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A Water-Based Closed-Loop Cooling System

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to United States Provisional Patent application
number 61/925,039 filed on January 8, 2014, entitled “A water-based closed-loop cooling
system used to cool waterborne data center facility” and United States application serial

number 14/280,040, filed on May 16, 2014.

FIELD

[0002] The present invention relates to cooling facilities for waterborne data centers.

BACKGROUND OF THE INVENTION

[0003] Data centers and co-location providers in particular struggle with both supplying
requisite power as well as cooling. As data center density continues to increase there is a
growing demand for more energy efficient and cost effective data centers and co location
solutions.

[0004] A data center is designed to maintain interior ambient conditions suitable for proper
operation of the computer systems therein. Typical data centers may consume more than
twice the power needed to support the plurality of computer systems housed therein. This is
a result of the inefficient air conditioning units that may account for half of the total power
consumed in the data center to cool the plurality of computer systems therein. This
inefficiency prohibits support of high density computing systems in today’s data centers.
[0005] Embodiments disclosed include a closed-looped, energy efficient, cost effective

thermal management system that leverages natural surrounding resources, namely water,
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to control thermal conditions and reduce the overall requirement for cooling power in
water borne data centers.

[0006] A data center is a facility designed to house, maintain, and power a plurality of
computer systems. The computer systems within the data center are generally rack-
-mounted within a support frame referred to as a rack. The data center is defined to
maintain interior ambient conditions suitable for proper operation of the computer
systems therein.

[0007] A key constraint of the data center is cooling capacity. Each watt consumed by
the computer systems is a watt of waste heat that must be removed to maintain suitable
operating temperature. Conventional data centers employ air conditioning units to
maintain suitable operating temperatures. The air conditioning units are inefficient and
account for more than half of the total power consumed in the data center.

[0008] As power density in data centers continues to increase, data center providers
struggle with cooling demands that can quickly outstrip the data center capabilities.
Conventional data centers employ traditional air conditioning units to maintain suitable
operating temperatures for the plurality of computer systems therein. These air
conditioning units are inefficient and may account for half of the power consumed in the
data center facility. This inefficiency prohibits support of high-density computer systems
in data centers.

[0009] The methods and systems for a water based closed-loop cooling system described,
using naturally cold water as a heat sink in a plurality of heat exchange systems, consume
substantially less power to maintain interior ambient conditions suitable for proper
operation of the computer systems therein when compared to traditional air conditioning

units.
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SUMMARY

[0010] A water-based closed-loop cooling system comprising a single or plurality of
filtered water intake pipes and corresponding water exhaust pipes; a single or plurality
of water pumps; a single or plurality of heat exchangers; a single or plurality of coolant
heat exchange pipes; and a closed-loop coolant distribution unit; wherein the single or
plurality of water pumps are caused to pump water in through the water intake pipes and out
through the water exhaust pipes; and wherein the coolant distribution unit is caused to
circulate stored coolant through the coolant heat exchange pipes.

[0011] In a water-based closed-loop cooling system, a method comprising pumping water
in through a single or plurality of filtered water intake pipes and out through corresponding
water exhaust pipes; circulating via the single or plurality of water intake pipes and
corresponding water exhaust pipes, the pumped water through one side of a single or
plurality of heat exchangers; circulating through another side of the single or plurality of heat
exchangers, a coolant, comprised in a coolant distribution unit, via a single or plurality of
coolant heat exchange pipes.

[0012] A closed loop cooling system wherein the closed loop cooling system is caused to
circulate cold water through one side of a single or plurality of heat exchangers; circulate a
coolant in a closed loop through another side of the single or plurality of heat exchangers;
such that the circulated cold water is caused to absorb heat from the circulated coolant
through the single or plurality of heat exchangers through which it is caused to circulate;
and wherein the closed loop cooling system is further caused to circulate the coolant
through a heat generating source before circulating the coolant through the single or

plurality of heat exchangers.



WO 2015/106035 PCT/US2015/010700

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 illustrates a side view of an embodiment of the water-based closed-loop

cooling system implemented on waterborne data center.

[0014] FIG. 2 illustrates the system water flow view.

