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arranged to support cooling airflow in a front-to-back
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side-to-side configuration from one side to an opposite
side of the enclosure. The enclosure can thereby
provide within a single enclosure means cooling air for
components using front-to-back airflow for cooling,
such as information technology (IT) equipment,
and for components using side-to-side airflow, such
as certain types of telecommunications equipment.
The enclosure can thereby support a mix of IT and
telecommunications equipment, providing flexibility
and adaptability in network room and data center
configuration. The enclosure is further configured
to separate intake air used by equipment for cooling
from exhaust air vented by equipment into its interior
during operation. As a result, the enclosure promotes
sufficient equipment cooling and prevents/minimizes
equipment overheating.
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RACK ENCLOSURE

FIELD OF THE INVENTION

The invention relates to an enclosure for use with rack-mounted equipment.

BACKGROUND OF INVENTION

Advancements in information technology (IT) equipment present challenges in
creating a more effective IT environment in data centers and networking facilities.
Equipment enclosures designed for high power density applications employing servers and
networking equipment typically must provide not only effective cable management and
power distribution, but also adequate cooling and ventilation to assure proper and reliable
operation of equipment. Equipment rack enclosures for use in such high heat generating
applications are primarily configured and equipped to provide front-to-back airflow to
accommodate the standard front-to-back airflow pattern used by IT equipment for cooling
and ventilation. However, IT equipment racks and enclosures generally cannot provide
adequate cooling and ventilation for equipment that typically uses a side-to-side airflow, such
as certain types of telecommunications equipment. When an IT equipment enclosure
includes equipment using side-to-side airflow and equipment using front-to-back airflow, the
air intakes of the side—to-side equipment typically share the enclosure interior with the
exhaust vents of all of the equipment. As a result, the air intakes of equipment using side-to-
side airflow often do not receive sufficient cooling air required for proper operation of the
equipment. Insufficient cooling air can cause overtemperature shutdown and unreliable
performance and reduced lifetime of the equipment. IT equipment enclosures and racks
configured to provide front-to-back airflow, therefore, are essentially incompatible with
airflow patterns of some types of electronic equipment using side-to-side airflow for cooling

and ventilating, such as certain types of telecommunications components.
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Conventional solutions to this problem include mounting, for example,
telecommunications equipment in open-frame racks to promote air circulation through
components. Open-frame configurations do not confine hot and warm exhaust air within an
enclosure or around equipment air intakes; however, such configurations do not prevent
circulation of exhaust air to equipment air intakes and, therefore, do not overcome problems
of insufficient cooling and overheating of equipment. Telecommunications equipment
disposed in side-by-side rack configurations are susceptible to direct intake of exhaust air
vented from adjacent or neighboring equipment and, as a result, have an increased risk of
overheating during operation.

Another solution includes incorporating fans in a top of a housing of an enclosure to
draw hot and warm air vertically upward from within a rack to vent exhaust air through the
enclosure top. Such top-mounted fans, however, do not assure sufficient cooling air will be
provided to air intakes of all equipments components mounted in a rack. Nor do top-mounted
fans prevent exhaust air from circulating to air intakes of such components. Top-mounted
fans can further overdrive airflow through a rack and can cause significant mixing of exhaust
air with cooling air. Mixing exhaust air with cooling air can reduce the efficiency of a
network room or data center’s cooling system. Using top-mounted fans limits the space
available on an enclosure top for other functions, including data and power cabling. In
addition, top-mounted fans restrict the size and location of equipment that can be mounted in
upper sections of the enclosure due to interference with fan airflow.

