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(57) Abstract: A backup cooling storage system compris-
ing at least one cooling and storage unit configured to cool
a liquid supply using a quantity of cooled material when a
main chiller of the liquid supply is not operational, and at
least one chilling element configured to generate the quan-
tity of cooled material for the at least one cooling and storage
unit when the main chiller of the liquid supply is operational.
Additional embodiments and methods are further disclosed.
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MODULAR ICE STORAGE FOR UNINTERRUPTIBLE CHILLED WATER

BACKGROUND OF INVENTION

1. Field of Invention

Embodiments of the invention relate generally to a backup cooling system.
Specifically, aspects of the invention relate to a modular and scalable backup cooling storage
system that may cool a liquid supply when a main liquid chiller of that liquid supply is not

operational.

2. Discussion of Related Art

Heat produced by electronic equipment, such as servers and blade servers, can have
adverse effects on the perfbrmance, reliability and useful life of the electronic equipment. As
electronic equipment becomes faster, smaller, and more power consuming, such electronic
equipment also produces more heat, making control of heat more critical to reliable operation
of the electronic equipment.

A typical environment where heat control may be critical includes a data center
containing racks of electronic equipment. As the size of electronic equipment has decreased,
the amount of electronic equipment in each rack and heat generated by the electronic
equipment in the racks has increased. Furthermore, as demand for processing power has
increased, data centers have increased in size so that a typical data center may now contain
hundreds of such racks.

An exemplary industry standard rack used to store such electronic equipment is
approximately six to six-and-a-half feet high, by about twenty-four inches wide, and about
forty inches deep. Such a rack is commonly referred to as a “nineteen inch” rack, as defined
by the Electronics Industries Association’s EIA-310-D standard.

To address heat-related issues of the electronic equipment stored in these racks,
computer room air conditioner (CRAC) units may be disposed in various arrangements within
data centers to cool or assist in cooling air supplied to the racks. These CRACs generally
intake warm air from one side of the CRAC unit from one direction and output cooled air out
of another side of the CRAC unit in another direction. The racks may direct the cooled air

using one or more fans to cool the electronic equipment stored in the racks.
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In particularly heat-dense data centers, chilled liquids have been supplied to CRAC
units for use in generating a cool air supply to the electronic equipment racks. In these liquid-
based cooling systems, a main liquid chiller may supply CRAC units in a data center with a
flow of a chilled liquid. A piping system may be disposed in the data center to pipe the chilled
liquid from the main liquid chiller to the CRAC units for use in cooling the electronic
equipment and to pipe warm liquid back from the racks to the main liquid chiller to be cooled
again. For example, in some arrangements, liquid may be pumped through overhead piping to
the CRAC units. .In the CRAC units, the liquid may be used by a heat exchanger to cool air
that is then supplied to cool the electronic equipment in the electronic equipment racks.

Because heat dense data centers such as those that typically warrant liquid-based
cooling systems may not tolerate cooling loss for extended periods of time, the main liquid
chiller of such liquid-based chilling systems generally is connected to backup power generators
that may power the main liquid chiller if a main power supply to the main liquid chiller fails.
Such backup power supplies may need to produce a relatively large amount of power to supply

the main liquid chiller with the power needed to chill the liquid supply.

SUMMARY OF INVENTION

One aspect of the invention includes a backup cooling storage system. Some
embodiments include at least one cooling and storage unit configured to cool a liquid supply
using a quantity of cooled material when a main chiller of the liquid supply is not operational,
and at least one chilling element configured to generate the quantity of cooled material for the
at least one cooling and storage unit when the main chiller of the liquid supply is operational.

In some embodiments, the liquid supply includes at least one of a composition
comprising water and a composition comprising glycol. Some embodiments include at least
one sensor configured to monitor a parameter of the liquid supply. In some embodiments, the
at least one sensor includes at least one temperature sensor configured to monitor a temperature
of the liquid supply. In some embodiments, the at least one cooling and storage unit is
configured to cool the liquid supply when the temperature is greater than a threshold value. In
some embodiments, the threshold value is about forty-eight degrees Fahrenheit. In some
embodiments, the at least one sensor includes at least one pressure sensor configured to
monitor a pressure of the liquid supply. In some embodiments, the at least one cooling and
storage unit is configured to cool the liquid supply when the pressure is less than a threshold

value.
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In some embodiments, the at least one cooling and storage unit includes at least one
cooled material storage tank configured to store the quantity of cooled material. In some
embodiments, the quantity of cooled material includes a quantity of a first portion of the cooled
material and a quantity of a second portion of the cooled material, the first portion being a
liquid portion of the cooled material, and the second portion being a solid portion of the cooled
material. In some embodiments, the first portion includes water and the second portion
includes ice. In some embodiments, the at least one cooled material storage tank includes a
plurality of cooled material storage tanks. In some embodiments, each cooled material storage
tank of the at least one cooled material storage tank is configured to store an amount of cooled
material capable of cooling the liquid supply by between about ten and about fifty kilowatts for
between about fifteen and thirty minutes.

In some embodiments, the at least one cooling and storage unit includes at least one
liquid transfer element configured to direct at least a portion of the liquid supply through the at
least one cooled material storage tank so that heat transfers between at least the portion of the
liquid supply and the quantity of cooled material. In some embodiments, the at least one liquid
transfer element includes at least one copper pipe. In some embodiments, the at least one
copper pipe includes a plurality of heat transfer fins configured to transfer heat between at least
the portion of the liquid supply and the quantity of cooled material. In some embodiments, the
at least one chilling element includes at least one thermoelectric chiller. In some embodiments,
the at least one chilling element is configured to generate and maintain the quantity of cooled
material by operating the at least one thermoelectric chiller to cool the portion of the liquid
supply and directing the portion of the liquid supply to the at least one liquid transfer element
for direction through the at least one cooling and storage unit. In some embodiments, the at
least one thermoelectric chiller is configured to cool the portion of the liquid supply to below a
freezing temperature of water present in the at least one cooling and storage unit.

In some embodiments, the at least one chilling element is configured to generate and
maintain the quantity of cooled material so that at least a predetermined amount of the quantity
of cooled material is frozen. In some embodiments, the at least one predetermined amount
includes a predetermined ratio such that about ninety percent of the cooled material is frozen.
In some embodiments, the chilling element includes a cooled material monitoring element
configured to monitor a current amount of the quantity of cooled material that is frozen. In
some embodiments, the cooled material monitoring element includes an aeration device

submerged into the quantity of cooled material from above and configured to release a gas
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bubble into the quantity of cooled material, and wherein the cooled material monitoring
element is configured to determine the current amount based on a pressure used to release the
gas bubble into the quantity of cooled material.

In some embodiments, the backup cooling system further comprises a standard rack
housing configured to store the at least one chilling element and the at least one cooling and
storage unit. In some embodiments, the backup cooling storage system further comprises first
and second liquid connection elements through which the liquid supply is provided to and
exhausted from the backup cooling storage system, wherein the first and second liquid
connection elements are standard liquid connection elements of a liquid-based cooling system.
In some embodiments, the backup cooling storage system is configured to scale at least one of
a cooling amount and a cooling time with other backup cooling storage systems.

One aspect of the invention includes a cooling system. Some embodiments include a
main chilling unit configured to cool a liquid supply, and at least one backup cooling unit
configured to generate and maintain a quantity of cooled material using the liquid supply when
the main chilling unit is operational and configured to cool the liquid supply using the quantity
of cooled material when the main chilling element is not operational.

In some embodiments, the liquid supply includes at least one of a composition
comprising water and a composition comprising glycol. In some embodiments, the at least one
backup cooling unit is configured to generate and maintain the quantity of cooled material
when a temperature of the liquid supply is below a threshold value, and wherein the at least
one backup cooling unit is configured to cool the liquid supply when the temperature of the
liquid supply is above the threshold value. In some embodiments, the at least one backup
cooling unit includes at least one storage tank configured to store the quantity of cooled
material. In some embodiments, the quantity of cooled material includes a quantity of a first
portion of the cooled material and a quantity of a second portion of the cooled material, the
first portion being a liquid portion of the cooled material, and the second portion being a solid
portion of the cooled material. In some embodiments, the first portion includes water and the
second portion includes ice.