DETAILED DESCRIPTION OF THE INVENTION

[0015] As stated above, a data center is a facility designed to house, maintain, and power a
plurality of computer systems. The computer systems within the data center are generally
rack-mounted within a support frame referred to as a rack. The data center is defined to
maintain interior ambient conditions suitable for proper operation of the computer systems
therein.

[0016] A key constraint of the data center is cooling capacity. Each watt consumed by the
computer systems is a watt of waste heat that must be removed to maintain suitable operating
temperature. Conventional data centers employ air conditioning units to maintain suitable
operating temperatures. The air conditioning units are inefficient and account for more than
half of the total power consumed in the data center.

[0017] As power density in data centers continues to increase, data center providers struggle
with cooling demands that can quickly outstrip the data center capabilities. The invention
claimed here solves this problem.

[0018] Embodiments disclosed include water-based closed-loop cooling systems and methods
using naturally cold water as a heat sink in a heat exchange system used to absorb heat

generated by a plurality of computing systems housed in a data center facility. Such
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embodiments drastically reduce power consumption in data center facilities. The described
methods and systems implement a water-based closed-loop cooling system and method that
consumes substantially less power to maintain suitable operating temperatures in the data
center facility when compared to traditional air conditioning units. This energy-efficiency
enables support of very high-density computing systems in the data center facility.

[0019] A data center is designed to maintain interior ambient conditions suitable for proper
operation of the computer systems therein. Conventional data centers may consume more
than twice the power needed to support the plurality of computer systems housed therein.
This is a result of the inefficient air conditioning units that may account for half of the total
power consumed in the data center to cool the plurality of computer systems therein. This
inefficiency prohibits support of high density computing systems in conventional data
centers.

[0020] The methods and systems for a water based closed-loop cooling system described,
using naturally cold water as a heat sink in a plurality of heat exchange systems, will
consume substantially less power to maintain interior ambient conditions suitable for proper
operation of the computer systems therein when compared to traditional air conditioning
units.

[0021] FIG. 1 illustrates a side view of an embodiment of the water-based closed-loop
cooling system implemented on waterborne data center. According to an embodiment, the
closed loop cooling system is comprised in a waterborne data center vessel 100, and further
comprises filtered water intake pipes 102, water pump/s 104, heat exchangers 106, coolant
heat exchange piping 108, closed-loop coolant distribution unit 110, coolant distribution
piping 112, data center module 114, and data center facility 116.

[0022] FIG. 2 illustrates the system water flow view. The embodiment illustrated includes
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filtered water intake pipes 200, water pump 202, heat exchangers 204, water pump 206,
filtered water exhausts pipes 208, cooled coolant piping 210, closed-loop coolant distribution
unit 214, and data center module 216.

[0023] Embodiments of the water-based closed-loop cooling system are shown in Fig. 1(side
view) and Fig. 2 (system flow view). FIG. 1 shows a side view of the water-based closed-loop
cooling system implemented on a waterborne data center vessel 100. The water-based closed:
-loop cooling system may comprise filtered water intake pipes 102, water pumps 104, heat
exchangers 106, coolant heat exchange piping 108, closed-loop coolant distribution unit 110
that may use freshwater as a coolant and coolant distribution piping 112. The data center
facility 116 may contain a plurality computer systems installed in a plurality of data center
modules 114. Data center modules are structures similar in shape and size to shipping
containers. The data center modules in general comprise a plurality of racks, a plurality of
rack-mounted computer systems and water-based cooling units. In another embodiment, the
filtered water intake pipes 102 and filtered water exhaust pipes may be installed in the bow
(front) or stern (back) section of the waterborne data center vessel instead of on the starboard
(right) or port (left) sides of the vessel.

[0024] FIG. 2 is a system flow view of the water-based closed-loop cooling system. The water-
-based closed-loop cooling system may comprise a plurality of filtered water intake pipes 200,
a plurality of water pumps (202,206), a plurality of heat exchangers 204, a plurality of filtered
water exhaust pipes 208, cold coolant piping 210, hot coolant piping 212 and closed-loop
cooling distribution unit 214 that may use freshwater as a coolant. The closed-loop cooling

distribution units 214 may be connected to the heat exchangers 204 and to the data center

modules 216.
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[0025] The water-based closed-loop cooling system in general will be implemented on a
waterborne data center vessel 100 that may house a plurality of computing systems installed in
data center modules 114. The water-based closed-loop cooling system may comprise a
plurality of filtered water intake pipes 102, a plurality of water pumps 104, a plurality of heat
exchangers 106, hot coolant piping 212, cold coolant piping 210, a plurality of filtered water
exhaust pipes 208 and a plurality of closed-loop cooling distribution units 214 that may use
freshwater as a coolant.