Further, the overall efficiency, cost, reliability and cooling capacity of a coo}ing
system of a network room or data center is directly related to the ability to separate cooling
air from hot and warm exhaust air within an equipment enclosure during operation of
equipment. Separation of exhaust air from cooling air is a result of proper installation of rack

enclosures; however, present enclosure and rack designs and cooling solutions for electronic
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equipment using side-by-side airflow do not separate exhaust air from cooling air. In the
past, circulation of exhaust air with cooling air was not problematic because the power
density of equipment, for instance, telecommunications equipment was significantly less than
an average of 1kW per rack. Current designs of telecommunications equipment, however,

may consume 6 kW or more per rack, and, thus, require effective cooling methods.

SUMMARY OF THE INVENTION

In general, in an aspect, the invention provides an improved enclosure means for
electronic equipment that accommodates cooling and ventilating requirements of different
types of equipment. In one aspect, the invention provides an enclosure means configured to
separate cooling intake air from exhaust air vented by equipment during operation to
facilitate sufficient coolihg and to prevent overheating of the equipment. In another aspect,
the invention provides an enclosure means configured to separate cooling intake air from
exhaust air vented by equipment using side-to-side airflow for cooling and ventilating.
Another aspect of the invention provides an enclosure configured to simultaneously
accommodate different cooling requirements of different types of rack-mounted equipment
using front-to-back airflow or side-to-side airflow within the same enclosure, while
separating cooling intake air from exhaust air. A further aspect of the invention provides an
enclosure having an interior defining a plenum or chamber constructed and arranged to
receive and to contain cooling air for intake by equipment using side-to-side airflow for
cooling. In another aspect, a chamber or plenum can be configured within an equipment
enclosure wherein the chamber or plenum is constructed and arranged to contain cooling air
for intake by equipment using side-to-side airflow and to prevent air loss from the chamber or
plenum. Yet another aspect of the invention provides an enclosure having an adaptable

configuration to meet different airflow requirements of equipment using front-to-back airflow
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and equipment using side-by-side airflow for cooling and ventilating. Still a further aspect of
the invention provides a system of barriers, partitions, interconnections and other components
to permit an interior of an enclosure, and/or an equipment rack housed within the enclosure,
to be easily and rapidly configured and arranged for mounting different types of equipment
and for simultaneously supporting different airflow patterns used by the equipment for
cooling and ventilating.

In general, in one aspect, the invention provides an enclosure for containing
equipment comprising a housing including a top side, a bottom side, a first side, a second
side, and a front side, at least one of the bottom side and the front side having formed therein
at least one opening to receive cooling air into a front portion of an interior of the housing,
and at least one of the rear side and the top side having formed therein at least one opening to
allow exhaust air to vent from within a back portion of the interior of the housing to an area
external to the housing; an internal frame disposed in the interior of the housing and spaced
from the first side and the second side and secured therein to allow mounting of one or more
equipment components in an equipment area formed by the internal frame; and a first air
plenum disposed along a first side of the internal frame between the internal frame and the
first side of the housing, the first air plenum being in fluid communication with the front
portion of the interior of the housing to receive cooling air from the openings and being
configured to contain air along the first side of the internal frame such that air can ﬂowlfrom
the first air plenum into equipment in the internal frame.

Implementations of the invention may include one or more of the following features.
The enclosure further comprises a second air plenum disposed along a second side of the
internal frame between the internal frame and the second side of the housing, the second air
plenum being in fluid communication with the back portion of the interior of the housing and

adapted to receive exhaust air from equipment in the internal frame.
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The first air plenum includes a back section that provides an airflow blocking barrier between
the first air plenum and the back portion of the interior of the housing. The second air
plenum includes a front section that provides an airflow blocking barrier between the second
air plenum and the front portion of the interior of the housing.

The enclosure further comprises a first partition removably mounted between the first
air plenum and the first side of the internal frame to block air flow from the first air plenum
into a portion of the equipment area of the internal frame. In addition, the enclosure further
comprises a second partition removably mounted between the second air plenum and the
second side of the internal frame to block air flow from a portion of the equipment area of the
internal frame into the second air plenum. The enclosure further comprises an exhaust unit
coupled to at least one of the rear panel and the top panel, the exhaust unit having at least one
fan contained to draw air from within the interior of the enclosure.

