the orientation of the individual server computing devices, within
any onc of those racks, can extend along the third, vertical, dimension. However, in one
embodiment, a single loop of the conduit 110 can be thermally coupled to a single
computing device, or a single source of thermal energy transfer between one or more
computing devices and that single loop. Consequently, the server computing devices in a

rack can share a single thermal coupling with a loop of the conduit 110. For example, heat
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conduction plates from multiple ones of the server computing devices in a single rack can
extend from physical boundaries of those server computing devices to a single location at
which they can all be thermal coupled together with a single loop of the conduit 110.
Alternatively, multiple loops of the conduit 110 can exist, such that each server computing
device can be thermally coupled to its own loop.

[0027] Turning to Figure 2, the system 200 shown therein illustrates an exemplary
piping that can represent a portion of the conduit 110 that was illustrated in Figure 1. More
specifically, the system 200 of Figure 2 can comprise multiple server computing devices,
namely the server computing devices 211, 212, 213, 214, 221, 222, 223 and 224, which
can represent a portion of the server computing devices in environments such as a data
center. The server computing devices can be arranged in racks such that, for example, the
server computing device 221 can be located above and in the same rack as the server
computing device 211, the server computing device 222 can be located above and in the
same rack as the server computing device 212, the server computing device 223 can be
located above and in the same rack as the server computing device 213, and the server
computing device 224 can be located above and in the same rack as the server computing
device 214.

[0028] As illustrated in Figure 2, the conduit 110 can be split into multiple individual
tracks or capillaries, such as individual pipes or other like fluid carrying members, that can
create individual loops to provide hydronic convection cooling to individual computing
devices. For example, a large diameter “header”, or “trunk”, of the conduit 110 is
represented in Figure 2 by the header 252. Such a header 252 can then be split into
multiple tracks or capillaries, such as the tracks 231, 232, 233, 234, 241, 242, 243 and 244.
The tracks 231, 232, 233, 234, 241, 242, 243 and 244 can be routed proximate to the
server computing devices 211, 212, 213, 214, 221, 222, 223 and 224, thereby facilitating
thermal couplings between such tracks and such server computing devices. Subsequently,
to facilitate passage of the warmed liquid 121 to a cooling apparatus, such as that
described above, the multiple tracks 231, 232, 233, 234, 241, 242, 243 and 244 can be
joined back together to form the header 251 which can then route the warmed liquid 121
to a cooling apparatus, where such warmed liquid 121 can be cooled into the cooled liquid
122, and then connected and routed back to the header 252, such as in the manner
illustrated by the conduit 110 shown in Figure 1. In one embodiment, the headers, such as
the headers 251 and 252 can be sized so as to provide sufficient fluid and drive forces to

enable and support the movement of a sufficient quantity of fluid past the servers to
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effectively cool the servers. Similarly, the tracks or capillaries can be sized to be
sufficiently small to reduce flow and preserve convection forces forcing the fluid past the
each individual server. In such a manner, a sufficiently great temperature differential
between the servers and the fluid in the tracks can be maintained to provide for effective
cooling.

[0029] Although illustrated in Figure 2 as comprising sharp edges, in one embodiment,
the pipes or other like fluid carrying members implementing the tracks 231, 232, 233, 234,
241, 242, 243 and 244, and the connections between such tracks in the headers 251 and
252, can be designed, oriented and coupled so as to minimize sharp turns, edges, splits, or
other like turbulence inducing routings. By splitting the header 252 into the tracks 231,
232,233,234, 241, 242, 243 and 244, each of the server computing devices 211, 212, 213,
214,221, 222, 223 and 224 can be thermally coupled with its own loop of the conduit 110.
For example, the server computing device 211 is illustrated as comprising a thermal
coupling 261 between such a computing device in the track 231 that can be designed and
installed to pass proximate thercto. In one embodiment, the thermal coupling 261 can
utilize a heat conduction plate, such as the heat conduction plate 150 illustrated in Figure
1. The cooled liquid 122 can, thereby, via the header 252, and, subsequently, the track
231, flow past the server computing device 211, accepting heat therefrom and, thereby,
cooling the server computing device 211. The resulting warmed liquid 121 can, then, rise
along the track 231 to the header 251 where it can be routed past a cooling apparatus, and
then looped back down to join the header 252. In a similar manner, the track 232 can pass
proximate to the server computing device 212, and can share a thermal coupling 262 with
the server computing device 212. The tracks 233 and 234, analogously, can pass
proximate to the server computing devices 213 and 214, respectively, and can share
thermal couplings 263 and 264, respectively, with such server computing devices.