[0026] The heat generated by the computing systems in the data center modules 216 is
absorbed by the energy-efficient water-based closed-loop cooling system. Naturally cold water
may be drawn through filtered water intake pipes 200 by water pumps 202. The naturally cold
water may then be pumped through one side of the heat exchangers 204 where it serves as a
heat sink to cool the hot coolant from the coolant distribution unit 214 being pumped through
the other side of the heat exchangers 104. The naturally cold water after absorbing the heat
from the hot coolant may then be pumped from the waterborne data center facility by pumps
206 and expelled through filtered water exhaust pipes 208 where it returns to the naturally cold
water source. The closed-loop cooling distribution unit 214 may use freshwater as a coolant.
The closed-loop cooling system may pump the cooled coolant to the data center modules 116
cooling units (not pictured) where it absorbs heat generated by the plurality of computing
systems therein. The heated coolant returned from the data center modules 216 cooling units
(not pictured) may then be pumped through one side of the heat exchangers 204 while naturally
cold water is being pumped through the other side of the heat exchanger 204 absorbing the heat

from the hot coolant.
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[0027] An embodiment includes a water-based closed-loop cooling system comprising a single
or plurality of filtered water intake pipes and corresponding water exhaust pipes, a single or
plurality of water pumps, a single or plurality of heat exchangers, a single or plurality of coolant
heat exchange pipes, and a closed-loop coolant distribution unit; wherein the single or plurality
of water pumps are caused to pump water in through the water intake pipes and out through the
water exhaust pipes, and wherein the coolant distribution unit is caused to circulate stored coolant
through the coolant heat exchange pipes. The stored coolant circulated through the close loop
coolant heat exchange pipes is caused to absorb heat from a heat generating source, and via the
single or plurality of heat exchangers, transfer the absorbed heat to the pumped water flowing
through the single or plurality of filtered water intake pipes. According to an embodiment, the
heat generating source is a computer data center. However the closed loop cooling system may be
deployed to cool any heat generating source, such as residential or commercial buildings or
complexes, auditoriums, factories, facilities, etc. as would be apparent to a person having ordinary
skill in the art. Preferably, the filtered water intake pipes further comprise means for pumping
water from a nearby source in close proximity. Embodiments disclosed exploit ambient
environmental conditions/resources, and concentrate the exploited conditions for cooling purposes.
The nearby source is at least one of an ocean or sea, a river, a lake, a reservoir, a glacier, an
aquifer, reclaimed water, non-potable water and a mountain spring. Additionally and
alternatively, the closed loop coolant distribution unit further comprises means for using
surrounding water in close proximity, as a coolant.

[0028] An embodiment includes a closed loop cooling system wherein the closed loop cooling
system is caused to: circulate cold water through one side of a single or plurality of heat
exchangers, circulate a coolant in a closed loop through another side of the single or plurality of

heat exchangers, such that the circulated cold water is caused to absorb heat from the circulated
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coolant through the single or plurality of heat exchangers through which it is caused to circulate;
and wherein the closed loop cooling system is further caused to circulate the coolant through a
heat generating source before circulating the coolant through the single or plurality of heat
exchangers. According to an embodiment the heat generating source is a computer data center.
However the closed loop cooling system may be deployed to cool any heat generating source, such
as residential or commercial buildings or complexes, auditoriums, factories, facilities, etc. as
would be apparent to a person having ordinary skill in the art.