The enclosure further comprises a first partition removably mounted between the first
air plenum and the first side of the internal frame to block air flow from the first air plenum
into a portion of the equipment area of the internal frame. The front portion is adapted to
provide cooling air to equipment mounted to the internal frame, wherein the equipment is
adapted for front to back cooling.

In another aspect, the invention provides a method of cooling a first device and a
second device, each of which is mounted in an equipment enclosure, wherein the first device
is 'conﬁgured for front to back cooling, and the second device is configured for side to side
cooling, the method comprising receiving cooling air into an internal front portion of the
equipment enclosure; drawing air from the internal front portion through the first device into
a rear internal portion of the enclosure; drawing air from the internal front portion to a
side internal portion of the enclosure; drawing air from the side internal portion through the

second device and into a second side internal portion; exhausting air from the second side
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internal portion and from the rear internal portion out of at least one of a top of the enclosure
and a back of the enclosure; and separating air exhausted from devices from air to be drawn
into devices. The enclosure includes an equipment frame having an internal area that
contains the first device and the second device, and wherein the method further includes
removably mounting a first partition between the side internal portion and the internal area of
the equipment frame to block air flow between the side internal portion and a portion of the
internal area.

The method further comprises inserting a third device into the equipment frame, the
third device being configured for side to side cooling; and removing the first partition to
allow side to side airflow through the third device.

In a further aspect the invention provides an equipment enclosure for containing
equipment comprising an external housing; an internal frame disposed in the interior of the
housing and secured within the housing to allow mounting of equipment components in an
equipment area formed by the internal frame, the equipment components including a first
type of equipment having front to back cooling and a second type of equipment having side
to side cooling; and means for facilitating air flow from a front internal portion of the external
housing to a back internal portion of the external housing, such that when equipment of the
first type is mounted in the internal ﬂame, side to side cooling can be achieved and when
equipment of the second type is mounted in the internal frame front to back cooling can be
achieved.

In yet another aspect, the invention provides an equipment enclosure comprising
a 23-inch enclosure housing having a front side, a first side, a second side and a back side; a
19-inch wide equipment frame disposed within the internal area of the enclosure housing,
such that a first side area is formed between the first side of the enclosure housing and a first

side of the equipment frame, a second side area is formed between a second side of the
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equipment frame and the second side of the enclosure housing, a front area is formed between
the front side of the enclosure housing and a front side of the equipment frame, and a back
area is formed between the back side of the enclosure housing and a back side of the
equipment frame; a first internal panel disposed between the first side of the equipment frame
and the first side of the enclosure housing to provide a substantially air tight seal between the
first side area and the back area; and a second internal panel disposed between the second
side of the equipment frame and the second side of the enclosure housing to provide a
substantially air tight seal between the second side area and the front area. The enclosure
includes a top side apd a bottom side, and wherein at least one of the front side and the
bottom side include openings to allow air flow into the enclosure, and at least one of the top
side and the back side include openings to allow air flow out of the enclosure.

The enclosure further comprises at least one exhaust fan mounted to one of the top
side of the enclosure and the back side of the enclosure to draw air from the back area.

Various aspects of the invention may provide one or more of the following
advantages. A single type of equipment enclosure can be used to contain electronic
equipment regardless of an airflow pattern, e.g., front-to-back airflow or side-to-side airflow,
used by the equipment to meet its cooling and ventilating needs. The enclosure can thereby
help to simplify the planning, design and maintenance of a data center or network room.
Equipment components using side-to-side airflow can be mounted in a rack housed within an
enclosure having one or more doors, e.g., as an alternative to an open-frame rack, to provide
enhanced security and protection of the equipment.

An enclosure, and/or a rack housed within the enclosure, configured to permit front-
to-back airflow can be converted, e.g., easily and rapidly reconfigured, to accommodate the
operating requirements of equipment using side-to-side airflow for cooling and ventilating.

