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COOLING SYSTEM AND METHOD

BACKGROUND OF INVENTION
1. Field of Invention
Aspects of the present invention relate to data centers containing racks and enclosures
used to house data processing, networking and telecommunications equipment, and more
particularly to cooling systems and methods used to cool equipment housed by such racks

and enclosures.

2. Discussion of Related Art

Equipment enclosures or racks for housing electronic equipment, such as data
processing, networking and telecommunications equipment have been used for many years.
Such racks are used to contain and to arrange the equipment in small wiring closets as well as
equipment rooms and large data centers. In certain embodiments, an equipment rack can be
an open configuration and can be housed within a rack enclosure, although the enclosure may
be included when referring to a rack.

Over the years, a number of different standards have been developed to enable
equipment manufacturers to design rack mountable equipment that can be mounted in
standard racks manufactured by different manufacturers. A standard rack typically includes
front mounting rails to which multiple units of electronic equipment, such as.servers and

CPUs, are mounted and stacked vertically within the rack. An exemplary industry standard

.rack is approxtmately six to srx—and-a—half feet hlgh by about twenty—four inches wide, and

‘about forty mches 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.

Nineteen inch racks are used extensively in data centers and other large facilities.
With the proliferation of the Internet, it is not uncommon for a data center to contain
hundreds of these racks. Further, with the ever decreasing size of computer equipment, and
in particular, computer servers and blades, the number of electrical devices mounted in each
rack has been increasing, raising concerns about adequately cooling the equipment.

Heat produced by rack-mounted equipment can have adverse effects on the
performance, reliability and useful life of the equipment components. In particular, rack-
mounted equipment, housed within an enclosure, may be vulnerable to heat build~up and hot
spots produced within the confines of the enclosure during operation. The amount of heat

generated by a rack of equipment is dependent on the amount of electrical power drawn by -
-1-



10

15

20

25

30

WO 2007/084489 PCT/US2007/001109

equipment in the rack during operation. In addition, users of electronic equipment may add,
remove, and rearrange rack-mounted components as their needs change and new needs
develop.

Previously, in certain configurations, data centers have been cooled by computer room
air conditioner (“CRAC”) units that are typically hard piped, immobile units positioned
around the periphery of the data center room. These CRAC units intake air from the fronts of
the units and output cooler air upwardly toward the ceiling of the data center room. In other
embodiments, the CRAC units intake air from near the ceiling of the data center room and
discharge cooler air under a raised floor for delivery to the fronts of the equipment racks. In
general, such CRAC units intake room temperature air (at about 72 °F) and discharge cold air
(at about 55 °F), which is blown into the data center room and mixed with the room
temperature air at or near the equipment racks. )

The rack-mounted equipment typically cools itself by drawing air along a front side or
air inlet side of a rack, drawing the air through its components, and subsequently exhausting
the atr from a réar or vent side of the rack. A disadvantage of the CRAC-type air
conditioning system is that cool air is mixed with the room temperature air, which is
inefficient. Ideally, to make the system as efficient as possible, and to utilize as little energy
and floor space as possible, the highest possible temperature air should be drawn into the
CRAC units and the outlet air generated by the CRAC should be a few degrees below room
temperature. In addition, airflow requirements can vary considerably as a resuit of different
numbers and types of rack-mounted components and different configurations of racks and
enclosures. ' |

For large data centers requiring CRAC units at or near the middle or center of the data
center room, delivery of coolant to the CRAC units must be located within the raised floor
since it is undesirable to secure coolant piping to the ceiling of the data center due to risks
involved with the possible failure of the piping joints. Specifically, with traditional CRAC
systems, the piping of the units requires significant cutting and hand soldering of pipes.
Leaks are common and leaking water or coolant in a data center may result in risk of damage
to equipment housed within the equipment racks. In addition, the potential of earthquakes
may shake the pipes and cause the joints to fail. For at least these reasons, most data center

designers and operators are unwilling to consider overhead piping for cooling a data center.
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SUMMARY OF INVENTION

A first aspect of the invention is directed to a system for cooling a data center having
a volume of space designed to house a plurality of electronic equipment racks, with each
equipment rack being adapted to support at least one piece of electronic equipment and
having an industry-standard width. The system comprises at least one cooling rack
comprising a housing having a width approximately one-half the width of each of the
plurality of equipment racks. The system further includes cooling system components
supported by the housing.

Embodiments of the system may further comprise a distribution box adapted to
deliver chilled coolant to the at least one cooling rack and to receive heated coolant from the
at least one cooling rack. The system may further comprise comprising a fluid
communication system adapted to connect the at least one cooling rack to the distribution
box. In one embodiment, the fluid communication system comprises flexible tubing and
support members to support the flexible tubing. The flexible tubing includes at least one
length of flexible tubing having a first coupling adapted to mate with the at least one cooling
rack and a second coupling adapted to mate with the distribution box. The system may
further include a controller to control operation of the at least one cooling rack and the
distribution box. The cooling system components may comprise a heat exchanger housed
within the housing of the at least one cooling rack, with the at least one cooling rack being

configured to draw warm air over the heat exchanger to cool the warm air. A control valve

L ‘may be operably coupled to the controller to control flow of coolant to the at least one

25

30

cooling rack. In addition, a monitor may be operably coupled to the controller to measure
environmental conditions of the volume of space. The arrangement is such that the controller
is configured to control the operation of the cooling system components based on the
environmental conditions of the volume of space. In one embodiment, the controller may be
disposed within the at least one cooling rack. The at least one cooling rack may be a plurality
of cooling racks. The distribution box may be configured to deliver chilled coolant to the
plurality of cooling racks and to receive heated coolant from the plurality of cooling racks,
with the controller to control operation of the plurality of cooling racks and the distribution
box. In another embodiment, the controller is a main controller provided in one of the
plurality of cooling racks. In yet another embodiment, a controller is operably coupled to the

at least one cooling rack, wherein the controller is configured to determine the cooling
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capacity of the at least one cooling rack. The housing of the at least one cooling rack may
include casters, coupled to the housing, to roll the housing along a generally horizontal
surface. '

A second aspect of the invention is directed to a method of cooling a data center. The
method comprises arranging a plurality of equipment racks in a row, with each equipment
rack being adapted to support at least one piece of electronic equipment and having an
industry-standard width. The method further comprises positioning a cooling rack between
two equipment racks of the plurality of equipment racks. The cooling rack comprises a
housing adapted to support components of a cooling system, with the housing having a width
approximately one-half the width of one of the plurality of equipment racks. The method
further comprises delivering coolant to the cooling rack.

Embodiments of the method may further comprise controlling flow of coolant
delivered to the cooling rack. The method may also comprise monitoring environmental
conditions within the data center, and monitoring a cooling capacity of the cooling rack. The
row of the plurality of equipment racks may be arranged to create a cool aisle in front of the
plurality of equipment racks and a hot aisle in back of the plurality of equipment racks. The
method may also comprise drawing air from the hot aisle into the cooling rack, cooling the
drawn air, and exhausting the cooled air to the cool aisle. In one embodiment, the method
may further comprise directly drawing air from the equipment rack into the cooling rack.
The plurality of cooling racks may be positioned within the data center. The method may

further include controlling the operation of the plurality of cooling racks. Furthermore, the

method may include monitoring environmental conditions within the data center, and

selectively controlling the operation of each of the plurality of racks based on environmental
conditions within the data center.

A third aspect of the invention is directed to a system for cooling an electronic
equipment rack adapted to support at least one piece of electronic equipment, with the
equipment rack comprising a housing having a front, a back, two sides, a bottom and a top,
the housing of the equipment rack having an industry-standard width. The system comprises
a cooling rack including a housing having a front, a back, two sides, a bottom and a top, the
housing of the cooling rack having a width approximately one-half the width of the
equipment rack. The cooling rack is constructed and arranged to be positioned next to the
equipment rack in such a manner that a side of the cooling rack is adjacent to a side of the

equipment rack and that the fronts and the backs of the equipment rack and the cooling rack
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lie along substantially same planes. The system further includes cooling system components
supported by the housing of the cooling rack, and a back plenum secured to the backs of the
equipment rack and the cooling rack. The back plenum is adapted to isolate air within the
equipment rack so that the cooling rack cools the air.

Embodiments of the system further comprise a front plenum secured to the fronts of
the equipment rack and the cooling rack. In one embodiment, components of the cooling
system are adapted to draw warm air from the back of the equipment rack to the back of the
cooling rack through the back plenum, and the components of the cooling system are further
adapted to cool the warm air delivered to the back of the cooling rack and deliver the cooled
air to the front of the cooling rack and to the front of the equipment rack. The system may
further comprise a distribution box adapted to deliver chilled coolant to the cooling rack and
receive heated coolant from the cooling rack. In addition, the system may further comprise a
fluid communication system adapted to connect the cooling rack to the distribution box. In
another embodiment, the fluid communication system comprises flexible tubing, wherein the
flexible tubing includes at least one length of flexible tubing having a first coupling adapted
to mate with the at least one cooling rack and a second coupling adapted to mate with the
distribution box. The fluid communication system may further comprise support members to
support the flexible tubing. A controller is operably coupled to the cooling rack to control the
operation of the cooling rack. Cooling system components may comprise a heat exchanger
housed within the housing of the cooling rack, with the cooling rack being configured to draw
warm air over the heat exchanger to cool the warm air under the direction of the controller. A
control valve may be operably coupled to the controller to control flow of coolant to the at
least one cooling rack. In addition, a monitor may be operably coupled to the controller to
measure environmental conditions of the volume of space. The arrangement is such that the
controlier is configured to control the operation of tﬁe cooling system components based on
the environmental conditions of the volume of space. In one embodiment, the controlier may
be disposed within the at least one cooling rack. The at least one cooling rack may be a
plurality of cooling racks. The distribution box may be configured to deliver chilled coolant
to the plurality of cooling racks and to receive heated coolant from the plurality of cooling
racks, with the controller to control operation of the plurality of cooling racks and the
distribution box. In another embodiment, the controller is a main controller provided in one
of the plurality of cooling racks. In yet another embodiment, a controller is operably coupled

to the at least one cooling rack, wherein the controller is configured to determine the cooling

-5-



15

20

25

30

WO 2007/084489 PCT/US2007/001109

capacity of the at least one cooling rack. The housing of the at least one cooling rack may
include casters, coupled to the housing, to roll the housing along a generally horizontal
surface.