[0029] According to an embodiment, the system further comprises a single or plurality of filtered
water intake pipes for transporting water from a nearby source in close proximity. Preferably, the
system comprises a single or plurality of water pumps for pumping water through the said single
or plurality of filtered water intake pipes from the nearby source in close proximity. Further, the
closed loop cooling system comprises a single or plurality of filtered water exhaust pipes for
transporting the said circulated cold water, caused to absorb heat from the said circulated coolant
through the single or plurality of heat exchangers, away from the heat generating source,
namely, the data center facility. The nearby water source is at least one of an ocean or sea, a
river, a lake, a reservoir, a glacier, and a mountain spring, wherein the closed loop coolant
distribution comprises means for using the surrounding water in close proximity, as a coolant.
[0030] An embodiment includes, in a water-based closed-loop cooling system, a method
comprising, pumping water in through a single or plurality of filtered water intake pipes and out
through corresponding water exhaust pipes, circulating via the single or plurality of water intake
pipes and corresponding water exhaust pipes, the pumped water through one side of a single or
plurality of heat exchangers, circulating through another side of the single or plurality of heat
exchangers, a coolant, comprised in a coolant distribution unit, via a single or plurality of coolant

heat exchange pipes. The stored coolant circulated through the close loop coolant heat exchange
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pipes is caused to absorb heat from a heat generating source, and via the single or plurality of heat
exchangers, transfer the absorbed heat to the pumped water flowing through the single or plurality
of filtered water intake pipes. According to an embodiment, the heat generating source is a
computer data center. However the closed loop cooling system may be deployed to cool any heat
generating source, such as residential or commercial buildings or complexes, auditoriums,
factories, facilities, etc. as would be apparent to a person having ordinary skill in the art.
Preferably, the filtered water intake pipes further comprise means for pumping water from a
nearby source in close proximity. The nearby source is at least one of an ocean or sea, a river, a
lake, a reservoir, a glacier, and a mountain spring, and the method disclosed comprises means for
using the surrounding water in close proximity, as a coolant.

[0031] In a preferred embodiment, the water-based closed-loop cooling system is capable of
maintaining interior ambient conditions that are suitable for normal operating conditions for
computing systems housed in a data center. All water pumps, piping, heat exchangers and
closed-loop distribution units must are designed proportionately, with sufficient capabilities to
support the desired amount of heat rejection.

[0032] Additionally, according to an embodiment, a water based closed loop cooling system
installed on a waterborne data center vessel comprises completely fabricated and constructed
(naturally) cold water piping and pump clements, heat exchangers and closed-loop distribution
units capable of using freshwater as a coolant, and hot and cold coolant distribution piping.
[0033] All of the elements above are necessary in an ideal embodiment.

[0034] In an alternate embodiment a refrigerant may be used as a coolant rather than freshwater

by the closed-loop cooling system.
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[0035] In yet another embodiment, the filtered water intake pipes and filtered water exhaust
pipes may be installed in the bow (front) or stern (back) section of the waterborne data center
vessel instead of on the starboard (right) or port (left) sides of the vessel.

[0036] In yet another embodiment the heat exchangers, water pumps and all hot and cold
coolant piping may be installed above deck instead of below deck as described in this
document.

[0037] In yet another embodiment a tank may be employed to store cold freshwater. In this
embodiment the tank would be connected to the closed-loop distribution units and the heat
exchange systems. The water-based closed-loop cooling system and method described may be
employed to replace traditional air conditioning systems and methods in building structures.
The described system and methods may be used to cool hospital buildings, office buildings,
stadiums, dwellings, land based data centers or any such building structures.

[0038] A water distribution piping system may be used to access a body of naturally cold
water. A water pump station may be employed to pump the naturally cold water through the
distribution piping to areas where building structures are located. Within the building structure
a pump system would draw the naturally cold water into the structure where it would then be
moved through a heat exchange system and then pumped back to the naturally cold water
source. This embodiment would greatly reduce the power consumed to cool ambient
temperatures to suitable conditions in a variety of building structures.

[0039] How To Use The Invention:

[0040] Embodiments disclosed include systems and methods to resolve energy-efficiency
issues especially with regards to cooling of ambient temperatures in hospitals, business
buildings, dwellings, stadiums, land based data centers, water borne data centers, and other

similar structures.

11



WO 2015/106035 PCT/US2015/010700

[0041] Embodiments of the disclosed system and method may also be adapted to cool ambient
temperatures in cruise ships, house boats, building structures on barges or other similar marine
vessels or building structures on marine vessels, as would be apparent to a person having
ordinary skill in the art.

[0042] Additionally, embodiments of the described invention may be used to cool ambient
temperatures in a variety of structures, including but not limited to buildings, hospitals, data
centers, stadiums, multi-tenant dwellings and single family dwellings, in an energy-efficient
and cost-effective manner.