The enclosure interior can be configured to define an air intake chamber or plenum along a
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side, e.g., left side, of the rack that is substantially enclosed and can receive and contain
cooling air from which equipment using side-to-side airflow may draw from to meet its
cooling and ventilating requirements. The enclosure, and/or the rack housed within the
enclosure, can be configured to permit one or more air ducts having multiple fans to be
mounted in the rack adjacent to and between equipment components using side-by-side
airflow to increase a volume of cooling air directed to air intakes along the components. Air
ducts can be configured and disposed within the rack such that the multiple fans draw cooling
air into the air ducts and the air ducts direct cooling air into the chamber or plenum. The
enclosure and/or the rack can thereby be configured to pressurize the chamber or plenum by
increasing volumes and/or flow rate of cooling air into the chamber or plenum. Increased
volumes of cooling air can be provided to equipment using side-to-side airflow for cooling
when the equipment is housed in an enclosure and/or mounted to a rack that is configured to
provide front-to-back airflow. Performance reliability and useful life of electronic equipment
using side-to-side airflow can be increased and overheating and equipment shutdown reduced
when housed in a standard enclosure providing front-to-back airflow in comparison to other
cooling solutions.

An enclosure, and/or a rack housed within the enclosure, configured to
simultaneously accommodate the cooling and ventilating requirements of equipment using
front-to-back airflow and equipment using side-to-side airflow can allow the rack to operate
at a high power density. The enclosure and the rack can house a mix of different types of
equipment using front-to-back airflow or side-to-side airflow within a single enclosure
means, and can thereby eliminate the need for two separate enclosures and racks, each
configured to meet one type of airflow required for cooling and ventilating. The single
enclosure means, therefore, can reduce floor space required to house different types of

equipment. An enclosure, and/or a rack housed within the enclosure, configured to
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simultaneously accommodate the cooling and ventilating requirements of equipment using
front-to-back airflow and equipment using side-to-side airflow can accept and accommodate
cooling needs of equipment components, e.g., using side-to-side airflow, having different
front-to-back depths as well as having air intake vents located at various sites along the
components. Various barriers, partitions, panels, interconnections, gaskets, grommets and the
1ike can be used to configure an enclosure interior, and/or a rack disposed in the enclosure, to
provide front-to-back airflow and side-to-side airflow within a single enclosure means, and to
separate cooling air from exhaust air.

An enclosure, and/or a rack housed within the enclosure, can be configured and
arranged to separate exhaust air from intake air drawn by equipment using side-to-side
airflow such that operating temperatures of the equipment can be reduced. Reduced
operating temperatures can increase the lifetime of the equipment and can reduce the
frequency of overtemperature alarms on the equipment. An enclosure, and/or a rack housed
within the enclosure, can be configured and arranged to separate exhaust air from intake air
drawn by side-to-side airflow equipment to help to reduce intake air volume and to increase
required minimum temperatures of cooling air supplied to the enclosure by a cooling unit or
system. An increase in required minimum temperatures of cooling air helps to increase the
operating efficiency of the cooling unit or system. Performance reliability and useful life of
IT rack-mounted electronic equipment can be increased and overheating and equipment
shutdown reduced in comparison to other cooling solutions.

An enclosure can provide an interior configured and arranged to effectively separate
intake air drawn into the enclosure by equipment components for cooling and ventilating
purposes from exhaust air vented by the components during operation. Separating cooling air
from hot and warm exhaust air can help to prevent/minimize mixing of cooling air with

exhaust air and thereby can help to prevent/minimize the extent that exhaust air circulates to
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equipment air intakes. As a result, insufficient cooling and overheating of equipment
components during operation can be prevented/minimized. Separating cooling air from
exhaust air can help to increase temperatures of exhaust return air to a cooling unit or system
associated with a data center or network room, which can help to increase an operating
efficiency of the cooling unit or system. An increase in temperatures of exhaust air can help
to reduce the air volume that the cooling unit or system is required to deliver to the
equipment. Separating cooling air from exhaust air can permit the cooling unit or system to
supply cooling air at increased temperatures, while maintaining the same operating
temperatures of the equipment. Increased temperatures of cooling air supplied to the
equipment can further help to improve the efficiency of the cooling unit or system.

