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HOT AISLE CONTAINMENT PANEL SYSTEM AND METHOD

BACKGROUND OF THE INVENTION
1. Field of the Invention
The present disclosure relates to racks and enclosures, and more particularly to
equipment used to cool racks and enclosures of the type used to house data processing,

networking and telecommunications equipment.

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 often used to contain and to arrange the equipment in large equipment rooms
and data centers. In certain embodiments, an equipment storage 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 approximately six to six-and-a-half feet high, by about twenty-four inches wide, and
about forty inches deep. Such a rack is commonly referred to as a “nineteen inch” rack, as
defined by the Electronics Industries Association’s EIA-310-D standard.

Management systems have been developed to manage the power distribution and
cooling systems of data centers containing racks. One such management system is known as
the InfraStruXure™ (“ISX”) manager offered by American Power Conversion Corporation of
West Kingston, Rhode Island, the assignee of the present disclosure, which is particularly
designed to control the operation of large data centers.

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
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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 supplementing
a data center’s cooling system with 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.

In other embodiments, the CRAC units may be modular and scalable so that the units
may be placed anywhere within the data center depending on the cooling requirements within
the data center. Such cooling units are described in pending U.S. Patent Application No.
11/335,874, entitled COOLING SYSTEM AND METHOD, filed on January 19, 2006.

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 air from a rear or vent side of the rack. In a certain embodiment, air is drawn through the
equipment racks from a “cold” aisle, which is typically located at the fronts of the equipment
racks. The heated air is exhausted from the equipment racks to a “hot” or “warm” aisle,
which is typically located at the backs of the equipment racks. 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 result of different
numbers and types of rack-mounted components and different configurations of racks and
enclosures.

In order to control the flow of air throughout the data center, and to optimize the air
flow as described above, it may be desirable to contain the air within the hot and cold aisles,
and in particular, the hot aisle. However, for existing data centers, it may be difficult to
retrofit the equipment and cooling units with “standard” containment systems that require

significant customization. Also, while previous systems and methods of air containment,
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particularly hot air containment, have proven effective in controlling airflow management in
the data center, such systems are expensive and difficult to install, even when installing the
system along with the equipment and cooling racks. Examples of such a hot aisle air
containment system may be found in U.S. Patent Nos. 6,859,366 and 7,046,514. Other
examples of hot aisle containment systems are provided by American Power Conversion
Corporation of West Kingston, Rhode Island, the assignee of the present disclosure, under
model nos. ACDC1014, ACDC1015, ACDC1018 and ACDC1019.

SUMMARY OF THE INVENTION

One aspect of the disclosure is directed to an air containment system comprising a
plurality of panel assemblies configured to be arranged in side-to-side relation to form a
ceiling. In one embodiment, each panel assembly includes a flexible panel having a first end,
a second opposite end, a first side and a second opposite side, a first end connector
configured to secure the first end of the flexible panel to one of a rack and a wall, and a
second end connector configured to secure the second end of the flexible panel to one of a
rack and a wall.

Embodiments of the air containment system may include providing each panel
assembly with at least one elongate support member configured to provide support along a
length of the flexible panel. The at least one elongate support member may include a shock
cord pole configured to be received within a sleeve formed in the flexible panel. The first
end connector and the second end connector may each comprise a device, secured to one of
the rack and the wall, configured to secure an end of the shock cord pole. Each panel
assembly may include a cross support member configured to provide support along a width of
the flexible panel. In a certain embodiment, the cross support member has a plurality of light
elements. Each panel assembly may further include a first side connector configured to
secure the first side of the flexible panel to a side of a flexible panel of an adjacent panel
assembly and a second side connector configured to secure the second side of the flexible
panel to a side of a flexible panel of an adjacent panel assembly. The first side connector and
the second side connector may each comprise one of hook and loop fastener material
configured to releasably engage the other of hook and loop fastener material provided on one
of the first side and the second side of the adjacent flexible panel. In another embodiment,
each panel assembly may comprise a support housing configured to be secured to one of the
rack and the wall. The support housing may include a spring-loaded supply roll configured to

engage the first end connector of the flexible panel. The arrangement is such that the flexible
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panel is configured to be removed from the spring-loaded supply roll to extend to one of the
rack and the wall. The second end connector may comprise one of hook and loop fastener
material configured to releasably engage the other of hook and loop fastener material
provided on one of the rack and the wall. The flexible panel may be extended from the
support housing to a desired length. The flexible panel may be fabricated from translucent
material.

Another aspect of the disclosure is directed to a method of enclosing a hot or cold
aisle of data center having a plurality of racks arranged in rows within the data center. Ina
certain embodiment, the method comprises: providing a flexible panel; securing a first end of
the flexible panel to one of a rack and a wall; and securing a second end of the flexible panel
to one of a rack and a wall, with the flexible panel extending across the hot or cold aisle.