[0030] To provide for individual cooling loops for a subsequent layer of server
computing devices, such as for server computing devices located above the
aforementioned server computing devices in racks, additional tracks can be split from the
header 252. For example, the track 241 can bypass the lower server computing device 211
and can, instead, be positioned proximate to a server computing device 221 that can be
located above the server computing device 211, such as in a racked arrangement. The
track 241 can, then, comprise a thermal coupling 271 with the server computing device
221. As before, the thermal coupling 271 can utilize a heat conduction plate, such as the

heat conduction plate 150 illustrated in Figure 1. The cooled liquid 122 can, thereby, via
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the track 241, flow past the server computing device 221, excepting heat therefrom, and
turning into the warmed liquid 121 which can be delivered, via the header 251, to a
cooling apparatus to be cooled back into the cold liquid 122, which can then be delivered
back to the track 241 via the header 252. In such a manner, the track 241 can represent a
portion of a loop of a conduit that can be thermally coupled only to the server computing
device 221 to the exclusion of other server computing devices, such as, for example, other
server computing devices from the same rack as the server computing device 221. In a
similar manner, the server computing device 222, which can be part of the same rack
server computing devices as the server computing device 212, can comprise a thermal
coupling 272 with a track 242 that can comprise no other thermal couplings. In a similar
manner, tracks 243 and 244 can be routed past the server computing devices 223 and 224,
respectively, and can be thermally coupled thereto, such as via the thermal couplings 273
and 274, respectively. In such a manner, individual loops of a conduit can be provided for
individual ones, or individual collections of multiple ones of the server computing devices
in a data center.

[0031] Additionally, in one embodiment, one or more of tracks can comprise valves for
preventing the flow of the liquid through such tracks. For example, as illustrated by the
system 200 of Figure 2, the track 231 can have a valve 281 that can shut off liquid flow
through the track 231. Such a valve 281 can be utilized to enable replacement of the server
computing device 211 should the thermal coupling 261 between the server computing
device 211 and the track 231 be such that the flow of liquid through the track 231 needs to
be stopped prior to a disconnection of the computing device 211 from the track 231.
Alternatively, or in addition, such a valve 281 can be utilized to direct the fluid to
computing devices that require a greater amount of cooling, and direct the fluid away from
computing devices that do not require cooling, or require reduced amounts of cooling.
Additional valves 282, 283, 284, 291, 292, 293 and 294 are illustrated in Figure 2 as
corresponding to tracks 232, 233, 234, 241, 242, 243 and 244, respectively. Additionally,
in one embodiment, a second set of valves, not illustrated in Figure 2, can be positioned
between header 251 and the interfaces between the server computing devices and the
corresponding tracks to prevent the backflow of liquid.

[0032] Turning to Figure 3, in another embodiment, a heat pipe, such as the exemplary
heat pipe 310, can be utilized to remove heat 331 from an exemplary server computing
device 330 to the earth 320, thereby utilizing geothermal properties to cool server