[0043] According to an embodiment, the closed loop cooling system comprises a configurable
modular unit. The modular units may be configured to cool a data center modular container or a
plurality of data center modular containers. Each unit may be enclosed in an ISO or NON-ISO
container and may comprise a plurality of pumps, heat exchangers and flow valves. The modular
unit may be configured to be installed in close proximity to a data center modular container or a
plurality of data center modular containers and utilized to cool the IT equipment therein.

[0044] According to an embodiment, the configurable modular unit may be configured to cool a
variety of facilities and may comprise a plurality of pumps, heat exchangers and flow valves. Each
unit may be enclosed in an ISO or NON-ISO container to ease deployments. The modular units
may be configured to be quickly installed in a variety of facilities and used to cool the ambient
temperatures therein.

[0045] According to an embodiment, the closed loop cooling system is water based, and
designed to cool a data center housed on a marine vessel wherein the data center may be
submerged under water, or alternatively, not submerged but floating above the surface. The water
based cooling system is installed and optimized to leverage natural surrounding environmental

resources, and to channel ambient environmental conditions for cooling purposes.
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[0046] Additionally, heat from the exhaust or hot water return from the water based cooling
system could also be used as a renewable energy source or used as part of a waste heat system.
[0047] The water based closed-loop cooling system is highly reconfigurable, and can be
adapted for use in office buildings, residential homes, schools, government buildings, cruise
ships, naval vessels, mobile homes, temporary work sites, remote work sites, hospitals,
apartment buildings, etc. Other variations, modifications, and applications are possible, as
would be apparent to a person having ordinary skill in the art.

[0048] Additionally, partial or complete embodiments of the disclosed invention can be utilized
in alternate applications without departing from the scope and spirit of the disclosure. For
example, water based closed loop cooling systems that leverage natural resources within close
proximity can be utilized to cool virtually anything, including but not limited to buildings or
dwellings, in an energy---efficient and cost---effective manner.

[0049] Since various possible embodiments might be made of the above invention, and since
various changes might be made in the embodiments above set forth, it is to be understood that all
matter herein described or shown in the accompanying drawings is to be interpreted as illustrative
and not to be considered in a limiting sense. Thus it will be understood by those skilled in the art
of water borne vessels, computer data centers and closed and open loop cooling systems, that
although the preferred and alternate embodiments have been shown and described in accordance
with the Patent Statutes, the invention is not limited thereto or thereby.

[0050] The figures illustrate the architecture, functionality, and operation of possible
implementations of systems and methods according to various embodiments of the present
invention. It should also be noted that, in some alternative implementations, the functions

noted/illustrated may occur out of the order noted in the figures. For example, two blocks shown
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in succession may, in fact, be executed substantially concurrently, or the blocks may sometimes be
executed in the reverse order, depending upon the functionality involved.

[0051] The terminology used herein is for the purpose of describing particular embodiments only
and is not intended to be limiting of the invention. As used herein, the singular forms "a", "an"
and "the" are intended to include the plural forms as well, unless the context clearly indicates
otherwise. It will be further understood that the terms "comprises” and/or "comprising,” when
used in this specification, specify the presence of stated features, integers, steps, operations,
elements, and/or components, but do not preclude the presence or addition of one or more other
features, integers, steps, operations, elements, components, and/or groups thereof.

[0052] In general, the steps executed to implement the embodiments of the invention, may be part
of an automated or manual embodiment, and programmable to follow a sequence of desirable
instructions.

[0053] The present invention and some of its advantages have been described in detail for some
embodiments. It should be understood that although the closed loop cooling system and process is
described with reference to a waterborne data center, the system and process may be used in other
contexts as well. It should also be understood that various changes, substitutions and alterations
can be made herein without departing from the spirit and scope of the invention as defined by the
appended claims. An embodiment of the invention may achieve multiple objectives, but not every
embodiment falling within the scope of the attached claims will achieve every objective.
Moreover, the scope of the present application is not intended to be limited to the particular
embodiments of the process, machine, manufacture, composition of matter, means, methods and
steps described in the specification. A person having ordinary skill in the art will readily
appreciate from the disclosure of the present invention that processes, machines, manufacture,

compositions of matter, means, methods, or steps, presently existing or later to be developed are
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equivalent to, and fall within the scope of, what is claimed. Accordingly, the appended claims are

intended to include within their scope such processes, machines, manufacture, compositions of

matter, means, methods, or steps.
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CLAIMS