In some embodiments, the at least one backup cooling unit includes at least one chiller
configured to further cool at least a portion of the liquid supply to generate and maintain the
quantity of cooled material when the main chilling element is operational. In some
embodiments, the at least one chiller includes at least one thermoelectric chiller. In some

embodiments, the at least one backup cooling unit includes at least one liquid directing element
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configured to direct at least a portion of the liquid supply through the at least one backup
cooling unit so that heat transfers between at least the portion of the liquid supply and the
quantity of cooled material.

In some embodiments, the main chilling element and backup cooling unit are further
configured to provide the liquid supply to a cooling system. In some embodiments, the at least
one backup cooling unit is housed in at least one standard rack. In some embodiments, each
backup cooling unit of the at least one cooling unit is configured to generate a cooling output
over a cooling period. In some embodiments, the at least one backup cooling unit includes a
desired number of ice storage elements corresponding to a total desired cooling output and a
total desired cooling period.

One aspect of the invention includes a method of supplying emergency cooling. In
some embodiments, the method includes maintaining a quantity of stored cooled material using
a liquid supply from a main chiller when the main chiller is operational, and cooling the liquid
supply using the quantity of stored cooled material when the main chiller is not operational.

In some embodiments, the liquid supply includes at least one of a composition
comprising water and a composition comprising glycol. In some embodiments, maintaining a
quantity of stored cooled material using a liquid supply from a main chiller when the main
chiller is operational includes freezing at least a first portion of the quantity of cooled material,
and subsequently cooling the quantity of cooled material such that the first portion remains in a
frozen state. In some embodiments, the frozen first portion includes ice and an unfrozen
second portion of the quantity of cooled material includes water. In some embodiments,
maintaining a quantity of stored cooled material using a liquid supply from a main chiller when
the main chiller is operational includes maintaining the quantity of cooled material in a cooled
material storage unit housed in a standard rack.

In some embodiments, maintaining a quantity of stored cooled material using a liquid
supply from a main chiller when the main chiller is operational includes monitoring at least
one parameter of the quantity of stored cooled material. In some embodiments, monitoring at
least one parameter of the quantity of stored cooled material includes monitoring a pressure
exerted to release at least one bubble into the quantity of stored cooled material. In some
embodiments, maintaining a quantity of stored cooled material using a liquid supply from a
main chiller when the main chiller is operational includes cooling a portion of the liquid supply
and directing the portion of the liquid supply through the cooled material storage unit such that

heat transfers between the quantity of cooled material and the liquid supply. In some
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embodiments, maintaining a quantity of stored cooled material using a liquid supply from a
main chiller when the main chiller is operational includes thermoelectrically cooling the
portion of the liquid supply.

In some embodiments, cooling the liquid supply using the quantity of stored cooled
material when the main chiller is not operational includes directing a portion of the liquid

supply through the cooled material storage unit such that heat transfers between the quantity of

.cooled material and the liquid supply. Some embodiments include monitoring the liquid

supply to determine if the main chiller is operational. In some embodiments, monitoring the
liquid supply to determine if the main chiller is operational includes monitoring at least one of
a temperature of the liquid supply and a pressure of the liquid supply. Some embodiments

further include providing the liquid supply to at least one piece of cooling equipment.

BRIEF DESCRIPTION OF DRAWINGS

The accompanying drawings are not intended to be drawn to scale. In the drawings,
each identical or nearly identical component that is illustrated in various figures is represented
by a like numeral. For purposes of clarity, not every component may be labeled in every
drawing. In the drawings:

Figure 1 is a perspective view of a cooling unit of an embodiment of the invention;

Figure 2 is a schematic diagram of a portion of a cooling system in accordance with an
embodiment of the invention;

Figure 3 is a schematic diagram of an ice monitor that may be used in some
embodiments of the invention;

Figure 4 is a view of a backup cooling storage system in accordance with an
embodiment of the invention;

Figures 5A and 5B are views of two alternative cooling systems in accordance with
embodiments of the invention;

Figure 6 is a diagram of a process that may be performed by a backup cooling storage
system in accordance with an embodiment of the invention;

Figure 7 is a view of a liquid flow through a backup cooling storage system in an ice
freeze mode in accordance with an embodiment of the invention;

Figure 8 is a view of a liquid flow through a backup cooling storage system in a

monitoring mode in accordance with an embodiment of the invention; and



10

15

20

25

30

WO 2008/077028 PCT/US2007/087910

-7 -

Figure 9 is a view of a liquid flow through a backup cooling storage system in an
emergency mode in accordance with an embodiment of the invention.

DETAILED DESCRIPTION

This invention is not limited in its application to the details of construction and the
arrangement of components set forth in the following description or illustrated in the drawings.
The invention is capable of other embodiments and of being practiced or of being carried out in
various ways. Also, the phraseology and terminology used herein is for the purpose of

b2 K11

description and should not be regarded as limiting. The use of “including,” “comprising,”

29 ¢ 99 CC3

“having,” “containing,” “involving,” and variations thereof herein, is meant to encompass the
items listed thereafter and equivalents thereof as well as additional items.

In accordance with one aspect of the invention, it is recognized that traditional liquid-
based cooling systems may not have sufficient emergency protection from failures of main
liquid chillers. As described above, in a traditional liquid-based cooling system, protection
from failure of the main liquid chiller may include a backup power generator used when a main
power supply to the main liquid chiller fails.

Because of delays associated with such a backup power generator, it may be incapable
of preventing damage or failure from heat in a modern heat-dense data center. For example, in
such data centers, a thermal failure may occur in less than about two minutes after the main
liquid chiller fails. However, backup generators may require about five to seven minutes
before returning the main liquid chiller to operation after a failure of the main power supply.
Moreover, the main liquid chiller may fail for a number of reasons other than power failures
(e.g., mechanical failures), and/or require repair or maintenance that require the main liquid
chiller to be shut down. Backup power generators provide no emergency protection in these
later situations.

In general, at least one embodiment of the invention is directed at providing
emergency backup cooling for a liquid-based cooling system. Specifically, at least one
embodiment of the invention is directed at a backup cooling storage system configured to
generate and maintain a quantity of ice using a flow of chilled liquid when the main liquid
chiller of the liquid-based cooling system is operational and to chill the flow of liquid and
supply it to cooling units (e.g., CRAC units) when the main liquid chiller is not operational.

Although the invention is described in terms of a liquid-based cooling system in which
a liquid flow is provided through pipes to cooling units (e.g., CRAC units), it should be

understood to include any cooling system in which emergency backup cooling may be desired.
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Particularly, embodiments of the invention may include any liquid-based cooling systems,
including liquid-based cooling systems that supply a composition comprising water, and/or a
composition comprising glycol. Moreover, embodiments of the invention may include cooling
systems in which the liquid is provided to the cooling units through any means, including
pipes, or any other liquid directing device. Also, it should be understood that embodiments of
the invention are not limited to cooling systems used to cool electronic equipment or racks
filled with electronic equipment but may be used to cool any object and/or space.

Figure 1 illustrates a cooling unit 100 that may be used with a liquid-based cooling
system. The cooling unit 100 may intake a supply of chilled liquid from the cooling system
through an inlet/outlet connection. The cooling unit 100 may direct the chilled liquid to one or
more heat exchangers that may use the chilled liquid to cool a flow of air and/or other fluid and
exhaust a heated liquid. The cooled flow of air and/or other fluid may be supplied to one or
more electronic equipment racks to cool electronic equipment housed in the one or more
electronic equipment racks. The cooling unit 100 may then direct the heated liquid from the
cooling unit 100 to a liquid inlet/outlet to be exhausted back to the cooling system. Example of
cooling units in accordance with some embodiment of the invention are described in more
detail in U.S. Patent Application Nos. 11/335,874 filed January 19, 2006 and entitled
“COOLING SYSTEM AND METHOD, 11/504,382 filed August 15, 2006 entitled
“METHOD AND APPARATUS FOR COOLING,” and 11/504,370 filed August 15, 2006
entitled “METHOD AND APPARATUS FOR COOLING.”