computing devices, such as exemplary server computing device 330. More specifically,
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and as illustrated by the system 300 of Figure 3, a heat pipe 310 can comprise an
intermediate portion 311 that can be defined by the exterior boundaries of the heat pipe
310 and by an interior permeable membrane 319. Typically, as only recognized by those
skilled in the art, the intermediate portion 311 can be a wick or other like material that can
absorb a liquid and can enable the liquid to flow through it. The heat pipe 310 can further
comprise an interior cavity 312 that can provide for the free movement of gas within such
an interior cavity 312. As will be understood by those skilled in the art, a heat pipe, such
as the exemplary heat pipe 310, can absorb heat, such as the heat 331 being generated by
the exemplary server computing device 330, and, by absorbing such heat, a liquid in the
heat pipe can boil and be converted to a gas, as illustrated by the boiling action 341. As
part of the boiling action 341, the liquid can leave the intermediate portion 311, of the heat
pipe 310, and can escape into the interior cavity 312, where such gas can move to an
opposite end of the heat pipe 310, since such an opposite end of the heat pipe that can have
a lower pressure. The movement of gas within the interior cavity 312 is illustrated by the
arrow 342 in Figure 3. The heat from the gas can escape the heat pipe 310, as the heat 350,
causing the gas to condense back to a liquid, as illustrated by the condensation action 361.
Such a liquid can then be reabsorbed by the intermediate portion 311 of the heat pipe 310.
Simultancously, the boiling of liquid to a gas, as illustrated by the boiling action 341, can
result in an area of lower pressure in the intermediate portion 311, which can cause liquid
to flow into that area, as illustrated by the arrow 362. Those of skill in the art will
recognize that the movement of the liquid illustrated by the arrow 362 can be due to an
effect known as “capillary action”. Such liquid that has flowed up into the area proximate
to the exemplary server computing device 330 can then, again, be heated by the heat 331,
such as from the exemplary computing device 330, and the above described process can
loop, thereby transferring the heat 331, from the server computing device 330, to the
ground 320, in the form of heat 350. As can be seen, due to the pressures created by the
evaporating and then condensing liquid in a heat pipe, such as the heat pipe 310, the heat
pipe can operate independently of, and, indeed, against gravity. For example, the
exemplary heat pipe 310, shown in Figure 3, is illustrated as absorbing the heat 331 ata
vertically high point of the heat pipe 310 and then releasing such heat, in the form of heat
350, at a vertically low point of the heat pipe 310.

[0033] Although not specifically illustrated in Figure 3, a thermal coupling can exist
between the exemplary server computing device 330 and the exemplary heat pipe 310, and

can facilitate the transfer of the heat 331 from the exemplary server computing device 330
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to the exemplary heat pipe 310. In one embodiment, such a thermal coupling can comprise
a heat conduction plate, such as the exemplary heat conduction plate 150 illustrated in
Figure 1. A thermal coupling can also exist at the other end of the exemplary heat pipe 310
to facilitate the transfer of the heat 350 from the heat pipe 310 into the ground 320. More
specifically, as will be known to those skilled in the art, beyond a threshold depth, the
temperature of the ground 320 can remain relatively constant, and can maintain a
temperature below that of the processing components of the exemplary server computing
device 330. Consequently, the ground 320 can absorb the heat 350 being provided by the
exemplary heat pipe 310. In one embodiment, the thermal coupling between the ground
320 and the exemplary heat pipe 310 can be nothing more than the physical connection
therebetween. Consequently, specific types of ground 320 can be more efficient at
absorbing the heat 350. For example, sandy or rocky ground can comprise small air
pockets between the individual particles of sand or rocks, and each of such air pockets can
act as insulators impeding the transfer of the heat 350. By contrast, muddy ground, or
ground having a high water table, can establish continuous physical contact between itself
and the exemplary heat pipe 310 and can, thereby, absorb and dissipate the heat 350 more
efficiently. Consequently, in one embodiment, installation of geothermic cooling
mechanisms, such as those described herein, can be dependent upon the type of ground on
which a data center is situated.

[0034] As will be understood by those skilled in the art, the ground 320 does not
comprise an infinite capability to absorb heat. Consequently, if too much heat 350 is
provided to the ground 320 too quickly a condition known as “heat soak™ can develop,
whereby the ground 320 immediately surrounding the heat pipe 310 becomes too hot to
accept any further heat 350, since such ground 320 immediately surrounding the heat pipe
310 is not being afforded sufficient time to dissipate the heat 350 being provided by the
heat pipe 310. In one embodiment, the heat pipe 310 can be designed to avoid such heat
soak. In particular, a heat pipe, such as exemplary heat pipe 310, can transfer heat at a
constant temperature. Such a temperature can be determined based upon the vacuum or
pressure in the heat pipe 310, as well as the liquid utilized. Consequently, the heat pipe
310 can be designed to operate at such a temperature that the ground 320 can dissipate the
heat 350, and avoid heat soak. The ability to avoid heat soak through heat pipe design can
also aid in obtaining the relevant approvals, such as from public and environmental