Existing standard IT racks and enclosures can be configured and arranged to provide
both front-to-back airflow and side-to-side airflow configurations through various sections of
racks without significant retrofitting and cost. Standard IT racks and enclosures can enhance
the adéptability and the flexibility of data center and equipment room configurations if such
racks and enclosures are configured to accept and to appropriately cool different types of
electronic equipment simultaneously mounted within a single rack/enclosure means. IT racks
and enclosures that can accommodate the operation requirements of different types of
equipment, such as a mix of IT and telecommunications equipment can provide greater ease
and flexibility in reconfiguring equipment and efficient use of data center and equipment

room space.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a cut-away perspective view of an equipment enclosure according to the

invention;
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Fig. 2 is a top view cross section of the enclosure shown in Fig. 1 with a top panel
removed,

Fig. 3 is a front view of the enclosure shown in Fig. 1 with a front panel removed;

Figs. 4A-4B are left side view cross sections of the enclosure shown in Fig. 1 with a
left side panel removed;

Figs. 5A is a left side view cross section of the enclosure shown in Fig. 1 with the left
side panel removed;

Figs. 5B is a right side view cross section of the enclosure shown in Fig. 1 with the
right side panel removed;

Fig. 6A is a front view of the enclosure shown in Fig. 1 with the front panel removed
illustrating one embodiment of one or more partitions according to the invention;

Fig. 6B is a side view cross section of a mounting frame shown in Fig. 6A;

Fig. 7A is a left side view cross section of the enclosure shown in Fig. 1 with the left
side panel removed illustrating embodiments of one or more partitions according to the
invention;

Fig. 7B is a left side view cross section of the enclosure shown in Fig. 1 with the left
side panel removed illustrating embodiments of one or more partitions according to the
invention;

Fig. 8A is a left side view cross section of the enclosure shown in Fig. 1 with one
embodiment of a partition according to the invention having multiple vents or holes;

Fig. 8B is a cross-section perspective of a portion of the partition shown in Fig. 8A.

Fig. 8C is a top view cross section of the enclosure shown in Fig. 1 with the top panel
removed illustrating one embodiment of the partition shown in Fig. 8A.

Fig. 9 is a front view of the enclosure shown in Fig. 1 with the front door removed

illustrating another embodiment of one or more partitions according to the invention;
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Figs. 10A-10B are cut-away perspective views of portions of one or more partitions
within the enclosure shown in Fig. 1 according to the invention;

Fig. 11 is a top view cross section of the enclosure shown in Fig. 1 illustrating a first
mode of airflow according to the invention;

Fig. 12 is a top view cross section of the enclosure shown in Fig. 11 with the top panel
removed illustrating one embodiment of the first mode of airflow.

Fig. 13 is a top view cross section of the enclosure shown in Fig. 1 with the.top panel
removed illustrating a second mode of airflow according to the invention;

Fig. 14A is a top view cross section of the enclosure shown in Fig. 1 with the top
panel removed illustrating a third mode of airflow according to the invention;

Fig. 14B is a perspective view of a duct unit and an electronic component that uses
side-to-side airflow for cooling and ventilating.

Fig. 14C is a perspective view of duct units in relation to electronic components that
use side-to-side airflow.

Fig. 15A is a top view cross section of the enclosure of Fig. 1 with the top panel
removed illustrating one embodiment of the enclosure interior to permit airflow illustrated in
Fig. 14A.