A fourth aspect of the invention is directed to a method of cooling an electronic
equipment rack adapted to support at least one piece of electronic equipment, with the
equipment rack comprising a housing having a front, a back, two sides, a bottom and a top,
the housing of the equipment rack having an industry-standard width. The method comprises
positioning a cooling rack next to the equipment rack, with the cooling rack comprising a
housing having a front, a back, two sides, a bottom and a top, the housing of the cooling rack
supporting components of a cooling system and having a width approximately one-half the
width of the equipment rack. The cooling rack is constructed and arranged to be.positioned
next to the equipment rack in such a manner that a side of the cooling rack is adjacent to a
side of the equipment rack and that the fronts and the backs of the equipment rack and the
cooling rack lie along substantially same planes. The method further comprises securing a
back plenum to the backs of the equipment rack and the cooling rack and delivering coolant
to the cooling rack. The front and back plenums are adapted to isolate air within the
equipment rack so that the cooling rack cools the air.

Embodiments of the method may include securing a front plenum to the fronts of the
equipment rack and the cooling rack. The method may further comprise controlling flow of
coolant delivered to the cooling rack and/or monitoring the temperature of air within the
equipment rack.

A fifth aspect of the invention may be directed to a system for cooling a data center
having a volume of space designed to house a plurality of electronic equipment racks, with
each equipment rack being arranged in a row and having a housing adapted to support at least
one piece of electronic equipment. The system comprises a plurality of cooling racks, with
each cooling rack comprising a housing and cooling system components supported by the
housing. The system further comprises a fluid communication system coupled to the cooling
system components of the plurality of racks. The fluid communication system is configured
to provide chilled coolant to and exhaust heated coolant from coolant system components of
each cooling rack. The system also comprises at least one controller coupled to each cooling
rack of the plurality of cooling racks to control the operation of each cooling rack. The

plurality of cooling racks and the fluid communication system are configured to be modular
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to allow placement of cooling racks in different locations in a row of equipment racks within
the volume of space of the data center.

Embodiments of the system may further include a distribution box adapted to deliver
chilled coolant to and to receive heated coolant from each of the plurality of cooling racks,
with the fluid communication system comprising flexible tubing. The flexible tubing may
include, for each of the plurality of cooling racks, at least one length of flexible tubing having
a first coupling adapted to mate with the cooling rack and a second coupling adapted to mate
with the distribution box. The fluid communication system further comprises support
members to support the flexible tubing. The cooling system components may comprise a
heat exchanger housed within the housing of each of the plurality of cooling racks, with each
of the plurality of the cooling racks being configured to draw warm air over the heat
exchanger to cool the warm air. In one embodiment, the system further comprises a control
valve operably coupled to the controller to control flow of coolant to the at least one cooling
rack. The system may further comprise a monitor operably coupled to the controller to
measure environmental conditions of the volume of space. The controller may be configured
to determine the cooling capacity of each cooling rack and display the capacity on the
monitor. The controller may be disposed within one of the plurality of cooling racks,
wherein the controller is a main controller provided in one of the plurality of cooling racks.
The housing of each of the plurality of cooling racks includes casters, coupled to the housing,
to roll the housing along a generally horizontal surface.

A sixth aspect of the invention is directed to kit for cooling a data center having a
volume of space designed to house a plurality of electronic equipment racks, with each
equipment rack being adapted to support at least one piece of electronic equipment. The kit
comprises at least one cooling rack comprising a housing and a cooling system comprising a
heat exchanger located in the housing of the at least one cooling rack. The kit further
comprises a fluid communication system comprising flexible tubing to connect to the heat
exchanger of the at least one cooling rack.

Embodiments of the kit may further comprise at least one distribution box adapted to
distribute coolant to flexible tubing, wherein the flexible tubing includes at least one length of
flexible tubing having a first coupling adapted to mate with the at least one cooling rack and a
second coupling adapted to mate with the distribution box. The kit may also comprise a
controller to control the flow of coolant from the at least one distribution box to the at least

one cooling rack and a control valve operably coupled to the controller to control flow of
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coolant. The kit may also include a monitor operably coupled to the controller to measure
environmental conditions of the volume of space. At least one support member may be used
to support the flexible tubing within the data center. The housing of the at least one cooling
rack may include casters, coupled to the housing, to roll the housing along a generally
horizontal surface. In one embodiment, the at least one cooling rack has a width
approximately one-half the width of the equipment rack. At least one fan may be provided,
wherein the at least one fan is adapted to be releasably secured to the housing of the at least
one cooling rack and configured to draw warm air over the heat exchanger to cool the warm
air,

A seventh aspect of the invention is directed to a method comprising: designing a
cooling system for a data center; selecting components of the cooling system including a
cooling rack, flexible tubing, and a coupling to connect the flexible tubing to the cooling
rack; and packaging the components of the cooling system.

Embodiments of the method may comprise shipping the packaged components of the
cooling system and/or installing the cooling system. In one embodiment, the step of selecting
components of the cooling system further includes selecting a distribution box adapted to
distribute coolant, selecting a controller to control the flow of coolant from the distribution
box to the at least one cooling rack, and/or selecting a support member used to support the
flexible tubing within the data center.

An eighth aspect of the invention is directed to a fluid communication system for
providing coolant to and exhausting coolant from a cooling unit. The fluid communication
system comprises flexible tubing and a plurality of support members. Each support member
is configured to be secured to a support structure and to be releasably secured to the flexible
tubing. Each support member comprises a first part and a mating second part, with the first
and second parts being configured to be secured to one another with the flexible tubing .
disposed in between.

Embodiments of the fluid communication system include configuring each support
member to secure two lengths of flexible tubing. Each of the first and second parts of each
support member may have two flanges, with the flanges of the first part being adapted to
mate with and secure the first part to the flanges of the second part. Each flange of each of
the first and second part of each support member may have an anti-rotation boss and a boss
receptacle. The arrangement is such that the boss of a flange is adapted to be received within

a boss receptacle of a flange of a mating part. Each support member may be adapted to be
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releasably secured to another support member. Each of the first and second parts may have a
surface and an interconnect provided on the surface. The arrangement is such that the
interconnect of the first part is releasably inserted into a mating interconnect of the second
part to attach a support member to another support member. The interconnect may be
configured as one of a dovetail attachment and a dovetail receptacle and each support
member may be configured to be secured to a support rod. The fluid communication system
may further comprise a distribution box adapted to deliver chilled coolant to and to receive
heated coolant from the flexible tubing. The flexible tubing may comprise a polyethylene
inner layer, an aluminum center layer, and a polyethylene outer layer. A layer of insulation
may be applied over the flexible tubing.

A ninth aspect of the invention is directed to a method of installing a fluid
communication system of a cooling system of the type comprising a cooling unit and a source
adapted to provide chilled coolant to the cooling unit. The method comprises providing a
fluid communication system comprising a length of flexible tubing having two opposite ends,
and a plurality of support members to support the flexible tubing; connecting one end of the
length of flexible tubing to the source; connecting the other end of the length of flexible
tubing to the cooling unit; releasably connecting the plurality of support members to the
length of flexible tubing; and attaching the support members to a structure.

Embodiments of the method may further include applying an insulation layer over the
length of flexible tubing. In one embodiment, the step of releasably connecting the plurality
of support members to the length of flexible tubing, for each support member, comprises
securing first and second mating parts of the support member over the flexible tubing. The
step of securing first and second mating parts of the support member over the flexible tubing
may further comprise comprises tying the first and second parts together with at least one zip
tie, or may comprise screwing the parts together with at least one screw fastener. In another
embodiment, the fluid communication system may comprise a length of flexible tubing
having two opposite ends and a continuous length sufficient to connect the cooling unit to the

source. /

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
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represented by a like numeral. For purposes of clarity, not every component may be labeled
in every drawing. In the drawings:

FIG. 1 is a perspective view of a portion of a data center incorporating a cooling
system of an embodiment of the present invention;

FIG. 1A is a perspective view of an equipment rack;

FIG. 1B is a perspective view of a distribution box of an embodiment of the present
invention;

FIG. IC is a perspective view of a cooling rack of an embodiment of the present
invention;

FIG. 2 is a schematic representation of a cooling system of the data center;

FIG. 3 is a side elevational view of the cooling rack with a significant portion of a
side panel removed to show the interior of the cooling rack;

FIG. 4 is a schematic representation of the cooling rack;

FIG. 5 is a flow diagram of environmental parameters that are monitored by the
cooling system to determine cooling capacity;

FIG. 6 is a front view of a display unit of the cooling rack;

FIG. 7 is an exploded perspective view of a display assembly incorporating the
display unit shown in FIG. 6;

FIG. 8 is a perspective view of two support members of an embodiment of the
invention, the support member being secured to a structural member of the data center and
supporting flexible tubing;

FIG. 9 is a perspective view of one of the support members shown in FIG. 8;

FIG. 10 is a perspective view of a support member being releasably secured to another
support member;

FIG. I1 is a front elevational view of the support members shown in FIG. 10, with the
support members being releasably secured to one another;

FIG. 12 is a perspective view of a clamp of an embodiment of the present invention;

FIG. 13 is a perspective view of another clamp of an embodiment of the present
invention;

FIG. 14 is a perspective view of a cooling system of another embodiment of the
invention; and

FIG. 15 is an exploded perspective view of the cooling system shown in FIG. 10.

-10 -
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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 description and should not be regarded as limiting. The use of “including,”

b3 N 14 "«

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

At least one embodiment of the present invention is directed to a modular cooling
system that is selectively configurable to cool electronic equipment housed within equipment
enclosures or racks of a data center. As used herein, “enclosures” and “racks” are used to
describe apparatus designed to support electronic equipment. Such a cooling system is
capable of employing one or more cooling racks on an as needed basis to provide localized
cooling within the data center. Specifically, multiple cooling racks may be interspersed in a
row of equipment racks to more efficiently cool the data center. The circulation path of warm
air generated by the electronic equipment is greatly reduced, thereby nearly eliminating the
mixing of hot and cold air within the data center.