In some implementations of the invention, cooling units may include one or more of
InRow RP Chilled Water Systems available from APC, Corp., West Kingston, RI, Network
AIR IR 20 KW Chilled Water Systems available from APC, Corp., West Kingston, RI, FM
CRAC Series Systems available from APC, Corp., West Kingston, RI, and/or any other
precision cooling equipment.

In at least one embodiment of the invention, the cooling system may be configured to
cool a plurality of electronic equipment racks disposed in one or more data center rooms. The
cooling system may include a plurality of inlet/outlet connections disposed in the data center
room to which cooling units may be connected so that the liquid supply may be directed to the
cooling units so as to cool the electronic equipment housed in the electronic equipment racks.

Figure 2 illustrates a schematic view of a portion of a cooling system 200 in accordance
with at least one embodiment of the invention. As described above, the cooling system 200

may include at least one main liquid chiller 201 configured to chill the liquid supplied to one or
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more cooling units 203. The main liquid chiller 201 may intake warm liquid that was
exhausted by the cooling units 203, cool the warmed liquid, and supply the now cooled liquid
back to the cooling units 203. The main liquid chiller 201 may be configured to supply liquid
to the cooling units 203 at a temperature and volume sufficient to maintain a desired
temperature of the electronic equipment housed in the cooling units 203. In one
implementation, the main liquid chiller 201 may supply liquid at a temperature of about 45
degrees Fahrenheit. In one implementation, the main liquid chiller 201 may supply a volume
of chilled liquid that is at least as great as the combined volume of liquid taken in by the cooled
cooling units 203 and a backup cooling storage system.

The main liquid chiller 201 may be powered by one or more main liquid chiller power
supplies (not shown). The one or more main liquid chiller power supplies may include utility
power of a building in which the main liquid chiller is disposed, an uninterruptible power
supply, and/or any other power supply.

In at least one embodiment of the invention, the cooling system 200 may include one or
more pipes 207, 208. The pipes 207, 208 may be configured to couple the components of the
cooling system 200 so that liquid may flow among/between the components. In one
embodiment, the pipes 207, 208 may be conﬁglired to direct cooled liquid from the main liquid
chiller 201 to the cooling units 203 cooled by the cooling system 200. The pipes 207, 208 may
also be configured to direct warmed liquid back from the cooling units 203 to the main liquid
chiller 201. Specifically, as shown, one pipe 207 may be configured to direct cooled liquid
from the main liquid chiller 201 to the cooling unit 203 and another pipe 208 may be
configured to direct warmed liquid from the cooling unit to the main liquid chiller 201.

In at least one embodiment of the invention, the cooling system 200 may include at
least one backup cooling storage system 205. The backup cooling storage system 205 may be
coupled to the cooling system 200 through the one or more pipes 207, 208 as illustrated in
Figure 2. The pipes 207, 208 and backup cooling storage system 205 may connect to one
another in fluid communication using one or more inlet/outlet connections 209 so that the
liquid may flow between the backup cooling storage system 205, the rest of the liquid-based
cooling system 200 and the cooling units 203. In one embodiment, the inlet/outlet
connections 209 may be standard connections (e.g., industry standard connection types such as
those used to couple CRAC units to a liquid supply). In such an embodiment, the backup
cooling storage system may connect to the pipes 207, 208 using inlet/outlet connections 209

disposed in a data center room, as described above.
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The backup cooling storage system 205 may include one or more sensors 211. The
sensors 211 may be configured to monitor parameters of the liquid being supplied to and/or
from the backup cooling storage system 205 (e.g., to/from the main liquid chiller 201 and
to/from the cooling units 203). The sensors 211 may include temperature and/or pressure
sensors. The backup cooling storage system 205 may be configured so that when the sensors
211 measure a failure condition indicating a failure of the main liquid chiller 201, the backup
cooling storage system 205 begins to chill the liquid and supply the liquid to the cooling units
203, as described in more detail below. The failure condition may include a high temperature
of the liquid and/or a low pressure of the liquid. In one implementation, the failure condition
may include a temperature of liquid output by the main liquid chiller 201 that is above about
forty-eight degrees Fahrenheit.

In some embodiments, the backup cooling storage system 205 may be configured to
chill and supply the liquid until an external signal is received (e.g., from a remote chiller
monitor as discussed below, from the mail liquid chiller, from a cooling control system, etc.).
Such embodiments that rely on an external signal to identify when the main liquid chiller 201
has returned to an operational state may provide a pressure of the liquid and temperature of the
liquid to the cooling units 203 that is within the normal operating range experienced when the
main liquid chiller 201 is operational.

In other embodiments, the backup cooling storage system 205 may provide a lower
temperature and/or pressure of liquid than during normal operation of the main liquid chiller
201. In such embodiments, the sensors 211 may continue to monitor the liquid for an
operational condition indicating that the main liquid chiller 201 is operational. When the
sensors 211 measure the operational condition (e.g., a temperature and/or pressure of the liquid
indicative of a properly functioning main liquid chiller 201), the backup cooling storage system
205 may be configured to stop chilling the liquid and maintain and/or generate ice, as
described in more detail below.

To facilitate generation and maintenance of ice, the backup cooling storage system 205
may include at least one liquid cooler (e.g., 213). In one embodiment, the liquid cooler (e.g.,
213) may be part of one or more cooling storage tanks 215, described below. In such an
implementation, the liquid cooler (e.g., 213) may be configured to directly cool ice and/or
water stored in the cooling storage tanks 215.

In another embodiment, as illustrated in Figure 2, the liquid cooler (e.g., 213) may be

configured to cool liquid supplied from the main liquid chiller 201 and to supply that cooled
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liquid to the cooling storage tanks 215 in order to generate and maintain ice. In one
embodiment, the liquid cooler (e.g., 213) may include a thermoelectric chiller 213, which may
include a cold side 231 configured to cool liquid and a warm side 233 configured to warm
liquid (e.g., using the energy transferred from the cool side and heat from electric energy
consumed). The thermoelectric chiller 213 may be configured to reduce a temperature of the
liquid to a level sufficient to freeze water in the cooling storage tanks 215. In such an
embodiment, as illustrated in Figure 2, a first portion of the liquid supplied to the backup
cooling storage system 205 may be directed along the warm side 233 of the thermoelectric
chiller 213 to be warmed by the thermoelectric chiller 213 and exhausted by the backup
cooling storage system 205 back to the main liquid chiller 201. In one implementation, the
temperature of the liquid exhausted to the main liquid chiller 201 may be about 48 degrees
Fahrenheit. A second portion of the liquid may be directed along the cold side 231 of the
thermoelectric chiller 213 to be cooled by the thermoelectric chiller to a temperature sufficient
to freeze water in the cooling storage tanks 215, and then the second portion of the liquid may
be directed to the cooling storage tanks 215 to generate and/or maintain the ice in the cooling
storage tanks 215. In some implementations, the second portion of the liquid may then be
exhausted back to the main liquid chiller 201. In other implementations, the liquid may be
directed back to the cold side 231 of the thermoelectric chiller 213 for use in generating and
maintaining more ice. In one implementation, the temperature of the liquid supplied to the
cooling storage tanks 215 may be about 27 degrees Fahrenheit. In one implementation, the
thermoelectric chiller 213 may include a direct thermoelectric chiller such as the one disclosed
in U.S. Patent Application to Bean, et al., filed concurrently with the instant application, and
entitled “DIRECT THERMOELECTRIC CHILLER ASSEMBLY.”