We claim:

A water-based closed-loop cooling system comprising;:

a single or plurality of filtered water intake pipes and corresponding water
exhaust pipes;

a single or plurality of water pumps;

a single or plurality of heat exchangers;

a single or plurality of coolant heat exchange pipes; and

a closed-loop coolant distribution unit;

wherein the single or plurality of water pumps are caused to pump water in through
the water intake pipes and out through the water exhaust pipes; and

wherein the coolant distribution unit is caused to circulate stored coolant through

the coolant heat exchange pipes.

The system of claim 1 wherein the stored coolant circulated through the close loop coolant
heat exchange pipes is caused to absorb heat from a heat generating source, and via the
single or plurality of heat exchangers, transfer the absorbed heat to the pumped water

flowing through the single or plurality of filtered water intake pipes.

3. The system of claim 2 wherein the heat generating source is a computer a data center.
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The system of claim 1 wherein the filtered water intake pipes further comprise means for

pumping water from a nearby source in close proximity.

The system of claim 3 wherein the nearby source is at least one of an ocean or sea, a river, a
lake, a reservoir, a glacier, an aquifer, reclaimed water, non-potable water and a mountain
spring.

The system of claim 1 wherein the closed loop coolant distribution unit further comprises

means for using surrounding water in close proximity, as a coolant.

In a water-based closed-loop cooling system, a method comprising:

pumping water in through a single or plurality of filtered water intake pipes and out
through corresponding water exhaust pipes;

circulating via the single or plurality of water intake pipes and corresponding water
exhaust pipes, the pumped water through one side of a single or plurality of heat
exchangers;

circulating through another side of the single or plurality of heat exchangers, a
coolant, comprised in a coolant distribution unit, via a single or plurality of coolant heat

exchange pipes.

The method of claim 7 wherein the stored coolant circulated through the close loop coolant
heat exchange pipes is caused to absorb heat from a heat generating source, and via the
single or plurality of heat exchangers, transfer the absorbed heat to the pumped water

flowing through the single or plurality of filtered water intake pipes.
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10.

11.

12.

13.

The method of claim 8 wherein the heat generating source is a computer data center.

The method of claim 7 wherein the filtered water intake pipes further comprise means for

pumping water from a nearby source in close proximity.

The method of claim 10 wherein the nearby source is at least one of an ocean or sea, a
river, a lake, a reservoir, a glacier, an aquifer, reclaimed water, non-potable water and a

mountain spring.

The method of claim 7 wherein the closed loop coolant distribution unit further comprises

using surrounding water in close proximity, as a coolant.

A closed loop cooling system wherein the closed loop cooling system is caused to:

circulate cold water through one side of a single or plurality of heat exchangers;

circulate a coolant in a closed loop through another side of the single or plurality
of heat exchangers;

such that the circulated cold water is caused to absorb heat from the circulated
coolant through the single or plurality of heat exchangers through which it is caused to

circulate; and
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14.

15.

16.

17.

18.

wherein the closed loop cooling system is further caused to circulate the coolant
through a heat generating source before circulating the coolant through the single or

plurality of heat exchangers.

The closed loop cooling system of claim 13 wherein the heat generating source is a

computer data center.

The closed loop cooling system of claim 13 wherein the system further comprises a single
or plurality of filtered water intake pipes for transporting water from a nearby source in

close proximity.

The closed loop cooling system of claim 15 wherein the system further comprises a single
or plurality of water pumps for pumping water through the said single or plurality of

filtered water intake pipes from the nearby source in close proximity.

The closed loop cooling system of claim 13 wherein the system further comprises a single
or plurality of filtered water exhaust pipes for transporting the said circulated cold water,
caused to absorb heat from the said circulated coolant through the single or plurality of

heat exchangers, away from the heat generating source.

The closed loop cooling system of claim 15 wherein the nearby source is at least one of an

ocean or sea, a river, a lake, a reservoir, a glacier, and a mountain spring.
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19. The closed loop cooling system of claim 13 wherein the closed loop coolant distribution

unit further comprises means for using surrounding water in close proximity, as a coolant.
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