Data centers are typically large rooms designed, in certain instances, to house
hundreds of electronic equipment racks arranged in rows within the data center. The rows of
equipment racks are arranged in such a manner that there are cold aisles and hot aisles. The
cold aisles provide access to the fronts of the enclosures where the electronic equipment is
typically accessed. The hot aisles provide access to the backs of the equipment racks. As
requirements change, the number of equipment racks may be increased or decreased
depending on the functional requirements of the data center. At least one embodiment of the
present invention is modular and scalable, and may take the form of a kit designed to meet
these changing needs. Also, although relatively large data centers are discussed as an
intended use for such a cooling system, as mentioned above, the system of the present
invention is scalable and may be employed in smaller rooms on a smaller scale.

In one embodiment, the cooling system may comprise a plurality of cooling racks,
each cooling rack having a housing adapted to support components of the cooling system.
For example, the components of the cooling system may include a heat exchanger coupled to
a distribution box to deliver coolant to the heat exchanger and to return heated coolant from

the heat exchanger. Fans may be provided to move air across the heat exchanger. The
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cooling rack may be disposed within a row of equipment racks and configured to intake the
hot air within the data center from a hot aisle, for example, to cool the air to slightly below
ambient temperature. This configuration eliminates the inefficiency of mixing hot air with
the room temperature air to obtain a warm mixture. This configuration also decreases the
latent cooling provided by the data center’s air conditioning system thereby decreasing the
need for humidification.

In certain embodiments, the cooling rack may be one-half the width of a standard size
nineteen inch equipment rack, e.g., twelve inches in width, and may be modular so that the
cooling rack may be inserted into a row of equipment racks in a matter of minutes by data
center employees who have no particular heating and cooling training or specialization. The
components of the cooling rack and the entire cooling system may be provided in kit form so
that the person installing the cooling system does not require specialized tools. The modular
nature of the cooling system allows the user to optimize the location of each cooling rack
since each cooling rack includes the ability to sense and display the capacity of the system,
the flow rate, coolant and air inlet and outlet temperatures, and pressure differentials, Thus,
the cooling system may be employed and redeployed for maximum efficiency and use within
the data center.

Turning now to the drawings, and more particularly to FIG. 1, there is shown a
portion of a typical data center, generally indicated at 10. As shown, the data center 10
includes a room defined by a floor 12, walls, each indicated at 14, and a ceiling 16. The data
center 10 is designed to house a plurality of equipment racks, each generally indicated at 18.
In one embodiment, each equipment rack 18 may be constructed in accordance with the
teachings disclosed in U.S. Patent Application No. 10/990,927, entitled EQUIPMENT
ENCLOSURE KIT AND ASSEMBLY METHOD, filed on November 17, 2004, which is
owned by the assignee of the present invention and is incorporated herein by reference.
Further, although not shown specifically in FIG. 1, cabling between the equipment racks 18
may be implemented using cable distribution troughs contained on the roofs of the racks as
disclosed in U.S. Patent No. 6,967,283, which is incorporated by reference and assigned to
the assignee of the present invention.

Specifically, and with reference to FIG. 1A, the equipment rack 18 includes a frame
or housing 20 adapted to support electronic components, such as data processing, networking
and telecommunications equipment. The housing includes a front 22, back 24, sides 26, 28,

bottom 30 and top 32. The front 22 of each equipment rack 18 includes a front door 34 so as
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to enable access into the interior of the equipment rack. A lock 36 may be provided to
prevent access into the interior of the equipment rack 18 and the equipment housed by the
rack. The sides 26, 28 of the equipment rack 18 may include at least one panel 38 configured
to cover a side to enclose the interior region of the rack. Although not illustrated in FIG. 1,
the back 24 of the equipment rack 18 may also includeé at least one panel or a back door to
provide access to the interior of the equipment rack from the back of the rack. In certain
embodiments, the side and back panels, as well as the front door and the rear door, may be
fabricated from perforated sheet metal, for example, to allow air to flow into and out of the
interior region of the equipment rack. Otherwise, the panels may be fabricated from solid
material.

The equipment racks 18 are modular in construction and configured to be rolled into
and out of position, e.g., within a row of the data center. Casters 40 are secured to the bottom
of each equipment rack to enable the rack to roll along the floor of the data center. Once
positioned, leveling feet 42 may be deployed to securely ground the equipment rack 18 in
place within the row. An example of casters 40 and leveling feet 42 employed on such an
equipment rack 18 is disclosed in detail in U.S. Patent Application No. 10/990,927.

Once in position, electronic equipment may be positioned in the interior region of the
equipment rack 18. For example, the equipment may be placed on shelving secured within
the interior region of the equipment rack 18. Although not illustrated in FIG. 1, cables
providing electrical and data communication may be provided through the top of the
equipment rack 18 either through a cover (or “roof’ as described in U.S. Patent No.
6,967,283) at the top 32 of the equipment rack having openings formed therein or through an
open top of the equipment rack. In this embodiment, the cables may be strung along the
roofs of the rack or be provided in the aforementioned cable distribution trough. In another
embodiment, the cables may be disposed within a raised floor and connected to the electronic
equipment through the bottom of the equipment rack 18. With both configurations, power
and communication lines are provided to the equipment racks 18.

As discussed above, and with continued reference to FIG. 1, data centers 10 are
typically configured with rows of equipment racks arranged such that cool air is drawn into
the racks from a cool aisle C and warm or hot air is exhausted from the racks into a hot aisle
H. For illustration purposes only, the equipment racks 18 are arranged in FIG. 1 in two rows
with the fronts 22 of the equipment racks in the near row being arranged in a forward

direction as viewed in FIG. 1 and the backs 24 of the equipment racks in the far row being
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arranged in a rearward direction as viewed in FIG. 1. However, as stated above, in a typical
data center, there are multiple rows of equipment racks 18 wherein the rows may be arranged
with the fronts of the equipment racks facing one another to define the cold aiste and with the
backs of the equipment racks facing one another to define the hot aisle.

In order to address the heat build-up and hot spots within the data center 10, and to
address climate control issues within the data center in general, a modular cooling system is
provided in one embodiment. As shown in FIG. 1, the cooling system comprises a plurality
of cooling racks, each generally indicated at 50, disposed within the data center 10. As
shown, the arrangement is such that there is a cooling rack 50 for every two equipment racks
18 provided in the data center 10. However, it should be understood that a person of ordinary
skill in the art, given the benefit of this disclosure, may provide more or less cooling racks 50
within the data center 10 depending on environmental conditions of the data center. Further
in some embodiments, the concentration and lacations of cooling racks may be adjusted
based on the locations of the hottest racks in the data center, or based on information obtained
and analyzed by a data center information management system.

The data center 10 preferably has a coolant medium inlet 52 and a coolant medium
outlet 54 adapted to deliver and return a coolant medium (e.g., water, a glycol solution or a
liquid coolant, such as R134A and R410A coolants) from a suitable source, such as a chiller
unit, which will be discussed in greater detail below. Specifically, the coolant medium inlet
52 is adapted to deliver chilled or cooled coolant to the data center 10, whereas the coolant
medium outlet 54 is adapted to exhaust heated coolant from the data center. The inlet 52 and
outlet 54 are in fluid communication with a manifold or distribution box generally indicated
at 56. With reference to FIG. 1B, the distribution box 56 includes an enclosure 58 positioned
in the data center 10. The configuration of the coolant medium inlet 52 and outlet 54 and the
distribution box 56 will be described with reference to FIG. 2 below. As shown, the
enclosure 58 may be constructed similarly to the equipment rack 18, The distribution box 56
is designed to distribute chilled coolant to and to accept heated coolant from each cooling
rack 50. In certain embodiments, the distribution box 56 may be conveniently located within
the data center 10, and in other embodiments, may be located outside the data center. In
order to facilitate its positioning, the enclosure 58 of the distribution box 56 may be provided
with casters 60 and leveling feet 62, similar to the casters 40 and leveling feet 42 of the
equipment rack 18. FIG. 1 illustrates the distribution box 56 positioned near the equipment

racks 18 and the cooling racks 50 of the data center 10.
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It should be observed that a distribution box may, in certain embodiments, be fixed
within the data center 10. For example, a distribution box may be attached to a wall 14 or
other surface (e.g., the ceiling 16) inside or outside the data center 10. The provision of a
movable distribution box 56 enable the cooling system of the present invention to better
accommodate rooms of various shapes and sizes as well as rooms requiring varying cooling
needs. In addition, it should be noted that more than one distribution box 56 may be provided
in large data rooms to accommodate many cooling racks, for example, or in circumstances
requiring excessive cooling.

The distribution box 56 is connected to a plurality of flexible tubes or tubing, each
indicated at 64, with two flexible tubes 64 being provided for each cooling rack 50. The
flexible tubing 64 is capable of bending and otherwise being manipulated to conform to the
structure of the data center room 10. Typically, the flexible tubing 64 must be sufficiently
flexible so that it conforms to the walls 14 and ceiling 16 of the data center 10. As shown,
suitable couplings, each indicated at 66, connect the ends of the flexible tubing 64 to the
distribution box 56 and to its respective cooling rack 50. Each flexible tube 64 has crimped
terminal ends that are used to connect each tube to the distribution box 56 and the cooling
rack 50 in the well-known manner with the couplings 66 securing the terminal ends of the
flexible tube in place. In one embodiment, the couplings may be of the type sold by Wirsbo
Company, of Apple Valley, Minnesota. The connectors and couplings are connected to the
distribution box 56 by NPT one-inch connectors, and connect to the flexible tubing 64 by a
crush or crimp connection. A special tool may be required to make this connection.

As mentioned above, the flexible ﬁxbing 64 may be pre-cut to a particular length based
on the design layout of the data center room. Otherwise, the flexible tubing 64 may be cut
onsite to a particular length. Support members, such as support members 68, as well as
clamps, such as 90° clamps 70 and 45° clamps 72, are further provided for securing the
flexible tubing 64. As shown, the support members 68 are configured to support the flexible
tubing from the ceiling and the 90° clamps 70 and the 45° ¢lamps 72 (not shown in FIG. 1,
but illustrated in FIG. 13) may be used to connect the flexible tubing 64 to the wall of the
data center 10, or any other suitable structure. The support members 68 are designed to
connect the inlet and the outlet flexible tubing 64 for each cooling rack 50 to one another to
create a uniform and neat appearance. The support members 68 may also be employed on

large, straight sections of flexible tubing 64 along the ceiling.
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As shown in FIG. 2, the distribution box 56 is in fluid communication with a heat
exchanger 74, otherwise known as a chiller unit in the art. In one embodiment, the heat
exchanger 74 is provided outside the data center 10. Specifically, a line 76 (which
corresponds to outlet 54 in FIG. 1) in fluid communication with coolant medium outlet 54
shown in FIG. 1 is provided to deliver heated fluid to a pump 78, which in turn delivers the
heated fluid to the heat exchanger 74. A valve 80 is disposed between the line 76 and the
pump 78. The heated coolant is cooled in the heat exchanger 74 and cooled coolant is
returned to the distribution box 56 via the pump 78 by line 82 (which corresponds to inlet 52
in FIG. 1) through another valve 84. The valves 80, 84 are provided in lines 76, 82 to contro!
the flow of fluid between the distribution box 56 and the heat exchanger 74. In one
embodiment, the heat exchanger 74 is adapted to provide chilled water (e.g., approximately
45 °F water) in thermal contact with the coolant provided in the cooliﬁg system.