As discussed above, embodiments of the backup cooling storage system 205 may
include one or more cooling storage tanks, each indicated at 215. The cooling storage tanks
215 may be configured to store a quantity of ice that may be used to chill the liquid supplied to
the cooling units 203 and/or a quantity of water that may be frozen to create the quantity of ice
and be used to monitor the quantity of ice. In some implementations, the quantities of ice and
water may include a desired volume of ice and/or water and/or a desired weight of ice and/or
water. The quantity of ice may be large enough to supply a desired total cooling output. The
total cooling output of the quantity of ice may correspond to the total heat required to melt the
quantity of ice (e.g., 152 kilojoules per pound of ice). The quantity of water may be large

enough to cover the quantity of ice and allow at least a portion of an ice monitor 217 to be
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disposed within the quantity of water as described in more detail below. In one
implementation, the backup cooling storage system 205 may include three cooling storage
tanks 215. In one implementation, each cooling storage tank 215 may be large enough to store
about 28 gallons of water. In one implementation, each cooling storage tank 215 may be
approximately thirty-four inches by approximately twenty inches by approximately nineteen
inches in size.

It should be understood that while the illustrated embodiment includes a cooling
storage tank 215 used to store quantities of ice and/or water, embodiments of the invention are
not limited to such cooling storage tanks. Rather, embodiments of the invention may include
storage tanks configured to store any composition, including liquids, gases, and/or solids.
Moreover, while the illustrated embodiment of the invention utilizes a state change from solid
to liquid to store thermal energy, other embodiments of the invention may utilize a solid to gas
and/or liquid to gas state change, or no state change at all to store thermal energy.

To facilitate transfer of heat between the quantities of ice and/or water (or any other
substance) stored in the cooling storage tank 215 and the liquid supplied to the cooling storage
tank 215 in order to maintain and generate the ice when the main liquid chiller 201 is
operational and/or to cool the liquid before it is provided to the cooling units 203 when the
main liquid chiller 201 is not operational, a thermally conductive pipe 219 may direct the
liquid through the cooling storage tank 215. In one embodiment, the thermally conductive
pipe 219 may be designed to maximize heat exchange between the quantities of ice and water
and the liquid. In at least one implementation, the thermally conductive pipe 219 may include
a copper pipe and/or a pipe made from any other thermally conductive material. In one
implementation the thermally conductive pipe 219 may include one or more fins or other
protrusions configured to increase the surface area of the thermally conductive pipe 219 and
thereby increase the heat exchanged between the liquid carried by the thermally conductive
pipe 219 and the quantities of ice and water stored in the cooling storage tank 215. In one
implementation, as illustrated in Figure 2, the thermally conductive pipe 219 may be arranged
to direct the liquid through the cooling storage tank 215 in an indirect path to increase the time
during which heat may be exchanged between the quantities of icé and water and the liquid.

Although embodiments of the cooling storage tank 215 have been described in which
the thermally conductive pipe 219 is designed to maximize heat exchange between the liquid
and quantities of ice and water, other embodiments may limit the heat transfer by using non-

conductive materials, limiting surface area of pipes, and/or minimizing a path through the
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cooling storage tank 215. A set of characteristics may be chosen for the thermally conductive
pipe 219 that produce a desired heat exchange rate such that a cooling output (i.e., amount by
which the liquid is cooled) and cooling time (i.e., amount of time the cooling output is
niaintained) may be generated by the cooling storage tank 215. Increasing heat exchange rates
may increase the cooling output but decrease the cooling time. Likewise, decreasing the heat
transfer rate may increase the cooling time but decrease the cooling output. In some
implementations, , the thermally conductive pipe 219 and each cooling storage tank 215 may
be configured such that each cooling storage tank 215 may generate between about ten and
about fifty kilowatts of cooling output for between about fifteen and about thirty minutes of
cooling time. In one implementation, the thermally conductive pipe 219 and each cooling
storage tank 215 may be configured such that each cooling storage tank 215 may generate
approximately twenty-five kilowatts of cooling output for approximately seventeen minutes of
cooling time.

In one embodiment of the invention, the cooling storage tank 215 may include an ice
monitor 217. In one embodiment, the ice monitor 217 may be configured to monitor a ratio of
the quantity of ice to the quantity of water currently stored in the cooling storage tank 215.
One embodiment of an ice monitor 217 in accordance with the invention is illustrated in Figure
3. In one embodiment, the ice monitor 217 may include an aeration device 221 such as a glass,
rubber, metal, and/or plastic air tube. In one implementation, the ice monitor 217 may include
an air pump 224. An outlet of the aeration device 221 may be submerged into the quantity of
water from above the water as illustrated in Figure 2 so that air from the air pump 224 travels
through the aeration device 221 down into the water before exiting the aeration device 221 and
generating a bubble in the quantity of water. The outlet of the aeration device 221 may be
submerged about % inch into the quantity of water when the quantity of ice is completely
melted as indicated by line 301. As portions of the quantity of water freeze to form the
quantity of ice, the level of water in the cooling storaée tank 215 may increase because ice has
a greater volume than water. The increasing level of water may result in the outlet of the
aeration device 221 being submerged into the quantity by an increasing distance. In one
implementation, the outlet of the aeration device 221 may be submerged about 1.75 inches into
the quantity of water when the quantity of water is completely frozen as indicated by line 303.
In some implementations, the quantity of water may be maintained so that the quantity of water

does not become completely frozen and so that the level of water is between line 301 and line
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303 when a maximum quantity (i.e., the amount of ice at which the backup ice storage system
205 stops generating ice) of ice is stored in the ice storage tank 215.

In one embodiment, the aeration device 221 may be disposed in an aeration channel
305. The aeration channel 305 may prevent localized freezing around the aeration device 221.
Such localized freezing may interfere with the aeration device 221, for example, by blocking
the aeration device 221 with ice.

In one embodiment, the ice monitor 217 may include a pressure sensor 223. The
pressure sensor 223 may be configured to measure the amount of pressure exerted by the air
pump 224 to expel a gas from the output of the outlet of the aeration device 221 down into the
quantity of water. As ice forms and the level of water above the outlet of the aeration device
221 increases, more pressure may be required to expel a gas down into the quantity of water.
In one implementation, the ice monitor 217 may be configured to determine a ratio of the
quantity of ice to the quantity of water based on the pressure required to expel the gas. The ice
monitor 217 may determine the ratio based on one or more stored values, such as an equation,
a table of mapped values, etc., which relates pressure exerted to expel the gas to the ratio of the
quantity of ice to the quantity of water. In one implementation, the ice monitor may be
configured to transmit a representation of the pressure to one or more controllers 237 that may
similarly determine the ratio of the quantity of ice to the quantity of water. In other
implementations, the ice monitor may include any other device configured to monitor the
quantity of ice and/or water.

In some embodiments, the backup cooling storage system 205 may include one or more
internal pipes 225. The internal pipes 225 may be configured to direct the liquid
between/among the inlet/outlet connections 209 and the components of the backup cooling
storage system 205 (e.g., cooling storage tank 215 and liquid cooler 213). The backup cooling
storage system 205 may also include one or more valves, each indicated at 227, coupled to the
pipes 225. The valves 227 may be configured to control the flow of liquid through the backup
cooling storage system 205, as described below. In some implementations, the valves 227 may
be controlled by one or more controllers 237 as described below.

In some embodiments, the backup cooling storage system 205 may include at least one
liquid pump 229 configured to pump the liquid through the backup cooling storage system 205.
The pump 229 may be configured to pur;lp the liquid through the pipes 225 when the main
liquid chiller 201 is not operational. The pump 229 may also be configured to pump the liquid

through a closed loop such as one used to generate ice in the cooling storage tanks during an
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ice freeze mode, as described below. In some implementations, the pump 229 may be a
bidirectional pump. The pump 229 may be controlled by the one or more controllers 237 as
described below.