Embodiments of the method may further include securing at least one side of the
flexible panel to a side of an adjacent flexible panel and securing the other side of the flexible
panel to a side of an adjacent flexible panel. The method may further include supporting the
flexible panel with at least one support member. In a particular embodiment, when securing
the first end of the flexible panel, a support housing is secured to one of the rack and the wall.
The support housing may comprise a spring-loaded supply roll configured to engage the first
end of the flexible panel. The method may further include extending the flexible panel from
the spring-loaded supply roll of the support housing to one of the rack and the wall. The
method may also include securing at least one elongate support member to the flexible panel
to provide support along a length of the flexible panel.

Yet another aspect of the disclosure may be directed to a panel assembly for an air
containment system configured to enclose a hot or cold aisle of a data center. In one
embodiment, the panel assembly comprises a flexible panel having a first end, a second
opposite end, a first side and a second opposite side, a first end connector configured to
secure the first end of the flexible panel to one of a rack and a wall, a second end connector
configured to secure the second end of the flexible panel to one of a rack and a wall, and at
least one elongate support member configured to provide support along a length of the
flexible panel. In a certain embodiment, the at least one elongate support member includes a
shock cord pole configured to be received within a sleeve formed in the flexible panel.

Embodiments of the panel assembly may include a cross support member configured
to provide support along a width of the flexible panel. The cross support member may
include a plurality of light elements. The first end connector and the second end connector

may each comprise a device, secured to one of the rack and the wall, configured to secure the
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ends of the shock cord pole. The panel assembly may further comprise at least one side
connector configured to secure a side of the flexible panel to a side of a flexible panel of an
adjacent panel assembly.

Another aspect of the disclosure is directed to a panel assembly for an air containment
system configured to enclose a hot or cold aisle of a data center. In a particular embodiment,
the panel assembly comprises a flexible panel having a first end, a second opposite end, a
first side and a second opposite side, a support housing configured to be secured to one of the
rack and the wall, the support housing comprising a spring-loaded supply roll configured to
secure the first end of the flexible panel, and a second end connector configured to secure the
second end of the flexible panel to one of a rack and a wall. In one embodiment, the flexible
panel may be configured to be removed from the spring-loaded supply roll to extend to one of
the rack and the wall.

Embodiments of the panel assembly may include providing the second end connector
with one of hook and loop fastener material configured to releasably engage the other of hook
and loop fastener material provided on one of the rack and the wall. The panel assembly may
further comprise at least one side connector configured to secure a side of the flexible panel
to a side of a flexible panel of an adjacent panel assembly.

The present disclosure will be more fully understood after a review of the following

figures, detailed description and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings, each identical or nearly identical component that is illustrated in
various figures is represented by a like numeral. For purposes of clarity, not every
component may be labeled in every drawing. For a better understanding of the present
disclosure, reference is made to the figures which are incorporated herein by reference and in
which:

FIG. 1 is a perspective view of an aisle of a data center showing an air containment
system of an embodiment of the disclosure;

FIG. 2 is a perspective view of a portion of the aisle showing two equipment racks

and a single air containment panel assembly;

FIG. 3 is a perspective view of the air containment panel assembly shown in FIG. 2;
FIG. 4 is an enlarged perspective view of a portion of the air containment panel
assembly shown in FIG. 3;

FIG. 5 is a view showing a shock cord pole of the air containment panel assembly;
-5-
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FIG. 6 is a perspective view of connectors of the air containment panel assembly;

FIG. 7 is an enlarged perspective view of the shock cord pole prior to its insertion into
a connector;

FIG. 8 is a top plan view of two air containment panel assemblies installed on two
equipment racks;

FIG. 9 is a cross-sectional view taken along line 9—9 in FIG. 3;

FIG. 10 is a perspective view of an air containment panel assembly of another
embodiment of the disclosure with a flexible panel of the assembly in a substantially rolled
up, stored position;

FIG. 11 is a perspective view of the air containment panel assembly shown in FIG. 10
with the flexible panel in a substantially extended position;

FIG. 12 is a cross-sectional view taken along line 12—12 in FIG. 11;

FIG. 13 is a perspective view of two air containment panel assemblies with the
flexible panels in an extended position; and

FIG. 14 is a cross-sectional view taken along line 14—14 in FIG. 13.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
For the purposes of illustration only, and not to limit the generality, the present
disclosure will now be described in detail with reference to the accompanying figures. This
disclosure 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
disclosure is capable of other embodiments and of being practiced or being carried out in
various ways. Also the phraseology and terminology used herein is for the purpose of

7 ¢

description and should not be regarded as limiting. The use of “including,” “comprising,”
“having,” “containing,” “involving,” and variations thereof herein, is meant to encompass the
itemns listed thereafter and equivalents thereof as well as additional items.