The distribution box 56 may be designed to provide coolant to and receive coolant o
from any number of cooling racks 50. For example, FIG. 2 illustrates the distribution box 56
distributing coolant to twelve cooling racks 50. As shown, a fluid communication system
may be provided to connect each respective inlet and outlet provided in the distribution box
56 to their respective cooling rack 50. The distribution box 56 includes a control valve 86 to
control and monitor the flow of cooled coolant to a particular cooling rack 50. Similarly, the
distribution box 56 includes another control valve 88 to control and monitor the flow of
heated coolant from a cooling rack 50. Specifically, for each cooling rack, control valves 86,
88 are configured to independently control the delivery of chilled coolant to and receipt of
warm coolant from the cooling rack. This configuration may employ the implementation of
multiple control valves to achieve the functionality described above.

As shown, there are two flexible tubes 64 for each cooling rack, one to deliver chilled
coolant to its respective cooling rack and one to exhaust heated coolant from its respective
cooling rack. In one embodiment, the fluid communication system of the cooling system
comprises flexible tubing 64 which, as discussed above, may be provided at predetermined
lengths. The flexible tubing may be of the type fabricated from a suitable polymer, or any
other similar flexible material. In one embodiment, the flexible tubing may be purchased
from Wirsbo Company of Apple Valley, Minnesota under part no. D1251000. In a certain
embodiment, the flexible tubing may be approximately one-inch in diameter, and comprise a
polyethylene inner layer, an aluminum center layer, and a polyethylene outer layer. In

another embodiment, an insulation layer may be provided over the flexible tubing 64. The
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insulation layer may be fabricated from any suitable material designed to insulate and protect
the flexible tubing, such as EPDM foam having a one-half inch thickness. In one
embodiment, the flexible tubing may be inserted into the annulus of the insulation layer.

A controller 90 may be employed to control the operation of the cooling system, and
specifically, in certain embodiments, the operation of the cooling racks and/or the distribution
box 56. With respect to the distribution box 56, the controller may or may not be configured
to control its operation. When not communicating with the controller, the distribution box
operates under the direction of the cooling racks. In one embodiment, the controller 90 may
be a dedicated unit to the cooling system. In another embodiment, the controller 90 may be
provided as part of an integrated data center control and monitoring system. In yet another
embodiment, each cooling rack 50 may be independently operable by a controller 90a
provided in the cooling rack that is in communication with controllers 90a of the other

cooling racks. With this particular embodiment (i.e., each cooling rack being configured to

' be independently operable by controller 90a, each controller unit 90a may embody a Philips

XA 16-bit microprocessor. Notwithstanding the particular configuration, the controller is
designed to control the independent operation of the cooling racks 50 within the data center
10. Thus, reference herein to “controller” or “controller unit” may be directed to the
controller 90 and/or the controller unit 90a.

For example, the controller may be configured to identify the failure or inability of a
particular cooling rack located within the data center to cool the air, and to increase the
cooling capacity of a cooling rack or cooling racks located near the failed cooling rack. In
another embodiment, one cooling rack may operate as the main or master unit and the other
cooling racks operate as subservient units that operate under the controf of the main unit. In
this embodiment, the main cooling rack may be manipulated by the data center operator to
control the entire cooling system. For example, the controller may be configured to receive
information from the equipment racks so as to determine the amount of power being drawn
by each equipment rack. With this knowledge, the controller may be configured to increase
the cooling capacity of certain cooling racks within the cooling system based on the energy
drawn by the equipment racks.

With continued reference to FIGS. 1, and additional reference to FIG. 1C, each

cooling rack 50 comprises a housing 92 that may be constructed similarly to the housing 20

‘of the equipment rack 18. Like the equipment rack 18 and the distribution box 56, the

housing 92 is a rectangular structure having a front 94, a back 96, two sides 98, 100, a bottom
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102 and a top 104 defined by a frame constructed of vertical and horizontal support members.
As will be disclosed in greater detail below, the cooling rack 50 is configured to
accommodate cooling equipment and may be conveniently broken down and disassembled
for transport or storage with the aid of hand tools only.

As shown in FIG. 1, in one embodiment, the housing 92 of the cooling rack 50 has a
width that is approximately one-half the width of the equipment rack 18. As stated above, a
typical nineteen inch rack has a width of approximately twenty-four inches. Thus, the width
of the housing 92 of the cooling rack 50 is approximately twelve inches. This sizing enables
the person configuring the data center 10 to position a cooling rack 50 or multiple cooling
racks 50 in between equipment racks 18 while being able to maintain equivalent spacing
among several rows. The narrower width also takes up less space, and, coupled with the
modular and movable nature of the cooling rack, enables the cooling rack to be conveniently
placed between two equipment racks in an easily scalable manner.

Referring to FIG. 1C, the front 94 of the housing 92 of the cooling rack 50 includes a
front panel 106 suitably secured to the frame. The front panel 106 enables an operator of the
data center 10 to access the interior region of the cooling rack 50. The cooling rack 50 may
include side panels 100 attachable to the frame of the ﬁousing 92 to cover the sides 98, 100 of
the cooling rack. However, since the cooling rack 50 is typically positioned between two
equipment racks 18, the inclusion of side panels 108 is not required. Similarly, the housing
92 may further include a back panel (not shown) to cover the back 96 of the cooling rack 50.
In one embodiment, the front, side and back panels may be suitably secured, e.g., by suitable
screw fasteners, to the frame of the cooling rack 50. In another embodiment, fasteners
capable of manipulation by hand, e.g., thumb screws or quarter-turn fasteners, may be
employed to attach the panels to the frame. As shown in FIG. 3, the housing 92 of the ‘
cooling rack 50 creates a space within the interior region of the cooling rack to allow
components of a cooling system to be housed within the cooling rack. In certain
embodiments, the front panel 106 may embody a door hingedly attached to the frame of the
housing 92 of the cooling rack 50. The components and configuration of such a cooling
system shall be described in greater detail as the description of the cooling system proceeds.

The cooling rack 50 is modular in construction and configured to be rolled into and
out of position, e.g., within a row of the data center 10 between two equipment racks 18.
Casters 110 are secured to the bottom of the housing 92 of the cooling rack 50 to enable the

cooling rack to roll along the floor of the data center 10. Once positioned, leveling feet 112
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may be deployed to securely ground the cooling rack 50 in place within the row. As with the
equipment rack 18 and the distribution box 56, the casters 110 and leveling feet 112, and their
attachment to the housing 92 of the cooling rack, are disclosed in detail in U.S. Patent
Application No. 10/990,927. In another embodiment, the housing of the cooling rack may be
formed with an eye-bolt to enable a crane or some other lifting apparatus to raise and place
the cooling rack within the data center.

In one embodiment, the arrangement is such that the fronts 22, 92 of the equipment
and cooling racks 18, 50 are adjacent the cold aisle and the backs 24, 96 of the racks are
adjacent the hot aisle. The modular and movable nature of the cooling rack 50 makes it
particularly effective in cooling locations within the data center 10 requiring climate control,
e.g., adjacent a hot aisle. This configuration enables the cooling rack 18 to be used as a
building block for data center 10 cooling and climate control, as the data center operator adds
and removes cooling racks 50 on an as needed basis. Thus, the cooling rack 50 allows a far
superior level of scalability than prior cooling systems and methods. In addition, an operable
cooling rack may be quickly and easily provided to replace a failed cooling rack.

As shown, the front of the housing 92 of the cooling rack 50 has a number of variable
speed fans (e.g., eight), each indicated at 114, that are adapted to draw filtered air from the
back 96 of the cooling rack to the front 94 of the cooling rack 50 as shown by arrow A. In
one embodiment, the fans 114 may be assembled and wired within the housing 92 of the
cooling rack 50 such that a fan is removed by removing only four screws and sliding the fan
out of a receptacle (not shown) formed in the housing 92 of the cooling rack 50. The '
electrical power provided to each fan 114 may be connected and disconnected by a suitable
connector, such as a blindmate connector. The arrangement is such that the fans 114 are “hot
swappable” based on their low voltage requirements as well as their easy removal from the
receptacle and blindmate connector. In addition, the controller 90 may be configured to
monitor the operation of each fan 114 so as to predict the failure of a fan based on power
draw variances of the fan.

Further provided within the housing 92 of the cooling rack 50 is a heat exchange;' 116.
The heat exchanger 116 may include at least one coil having fins, and is positioned at an
angle within the cooling rack 50. Specifically, the heat exchanger 116 is positioned generally
perpendicularly with respect to the direction of the air flowing through the housing 92 of the
cooling rack 50 (parallel to arrow A), with the heat exchanger 116 being positioned at a slight

angle with respect to a theoretical vertical plane that is parallel to the front 94 and the back 96
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of the housing 92 to enlarge the surface area of the heat exchanger so as to accommodate a
greater volume of hot air. The arrangement is such that the hot air that is drawn through the
back of the cooling rack 50 and is passed through the heat exchanger 116 to reduce the
temperature of the hot air. As mentioned above, the cooling rack 50 may be positioned so
that the back of the cooling rack is adjacent a hot aisle. Thus, the air drawn through the back
of the cooling rack is relatively hotter than ambient air within the data center 10. The fans
114 blow the cool air from the heat exchanger 116 from the fans to the front 94 of the cooling
rack 50. In one embodiment, the cooling rack may provide up to 30kW of cooling.