Fig. 15B is a top view cross section of the enclosure of Fig. 1 with the top panel
removed illustrating another embodiment of the enclosure interior to permit airflow
illustrated in Fig. 14A;

Fig. 16 is a perspective view of the enclosure shown in Fig. 1 with the front door, the
side panel and the top panel removed and including an air distribution unit mounted therein;

Fig. 17 is an exploded perspective view of the air distribution system shown in Fig. 16

and the duct unit shown in Fig. 14A-14C;
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Fig. 18 is a front view of the enclosure shown in Fig. 1 with the front panel removed
and a side air distribution unit according to one embodiment of the invention mounted
therein;

Fig. 19A is a perspective view of the unit shown in Fig. 18;

Fig. 19B is a perspective view of a side air distribution unit according to another
embodiment of the invention;

Fig. 19C is a perspective view of any of the units shown in Figs. 19A and 19B with an
air intake tube or boot;

Figs. 19D and 19E are a perspective view and a top view, respectively, of a side air
distribution unit according to a further embodiment of the invention;

Figs. 19F and 19G are perspective views of a side air distribution unit according to yet
another embodiment of the invention;

Fig. 20 is a perspective view of the unit shown in Fig. 19A with a top panel of a
housing of the unit removed and a perspective view of an intake plenum of any of the units
shown in Figs. 19A-19C and Figs. 19F-19G;

Fig. 21 is a top view of the intake plenum shown in Fig. 20;

Fig. 22 is a side view of an inlet ring disposed in the intake plenum shown in Figs. 20
and 21;

Fig. 23 is a top view of an exhaust plenum of any of the units shown in Figs. 19A-19C
and Figs. 19F-19G;

Fig. 24 is a perspective view of the exhaust plenum shown in Fig. 23 as a lower
plenum of the unit shown in Figs. 19A and 19C and Figs. 19F-19G;

Fig. 24A is a circuit diagram of control circuitry of any of the units shown in Figs.

19A-19G;
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Fig. 24B is a schematic diaglram of a control system for use with any of the units
shown in Figs. 19A-19G;

Fig. 25A is a perspective view of a scoop for use with any of the units shown in Figs.
19A-19G;

Fig. 25B is a side view of the scoop shown in Fig. 25A;

Fig. 25C is a perspective view of the scoop shown in Fig. 25A at an inverted
orientation;

Fig. 25D is a top view schematic of side exhaust vents of any of the units shown in
Figs. 19A-19G with the scoop shown in Fig. 25A mounted thereto;

Fig. 25E is a perspective schematic view of the scoop shown in Fig. 25A with a brush
grommet connected to any of the units shown in Figs. 19A-19G;

Fig. 25F-25G is a perspective view of an adjustable scoop for use with any of the
units shown in Figs. 19A-19G;

Fig. 26A is a perspective view of an air manifold for use with any of the units shown
in Figs. 19A-19G;

Fig. 26B is a perspective view of an air baffle for use with any of the units shown in
Figs. 19A-19G;

Figs. 26C-26E are views of an air tube or boot for use with any of the units shown in
Figs. 19A-19G;

Fig. 27A is a top view schematic of any of the units shown in Figs. 19A-19G rack
mounted in a wide rack with the scoop shown in Fig. 25A;

Fig. 27B is a top view schematic of any of the units shown in Figs. 19A-19G rack
mounted in a wide rack with the scoop shown in Figs. 25A having a brush grommet;

Fig. 27C is a top view schematic of any of the units shown in Figs. 19A-19G rack

mounted in a narrow rack with the scoop shown in Fig. 25A;
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Fig. 27D is a top view schematic of any of the units shown in Figs. 19A-19G rack

mounted in a narrow rack with the scoop shown in Figs. 25A having a brush grommet;

Fig. 27E is a side view schematic of any of the units shown in Figs. 19A-19G with a
horizontal seal;