A typical data center may be designed to house a number of equipment racks. In one
embodiment, each equipment rack may be constructed in accordance with the teachings
disclosed in U.S. Patent No. 7,293,666, entitled EQUIPMENT ENCLOSURE KIT AND
ASSEMBLY METHOD, which is owned by the assignee of the present disclosure and is
incorporated herein by reference. Further, cabling between the equipment racks 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 also incorporated herein by reference and assigned to

the assignee of the present disclosure. The principles of the present disclosure may be
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adapted to smaller data centers, equipment rooms, computer rooms, and even wiring closets.
The data center described herein is provided by way of example only.

Each equipment rack may be configured to include a frame or housing adapted to
support electronic components, such as data processing, networking and telecommunications
equipment. The housing includes a front, a back, opposite sides, a bottom and a top. The
front of each equipment rack may include a front door so as to enable access into the interior
of the equipment rack. A lock may be provided to prevent access into the interior of the
equipment rack and the equipment housed by the rack. The sides of the equipment rack may
include at least one panel to enclose the interior region of the rack. The back of the
equipment rack may also include 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. In other embodiments, the front door may include a removable panel.

The equipment racks are modular in construction and configured to be rolled into and
out of position, e.g., within a row of the data center. Casters may be 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 may be deployed to securely ground the equipment rack in place
within the row.

Once in position, electronic equipment may be positioned in the interior region of the
equipment rack. For example, the equipment may be placed on shelving secured within the
interior region of the equipment rack. Cables providing electrical and data communication
may be provided through the top of the equipment rack either through a cover (or “roof”) at
the top 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 racks or
be provided in the aforementioned cable distribution troughs. 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. With both configurations, power and
communication lines are provided to and from the equipment racks.

As discussed above, data centers are typically configured with rows of equipment
racks arranged such that cool air is drawn into the racks from a cool aisle and warm or hot air
is exhausted from the racks into a hot aisle. In one embodiment, the equipment racks may be
arranged in two rows with the fronts of the equipment racks in a near row being arranged in a

forward direction and the backs of the equipment racks in a far row being arranged in a
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rearward direction. However, as stated above, in a typical data center, there may be multiple
rows of equipment racks wherein the rows may be arranged with the fronts of the equipment
racks facing one another to define the cold aisle and with the backs of the equipment racks
facing one another to define the hot aisle. In other configurations, the hot or cold aisle may
be disposed between a wall and a row of equipment racks. For example, a row of equipment
racks may be spaced from a wall with the backs of the equipment racks facing the wall to
define a hot aisle between the wall and the row of equipment racks.

In order to address the heat build-up and hot spots within the data center or equipment
room, and to address climate control issues within the data center or room in general, a
cooling system may be provided. In one configuration, the cooling system may be provided
as part of the data center infrastructure. In another configuration, the data center’s.cooling
system may be supplemented with the traditional CRAC units described above. With yet
another configuration, a modular cooling system may be provided.

Such a modular system is described in pending U.S. Patent Application No.
11/335,874, entitled COOLING SYSTEM AND METHOD, filed on January 19, 2006, which
is owned by the assignee of the present disclosure and is incorporated herein by reference.
The cooling system may include a plurality of cooling racks disposed within the data center.
In one embodiment, the arrangement may be such that there is a cooling rack for every two
equipment racks provided in the data center. However, it should be understood that a person
skilled in the art, and given the benefit of this disclosure, may provide more or less cooling
racks within the data center depending on environmental conditions of the data center.
Further in some embodiments, the concentration and locations 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 and the type of
equipment housed within the data center.

Details of the modular cooling system and its various components and configurations
may be found in pending U.S. Patent Application No. 11/335,874. Also, the cooling system
may embody other cooling configurations, such as those offered by American Power
Conversion Corporation of West Kingstown, Rhode Island, the assignee of the present
disclosure.

In one embodiment, a management system may be provided to monitor and display
conditions of a cooling rack or of multiple cooling racks. The management system may
operate independently to control the operation of the cooling rack, and may be configured to

communicate with a higher level network manager or with a management system associated
-8-
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with the equipment storage racks. For example, in a particular embodiment, a controller may
be provided to control the operation of the cooling racks. The controller may be a dedicated
unit to the cooling system of the data center. In another embodiment, the controller may be
provided as part of an integrated data center control and monitoring system. In yet another
embodiment, each cooling rack may be independently operable by a controller provided in
the cooling rack that is in communication with controllers of the other cooling racks.
Notwithstanding the particular configuration, the controller is designed to control the
independent operation of the cooling racks within the data center.

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 control 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.

As with the equipment racks, the cooling racks may be modular in construction and
configured to be rolled into and out of position, e.g., within a row of the data center between
two equipment racks. Casters may be secured to the bottom of the housing of the cooling
rack to enable the cooling rack to roll along the floor of the data center. Once positioned,
leveling feet may be deployed to securely ground the cooling rack in place within the row. 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 of the equipment and
cooling racks are adjacent the cold aisle and the backs of the racks are adjacent the hot aisle.
The modular and movable nature of the cooling rack makes it particularly effective in cooling
locations within the data center requiring climate control, e.g., adjacent a hot aisle. This
configuration enables the cooling rack to be used as a building block for data center cooling
and climate control, as the data center operator adds and removes cooling racks on an as

needed basis. Thus, the cooling rack allows a far superior level of scalability than prior
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CRAC units. In addition, an operable cooling rack may be quickly and easily provided to
replace a failed cooling rack.