agencies, to construct and utilize such cooling mechanisms.
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[0035] Turning to Figure 4, the systems 401 and 402 illustrate exemplary embodiments
for the implementation of geothermal cooling in a data center context. Turning first to the
system 401, the server computing devices 411, 412, 413 and 414 are illustrated as being in
proximity to, and thermally coupled to a cold floor 430. The cold floor 430 can then, also,
be thermally coupled to one or more subsurface heat pipes, such as the exemplary
subsurface heat pipes 441, 442 and 443. For example, the cold floor 430 can comprise a
thermally conductive material, such as a metal like copper. The thermal coupling between
such a cold floor 430, and one or more of the sub surface heat pipes 441, 442 and 443, can
be nothing more than the physical connection between. Alternatively, the thermal coupling
between a cold floor, such as the cold floor 430, and one or more of the sub surface heat
pipes 441, 442 and 443, can be facilitated by a thermal paste, or other like thermal transfer
facilitator, applied between them.

[0036] Similarly, in one embodiment, a thermal coupling between one or more of the
server computing devices 411, 412, 413 and 414 can be nothing more than the physical
connection between them. For example, internally, cach of the server computing devices
411,412,413 and 414 can be constructed such that the base of such computing devices
acts as a thermal transfer mechanism, such as a heat sink, for the processors of such
computing devices. As one example, the circuit board of such computing devices can be
oriented such that the processors on the bottom side of the circuit board are in physical
contact with a base of such computing devices, the contact between the processors and the
base acting as a thermal coupling between. Subsequently then, cach of the server
computing devices 411, 412, 413 and 414 can be positioned on the cold floor 430 such
that the base of such server computing devices 411, 412, 413 and 414 is directly in contact
with the cold floor 430, thereby providing a thermal coupling between the server
computing devices 411, 412, 413 and 414 and the cold floor 430. In other embodiments,
thermal paste, or other like thermal transfer facilitators, can be applied between the
aforementioned surfaces to further increase thermal transfer.

[0037] Alternatively, in another embodiment, the server computing devices 411, 412,
413 and 414 can comprise heat conduction plates, such as the exemplary heat conduction
plate 150 illustrated in Figure 1. Such heat conduction plates can then be thermally
coupled to the cold floor 430. For example, as illustrated in the exemplary system 401 of
Figure 4, the server 411 can comprise a heat conduction plate 421 thermally coupled to
both one or more processing units of the server computing device 411 and the cold floor

430. Servers 412, 413 and 414 can, and analogously, comprise heat conduction plates 422,
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423 and 424, which can be thermally coupled to one or more processing units of those
server computing devices and the cold floor 430.

[0038] In the embodiment illustrated by the system 401 of Figure 4, the server
computing devices can be arranged directly on the floor of the data center. In another
embodiment, a three-dimensional orientation of server computing devices can be utilized,
and forced air can be routed through the cold floor 430 and then up past stacked server
computing devices, such as in a vertical, rack arrangement. In such an embodiment, a high
airflow rate may be necessary due to potentially small temperature differentials between
the sub-surface heat pipe cooled cold floor 430 and the temperatures of the server
computing devices themselves.

[0039] An alternative embodiment, providing for a three-dimensional orientation of
server computing devices, including the stacking of server computing devices in a vertical
direction, is illustrated by the system 402 of Figure 4. More specifically, the system 402
comprises subsurface heat pipes 481 and 482 which, instead of being thermally coupled to
a cold floor, such as the cold floor 430, can, instead, extend above the floor and can be
thermally coupled to cold walls 470 in which the subsurface heat pipes 481 and 482 can be
positioned. The individual server computing devices such as, for example, the exemplary
server computing devices 451, 452, 453, 454, 455, 456, 461, 462, 463, 464, 465 and 466
can then be thermally coupled to one or more of the cold walls 470. As utilized herein, the
term “cold wall” means any surface area having a sufficient width and/or height so as to
be able to support, touch, or commune with at least a sufficient amount of multiple
computing devices so as to enable the transfer of thermal energy from such multiple
computing devices to the surface.