As shown in FIGS. 3 and 4, chilled coolant is provided to the heat exchanger 116 by
line 118, and heated coolant is exhausted from the heat exchanger by line 120. As shown, the
lines 118, 120 are connected to flexible tubing 64 by coupling 66 located near the top of the
housing 92. The flexible tubing 64 is connected by coupling 66 in the manner described
above to the distribution box 56. Chilled coolant entering the cooling rack 50 flows through
a two-way valve 124 and a flow meter 126, which are provided to control the delivery of
chilled coolant into the cooling rack 50. The two-way valve 124 and the flow meter 126
sometimes may be together referred to as a control valve herein. In one embodiment,
depending on the configuration of the controller and the network manager system, the flow
meter 126 is operably coupled to the controller 90a to measure the flow of coolant through
the flexible tubing 64. The cooling rack of embodiments of the present invention utilizes the
flow meter 126 in order to provide the flow rate of the coolant to the controller 90a.

In one embodiment, the flow meter 126 enables the controller 90a to calculate the
capacity of the operation of the cooling rack 50 based on information obtained by the
controller. Once through the flow meter 126, chilled coolant flows to a top coil 116A and a
bottom coil 116B of the heat exchanger 116. Chilled coolant is heated by the hot air drawn
through the heat exchanger 116 by the fans 114. The calculation of capacity of the cooling
rack will be discussed with reference to FIG. 5 as the description of the system proceeds.

Once heated, coolant is delivered from the heat exchanger 116 to a return feed via line
120 to a three-way mixing valve 128. As best shown in FIG. 4, a portion of chilled coolant
may be diverted from line 118 to the three-way mixing valve 128 by a two-Way, quarter turn,
by-pass, shut off ball valve 130. As shown, the shut off ball valve 130 may be attached to a
by-pass leg 132 of the three-way mixing valve 128, so that by shutting off the shut off ball
valve 130, the effect is to provide two-way control to the three-way valve for applications

where two-way control is desired. In one embodiment, chilled coolant entering the cooling
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rack 50 is at approximately 4.5. °F. Heated coolant exiting the cooling rack 50 is at
approximately 55 °F.

By making the three-way valve convertible to a two-way valve, this configuration
allows for a cooling rack 50 to be placed any distance from the distribution box 56 without
risk of issues related to load balance problems. For example, if a first cooling rack is located
approximately ten feet away from the distribution box and a second cooling rack is located
approximately one hundred and twenty feet away from the distribution box, the first cooling
rack would receive the majority of coolant being distributed by the distribution box since
there less pressure drop in coolant delivered to the first cooling rack than in coolant delivered
to the second cooling rack. When the three-way valve is in three-way mode, the first cooling
raék will send the coolant it needs through the main circuit and the remainder of coolant will
flow through the bypass circuit. The second cooling rack may only get approximately 80%
of the required coolant, while the first cooling rack is bypassing the bulk of the coolant. By
converting the three-way valve to two-way mode, the first cooling rack will only draw
coolant that it requires, thereby ensuring the remainder of the coolant flows to the second
unit, or other remote units.

As shown, a condensate pan 134 may be provided at the bottom of the cooling rack 50
to capture condensation from the top and bottom coils 116A, 116B of the heat exchanger 116.
A pump 136 may be provided to pump condensation from the pan 134. Although not shown,
the cooling rack 50 uses a pair of float switches in the condensate pan 134 to establish a
condensate production rate. Given that the volume change is constant from the activation of
a lower switch to an upper switch, and using the time variable between these two events a
condensate production rate may be established. The cooling capacity is rated based on two
factors: (1) the temperature change in the air (sensible capacity), and (2) the humidity change
in the air (Iatent capacity). Condensate is a measure of how much water vapor is removed
from the air, therefore, by knowing the condensate production rate, the latent capacity of the
unit may be established. Additionally, the float switches may facilitate the control of the
pump 136, the upper level switch initiating condensate pump operation and the lower level
switch terminating condensate pump operation. In one embodiment, with the exception of
the condensate pump 136, the entire cooling rack 50 utilizes direct current components.

Although the housing of the cooling rack is illustrated in the drawings as being one-
half the width of an equipment rack, the cooling rack may be sized to any desired

configuration. The provision of a cooling rack having one-half the industry-standard width
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improves the scalability of the cooling rack. However, it is contemplated, for example, to
configure the housing to have the same width as the hous:ing of the equipment rack. In such
an embodiment, the cooling rack may be configured with cooling system components that
enhances the cooling capacity of the cooling rack. This configuration may be desirable for
hot spots within the data center.

Turning now to FIG. 5, the controller 90 (including controller units 90a) is adapted to
control the operation of the cooling system based on environmental parameters obtained by
the controller. In one embodiment, the controller 90 may embody only controller units 90a
provided in the cooling racks 50 that communicate with one another over a controller area
network (CAN) Bus. In other embodiments, a master controller may be provided to control
the operation of the controller units 90a. As shown in FIG. 1, each cooling rack 50 is
provided with a display assembly 138 operably coupled to the controller 90a. The display
assembly 138 is adapted to display the environmental conditions of the data room, such as,
and not limited to, the temperature and the humidity of the data center at the cooling rack, the
temperature of the air entering into and exiting out of the cooling rack, the temperature of
coolant entering into and exiting out of the cooling rack, the flow rate of coolant entering the
cooling rack, and the cooling capacity of the cooling rack. Suitable monitors and/or gauges
may be provided to acquire such information. Alternatively, or in addition to the foregoing
embodiment, the environmental conditions may be displayed on a unit provided with an
integrated data center control and monitoring system.

As shown in FIG. 5, changes to the environmental conditions, such as the temperature
of the data eénter 10, results in changes of inputs including the temperature of the coolant
flowing into and out of each cooling rack 50. Further inputs provided to the controller 90a
(and/or controller 90) include the flow rate of coolant entering into the cooling rack 50
through the flow meter 126, as well as the known values of the coolant (e.g., water). Based
on the temperature of the coolant, the flow rate of the coolant, the total heat transfer may be
determined, which is calculated by multiplying the flow rate by the coolant density, by the
specific heat of the coolant, and by the difference between the coolant outlet and inlet

temperatures. This heat transfer calculation is determined by the controller 90a so that the

amount of coolant delivered to a cooling rack 50 through the flow meter 126 of the cooling

rack may be calculated. The controller 90a may be further configured to allow for user input

for calculating load capacity of each cooling rack 50 in real time. The value obtained may be
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compared to the maximum possible cooling capacity to assess the reserve cooling capacity of
the cooling system.
For example, the total gross cooling capacity of a cooling rack 50 may be determined

by the following equation:
total gross cooling capacity = constant X flow rate X (Tow ~Ti) (1)

With equation 1, the flow rate is identified in gallons per minute (GPM) and the constant is
501. Based on this result, the total net cooling capacity in BTU per hour may be determined

by the following equation:
Total net cooling capacity = total gross cooling capacity — fan heat 2

Equation 2 may also be arrived at by adding the sensible cooling capacity and the latent
cooling capacity.

As shown in FIGS. 6 and 7, the display assembly 138 includes a display unit 140
having a liquid crystal display, for example, to display the environmental conditions, such as
temperature and humidity of the data center, :(he temperature of air entering into and exiting
out of each cooling rack, the temperature of coolant entering into and exiting out of each
cooling rack, and the flow rate of coolant entering such cooling rack. A plurality of control
buttons and status indicators are further provided on the display unit 140 to enable the
operator to manipulate the operation of the cooling system. As shown in FIG. 7, the display
assembly 138 may be secured within an opening formed in the front panel 106 of the cooling
rack by means of a sealing gasket 142 and a mounting bracket 144 in which screw fasteners
(not shown) may be provided to secure the diéplay assembly 138 to the front panel 106 within
the opening.

Turning now to FIG. 8, as discussed above, numerous support members, each
generally indicated at 68, may be provided to secure the flexible tubing 64 from the ceiling.
In certain embodiments, the flexible tubing 64 leaves the distribution box 56 and is directed
to the ceiling 16 of the data center. Once at the ceiling 16, the flexible tubing 64 turns in a
generally horizontal direction along the ceiling towards its respective cooling rack 50. Once
above the cooling rack 50, the flexible tubing 64 drops toward the cooling rack 50 in which
the flexible tubing 64 is suspended between the cooling rack 50 and the ceiling. The support
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members 68 and the clamps 70, 72 of the present invention are designed to support and guide
the flexible tubing 64 and to direct the bends of the tubing. As best shown in FIG. 8, the
support members are designed to suspend the flexible tubing 64. Support members 68 may
be further utilized to secure the flexible tubing 64 during relatively long, straight sections of
flexible tubing. In one embodiment, the support members 68 and the clamps 70, 72 may be
molded from polymeric material and are formed in two parts to clamp around the flexible
tubing 64 (including the insulation layer, when provided). In other embodiments, the support
members 68 and the clamps 70, 72 may be fabricated from any suitable metal or alloy.

FIG. 8 illustrates the support member 68 that is primarily employed to hang or
suspend the flexible tubing 64 from the ceiling or another support structure, such as an I-
beam 180 or some other structure, toward its respective cooling rack 50. As shown, the
support member 68 is designed to hold both flexible tubes 64 provided to a cooling rack 50
next to one another so that the flexible tubes 64 are aligned with the coupling 66 provided to
connect the flexible tubing 64 to the cooling rack 50. One benefit of the configuration of the
support member 68, and the clamps 70, 72, is that they may be assembled without the need of
tools.

Referring to FIG. 9, the support member 68 includes two parts 68a, 68b configured to
hold both flexible tubes 64 (FIG. 8) in side-by-side relation. Each part 68a, 68‘t.) includes a

“wall portion 182 that is formed to fit over two lines of flexible tubing 64 (and the insulation

layer when provided) that are positioned in side-by-side relation. Flanges 184, 186 are
provided at opposite ends of the wall portion 182. As shown, flange 186 includes a boss 188
that is received in a receptacle 190 formed in the other flange. The arrangement is such that
when clamping the parts of the support member over the flexible tubing, the bosses 188 are
received in the receptacles 190 to maintain the support member 68 in a clamped position over
the flexible tubing 64. The walls 182 of the parts 68a, 68b are sized so that the flexible
tubing fits comfortably within the parts, thereby preventing the crimping or deformation of
the flexible tubing and/or the insulation layer when provided. Once positioned over the
flexible tubing 64, in one embodiment, zip ties 192 may be employed to secure the parts over
the flexible tubing. In other embodiments, screw fasteners 194 may be used in the manner
shown in FIG. 9.