- The controller may be adapted to control the operation of the cooling system based on
environmental parameters obtained by the controller. In one embodiment, the controller may
embody only controller units provided in the cooling racks 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. Each cooling rack
may be provided with a display assembly that is operably coupled to the controller. The
display assembly 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.

In certain circumstances, it may be desirable to control the air flow within the hot and
cold aisles, and in the hot aisles in particular. Typically, heat generated from electronic
components housed within the equipment racks is exhausted out of the backs of the
equipment racks into the hot aisles. It may be further desirable to contain the hot air for
conditioning by a cooling unit, such as the modular cooling unit described above. It is known
to enclose the hot aisle with a ceiling assembly that is designed for the particular equipment
rack configuration. Such known ceiling assemblies are typically installed when installing the
equipment racks in the data center and are manufactured by the manufacturers of the
equipment racks. Known ceiling assemblies are awkward to lift overhead and install, and
require precise spacing between the rows of equipment racks.

Embodiments of an air containment system of the disclosure may include a plurality
of panel assemblies configured to be arranged in side-to-side relation to form a ceiling. In
one embodiment, each panel assembly may be configured to include a flexible, lightweight
panel having a first end, a second opposite end, a first side and a second opposite side. The
panel assembly further may be further configured with a first end connector configured to
secure the first end of the flexible panel to one of a rack and a wall, a second end connector
configured to secure the second end of the flexible panel to one of a rack and a wall, a first

side connector configured to secure the first side of the flexible panel to a second side of a
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flexible panel of an adjacent panel assembly, and a second side connector configured to
secure the second side of the flexible panel to a first side of a flexible panel of an adjacent
panel assembly. This construction enables multiple panel assemblies to be quickly and easily
installed between rows of equipment racks that are either newly constructed or existing,
regardless of the lengths of the rows or the width of the aisle.

Referring now to the drawings, and more particularly to FIG. 1, a portion of a data
center 10 is illustrated. In particular, a hot aisle 12 within the data center 10 is illustrated. As
shown, and by way of example only, a plurality of equipment racks, each indicated at 14, are
disposed within the data center 10. Specifically, a first row of equipment racks 14 are
positioned so that fronts 16 of the equipment racks face outwardly. Similarly, a second row
of equipment racks 14 are positioned so that the fronts of the equipment racks face outwardly
and backs 18 of the equipment racks face backs 18 of the first row of equipment racks. The
arrangement is such that hot air is exhausted through the backs of the equipment racks into
the aisle formed between the first row and the second row. As discussed above, this aisle 12
may sometimes be referred to herein as the “hot” or “warm” aisle. As discussed above,
cooling racks (not shown) may be interposed among the equipment racks 14 for cooling the
hot aisle 12. However, for illustration purposes only, equipment racks 14 are shown
throughout the drawings.

As shown in FIG. 1, air is capable of escaping from the hot aisle 12 above the
equipment racks 14. As is well known, warm air rises, thus creating a situation in which the
ceiling of the data center 10 may become too warm. This situation may negatively affect the
climate control and management within the data center 10. An air containment system,
generally indicated at 20, of embodiments of the present disclosure is designed to contain and
control the flow of warm air within the data center 10 in general, and within the space
between the equipment racks 14 specifically. The air containment system 20 includes
multiple panel assemblies, each indicated at 22, which are configured to be arranged in side-
to-side relation to form a ceiling as shown in FIG. 1. The particular arrangement and
interconnection of the multiple panel assemblies 22 will be described in greater detail as the
description of the air containment system 20 proceeds.

FIGS. 2-9 illustrate one embodiment of an air containment system 20 incorporating
panel assemblies 22 with each panel assembly being configured to connect to adjacently
placed panel assemblies for creating the ceiling over the hot aisle 12 that is illustrated in FIG.
1. As shown in FIGS. 2 and 3, the panel assembly 22 has a lightweight, flexible panel 24 that

may be fabricated from a suitable translucerit material, such as fabric or plastic. The
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translucent material enables light to pass through the panel 24 for illuminating the aisle 12
when employing the air containment system 20. Opaque or semi-translucent material may be
selected; however, the aisle 12 would require additional lighting. The flexible panel 24 may
be generally rectangular in shape, having opposite ends 26, 28 and opposite sides 30, 32. The
size and shape of the panel 24 of each panel assembly 22 may depend on the distance
between the two rows of equipment racks 14 and the width of each equipment rack. In one
embodiment, the flexible panel 24 has a widthwise dimension approximately equal to the
width of the equipment rack 14 facing the aisle 12. In another embodiment, the flexible panel
24 has a lengthwise dimension that is greater than its widthwise dimension. The flexible
panel 24 may be configured to achieve any size or dimension. For example, in one
embodiment, the flexible panel 24 may have a widthwise dimension of approximately one-
half the widthwise dimension of the equipment rack 14. In another embodiment, the flexible
panel 24 may have a widthwise dimension proximate to the widthwise dimensions of two or
more equipment racks 14.