In some embodiments of the invention, a backup cooling storage system 205 may
include and/or be coupled to at least one power supply (not shown). In one implementation,
the power source may supply power to the components of the backup cooling storage system
205. The power source may include a utility power source, an uninterruptible power supply,
and/or any other power supply. In one implementation, the power supply may include a main
power supply and a backup power supply. In one implementation, the main power supply of
the backup cooling storage system 205 may be the same power supply used to provide power
to the main liquid chiller 201. In such an implementation, if the main power supply and main
liquid chiller 201 fail, the backup power supply of the backup cooling storage system 205 may
supply power to the backup cooling storage system 205. Because thermal energy is stored in
the backup cooling storage system 205 in the form of ice rather than being generated during
operation as in the main liquid chiller 201, the power used by the backup cooling storage
system 205 may be substantially less than that the power used by the main liquid chiller 201.
Because of this lower power usage by the backup cooling storage system 205, sufficient power
may be supplied by batteries of other backup power sources that may be insufficient to provide
backup power to the main liquid chiller 201. Backup power supplies used to supply power to
the backup cooling storage system 205 may supply power without any delay time or with a
substantially shorter delay time than the backup power supplies used with the main liquid
chiller 201 because of the smaller amount of power needed by the backup cooling storage
system 205.

In some embodiments of the invention, the backup cooling storage system 205 may
include at least one housing 235. The housing may be configured to store the components of
the backup cooling storage system 205. In one embodiment, the housing 235 may be
substantially the same size and shape as a computer room electronic equipment rack, such as a
standard nineteen-inch rack. Figure 4 illustrates a perspective view of the backup cooling
storage system 205 having a housing 235 comprising a standard nineteen-inch rack.

In some embodiments, the backup cooling storage system 205 may include a strainer
239 coupled to the pipes 225. The strainer may include a standard y-strainer configured to

remove any solid contaminant from the liquid traveling through the pipes 225.
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In some embodiments, the backup cooling storage system 205 may include a fill/drain
valve 241. The fill/drain valve may be used to fill the pipes 225 with liquid upon installation
of the backup cooling storage system 205. The fill/drain valve may also be used to empty the
pipes of liquid so that the backup cooling storage system 205 may be removed or maintained.

In some embodiments, the backup cooling storage system 205 may include an
automatic air eliminator 243. The automatic air eliminator 243 may be configured to remove
air and/or any gas in the liquid supply moving through the pipes 225.

In some embodiments, the backup cooling storage system 205 may include an
expansion tank 245. The expansion tank may act as a storage tank for excess liquid in the
pipes 225. For example, when the temperature of the liquid in the pipes 225 changes, the
liquid may expand (e.g., when the liquid warms) and/or contract (e.g., when the liquid cools) in
the pipes. The expansion tank 245 may accept excess liquid from the pipes 225 when the
liquid in the pipes 225 expands and/or may output stored liquid into the pipes 225 when the
liquid in the pipes 225 contracts.

In some embodiments, the backup cooling storage system 205 may include a flow
monitor 247. The flow monitor 247 may be configured to monitor a flow of liquid from the
cooling storage tanks 215. In some embodiments, the flow monitor 247 may communicate
information regarding the flow of liquid to the controller 237. The information may include
pressure and/or temperature of the liquid flow. In some implementations, this information may
be used to monitor the functionality of the backup cooling storage system (e.g., is there
pressure, is the liquid cool enough?). In some implementations, this information may be used
to determine the amount of cooling output and/or cooling time remaining in the cooling storage
tanks. For example, the information may be used to determine a cooling output (e.g., energy
transfer) from the cooling storage tanks based on a volume of liquid passing the fluid monitor
and the temperature change of the liquid flow through the cooling storage tanks 215. The
cooling output may be monitored and compared to a total cooling output of the cooled material
originally stored in the cooling tanks to determine an amount of cooling output and/or cooling
time remaining.

In one embodiment, the backup cooling storage system 205 may be modular. In such
an embodiment, the backup cooling storage system may include a standard housing, as
described above. The inlet/outlet connections 209 in such an embodiment may be configured
to connect with a standard inlet/outlet connection of a liquid-based cooling system 200 for a

data center room, as discussed above. In such an embodiment, a first backup cooling storage
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system connected to the liquid-based cooling system 200 may be replaced with a second
backup cooling storage system by connecting the second backup cooling storage system to
inlet/outlet connections of liquid-based cooling system 200 and disconnecting the first cooling
system from inlet/outlet connections of the liquid-based cooling system.

In some embodiments, the backup cooling storage system 205 may be scalable with
other backup cooling storage systems. In such embodiments, multiple backup cooling storage
systems (e.g., 205) may be connected to a liquid-based cooling system 200 to provide a desired
amount of additional emergency backup cooling. In some embodiments, the additional
emergency backup cooling may provide a greater cooling output (e.g., when backup cooling
storage systems are used to cool liquid simultaneously) and/or a greater cooling time (e.g.,
when backup cooling storage systems are used to cool liquid sequentially) fhan a single backup
cooling storage system 205. In still other embodiments, the additional emergency backup
cooling may provide a combination of additional cooling output and additional cooling time.
In one implementation, an administrator may control the multiple backup cooling storage
systems using a control panel or other control interface to allocate the additional emergency
backup cooling between additional cooling output and additional cooling time. In various
embodiments, the backup cooling storage systems may be scalable to generate any amount of
cooling output for any amount of cooling time. In some embodiments, the backup cooling
storage systems may be scalable between below about ten kilowatts of cooling output to about
over ten megawatts of cooling output.

In some embodiments, the backup cooling storage system 205 may be configured to
communicate with a number of other backup cooling storage systems or other devices through
at least one communication network. The communication network may include wired and/or
wireless portions. In one embodiment, communication between/among a plurality of backup
cooling storage systems may be used to organize emergency backup cooling when the main
liquid chiller is not operational. For example, in one implementation, a first backup cooling
storage system of the plurality of backup cooling storage systems may be configured to provide
emergency cooling after the main liquid chiller 201 fails. When the first backup cooling
storage system depletes its stored quantity of ice, the first cooling storage system may signal a
second backup cooling storage system of the plurality of backup cooling storage systems to
begin providing emergency backup cooling. This process may continue for any number of
backup cooling storage systems so that only one of the plurality of backup cooling storage

systems may provide emergency backup cooling at any one time. In other implementations,
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the plurality of cooling storage systems may be configured so that any desired number of
backup cooling storage systems may provide emergency backup cooling at any one time.

In one embodiment, a first backup cooling storage system of the plurality of backup
cooling storage systems may be configured to act as a main controller for the rest of the backup
cooling storage systems. In one implementation of such an embodiment, the first backup
cooling storage system may receive communication from the other backup cooling storage
systems identifying stored thermal energy (e.g. a quantity of ice remaining, an amount of time
the remaining ice may be used to cool the liquid, an amount of energy available to cool the
liquid) in each backup cooling storage system. Based on a desired cooling output and cooling
time and the remaining stored thermal energy in each backup cooling storage system, the first
backup cooling storage system may generate control signals for each of the backup cooling
storage systems.

In other implementations, a main cooling system controller may control the plurality of
cooling storage systems rather than the first backup cooling storage system. In one
implementation, the main cooling system may include an InfaStruXure Manager available
from APC, Corp., West Kingston, RI. In one implementation, the plurality of backup cooling
storage systems may be controlled in accordance with a cooling plan indicating the number of
backup cooling storage systems to be used at a time to supply backup cooling to the liquid
supplied to the cooling units. In one implementation, the number of cooling storage systems
used at a time may be a number needed to provide sufficient cooling to the liquid to prevent
thermal damage to the electronic equipment for a desired cooling time. In one embodiment,
the plurality of backup cooling storage systems may communicate through an external
communication network as discussed below, e.g., by the cooling system of the data center.