As shown in FIGS. 10 and 11, the support members 68 may be arranged in stacked
relationship to secure more than two flexible tubes (not shown) to one another. The

arrangement is such that the parts 68a, 68b of each support member 68 are formed with
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interconnects 196, 198 that are adapted to be releasably secured to another support member.
Each of the parts 68a, 68b has both interconnects 196, 198 provided on the wall 182 of the
part in the manner shown in FIG. 9. The arrangement is such that the interconnect 196 of one
part 68b is releasably inserted into its mating interconnect 198 of the other part 68a to attach a
support member 68 to another support member 68. In one embodiment, the interconnects
196, 198 may be configured as one of a dovetail attachment and a dovetail receptacle. Each
support member 68 may be further configured to be secured to a support rod 200, which is
suitably secured to a support structure, such as the [-beam 180. The support rod 200 also
prevents the support members 68 from sliding with respect to one another when configured in
the stacked arrangement discussed above and shown in the drawings.

Referring back to FIG. 8, the support members 68 are supported by the support rods
200 to run flexible tubing 64 to their respective cooling racks. The support members 68 are
configured with a central opening 202 (FIG. 9) sized to receive the threaded rod 200
therethrough. A pair of nut fasteners, each indicated at 204, is provided at the bottom of the
threaded rod 200 to support the support members 68. Although FIG. 8 illustrates each
support rod 200 having two support members 68, it should be understood that the support
rods may secure more or less support members depending on data center requirements and/or
the load constraints on each support rod. As shown, each support rod has, at its upper end, a
clamping mechanism 206 that is configured to be secured to the I-beam 180, or some other
structure. The clamping mechanism 202 is configured to clamp onto a flange of the I-beam
200.

FIGS. 12 and 13 illustrate clamps 70, 72, respectively, used to secure the flexible
tubing 64 within the data center. FIG. 12 illustrates the 90° clamp 70 referenced above. As
with clamps 68, the clamp 70 includes two parts 70A, 70B designed to mate with one another
to secure the flexible tubing 64 between the two parts. Multiple openings (not designated)
are provided to receive zip ties or screw fasteners (not shown) to secure the clamp 70 to the
wall 14, for example. A pair of thumb turn fasteners 146 may further be provided to secure
the two parts 70A, 70B to one another prior to attaching the clamp 70 to the wall 14, or other
suitable structure. The clamp 70 is used when turning the flexible tubing 64 in directions that
are approximately 90°. Similarly, clamp 72 (see FIG. 13) may be provided when turning the
flexible tubing 64 in directions that are approximately 45°. As shown in FIG. 13, the clamp
72 is also formed in two parts 72A, 72B. Other than the angle the clamp turns the flexible

tubing 64, the 45° clamp 72 is identical in construction to the 90° clamp. Of course, the
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clamp may be designed to turn the flexible tubing 64 any amount of turn radius, such as 15°
and 30°.

The flexible tubing 64, support member 68 and clamps 70, 72 may be used in
combination with a cable trough (not shown) provided between adjacent equipment racks 18
and cooling racks 50. Specifically, the cable trough bridge is a formed metal component that
requires no physical attachment to a cooling rack 50. In one embodiment, the flexible tubing
may be disposed within the cable trough and the clamps may be adapted to secure the flexible
tubing to the cable trough. In addition, power and telecommunications may be disposed in
the cable trough as well. The arrangement is such that the cable trough acts as a bridge over
the cooling rack 50 and connects to the adjoiriing two equipment racks, allowing the cooling
rack 50 to be slid in or out of the row and moved to another location of the data center 10.

Referring back to FIGS. 1 and 2, in operation, filtered warm air is drawn into each
cooling rack 50. At this point, the air temperature is measured. Next, the warm air flows
across the heatAexchanger 116, which absorbs heat from the air, thereby cooling off the air.
At this point, the temperature is sampled again. The fans 114 pump the cooled air through
the front 94 of the cooling rack 50. The fans 114 may be individually controlled to
manipulate the air flow through the cooling rack. The pressure difference is measured across
the cooling rack 50 in order to prevent pressurization of a rear plenum, when employing front
and rear plenums, which will be discussed below. Simultaneously, coolant (e.g., water)
enters each cooling rack 50 and the temperature of the coolant is measured. The coolant
enters the two-way valve 124, which throttles and in some cases, is redirected to the shut off
ball valve 130. Coolant that is not diverted flows through the heat exchanger 116 where it
absorbs heat from the warm air flowing through the heat exchanger. Coolant next enters the
three-way valve 128 and may travel through another flow meter (not shown) to measure the
flow of coolant exiting the cooling rack 50. At this point, the temperature of the coolant is
taken. The air, coolant, and flow rate data are used to calculate the performance and the
capacity of the cooling rack 50. .

Turning now to FIGS. 14 and 15, there is generally indicated at 150 a cooling system
of another embodiment of the iﬁvention. As described above, each equipment rack 18 is
capable of generating a tremendous amount of heat. Sometimes, it is desirable to provide a
cooling rack 50 that is dedicated to cooling a particular equipment rack 18. The cooling

system 150 is designed to cool a single cooling rack in the manner described below.
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The cooling system 150 includes front and back plenums, each generally designated at
152, 154, respectively. As shown, the plenums 152, 154 are adapted to be attached to the
fronts 22, 94 and the backs 24, 96 of the equipment and cooling racks 18, 50, respectively.
The arrangement is such that the equipment rack 18 and the cooling rack 50 are arranged in
side-by-side relation after removing the front and back doors of the equipment rack and the
front and back panels (or doors) of the cooling rack. Each plenum 152, 154 includes a frame
156, 158, respectively, and a plurality of clear inserts, each indicated at 160. Each insert 160
is sized to fit within a respective opening of the frame 156 or 158. The front plenum 152
includes front doors 162, 164 for the equipment and cooling racks 18, 50, the front doors
being nearly identical in construction to the front door 34 of the equipment rack 18 and the
front panel 106 of the cooling rack 18. Similarly, the back plenum 154 includes back doors
or panels 166, 168.

The arrangement is such that the plenums 152, 154 capture air within the equipment
rack 18 and the cooling rack 50 to create an isolated environment between the equipment rack
and the cooling rack so that heated air flows directly from the back of the equipment rack to
the back of the cooling rack through the back plenum 154. The heated air is then drawn by
the fans 114 of the cooling rack 50 over the heat exchanger 116 to cool the air to a desired
temperature. The fans 114 then direct the cooled air to the front plenum 152 to the front 22
of the equipment rack 18. This cooled air is then drawn through the electronic equipment
housed within the equipment rack 18 to cool the electronic equipment. As shown in FIG. 15,
the frames 156, 158 of the plenums 152, 154 extend between the equipment and cooling racks
18, 50 so that inserts 160 may be selectively placed within openings provided by the frames.
In addition, the inserts 160 provided on the outside of the plenums 152, 154 may be
selectively removed to introdﬁce air from the data center 10 within the equipment rack 18
and/or the cooling rack 50. Further, inserts or other air flow devices may be included in the
front and rear doors of the frames 6f the plenums.

Thus, plenums 152, 154 provide a modular system designed to work in'conjunction
with an'equipment rack (such as rack 18) and a cooling rack (such as cooling rack 50) to
provide maximum cooling predictability, capacity and efficiency. By adding the back
plenum 154, air exhausted by the electronic equipment is forced to pass through the cooling
rack. This configuration ensures that warm air exhausted by the equipment rack is cooled
prior to being directed toward the front of the equipment rack. Also, by adding the front

plenum 152, air is further contained, and noise generated by the equipment and cooling racks
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is dampened. Additionally, air flow within the equipment rack and the cooling rack, when
employing the front and back plenums, can be balanced so as to prevent pressurization or
depressurization of either the plenum or the equipment rack or the cooling rack.

The cooling system of embodiments of the present invention is modular and scalable
so that a person designing a cooling system for the data center 10 may select individual
components. Specifically, depending on the electronic equipment deployed within the data
center 10, and the optimum operating conditions required for the equipment, the person may
design a cooling system that is optimized and tailored to the particular data center. The
person selects components for the cooling system, including, but not limited to: one or more
distribution boxes 56 adapted to distribute coolant; one or more cooling racks 50; flexible
tubing 64 to connect the distribution box (or boxes) to the cooling racks; a plurality of
support members 68 and clamps 70, 72 to support and otherwise secure the flexible tubing; a
controller 90 (including controller units 90a provided with each cooling rack 50) to control
the flow of coolant from the distribution box to the cooling racks; and a control valve (e.g.,
two-way valve 124 and flow meter 126) to control the flow of coolant. When selecting the
components, the lengths of the flexible tubing, the tubing diameters, which may vary from
the one-inch diameter referred to above, and the number and types of clamps may be
computed. In a preferred embodiment, the location of the cooling racks 50 and the
distribution box 56 in the room may be determined using a computer aided design tool.
Reference is made to U.S. Patent Application No. 11/120,137, entitled “METHODS AND
SYSTEMS FOR MANAGING FACILITY POWER AND COOLING,” filed on April 7,
2005 and U.S. Provisional Patent Application No. 60/719,356, entitled “METHODS AND
SYSTEMS FOR MANAGING FACILITY POWER AND COOLING,” filed on September
22, 2005, which are assigned to the assignee of the present application and incorporated
herein by reference. These applications generally disclose systems and methods for
designing data centers and for managing equipment contained within the data cente‘r.

Once the cooling system for the data center 10 is designed, and the components of the
cooling system are selected, the cooling system components may be packaged and shipped to
the data center from a manufacturing or distribution facility. Once received, the cooling
system components may be assembled and otherwise installed within the data center 10.
Specifically, the distribution box 56 is connected to a cooling source, such as a chiller 74.
The cooling racks 50 are selectively positioned within the data center 10 between equipment

racks 18 or in any other suitable location. Flexible tubing 64 is provided to connect the

-28-



20

25

30

WO 2007/084489 PCT/US2007/001109

distribution box 56 to the cooling racks 50, with the aid of couplings 66, support members 68
and clamps 70, 72. The cooling racks 50 and the distribution box 56 are suitably connected
to a power source (not shown) and the controller 90 to complete the installation.