As best shown in FIGS. 2 and 3, the flexible panel 24 of the panel assembly 22, in a
supported position, is generally arcuate in shape to enable a person to comfortably walk
through the aisle 12 when the air containment system 20 is deployed. It should be understood
that the panel assembly 22 may be configured to achieve other shapes, such as, but not
limited to, triangular, trapezoidal, and elliptical, to name a few.

To provide lengthwise support, the panel assembly includes two shock cord poles,
each indicated at 34, which are received in respective sleeves 36, 38 formed in the flexible
panel 24. In one configuration, as shown in FIG. 4, a sleeve 36 is formed along the length of
the flexible panel along one side 30 of the panel 34. Similarly, another sleeve 38 is formed
along the length of the flexible panel 24 along the other, opposite side 32 of the panel. The
sleeves 36, 38 may be fabricated from stitching the fabric panel material, or by molding the
plastic material, for example. The arrangement is such that the poles 34 are sized to fit within
their respective sleeves 36, 38 to provide support along the sides 30, 32 of the flexible panel
24. The length of the shock cord poles 34 may be sized so that the ends of the pole extend
just beyond the edges of the sleeves 36, 38. In another configuration, one or more shock cord
poles 34 may be provided between the two shock cord poles that are disposed along the sides
30, 32 to suppott the middle of the flexible panel.

With reference to FIG. 5, the exemplary shock cord pole 34 is shown. In one
embodiment, the shock cord pole 34 includes a plurality of hollow rod segments, each

indicated at 40, which are interconnected by an elastic cord 42. The hollow rod segments 40
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may be releasably secured to one another in the traditional manner by having an end of one
hollow road segment being configured to be received by an end of the adjacent hollow rod
segment. As stated above, the construction of the shock cord poles is well known in the art.

Referring to FIGS. 6-8, in one embodiment, the flexible panel 24 is secured to the
equipment racks 14 by a plurality of brackets or connectors, each indicated at 44, which are
suitably secured to the equipment racks. The brackets 44 may be secured to their respective
equipment racks 14 by any suitable manner, such as screw fasteners 46 or welds.
Specifically, each end of the shock cord pole 34 is received in a bracket 44 designed with an
annular portion 48 designed to capture the end of the pole. Thus, to secure the panel
assembly 22, the ends of the two shock cord poles 34 are inserted into respective annular
portions 48 of the brackets 44, which in turn are secured to the equipment racks 44. It should
be understood that the panel assemblies 22 may be secured to other objects, such as walls.
Once inserted into the brackets 44, the shock cord poles 34 may be flexed so that the opposite
ends of the shock cord poles may be inserted into respective brackets secured to the
equipment racks 14 that are disposed on the other side of the hot aisle12.

As shown in FIGS. 2 and 3, and particularly in FIG. 3, the ends 26, 28 of the flexible
panel 24 may include flaps of material 50, 52, respectively. In a certain embodiment, the
underside of each flap 50, 52 may include a strip of hook and loop fastener material (not
shown) that is configured to be releasably secured to a mating strip of hook and loop fastener
material 54 (FIG. 6) to enclose the ends 26, 28 of the flexible panel 24. The arrangement is
such that the strip of hook and loop fastener material of the flap (e.g., hook fastener material)
may releasably engage the strip of hook and loop fastener material 54 disposed on the
equipment rack 14 (e.g., loop fastener material). When secured to their respective strips of
hook and loop fastener material, the flaps 50, 52 assist in providing an airtight seal of the
ends of the flexible panel 24 with their respective equipment racks 14. Other fastening
devices, such as snaps, buttons and zippers, may be provided in place of the hook and loop
fastener material.

Turning now to FIG. 9, to provide widthwise support, the panel assembly 22 may
include one or more cross supports, each indicated at 56, which are designed to extend

between the two shock cord poles 34. Each cross support 56 may be secured to the flexible

panel 24 by way of a sleeve 58 formed in the flexible panel. However, it should be
understood that the cross supports 56 may be secured to the flexible panel 24 in any suitable
fashion to provide widthwise support to the flexible panel. For example, the ends of the cross

supports may be configured to be secured to respective shock cord poles. In a certain
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configuration, each cross support 56 may include a plurality of light elements 60, such as
light-emitting diodes (“LEDs”), which are appropriately connected to a power source (not
shown). The light elements 60 provide additional illumination within the aisle 12 in the case
where additional illumination is required.