To facilitate control of the components of the backup cooling storage system 205, the
backup cooling storage system 205 may include at least one controller 237. The controller 237
may receive input from at least one of the sensors 211, ice monitor 217, other backup cooling
storage systems, the main liquid chiller 201, the cooling units 203, a user interface, a main
cooling system controller, and/or any other desired source. The controller 237 may generate
and transmit control signals to control the various operations and components of the backup
cooling stofage system 205 based at least in part on the input. The controller 237 may be
coupled to the various components of the backup cooling storage system 205 by an internal

communication network and any external sources of input through an external communication
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network. The internal and/or external communication networks may include wired and/or
wireless portions.

In one embodiment, the backup cooling storage system 205 may communicate with an
external communication network. Communication over the external communication network
may include control signals, representations of monitored conditions, alarms, and any other
information desired to facilitate emergency backup cooling. The external communication
network may couple the backup cooling storage system 205 to any other devices, including
other backup cooling storage systems, the main liquid chiller 201, the cooling units 203,
remote monitors (described below), user interfaces, main cooling control systems, computers,
and/or a wide area network such as the Internet. In one implementation, the main cooling
control system may transmit control signals over the external communication network to the
backup cooling storage system 205 to operate (e.g., provide emergency backup cooling) and/or
configure (e.g., set temperature and/or pressure threshold, set alarm conditions) the backup
cooling storage system.

In one embodiment, the backup cooling storage system 205 may be configured to
trigger an alarm when at least one monitored event occurs. In one implementation, the event
may include when the quantity of ice stored by the cooling storage tanks 215 is depleted. In
one implementation, the event may include when the main liquid chiller 201 fails. The
administrator, in some implementations, may program alarms based on any desired condition
of the backup cooling storage system 205. In some implementations, the alarms may include
information sent to an administrator or main cooling control system as an SNMP trap and/or an
email.

In one implementation, the main liquid chiller 201 may be configured to transmit a
signal indicating its operational state or a change in operational state through the external
communication network. The signal may include a “heart beat” signal sent periodically from
the main liquid chiller 201 indicating that it is operational. In one implementation, the control
signal or command may include an operational state update indicating that the main liquid
chiller 201 is entering a non-functioning state, such as a maintenance state.

Figures SA and 5B illustrate two additional embodiments of liquid-based cooling
systems 501; 503 in accordance with the invention. The cooling systems 501 and 503 each
include a remote chiller monitor 505. The remote chiller monitor 505 may be configured to
monitor the operational status of the main liquid chiller 201 based on liquid outside of the

backup cooling storage system 205. As illustrated, the remote chiller monitor 505 may be
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disposed closer to the main liquid chiller 201 than the backup cooling storage system 205 and
the cooling units 203 supplied by the main liquid chiller 201. The remote chiller monitor 505
may be configured to communicate with the backup cooling storage system 205 (e.g.,
communicate with the controller 237 of the backup cooling storage system 205) using the
communication network described above. Such communication may be used to indicate the

operational status to the backup cooling storage system as an alternative or addition to the

sensors 211 of Figure 2.

As illustrated in Figure 5A, the liquid-based cooling system 501 may include a three
way valve 507 coupling a supply pipe 509 to a return pipe 511. When the main liquid chiller
201 is operational, the three way valve 507 may be configured to allow chilled liquid from the
main 1iquid chiller 201 to be supplied through the supply pipe 509 to the cooling units 203,
backup cooling storage system 205, and any other devices connected to the liquid-based
cooling system 501. When the main liquid chiller 201 stops operating, the three way valve 507
may be configured to isolate the main liquid chiller 201 from the rest of the liquid-based
cooling system 501. The backup cooling storage system 205 may then chill the liquid supplied
to the cooling units 203 without chilling liquid also supplied to the non-functional main liquid
chiller. The remoter chiller monitor 505 may be disposed in the isolated liquid loop to monitor
the status of the main liquid chiller 201 so that the three way valve 507 may be opened again
when the main liquid chiller 201 is operational again. The three way valve 507 may be
coupled to the communication network described above and be controlled by control signals
received through the communication network (e.g., from the remote monitor 505, a main
cooling system controller (not shown)) or from the controller 237.

As illustrated in Figure 5B, the liquid-based cooling system 503 may include a bypass
valve 517 and two check valves 513, 515. A first check valve 513 may be dispdsed ina
supply pipe 509 of the liquid cooling system 503 closer to the main liquid chiller than the
cooling units 203 and backup cooling storage system 205. A second check valve 515 may be
disposed in a return pipe 511 of the liquid cooling system 503 close to the main liquid chiller
201 than the cooling units 203 and backup cooling storage system 205. The bypass valve 517
may be disposed closer to the chiller than the first and second check valves to couple the
supply pipe 509 and return pipe 511. When the main liquid chiller 201 is operational, the
bypass valve 517 may be closed and both check valves 513, 515 may be arranged to allow the
liquid to flow to and from the main liquid chiller 201. When the main liquid chiller 201 is not

operational, the check valves 513, 515 may be closed to isolate the main liquid chiller 201 and
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the bypass valve 517 may be opened to create an isolated closed loop. The remote chiller
monitor 505 may monitor the liquid in the closed loop to determine the status of the main
liquid chiller 201 so that the bypass valve 517 and check valves 513, 515 may be adjusted to
supply the liquid to the cooling units 203 again. The bypass valve 517 and two check valves
513, 515 may be controlled by control signals from the communication network similar to the
three way valve described above.

In operation, some embodiments of the invention may perform a process 600 such as
the one diagrammed in Figure 6. The process 600 may begin at block 601. As indicated in
block 603, the backup cooling storage system may generate and maintain the quantity of ice
stored in the cooling storage tanks 215 of the backup cooling storage system 205, as shown in
Figure 2.

When initially installed and after exhausting a stored quantity of ice to provide
emergency backup cooling, the cooling storage tanks 215 may be filled with only water. The
backup cooling storage system 205 may enter an ice freeze mode in which the backup cooling
storage system 205 freezes the water to generate the quantity of ice. A flow of liquid through
the storage system 205 of Figure 2 is indicated by arrows Al and A2 in Figure 7. In this mode,
the valves 701, 707, 709 shown in Figure 7 may be arranged to supply a liquid flow to a liquid
cooler 213 of the backup cooling storage system 205. Specifically, valve 701 may be arranged
to allow liquid into the warm side 233 of the thermoelectric chiller 213 from first inlet/outlet
connection 703 and out the second inlet/outlet connection 705 as indicated by arrows Al.
Valve 707 may be arranged to initially supply liquid to the cold side 231 of the chiller from the
first inlet/outlet connection 703. Valve 709 may be arranged to accept the liquid chilled by the
chiller and direct it to the cooling storage tanks. When the liquid supplied to the cooling
storage tanks reaches valve 707, valve 707 may direct it back to the cool side of the chiller and
block liquid coming from the first inlet/outlet connection 703. The pump 229 may be operated
to generate a flow of the liquid through the now closed loop between the cooling storage tanks
215 and the cold side 231 of the thermoelectric chiller 213, as indicated by arrows A2. In one
implementation the pump 229 may pump about three to about four gallons of liquid per minute
in the ice generating mode. In one iniplementation, valves 709 and 707 may be arranged to
operate together and block the flow of liquid from the first connection to the cooling storage
tanks immediately upon entering the ice generation mode. In such an implementation, the
closed loop may be filled with liquid in each of the three operation modes, so no delay to fill

the loop may be needed. In one implementation, although temperature of the liquid supplied
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to the tanks may begin at about forty-five degrees Fahrenheit (e.g., the temperature supplied by
the main chiller), the temperature may be lowered to an approximately steady state of about
thirty-one degrees Fahrenheit, and the temperature supplied to the cooling storage tanks 215
may be about twenty-seven degrees Fahrenheit.

The ice monitor 217 may monitor the quantity of ice being created in the cooling
storage tank 215 during the ice freeze mode, as described above. When a quantity of ice is
generated such that a ratio of ice to water reaches a desired level, the backup cooling storage
system 205 may stop generating ice and enter a monitoring mode.