[0040] In one embodiment, one or more of the server computing devices 451, 452, 453,
454, 455, 456,461, 462, 463, 464, 465 and 466 can comprise either internal or external
mechanisms for transferring thermal energy from one or more of the processing units of
such server computing devices to a side or back panel of such server computing devices
that can be positioned against a wall. For example, a server computing device could
comprise internal heat sinks or heat conduction plates that can be in physical contact with
both the processing units and a side or back panel of such a server computing device.
Subsequently, the computing devices 451, 452, 453, 454, 455, 456, 461, 462, 463, 464,
465 and 466 can be positioned against one or more of the cold walls 470, thereby
establishing a thermal coupling between the computing device and the cold wall. As

before, the physical connection between a server computing device and one or more of the
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cold walls 470 can comprise a thermal paste or other like facilitator for transferring
thermal energy from the server computing device to one or more of the cold walls 470. In
such a manner, the server computing devices, as illustrated by the system 402 of Figure 4,
can both be laid out in the two horizontal directions, and can also be stacked in the vertical
direction, such as on racks.

[0041] Turning to Figure 5, system 500 shown therein illustrates an alternative
geothermal cooling mechanism that can be applied to the computing devices of a data
center. More specifically, the piping 510 need not be a heat pipe, and can, instead, be
piping carrying a liquid that can transfer the heat 531, such as from an exemplary server
computing device 530, to the ground 520. Because the piping 510 need not operate at a
constant temperature, a possibility of heat soak exists. Consequently, in one embodiment,
discrete loops of conduit can be utilized to establish discrete zones, within the ground 520,
that can be alternatively activated and deactivated, thereby accounting for heat soak. More
specifically, and as illustrated by the system 500 of Figure 5, a server computing device,
such as exemplary server computing device 530, can comprise a thermal coupling between
itself and a portion of the piping 510 whereby heat 531 can be transferred from the server
computing device 530 to the piping 510. Such a thermal coupling can include any of the
above described thermal couplings including, for example, the heat conduction plate
illustrated in Figure 1 and described in detail above. As a result of such a thermal coupling
between the exemplary server computing device 530 and the piping 510, a cooled liquid
572, carried in the piping 510, can absorb the heat 531, from the server computing device
530, and can become the heated liquid 571. A pump 570, or other like liquid conveyance
mechanism, can cause the heated liquid 571 to be moved along the piping 510 down into
the ground 520, where such heated liquid 571 can be cooled via the thermal coupling
between the ground 520 and the piping 510.

[0042] In one embodiment, the path taken by the heated liquid 571 can be selectively
altered by one or more valves or other flow controlling devices. The valves 541, 542 and
543, illustrated in the system 500 of Figure 5, for example, can control the flow of the
heated liquid 571 in the piping 510. For example, if the valve 543 is open, the heated
liquid 571 can flow through the portion 553 of the piping 510 and can enable a portion 523
of the ground 520 to absorb the heat 563. By contrast, if the valve 543 is closed, but the
valve 542 is open, than the heated liquid 571 can flow through the portion 552 of the
piping 510 and can enable a portion 522 of the ground 520 to absorb the heat 562. In a

similar manner, the valve 541 can control the flow of the heated liquid 571 through the
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portion 551 of the piping 510, thereby controlling whether or not the portion 521 of the
ground 520 absorbs the heat 561. In such a manner, valves, such as the valves 541, 542
and 543, can define zones of the piping 510, such as the zones defined by the portions 551,
552 and 553 of the piping 510, that can cause different zones of the ground 520, such as
the portions 521, 522 and 523 of the ground 520, respectively, to absorb heat. Therefore,
in one embodiment, to minimize heat soak, at least one of the zones defined by the
portions 551, 552 and 553 of the piping 510 can remain inactive, and one of the
corresponding valves 541, 542 and 543, respectively, can remain closed, thereby
preventing the flow of the heated liquid 571 through a corresponding portion of the piping
510. For example, during one period of time, only the valve 541 can be open, thereby
enabling the heated liquid 571 to flow only through the portion 551 of the piping 510,
thereby heating up the portion 521 of the ground 520. When the portion 521 of the ground
520 experiences heat soak, the valve 541 can be closed, and the valve 542 can be open. At
that time, then, the heated liquid 571 can flow only through the portion 552 of the piping
510, thereby heating up the portion 522 of the ground 520. When that portion 522 of the
ground 520 experiences heat soak, the valve 542 can be closed, and the valve 543 can be
open. Designed properly, by the time the portion 523 of the ground experiences heat soak,
the portion 521 can have dissipated the heat 561 previously dumped into it, and the valve
543 can be closed, and the valve 541 can be opened again. In such a manner, an actively
pumped cooling apparatus can still take advantage of geothermal cooling while
minimizing heat soak through the use of multiple zones.