As best shown in FIGS. 3 and 4, the panel assembly 22 may be further configured
with side connectors for sealing the sides 30, 32 of the panel assembly with adjacent panel
assemblies. In one embodiment, to seal a panel assembly 22 with an adjacent panel
assembly, the sides 30, 32 of each flexible panel 24 include flap 62, 64, respectively. Each
flap 62, 64 has hook and loop fastener material disposed on top and bottom surfaces 66, 68 of
the flap. The arrangement is such that when placing the panel assemblies 22 in close, side-
by-side relation, the flaps 62, 64 of adjacent flexible panels may be releasably connected by
engaging the hook and loop fastener material provided on a side of one of the flaps (e.g.,
hook fastener material on surface 66) with hook and loop fastener material provided on a side
of an adjacent flap (e.g., loop fastener material on surface 68). Other types of fasteners may
be employed in place of hook and loop fastener material. For example, snap fasteners,
buttons and zippers, and the like may be employed.

Thus, when creating a ceiling between the equipment racks 14, for example, the panel
assemblies 22 may be connected to the equipment racks and with one another to create an
airtight seal along the length of the aisle 12. The end flaps 50, 52 of the panel assemblies 22
may be secured to their respective equipment racks 14. Similarly, the side flaps 62, 64 of the
panel assemblies 22 may be secured to side flaps of adjacent panel assemblies or a wall when
a row of equipment racks are positioned next to a wall. The arrangement is such that the
panel assemblies 22 provide a lightweight, airtight cover to the aisle 12, and a scalable
system to accommodate any length.

Turning now to FIGS. 10-14, and more particularly to FIGS. 10 and 11, another
embodiment of a panel assembly 100 of the air containment system 20 is disclosed. As with
panel assembly 22, panel assembly 100 shown in FIGS. 10 and 11 may be configured to be
connected to adjacently placed panel assemblies (either 22 or 100). Each panel assembly 100
has a flexible panel 102 that may be fabricated from a suitable translucent material, such as

fabric or plastic. The translucent material enables light to pass through the flexible panel 102

for illuminating the aisle 12 when employing the air containment system 20 The flexible
panel 102 may be generally rectangular in shape, having opposite ends 104, 106 and opposite
sides 108, 110.
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As best shown in FIGS. 10 and 11, the panel assembly 100 includes a support housing

112 configured to be secured to the equipment rack 14. As shown, the support housing 112 is

- a generally box-like structure that is suitably secured, e.g., by fasteners or welds, to the

equipment rack 14. The support housing 112 may include a spring-loaded reel 114 that is
connected to one end 104 of the flexible panel 102. FIG. 10 illustrates the flexible panel 102
in a substantially retracted position. FIG. 11 illustrates the flexible panel 102 in an extended
position. The arrangement is such that when in its extended position, the flexible panel 102
of the panel assembly 100 extends over the aisle 12 between the equipment racks 14. In one
embodiment, the flexible panel 102 may be supported to achieve a generally arcuate in shape
to enable a person to comfortably walk through the aisle 12 when the air containment system
20 is deployed. For example, to provide lengthwise support, the panel assembly 100 may
include two shock cord poles (not shown) that are received in respective sleeves (not shown)
formed in the flexible panel 102 provided along the sides 108, 110 of the flexible panel. The
ends of the shock cord poles may be received in pockets formed in the flexible panel. To
provide widthwise support, the panel assembly 102 may include one or more cross supports
(not shown) that is designed to extend between the two shock cord poles.

The panel assembly 100 may be further configured with end and side connectors for
sealing the free end 106 of the panel assembly with its respective equipment rack 14 and
sides 108, 110 of the panel assembly with adjacent panel assemblies. For example, the free
end 106 of the flexible panel 102 may include a flap 114 having a strip of hook and loop
fastener material that is configured to releasably attach to a mating strip of hook and loop
fastener material provided on the equipment rack 14.

With reference to FIG. 12, a flexible, elongated connector 116 may be provided to
secure the sides 108, 110 of the flexible panels 102 to one another. In one embodiment, the
connector 116 may be fabricated from polymeric material. The side (e.g., side 108 as shown
in FIG. 11) of the flexible panel 102 may be provided with a flexible member 118 (e.g., in the
shape of a bulbous head) that is received within a mating member 120 formed in the
connector 116 (e.g., a C-shaped member). The arrangement is such that when securing two
panel assemblies 100 to one another, as shown in FIGS. 13 and 14, a substantially airtight

seal between the panels 102 may be achieved.