During the monitoring mode, the valves 701, 707, 709 of the backup cooling storage
system 205 shown in Figure 8 may be arranged to allow a relatively small flow of liquid
through the backup cooling storage system 205 for monitoring purposes and to disable power
supplied to the thermoelectric chiller 213. The liquid flow through the backup cooling storage
system 205 of Figure 2 operating in the ice storage mode is indicated by arrows B in Figure 8.
As illustrated, valve 701 may be arranged to block a liquid flow to the warm side 233 of the
thermoelectric chiller 213 from the first inlet/outlet connection 703. Valve 707 may be
arranged to allow a flow of liquid to the cold side 231 of the thermoelectric chiller 213 from
the first inlet/outlet connection 703. Valve 709 may be arranged to direct liquid from the cold
side 231 of the thermoelectric chiller 213 to the second inlet/outlet connection 705. In one
embodiment, the valves 701, 707, 709 and pump 229 may be arranged to allow liquid in the
closed loop generated in the ice freeze mode to exit the closed loop, for example, by directing
liquid received from the pump 229 and storage tank 215 by valve 707 to the cold side 231 of
the thermoelectric chiller 213. In other embodiments, the liquid in the closed loop may be
maintained so that there may be liquid filling the closed loop when the operational mode
changes. In such embodiments, no delay may be required to fill the closed loop with liquid
before changing the valve states, as described above. In the ice monitoring mode, the backup
cooling storage system 205 may continue to monitor the ice using the ice monitor 217. If,
while in this monitoring mode, the ratio of ice to water decreases to below a desired level, the
backup cooling storage system 205 may reenter the ice freeze mode and begin to freeze the
water again to maintain the desired quantity of ice.

While the backup cooling storage system 205 is in the monitoring mode and the ice
freeze mode, the backup cooling storage system 205 may use the flow of liquid to monitor the
operational state of the main ice chiller 201, as indicated in block 605. In other

implementations, a control signal or command from the main liquid chiller 201, a main cooling
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system controller, a communication network, a remote chiller monitor 505, and/or an
administrator may indicate the operational state of the main liquid chiller 201.

While the main liquid chiller 201 is operational, the backup cooling storage system 205
may continue to maintain and/or generate the quantity or ice. If the main liquid chiller 201,
however, stops operating while the backup cooling storage system 205 is operating in the ice
freeze mode or the monitoring mode, the backup cooling storage system 205 may begin
operating in an emergency mode. In the emergency mode, as indicated in block 607, the
backup cooling storage system 205 may be configured to chill the liquid using whatever
quantity of ice is then stored in the cooling storage tanks 215. To facilitate this chilling of the
liquid, the valves 701, 707, 709 of the backup cooling storage system 205 may be arranged to
accept a liquid flow from cooling units 203 and direct that liquid flow through the cooling
storage tanks 215 so that it is chilled by the quantity of ice stored in the cooling storage tanks
215.

The liquid flow through the backup cooling storage system of Figure 2 is indicated by
arrows C illustrated in Figure 9. In the emergency mode, valve 709 may be arranged to direct
liquid from second inlet/outlet connection 705 to the cooling storage tanks 215. Valve 707
may be arranged to direct liquid from the cooling storage tanks 215 to first inlet/outlet
connection 703. Valve 701 may be arranged to block liquid flow to the warm side 233 of the
thermoelectric chiller 213. Pump 229 may be operated to generate a flow of liquid through the
backup cooling storage system 205 from the second inlet/outlet connection 705 through the
cooling storage tanks 215 and out through the first inlet/outlet connection 703 to be supplied to
the cooling units 203. In one implementation, the pump 229 may pump about 50 gallons of
liquid per minute in the emergency state.

During the emergency mode, liquid may be input and output through the opposite
inlet/outlet connections 703, 705 than in the monitoring and ice freeze modes. This reversal of
liquid supply may be needed because the backup cooling storage system 205 may accept and
exhaust a liquid supply to/from the main liquid chiller 201 in the ice freeze and monitoring
modes, but the backup cooling storage system 205 may accept and exhaust a liquid supply
to/from the cooling units 203 in the emergency mode.

During the emergency mode, the backup cooling storage system 205 may continue to
monitor the operational status of the main liquid chiller as indicated by block 609. This
monitoring may be performed by the sensors 211, as described above. For example, in one

implementation, the sensors 211 may monitor for an increase in pressure and/or a decrease in
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liquid temperature supplied from the cooling units indicating that the main liquid chiller 201 is
operational. In another implementation, remote chiller monitors 505 may monitor the state of
the main liquid chiller 201 and communicate the state to a controller of the backup cooling
storage system 205. If the main liquid chiller 201 becomes operational again, the backup
cooling storage system 205 may return to generating and maintaining the quantity of ice in
block 601. When the main liquid chiller 201 is not operational, the backup cooling storage
system 205 may continue to chill the liquid while monitoring the level of ice as indicate in
block 611.

If the ice melts while the main liquid chiller 201 is still not operational, the backup
cooling storage system 205 may stop chilling the liquid. Such an event may result in a thermal -
event causing failure or damage to the electronic equipment stored in the cooling units 203. As
indicated in block 613, to warn an administrator of an immanent thermal event, the backup
cooling storage system 201 may generate one or more alarms such as those described above.
Also as indicated in block 613, the backup cooling storage system 205 may continue to
monitor the operational state of the main liquid chiller 201 and begin the process again when
the main liquid chiller 201 begins operating again.

Although in the illustrated embodiment cooling storage tanks 215 in the backup cooling
storage system 205 are treated as one cooling storage tank, the cooling storage system 215 may
be configured to operate each cooling storage tank individually. In such an embodiment, each
cooling storage tank may include an individually controllable valve connecting it to the
internal pipes 225. The individually controllable valve may control flow of liquid through
each cooling storage tank 215 individually. By individually controlling the liquid flow through
the cooling storage tanks 215, ice may be generated in one cooling storage tank 215 at a time
and/or one cooling storage tank at a time may be used to provide backup emergency cooling
when the main liquid chiller 201 is not operating.

It should be understood that embodiments of the invention are not limited to cooling
systems. Rather, embodiments of the invention may be configured to supply backup heat
storage or a combination of backup heat and cooling storage. In such embodiments, the
backup cooling storage systems may be replaced and/or supplemented by backup heat storage
systems. Such backup heat storage systems may include heat storage tanks. Similar to the
backup cooling storage tanks, the heat storage tanks may be configured to store a composition
that is heated while a main heating element is operational and to use the heated composition to

supply heat when the main heating element is not operational. In one implementation, the
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composition used in such heating storage tanks may be water. In other implementations, the
composition may be another substance that is in a liquid or solid state at the temperature
normally produced by the main heating element. In such implementations, the composition
may be stored in a gaseous or liquid state when the main heater is operational. To generate
heat, the gas or liquid may change state to liquid or solid when the main heater element is not
operational, similar to the state change from ice to water described above.

Having thus described several aspects of at least one embodiment of this invention, it is
to be appreciated various alterations, modifications, and improvements will readily occur to
those skilled in the art. Such alterations, modifications, and improvements are intended to be
part of this disclosure, and are intended to be within the scope of the invention. Accordingly,
the foregoing description and drawings are by way of example only.

What is claimed is:
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CLAIMS

1. A backup cooling storage system comprising:

at least one cooling and storage unit configured to cool a liquid supply using a quantity
of cooled material when a main chiller of the liquid supply is not operational; and

at least one chilling element configured to generate the quantity of cooled material for
the at least one cooling and storage unit when the main chiller of the liquid supply is

operational.

2. The system of claim 1, wherein the liquid supply includes at least one of a composition

comprising water and a composition comprising glycol.

3. The system of claim 1, further comprising at least one sensor configured to monitor a

parameter of the liquid supply.

4. The system of claim 3, wherein the at least one sensor includes at least one temperature

sensor configured to monitor a temperature of the liquid supply.