The cooling racks may be of the type discussed above. As discussed, the flexible
tubing 64 may be pre-cut prior to shipping, or may be cut to length at this point.
Alternatively, the flexible tubing 64 may be pre-~cut to an approximate length with some
additional length provided in the flexible tubing for variations that occur unexpectedly. Once
the distribution box 56 and cooling racks 50 are in place, the installer may suspend the
flexible tubing 64 overhead with the support members 68. At this point, the terminal ends of
the flexible tubes 64 are connected by suitable couplings 66. The distribution box 56 and the
cooling racks 50 are further coupled with a suitable electrical supply and to the controller 90
and/or controller units 90a.

As referenced above, in one embodiment, the controller 90 may be a separately
dedicated unit that controls the operation of the distribution box 56 and the cooling racks 50.
In another embodiment, the controller 90 may be provided in-one of the cooling racks in

place of one of éhe controller units 90a, with the cooling rack having the controller

_functioning as the main cooling rack and the other cooling racks functioning as subservient

cooling racks. In yet another embodiment, the operation of the cooling system may be
operated under the control of an integrated data center control and monitoring system with
each cooling rack having a controller unit 90a that communicates with the other cooling racks
over the network. In one such embodiment, the controller 90 may communicate With a data
center controi system to provide status of the components of the cooling system and to
receive control commands for the data center control system. In one embodiment. each
cooling rack includes a controller that communicates with the data center controller over a
network, such as a CAN Bus network, and in one such embodiment, the data center controller
may be implemented using the integrated data center control and monitoring system, such as
the InfraStruXure™ data center manager sold by American Power Conversion Corporation of
West Kingston, Rhode Island, the assignee of the present invention. Notwithstanding the
particular configuration, the controller 90 is adapted to control the flow of coolant from the
distribution box 56 to the cooling racks 50. After installation, the cooling system may be
tested for quality purposes. Once successfully tested, insulation material (not shown) may be

provided over the flexible tubing 64. In one embodiment, the flexible tubing 64 may be
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inserted into the insulation. In another embodiment, the insulation may be split and applied
over the flexible tubing.

In certain embodiments, the cooling system of the present invention may take the
form of a kit for cooling a data center. Depending on the volume of space of the data center,
the components of the kit are scalable to meet the cooling requirements of the data center. In
one embodiment, the kit comprises a predetermined number of cooling racks adapted to be
interspersed within rows of equipment racks in the data center. The cooling racks may
embody the cooling rack 50 described above. The kit may further include flexible tubing
having predetermined lengths to connect each cooling rack to the distribution box, and

clamps used to support and otherwise secure the flexible tubes to the data center structures.

~ In one embodiment, the kit includes at least one cooling rack for every two electronic

equipment racks housed in the data center. The kit may further include a distribution box or
boxes, depending on the cooling requirements.

One further benefit to the cooling system of embodiments of the present invention is
that during the planning of the original design, the flexible tubing may be planned for all
current and future requirements, even if the future requirements for cooling equipment is not
installed. For example, the future plan may be based on a worse case (i.e., maximum)
cooling requirement. The distribution box and some overhead flexible tubing, support
members and clamps may be made in the future design, even if no cooling racks are installed
at that particular time. In such a system, provision is made for filling this tubing with water
and removing all air from the tubing without shutting down the distribution box, which is
already supplying the existing cooling racks with coolant. In this way, additional cooling
racks may be added in the future without shutting down the cooling system.

Thus, it should be observed that the cooling system of the present invention is
particularly configured for scalable and modular implementation within a data center. The
cooling system may be provided in kit form that may be installéd by personnel having no
particular training in cooling syétem installation and no specialized tools. One benefit of the
cooling system is that cooling racks may be movable within a data center, or to another data
center, when environmental conditions or needs within the data center change.

In addition, since the cooling rack of the cooling system may be provided as an in-row
product, the cooling rack may be positioned to intake the hottest air in the data center and to
cool it slightly below ambient temperature. This design feature eliminates the inefficiency of

mixing hot air with the room temperature air to get a warm mixture. The design also
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significantly decreases latent cooling provided by the air conditioner, thereby potentially
eliminating the need for humidiﬁcétion. The improvements to efficiency may best be seen by
the fact that the foot print of a cooling unit (i.e., the cooling rack) may be decreased by up to
thirty percent to obtain the same cooling performance. Specifically, the provision of movable
cooling racks having casters and leveling feet, and having the flexible tubing provided over
the cooling rack rather than being permanently tied into the cooling rack improves the
efficiency and the scalability of the cooling system. To assist the operator in optimizing the
locations of the cooling racks, the cooling capacity of each unit may be monitored by the
operator, along with the flow rate, water and air inlet and outlet temperatures, and pressure
differentials. These readings enable the operator to place the cooling racks where each
cooling rack may neutralize the maximum amount of heat, while providing higher flexibility
to the operator in the room design and layout and removing the constraint of having air
conditioners positioned around the periphery of the data center. From a power perspective,
each cooling rack operates under direct current, thus providing some level of flexibility to the
input power provided. Thus, a cooling unit no longer needs to be built for a specific voltage.

As described above, the cooling system of embodiments of the invention may be
further provided as part of an integrated data center control and monitoring system. When
used with such an integrated control and monitoring system, the cooling system of the present
invention enables easy removal of a cooling rack or racks for service and relocation to
another position within the data center. The cooling system may also be integrated into an
existing cooling system of the building ‘housing the data center, for example and used in
conjunction with one or more CRAC units to provide additional cooled air where needed in
the data center.

The cooling system may be provided with a predictive failure determination module
by utilizing a number of factors. Specifically, through the controller, each cooling rack may
be designed to notify the data center operator when certain parts, such as motors, fans, or any
other part subject to wear, are near the ends of their useful life. The provision of such a
module will enable a reasonably timed preventative maintenance action to be performed and
to save possible downtiﬁe. The notification may be delivered to the display of the rack, or
provided to the operator of the data center through the integrated control and monitoring
system. In addition, a controller of the cooling system conﬁguréd as a main controller may
compensate for a failure of a particular cooling rack by increasing the output of other cooling

racks positioned near the failed cooling rack.
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With the cooling system of embodiments of the présent invention, it is observed that
the need for a raised floor is eliminated. Data room operators are willing tokinclude flexible
tubing overhead, since soldered joints, which are susceptible to failing, are no longer
required. By eliminating the raised floor, costs associated with designing and providing the
raised floor are eliminated. In addition, the equipment housed by the equipment racks may be
better anchored to the floor of the data center for enhanced earthquake resistance. The
flexible tubing is now visible and may be inspected easily by data center personnel, for
example. The number of suitable sites for server rooms or data centers is increased because
rooms with relatively low headroom may now be utilized. Additionally, the need for raised
floor ramps is eliminated. It should be noted, however, that at least some of the embodiments
described above may be used in data centers having raised floors and the flexible tubing
associated with such cooling systems may run beneath the raised floor.

The cooling system of embodiments of the present invention is faster to install than
prior systems. Some, if not all of the flexible tubing may be estimated in advance and
provided to the site in kit form. In addition, since flexible tubing is employed, the flexible
tubing and the couplings and clamps used to connect the flexible tubing to the distribution
box and their respective cooling racks require less interconnection work and enhance the
neatness of the appearance of the cooling system. Thus, the data center looks more
professional.

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 spirit and scope of the invention.

Accordingly, the foregoing description and drawings are by way of example only.

i
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CLAIMS

1. A system for cooling a data center having a volume of space designed to house
a plurality of electronic equipment racks, each equipment rack being adapted to support at
least one piece of electronic equipment and having an industry-standard width, the system
comprising:

at least one cooling rack comprising a housing having a width approximately one-half
the width of each of the plurality of equipment racks; and

cooling system components supported by the housing.

2. The system of claim 1, further comprising a distribution box adapted to deliver

chilled coolant to the at least one cooling rack and to receive heated coolant from the at least

_ one cooling rack and a fluid communication system adapted to connect the at least one

cooling rack to the distribution box.

3. The system of ¢laim 2, wherein the fluid communication system comprises

flexible tubing.

4, The system of claim 3, wherein the fluid communication system further
comprises support members to support the flexible tubing, and wherein the flexible tubing
includes at least one length of flexible tubing having a first coupling adapted to mate with the

at least one cooling rack and a second coupling adapted to mate with the distribution box.

5. The system of claim 2, further comprising a controller to control operation of

the at least one cooling rack and the distribution box.

6. The system of claim 5, wherein the cooling system components comprise a
heat exchanger housed within the housing of the at least one cooling rack and at least one fan
adapted to be releasably secured within the housing and configured to draw warm air over the

heat exchanger to cool the warm air.

7. The system of claim 6, further comprising a control valve, operably coupled to

the controller, to control flow of coolant to the at least one cooling rack.
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8. The system of claim 5, further comprising a monitor, operably coupled to the
controller, to measure environmentat conditions of the volume of space, and wherein the
controller is configured to control the operation of the cooling system components based on

the environmental conditions of the volume of space.

9. The system of claim 5, wherein the controller is disposed within the at least

one cooling rack.

10. The system of claim 2, wherein the distribution box is configured to deliver
chilled coolant to the plurality of cooling racks and to receive heated coolant from the

plurality of cooling racks.

11,  The system of claim 1, further comprising a controller operably coupled to the
at least one cooling rack, and wherein the controller is configured to determine the cooling

capacity of the at least one cooling rack.

12. A method of cooling a data center, the method comprising:

arranging a plurality of equipment racks in a row, each equipment rack being adapted
to support at least one piece of electronic equipment and having an industry-standard width;

positioning a cooling rack between two equipment racks of the plurality of equipment
racks, the cooling rack comprising a housing adapted to support components of a cooling
system, the housing having a width approximately one-half the width of one of the plurality
of equipment racks; and

delivering coolant to the cooling rack.

13. The method of claim 12, further comprising controlling flow of coolant

delivered to the cooling rack.

14. The method of claim 13, further comprising monitoring at least one of an

environmental condition within the data center and a cooling capacity of the cooling rack.
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15, The method of claim 12, wherein the row of the plurality of equipment racks
is arranged to create a cool aisle in front of the plurality of equipment racks and a hot aisle in
back of the plurality of equipment racks, and wherein the method comprises

drawing air from the hot aisle into the cooling rack,
cooling the drawn air, and

exhausting the cooled air to the cool aisle.