[0043] Although not specifically illustrated in the Figures, the multi-zone piping system
500 of Figure 5 can provide thermal transfer capabilities analogous to the sub-surface heat
pipes of the systems 401 and 402. Consequently, in an embodiment analogous to that
illustrated by the system 401 of Figure 4, and described in detail above, the multi-zone
piping system 500 of Figure 5 can be thermally coupled to a cold floor, such as the cold
floor 430 of Figure 4, and can, thereby, cool one or more computing devices, such as the
exemplary server computing devices 411, 412, 413 and 414 of the system 401 of Figure 4.
Similarly, in an embodiment analogous to that illustrated by the system 402 of Figure 4,
and described in detail above, the multi-zone piping system 500 of Figure 5 can be
thermally coupled to cold walls, such as the cold walls 470 of Figure 4, and can, thereby,
cool one or more computing devices, such as the exemplary server computing devices 451,

452,453,454, 455, 456, 461, 462, 463, 464, 465 and 466 of the system 402 of Figure 4.

16



10

15

20

25

30

WO 2014/200740 PCT/US2014/040433

[0044] In one embodiment, two or more of the above-described mechanisms can be
combined within a single data center. For example, and with reference to the exemplary
system 600 shown in Figure 6, the previously described hydronic convection cooling can
be combined with the previously described geothermal cooling such as in the manner
illustrated. For example, the above referenced server computing device 130, having a
thermal coupling with the conduit 110 of the hydronic convection cooling system 100 of
Figure 1, can warm a liquid within the conduit 110, causing the warmed liquid 121 to rise
to a high point of the conduit 110. In the exemplary embodiment illustrated by the system
600 of Figure 6, a subsurface heat pipe, such as the exemplary subsurface heat pipe 310
originally illustrated in Figure 3, can comprise a thermal coupling 610 between it and the
conduit 110. Such a thermal coupling 610 can enable the transfer of thermal energy from
the warmed liquid 121 to the subsurface heat pipe 310. The warm liquid 121, having been
cooled by the subsurface heat pipe 310, can then descend, within the conduit 110, as the
cooled liquid 122, such as in the manner described previously. Similarly, the subsurface
heat pipe 310 can, in the manner described in detail above, transfer the heat obtained from
the warmed liquid 121 to the ground 620, as the heat 630 shown in Figure 6. In such an
embodiment, the subsurface heat pipe 310, and thermal conduit 610, can act as the cooling
apparatus 140 of the system 100 shown in Figure 1, described in detail above.
Consequently, such an embodiment can be useful for data center locations where easy
access to ambient air, such as on the roof, may not be available. For example, the
embodiment illustrated by the system 600 of Figure 6 can be useful in situations where
data centers are located on a lower floor of a multistory building, such that there are
additional floors above the data center.

[0045] In another embodiment, the subsurface heat pipe 310, shown in the system 600
of Figure 6, can be replaced by the piping 510 of the multi-zone geothermal cooling
apparatus shown in Figure 5. Still other combinations of the above described mechanisms
arc equally possible.

[0046] As can be seen from the above descriptions, renewable energy based data center
cooling mechanisms have been presented. Which, in view of the many possible variations
of the subject matter described herein, we claim as our invention all such embodiments as

may come within the scope of the following claims and equivalents thereto.
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CLAIMS

1. A system for simultancously cooling multiple computing devices, the
system comprising:

a heat pipe extending below ground into the earth, the heat pipe comprising a
liquid that evaporates to absorb thermal energy and then condenses to release the thermal
energy, the release of the thermal energy of the heat pipe being into the earth below
ground;

a surface that is thermally coupled to the heat pipe such that thermal energy is
passed through the surface into the heat pipe, thereby causing the liquid in the heat pipe to
evaporate, the surface comprising at least one of a cold floor or a cold wall; and

a thermal coupling between the multiple computing devices and the surface, the
multiple computing devices being arranged so as to facilitate the thermal coupling
between them and the surface.