5. The system of claim 4, wherein the at least one cooling and storage unit is configured

to cool the liquid supply when the temperature is greater than a threshold value.

6. The system of claim 5, wherein the threshold value is about forty-eight degrees
Fahrenheit.
7. The system of claim 3, wherein the at least one sensor includes at least one pressure

sensor configured to monitor a pressure of the liquid supply.

8. The system of claim 7, wherein the at least one cooling and storage unit is configured

to cool the liquid supply when the pressure is less than a threshold value.

9. The system of claim 1, wherein the at least one cooling and storage unit includes at

least one cooled material storage tank configured to store the quantity of cooled material.
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10.  The system of claim 9, wherein the quantity of cooled material includes a quantity of a
first portion of the cooled material and a quantity of a second portion of the cooled material,
the first portion being a liquid portion of the cooled material, and the second portion being a

solid portion of the cooled material.

11.  The system of claim 10, wherein the first portion includes water and the second portion

includes ice.

12.  The system of claim 9, wherein the at least one cooled material storage tank includes a

plurality of cooled material storage tanks.

13.  The system of claim 9, wherein each cooled material storage tank of the at least one
cooled material storage tank is configured to store an amount of cooled material capable of
cooling the liquid supply by between about ten and about fifty kilowatts for between about

fifteen and about thirty minutes.

14.  The system of claim 9, wherein the at least one cooling and storage unit includes at
least one liquid transfer element configured to direct at least a portion of the liquid supply
through the at least one cooled material storage tank so that heat transfers between at least the

portion of the liquid supply and the quantity of cooled material.

15.  The system of claim 14, wherein the at least one liquid transfer element includes at

least one copper pipe.

16.  The system of claim 15, wherein the at least one copper pipe includes a plurality of heat
transfer fins configured to transfer heat between at least the portion of the liquid supply and the

quantity of cooled material.

17. The system of claim 14, wherein the at least one chilling element includes at least one

thermoelectric chiller.

18.  The system of claim 17, wherein the at least one chilling element is configured to

generate and maintain the quantity of cooled material by operating the at least one
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thermoelectric chiller to cool the portion of the liquid supply and directing the portion of the
liquid supply to the at least one liquid transfer element for direction through the at least one

cooling and storage unit.

19.  The system of claim 18, wherein the at least one thermoelectric chiller is configured to
cool the portion of the liquid supply to below a freezing temperature of water present in the at

least one cooling and storage unit.

20.  The system of claim 1, wherein the at least one chilling element is configured to
generate and maintain the quantity of cooled material so that at least a predetermined amount

of the quantity of cooled material is frozen.

21.  The system of claim 20, wherein the at least one predetermined amount includes a

predetermined ratio such that about ninety percent of the cooled material is frozen.

22.  The system of claim 20, wherein the chilling element includes a cooled material
monitoring element configured to monitor a current amount of the quantity of cooled material

that is frozen.

23.  The system of claim 22, wherein the cooled material monitoring element includes an
aeration device submerged into the quantity of cooled material from above and configured to
release a gas bubble into the quantity of cooled material, and wherein the cooled material
monitoring element is configured to determine the current amount based on a pressure used to

release the gas bubble into the quantity of cooled material.

24.  The system of claim 1, wherein the backup cooling system further comprises a standard
rack housing configured to store the at least one chilling element and the at least one cooling

and storage unit.

25.  The system of claim 1, wherein the backup cooling storage system further comprises:
first and second liquid connection elements through which the liquid supply is provided
to and exhausted from the backup cooling storage system, wherein the first and second liquid

connection elements are standard liquid connection elements of a liquid-based cooling system.
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26.  The system of claim 1, wherein the backup cooling storage system is configured to
scale at least one of a cooling amount and a cooling time with other backup cooling storage

systems.

27. A cooling system comprising:

a main chilling unit configured to cool a liquid supply; and

at least one backup cooling unit configured to generate and maintain a quantity of
cooled material using the liquid supply when the main chilling unit is operational and
configured to cool the liquid supply using the quantity of cooled material when the main

chilling element is not operational.

28.  The system of claim 27, wherein the liquid supply includes at least one of a

composition comprising water and a composition comprising glycol.

29.  The system of claim 27, wherein the at least one backup cooling unit is configured to

generate and maintain the quantity of cooled material when a temperature of the liquid supply

'is below a threshold value, and wherein the at least one backup cooling unit is configured to

cool the liquid supply when the temperature of the liquid supply is above the threshold value.

30.  The system of claim 27, wherein the at least one backup cooling unit includes at least

one storage tank configured to store the quantity of cooled material.

31.  The system of claim 30, wherein the quantity of cooled material includes a quantity of a
first portion of the cooled material and a quantity of a second portion of the cooled material,
the first portion being a liquid portion of the cooled material, and the second portion being a

solid portion of the cooled material.

32.  The system of claim 31, wherein the first portion includes water and the second portion

includes ice.
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33.  The system of claim 27, wherein the at least one backup cooling unit includes at least
one chiller configured to further cool at least a portion of the liquid supply to generate and

maintain the quantity of cooled material when the main chilling element is operational.

34.  The system of claim 33, wherein the at least one chiller includes at least one

thermoelectric chiller.

35.  The system of claim 27, wherein the at least one backup cooling unit includes at least
one liquid directing element configured to direct at least a portion of the liquid supply through
the at least one backup cooling unit so that heat transfers between at least the portion of the

liquid supply and the quantity of cooled material.

36.  The system of claim 27, wherein the main chilling element and backup cooling unit are

further configured to provide the liquid supply to a cooling system.

37.  The system of claim 27, wherein the at least one backup cooling unit is housed in at

least one standard rack.

38.  The system of claim 27, wherein each backup cooling unit of the at least one cooling

unit is configured to generate a cooling output over a cooling period.

39.  The system of claim 38, wherein the at least one backup cooling unit includes a desired
number of ice storage elements corresponding to a total desired cooling output and a total

desired cooling period.

40. A method of supplying emergency cooling, the method comprising acts of:

A) maintaining a quantity of stored cooled material using a liquid supply from a main
chiller when the main chiller is operational; and

B) cooling the liquid supply using the quantity of stored cooled material when the main

chiller is not operational.

41.  The method of claim 40, wherein the liquid supply includes at least one of a

composition comprising water and a composition comprising glycol.
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42.  The method of claim 40, wherein the act A includes freezing at least a first portion of
the quantity of cooled material, and subsequently cooling the quantity of cooled material such

that the first portion remains in a frozen state.

43, The method of claim 42, wherein the frozen first portion includes ice and an unfrozen

second portion of the quantity of cooled material includes water.

44.  The method of claim 40, wherein the act A includes maintaining the quantity of cooled

material in a cooled material storage unit housed in a standard rack.

45.  The method of claim 44, wherein the act A includes monitoring at least one parameter

of the quantity of stored cooled material.

46.  The method of claim 45, wherein monitoring at least one parameter of the quantity of
stored cooled material includes monitoring a pressure exerted to release at least one bubble into

the quantity of stored cooled material.

47.  The method of claim 40, wherein the act A includes cooling a portion of the liquid
supply and directing the portion of the liquid supply through the cooled material storage unit
such that heat transfers between the quantity of cooled material and the liquid supply.

48.  The method of claim 47, wherein the act A includes thermoelectrically cooling the

portion of the liquid supply.

49.  The method of claim 40, wherein the act B includes directing a portion of the liquid
supply through the cooled material storage unit such that heat transfers between the quantity of

cooled material and the liquid supply.

50.  The method of claim 40, further comprising an act of C) monitoring the liquid supply to

determine if the main chiller is operational.
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51.  The method of claim 50, wherein the act C include monitoring at least one of a

temperature of the liquid supply and a pressure of the liquid supply.

52.  The method of claim 40, further comprising an act of C) providing the liquid supply to

at least one piece of cooling equipment.
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