A method of enclosing a hot or cold aisle of data center having a plurality of
equipment racks arranged in rows within the data center is further disclosed. In one
embodiment, when it is desirable to enclose a hot aisle, for example, the method may include:

(a) securing a first end of a flexible panel to one of an equipment rack and a wall; (b)
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securing a second end of a flexible panel to one of an equipment rack and a wall, the flexible
panel extending across the hot or cold aisle; and (c) securing at least one side of the flexible
panel to a side of an adjacent flexible panel. When securing the first end of the flexible
panel, when employing panel assembly 22, the connectors are secured to the equipment rack
or the wall provided on one side of the aisle, and the ends of the shock cord poles are inserted
into the connectors. Similarly, when securing the second end of the flexible panel, the
connectors are secured to the equipment rack or the wall provided on the other side of the
aisle, and the opposite ends of the shock cord poles are inserted into the connectors.

When employing panel assembly 100, the support housing is secured to either the
equipment rack or the wall provided on one side of the aisle, and the flexible panel is
extended from the supply roll of the support housing to the equipment rack or the wall
provided on the other side of the aisle. The end of the flexible panel is secured, by means of
hook and loop fastener material, for example, to the equipment rack or the wall. Ina certain
embodiment, to create the arcuate shape when employing panel assembly 100, shock cord
poles may be provided in sleeves formed in the flexible panel. The ends of the shock cord
poles may be received in pockets formed in the flexible panel.

To secure the sides of the panel assembly, with panel assembly 22, the hook and loop
fastener material provided on the flaps of material are engaged with one another to create a
substantially airtight seal. With panel assembly 100, the connector may be used to attach the
sides of adjacent flexible panels. Similarly, the ends of the flexible panel may be secured to
their respective equipment racks or walls by engaging the hook and loop fastener material of
the flaps with mating strips of hook and loop fastener material provided on the equipment
racks or walls.

It should be understood that although the panel assembly is configured to be secured
to two equipment racks, the panel assembly may be secured to other objects, such as a wall or
a knee wall. For example, a row of equipment racks may be spaced from a wall, wherein one
of the ends of the panel assembly is secured to the wall. With this configuration, when
employing panel assembly 22, the brackets may be secured to the wall. Similarly, when
employing panel assembly 100, the support housing may be secured to the wall. Suitable

fasteners may be provided to secure the brackets and the support housing to the wall. In other

configurations, the air containment system may be used to provide overhead containment
within a cold aisle.
Thus, it should be observed that the systems and methods of containing air within a

data center as disclosed herein are particularly effective in controlling the flow of air. The
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systems and methods disclosed herein reduce the cost and installation time as compared to
prior art systems. The systems and methods further are adapted to be installed in existing
data centers without extraordinary customization. In this regard, the systems and methods are
particularly suited for accommodating any aisle width or rack height. Moreover,
embodiments of the hot aisle air containment system may be secured or otherwise attached to
any regular or irregular surface, and are not restricted to only attach to a rack or flat wall.

In certain embodiments, the collapsible frame and flexible panel enable quick and
easy installation, while providing a substantially airtight seal. When incorporating the
extendable spring-loaded supply roll configuration, the flexible panel may be easily extended
to the use position, and returned to a stored position when it is desirable to remove the
ceiling. The translucent flexible material enables light to pass through the flexible panel so as
to enable operators of the data center to see when working within the aisle. If improved
lighting is required, the LEDs may be provided on the cross members to provide additional
illumination.

Having thus described at least one embodiment of the present disclosure, various
alternations, modifications and improvements will readily occur to those skilled in the art.
Such alterations, modifications and improvements are intended to be within the scope and
spirit of the disclosure. Accordingly, the foregoing description is by way of example only
and is not intended to be limiting. The disclosure’s limit is defined only in the following
claims and equivalents thereto.

What is claimed is:
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CLAIMS
1. An air containment system comprising:
a plurality of panel assemblies configured to be arranged in side-to-side relation to
form a ceiling, each panel assembly including
» a flexible panel having a first end, a second opposite end, a first side and a

second opposite side,

a first end connector configured to secure the first end of the flexible panel to
one of a rack and a wall, and

a second end connector configured to secure the second end of the flexible

panel to one of a rack and a wall.

2. The air containment system of claim 1, wherein each panel assembly includes
at least one elongate support member configured to provide support along a length of the

flexible panel.

3. The air containment system of claim 2, wherein the at least one elongate
support member includes a shock cord pole configured to be received within a sleeve formed

in the flexible panel.

4. The air containment system of claim 3, wherein the first end connector and the
second end connector each comprise a device, secured to one of the rack and the wall,

configured to secure an end of the shock cord pole.

5. The air containment system of claim 1, wherein each panel assembly includes

a cross support member configured to provide support along a width of the flexible panel.

6. The air containment system of claim 5, wherein the cross support member has

a plurality of light elements.
7. The air containment system of claim 1, wherein each panel assembly includes

a first side connector configured to secure the first side of the flexible panel to a side-of a

flexible panel of an adjacent panel assembly.
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8. The air containment system of claim 7, wherein each panel assembly further
includes a second side connector configured to secure the second side of the flexible panel to

a side of a flexible panel of an adjacent panel assembly.