2. The system of claim 1, wherein the thermal coupling between the multiple
computing devices and the surface comprises a single first thermal coupling between the
surface and at least two of the multiple computing devices and a single second, different
thermal coupling between the surface and at least two other of the multiple computing
devices.

3. The system of claim 1, further comprising

a second surface;

a second thermal coupling between at least some of the multiple computing device
and the second surface; and

a multi-zone piping system thermally coupled to the second surface, the multi-zone
piping system comprising:

a first distinct portion extending below ground into a first portion of the
earth;

a first valve controlling the flow of heated liquid into the first distinct
portion of the multi-zone piping system;

a second distinct portion extending below ground into a second portion of
the carth that is different and separate from the first portion;

and a second valve controlling the flow of the heated liquid into the second
distinct portion of the multi-zone piping system;

wherein the first and second valves alternate which of the first distinct

portion of the multi-zone piping system and the second distinct portion of the multi-zone
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piping system have the heated liquid flowing through them so as to avoid head soak of the
first portion and the second portion of the earth.

4. A system for simultaneously cooling multiple computing devices, the
system comprising:

a multi-zone piping system comprising:

a first distinct portion extending below ground into a first portion of the
earth;

a first valve controlling the flow of heated liquid into the first distinct
portion of the multi-zone piping system;

a second distinct portion extending below ground into a second portion of
the earth that is different and separate from the first portion; and a second valve
controlling the flow of the heated liquid into the second distinct portion of the multi-zone
piping system;

wherein the first and second valves alternate which of the first distinct
portion of the multi-zone piping system and the second distinct portion of the multi-zone
piping system have the heated liquid flowing through them so as to avoid head soak of the
first portion and the second portion of the earth;

a surface that is thermally coupled to the multi-zone piping system such that
thermal energy is passed through the surface into the multi-zone piping system, the surface
comprising at least one of a cold floor or a cold wall; and

a thermal coupling between the multiple computing devices and the surface, the
multiple computing devices being arranged so as to facilitate the thermal coupling
between them and the surface.

5. The system of claim 4, wherein the thermal coupling between the multiple
computing devices and the surface comprises a single first thermal coupling between the
surface and at least two of the multiple computing devices and a single second, different
thermal coupling between the surface and at least two other of the multiple computing
devices.

6. A system for simultaneously cooling multiple computing devices, the
system comprising:

a conduit carrying a liquid;

at least one thermal coupling between the conduit and the multiple computing
devices, the at least one thermal coupling causing the liquid to warm, the warm liquid then

rising within the conduit;
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a cooling apparatus located physically higher than the multiple computing devices;

a thermal coupling between the conduit and the cooling apparatus, the thermal
coupling causing the warm liquid to cool, the cool liquid then descending within the
conduit;

wherein the cool liquid is drawn, within the conduit, past the at least one thermal
coupling between the conduit and the multiple computing devices as a consequence of the
warm liquid rising within the conduit.

7. The system of claim 6, wherein the at least one thermal coupling between
the conduit and the multiple computing devices is located above a bottom portion of the
conduit.

8. The system of claim 6, wherein the conduit comprises multiple individual
loops, cach of the multiple individual loops comprising a single track extending for only a
portion of the overall conduit, each single track being thermally coupled to at least one of
the multiple computing devices.

9. The system of claim 6, wherein the cooling apparatus comprises a heat pipe
extending below ground into the earth, the heat pipe comprising a liquid that evaporates to
absorb thermal energy and then condenses to release the thermal energy, the release of the
thermal energy of the heat pipe being into the earth below ground.

10. The system of claim 6, further wherein the cooling apparatus comprises a
multi-zone piping system comprising:

a first distinct portion extending below ground into a first portion of the carth;

a first valve controlling the flow of heated liquid into the first distinct portion of
the multi-zone piping system;

a second distinct portion extending below ground into a second portion of the carth
that is different and separate from the first portion;

and a second valve controlling the flow of the heated liquid into the second distinct
portion of the multi-zone piping system;

wherein the first and second valves alternate which of the first distinct portion of
the multi-zone piping system and the second distinct portion of the multi-zone piping
system have the heated liquid flowing through them so as to avoid head soak of the first
portion and the second portion of the earth.
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