16.  The method of claim 12, further comprising positioning a plurality of cooling

racks within the data center.

17. The method of claim 16, further comprising controlling the operation of the
plurality of cooling racks.

8. The method of claim 16, further comprising

monitoring environmental conditions within the data center, and .

selectively controlling the operation of each of the plurality of racks based on

environmental conditions within the data center.

19. A system for cooling an electronic equipment rack adapted to support at least
one piece of electronic equipment, the equipment rack comprising a housing having a front, a
back, two sides, a bottom and a top, the housing of the equipment rack having an indus:try~
standard width, the system comprising:

a cooling rack compris’ing a housing having a front, a back, two sides, a bottom and a
top, the housing of the cooling rack having a width approximately one-half the width of the
equipment rack, the cooling rack being constructed and arranged to be positioned next to the
equipment rack in such a manner that a side of the cooling rack is adjacent to a side of the
equipment rack and that the fronts and the backs of the equipment rack and the cooling rack
lie along substantially same planes;

cooling system components supported by the housing of the cooling rack; and

a back plenum secured to the backs of the equipment rack and the cooling rack, and

wherein the back plenum is adapted to isolate air within the equipment rack so that the

cooling rack cools the air.
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20. The system of claim 19, further comprising a front plenum secured to the

fronts of the equipment rack and the cooling rack.

21. The system of claim 20, wherein components of the cooling system are
adapted to draw warm air from the back of the equipment rack to the back of the cooling rack
through the back plenum, and wherein the components of the cooling system are further
adapted to cool the warm air delivered to the back of the cooling rack and deliver the cooled

air to the front of the cooling rack and to the front of the equipment rack.

22. The system of claim 19, further comprising a distribution box adapted to

deliver chilled coolant to the cooling rack and receive heated cootant from the cooling rack.

23. The system of claim 22, further comprising a fluid communication system
adapted to connect the cooling rack to the distribution box, and wherein the fluid

communication system comprises flexible tubing.

24. The system of claim 23, wherein the flexible tubing includes at least one
length of flexible tubing having a first coupling adapted to mate with the at least one cooling

rack and a second coupling adapted to mate with the distribution box.

25. The system of claim 23, wherein the fluid communication system further

comprises support members to support the flexible tubing.

26. The system of claim 19, further comprising a controller operably coupled to

the cooling rack to control the operation of the cooling rack.

27. The system of claim 26, wherein the cooling system components comprise a
heat exchanger housed within the housing of the cooling rack and at least one fan adapted to
be releasably secured within the housing and configured to draw warm air over the heat

exchanger to cool the warm air under the direction of the controller.

28. The system of claim 26, further comprising a control valve, operably coupled

to the controller, to control the flow of coolant to the cooling rack.
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29. The system of claim 26, further comprising a monitor, operably coupled to the
controller, to measure environmental conditions of the volume of space, and wherein the
controller is configured to determine the cooling capacity of the at least one cooling rack and

display the capacity on the monitor.

30. A method of cooling an electronic equipment rack adapted to support at least

.one piece of electronic equipment, the equipment rack comprising a housing having a front, a

back, two sides, a bottom and a top, the housing of the equipment rack having an industry-
standard width, the method comprising: .

positioning a cooling rack next to the equipment rack, the cooling rack comprising a
housing having a front, a back, two sides, a bottom and a top, the housing of the cooling rack
supporting components of a cooling system and having a width approximately one-half the
width of the equipment rack, the cooling rack being constructed and arranged to be positioned
next to the equipment rack in such a manner that a side of the cooling rack is adjacent to a
side of the equipment rack and that the fronts and the backs of the equipment rack and the
cooling rack lie along substantially same planes;

securing a back plenum to the backs of the equipment rack and the cooling rack; and

delivering coolant to the cooling rack, wherein the front and back plenums are

adapted to isolate air within the equipment rack so that the cooling rack cools the air.

31. The method of claim 30, further comprising securing a front plenum to the

fronts of the equipment rack and the cooling rack.

32. The method of claim 31, further comprising controlling flow of coolant

delivered to the cooling rack.

33. The method of claim 32, further comprising monitoring the temperature of air

within the equipment rack.

34. A system for cooling a data center having a volume of space designed to house

a plurality of electronic equipment racks, each equipment rack being arranged in a row and
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having a housing adapted to support at least one piece of electronic equipment, the system
comprising:

a plurality of cooling racks, each cooling rack comprising a housing and cooling
system components supported by the housing;

a fluid communication system coupled to the cooling system components of the
plurality of racks, the fluid communication system being configured to provide chilled
coolant to and exhaust heated coolant from coolant system components of each cooling rack;
and

at least one controller coupled to each cooling rack of the plurality of cooling racks to
control the operation of each cooling rack,

| wherein the plurality of cooling racks and the fluid communication system are
configured to be modular to allow placement of cooling racks in different locations in a row

of equipment racks within the volume of space of the data center.

35. The system of claim 34, further comprising a distribution box adapted to
deliver chilled coolant to and to receive heated coolant from each of the plurality of cooling

racks.

36. The system of claim 35, wherein the fluid communication system comprises
flexible tubing, and wherein the flexible tubing includes, for each of the plurality of cooling
racks, at least one length of flexible tubing having a first coupling adapted to mate with the

cooling rack and a second coupling adapted to mate with the distribution box.

37. The system of claim 36, wherein the fluid communication system further

comprises support members to support the flexible tubing.

38. The system of claim 34, wherein the cooling system components comprise a
heat exchanger housed within the housing of each of the plurality of cooling racks and at least
one fan adapted to be releasably secured within the housing and configured to draw warm air

over the heat exchanger to cool the warm air.

39. The system of claim 34, further comprising a control valve, operably coupled

to the controller, to control flow of coolant to the at least one cooling rack,
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40, The system of claim 39, further comprising a monitor, operably coupled to the

controller, to measure environmental conditions of the volume of space.

41, The system of claim 40, wherein the controller is configured to determine the

cooling capacity of each cooling rack and display the capacity on the monitor.

42, The system of claim 34, wherein the controller is a main controller provided in

one of the plurality of cooling racks.

43. A kit for cooling a data center having a volume of space designed to house a
plurality of electronic equipment racks, each equipment rack being adapted to support at least
one piece of electronic equipment, the kit comprising:

at least one cooling rack comprising a housing;

a cooling system comprising a heat exchanger located in the housing of the at least
one cooling rack; and

a fluid communication system comprising flexible tubing to connect to the heat

exchanger of the at least one cooling rack.

44.  The kit of claim 43, further comprising at least one distribution box adapted to

distribute coolant to flexible tubing.
45. The kit of claim 44, wherein the flexible tubing includes at least one length of
flexible tubing having a first coupling adapted to mate with the at least one cooling rack and a

second coupling adapted to mate with the distribution box.

46. The kit of claim 44, further comprising a controller to control the flow of

coolant from the at least one distribution box to the at least one cooling rack.

47. The kit of claim 46, further comprising a control valve, operably coupled to

the controller, to control flow of coolant.
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" 48. The kit of claim 46, further comprising a monitor, operably coupled to the

controller, to measure environmental conditions of the volume of space.

49. The kit of claim 43, further comprising at least one support member used to
support the flexible tubing within the data center.

50. The kit of claim 43, wherein the at least one cooling rack has a width

approximately one-half the width of the equipment rack.

51. The kit of claim 43, further comprising at least one fan adapted to be
releasably secured to the housing of the at least one cooling rack and configured to draw

warm air over the heat exchanger to cool the warm air.

52. A fluid communication system for providing coolant to and exhausting coolant
from a cooling unit, the fluid communication system comprising:

flexible tubing; and

a plurality of support members, each support member being confi gured to be secured
to a support structure and to be releasably secured to the flexible tubing, each support
member comprising a first part and a mating second part, the first and second parts being

configured to be secured to one another with the flexible tubing disposed in between.

53. The fluid communication system of claim 52, wherein each of the first and
second parts of each support member has two flanges, the flanges of the first part being

adapted to mate with and secure the first part to the flanges of the second part.

54. The fluid communication system of claim 53, wherein each flange of each of
the first and second part of each support member has an anti-rotation boss and a boss
receptacle, the arrangement being such that the boss of a flange is adapted to be received

within a boss receptacle of a flange of a mating part.

55. The fluid communication system of claim 52, wherein each support member is

adapted to be releasably secured to another support member.
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56. The fluid communication system of claim 55, wherein each of the first and
second parts has a surface and an interconnect provided on the surface, the arrangement being
such that the interconnect of the first part is releasably inserted into a mating interconnect of

the second part to attach a support member to another support member.

57. The fluid communication system of claim 56, wherein the interconnect may be

configured as one of a dovetail attachment and a dovetail receptacle.

58. The fluid communication system of claim 52, wherein each support member is

configured to be secured to a support rod.

59. The fluid communication system of claim 52, further comprising a distribution
box adapted to deliver chilled coolant to and to receive heated coolant from the flexible

tubing.

60. The fluid communication system of claim 52, wherein the flexible tubing
comprises a polyethylene inner layer, an aluminum center layer, and a polyethylene outer

layer.

61. The fluid communication system of claim 52, further comprising a layer of:

insulation applied over the flexible tubing.

62. A method of installing a fluid communication system of a cooling system of
the type comprising a cooling unit and a source adapted to provide chilled coolant to the
cooling unit, the method comprising:

providing a fluid communication system comprising a length of flexible tubing having
two opposite ends, and a plurality of support members to support the flexible tubing;

connecting one end of the length of flexible tubing to the source;

connecting the other end of the length of flexible tubing to the cooling unit;

releasably connecting the plurality of support members to the length of flexible
tubing; and

attaching the support members to a structure.
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63. The method of claim 62, applying an insulation layer over the length of
flexible tubing.

64. The method of claim 62, wherein releasably connecting the plurality of
support members to the length of flexible tubing, for each support member, comprises

securing first and second mating parts of the support member over the flexible tubing.

65. The method of claim 64, wherein securing first and second mating parts of the
support member over the flexible tubing comprises tying the first and second parts together

with at least one zip tie.

66. The method of claim 64, wherein securing first and second mating parts of the

support member over the flexible tubing comprises screwing at least one screw fastener.
67. The method of claim 62, wherein providing a fluid communication system

comprising a length of flexible tubing having two opposite ends and a continuous length

sufficient to connect the cooling unit to the source.
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