9. The air containment system of claim 8, wherein the first side connector and
the second side connector each comprise one of hook and loop fastener material configured to
releasably engage the other of hook and loop fastener material provided on one of the first

side and the second side of the adjacent flexible panel.

10.  The air containment system of claim 1, wherein each panel assembly
comprises a support housing configured to be secured to one of the rack and the wall, the
support housing comprising a spring-loaded supply roll configured to engage the first end
connector of the flexible panel, the arrangement being such that the flexible panel is
configured to be removed from the spring-loaded supply roll to extend to one of the rack and |

the wall.

11.  The air containment system of claim 10, wherein the second end connector
comprises one of hook and loop fastener material configured to releasably engage the other of

hook and loop fastener material provided on one of the rack and the wall.

12. The air containment system of claim 10, wherein each panel assembly
includes a first side connector configured to secure the first side of the flexible panel to a side
of a flexible panel of an adjacent panel assembly and a second side connector configured to
secure the second side of the flexible panel to a side of a flexible panel of an adjacent panel

assembly.

13.  The air containment system of claim 12, wherein the first side connector and
the second side connector each comprise one of hook and loop fastener material configured to
releasably engage the other of hook and loop fastener material provided on one of the first

side and the second side of the adjacent flexible panel.

14.  The air containment system of claim 10, wherein each panel assembly
includes at least one elongate support member configured to provide support along a length

of the flexible panel.
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15.  The air containment system of claim 14, wherein the at least one elongate
support member includes a shock cord pole configured to be received within a sleeve formed

in one of the first side and the second side of the flexible panel.

16.  The air containment system of claim 10, wherein each panel assembly
includes a cross support member configured to provide support along a width of the flexible

panel.

17. The air containment system of claim 16, wherein the cross support member

has a plurality of light elements.

18.  The air containment system of claim 10, wherein the flexible panel may be

extended from the support housing to a desired length.

19.  The air containment system of claim 1, wherein the flexible panel is fabricated

from translucent material.

20. A method of enclosing a hot or cold aisle of data center having a plurality of
racks arranged in rows within the data center, the method comprising:

providing a flexible panel;

securing a first end of the flexible panel to one of a rack and a wall; and

securing a second end of the flexible panel to one of a rack and a wall, the flexible

panel extending across the hot or cold aisle.

21.  The method of claim 20, further comprising securing at least one side of the

flexible panel to a side of an adjacent flexible panel.

22.  The method of claim 21, further comprising securing the other side of the

flexible panel to a side of an adjacent flexible panel.

23.  The method of claim 20, further comprising supporting the flexible panel with

at least one support member.
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24.  The method of claim 20, wherein securing the first end of the flexible panel
comprises securing a support housing to one of the rack and the wall, the support housing
comprising a spring-loaded supply roll configured to engage the first end of the flexible

panel.

25.  The method of claim 24, further comprising extending the flexible panel from

the spring-loaded supply roll of the support housing to one of the rack and the wall.

26.  The method of claim 25, further comprising securing at least one elongate

support member to the flexible panel to provide support along a length of the flexible panel.

27. A panel assembly for an air containment system configured to enclose a hot or
cold aisle of a data center, the panel assembly comprising:

a flexible panel having a first end, a second opposite end, a first side and a second
opposite side;

a first end connector configured to secure the first end of the flexible panel to one of a
rack and a wall;

a second end connector configured to secure the second end of the flexible panel to
one of a rack and a wall; and

at least one elongate support member configured to provide support along a length of
the flexible panel, the at least one elongate support member including a shock cord pole

configured to be received within a sleeve formed in the flexible panel.

28.  The panel assembly of claim 27, further comprising a cross support member

configured to provide support along a width of the flexible panel.

29.  The panel assembly of claim 28, wherein the cross support member has a

plurality of light elements.
30.  The panel assembly of claim 27, wherein the first end connector and the

second end connector each comprise a device, secured to one of the rack-and the-wall,

configured to secure the ends of the shock cord pole.
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31.  The panel assembly of claim 27, further comprising at least one side connector
configured to secure a side of the flexible panel to a side of a flexible panel of an adjacent

panel assembly.

32. A panel assembly for an air containment system configured to enclose a hot or
cold aisle of a data center, the panel assembly comprising:

a flexible panel having a first end, a second opposite end, a first side and a second
opposite side;

a support housing configured to be secured to one of the rack and the wall, the support
housing comprising a spring-loaded supply roll configured to secure the first end of the
flexible panel; and

a second end connector configured to secure the second end of the flexible panel to
one of a rack and a wall,

wherein the flexible panel is configured to be removed from the spring-loaded supply

roll to extend to one of the rack and the wall.

33.  The panel assembly of claim 32, wherein the second end connector comprises
one of hook and loop fastener material configured to releasably engage the other of hook and

loop fastener material provided on one of the rack and the wall.

34.  The panel assembly of claim 32, further comprising at least one side connector
configured to secure a side of the flexible panel to a side of a flexible panel of an adjacent

panel assembly.
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