Fig. 28 is a cut-away perspective view of the unit shown in Fig. 19A with side
mounting brackets; ‘,

Fig. 29A is a right side view of the rack shown in Fig. 1 with any of the units shown
in Figs. 19A-19G rack mounted thereto with a number of baffles;

Fig. 29B is a left side view of the rack shown in Fig. 1 with any of the units shown in
Figs. 19A-19G rack mounted thereto with a number of baffles;

Fig. 30 is a perspective view of a baffle shown in Figs. 29A-29B;

Fig. 31 is a top view of one end of the baffle shown in Fig. 30;

Fig. 32A is a partial perspective view of the baffle shown in Fig. 30 and a partial
perspective view of a vertical mounting rail of a rack;

Figs. 32B-32C are partial side views of one end of further embodiments of the baffle
shown in Fig. 30;

Fig. 32D is a side view of the baffle shown in Fig. 30 including a brush grommet with
one or more adjustable plates; and

Fig. 33 is a block flow diagram of a method of cooling equipment mounted in a rack

shown in Fig. 18 using any of the units shown in Figs. 19A-19G.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
Aspects of the invention include an equipment rack enclosure having an interior
configured for facilitating defined airflow conditions within the enclosure to meet cooling

and ventilating requirements of rack-mounted equipment where the enclosure interior is
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structured and/or arranged to permit front-to-back airflow, e.g., used by information
technology (IT) equipment, and side-to-side airflow, e.g., used by certain types of
telecommunications equipment. An exemplary enclosure includes at least a first air intake
plenum defined in the enclosure interior and disposed to contain cooling air that is directed
and/or diverted from a front-to-back airflow to permit air to flow side-to-side through one or
more sections of a rack. Different embodiments of an enclosure according to the invention
permit an enclosure interior to be configured or adapted to accommodate different
dimensions, e.g., depths, of different types of electronic equipment, while permitting airflow
to meet the cooling and ventilating requirements of the different types of equipment.
Embodiments according to the invention permit an enclosure to simultaneously contain
telecommunications equipment and IT equipment such that cooling and ventilating
requirements of each type of equipment are met. Other embodiments are within the scope of
the invention.

Referring to Fig. 1, an equipment rack enclosure 10 includes an enclosed housing 12
and arack 14. The housing 12 is configured and sized to define an interior 13 sufficient to
contain or enclose the rack 14. In one embodiment, the housing is configured and sized to
enclose the rack 14 in a substantially centered position. The housing 12 includes side panels
26 and 28 disposed on each side of the rack 14 to enclose the rack 14 and to define the
housing 12. In one embodiment, the housing 12 further includes a vented rear panel 24 and a
vented front panel or door 30. The front door 30 and the rear panel 24 of the housing 12 are
configured and arranged to permit airflow through the rack 14. The door 30 is disposed to
permit cooling air, e.g., ambient air of an equipment room or data center, to flow through
multiple air vents 30A defined in the door 30 to the housing interior 13. The rear panel 24 is

disposed to permit exhaust air to flow through multiple vents 24A defined in the rear panel 24
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to an area external to the housing interior 13. In one embodiment, the housing further
includes a top panel 15 and a bottom panel 19 that further define the housing 12.

In one embodiment, the rack 14 includes four vertical mounting rails 14a, 14b, 14c
and 14d disposed to help to define a frame and an equipment area in which electronic
equipment, e.g., information technology (IT) components 17 and/or telecommunications
components 18, are disposed. The rack 14 can further include one or more horizontal
mounting members 16 that extend from a front portion to a back portion of the housing 12 to
help to define the equipment area and to mount the equipment 17 and 18. In another
embodiment, the front mounting rails 14a and 14b of the rack 14 can be connected to front
ends of one or more of the mounting members 16 and the back mounting rails 14c and 14d
can be connected to back ends of the members 16 to help to define the rack 14 and the
equipment area. One or more of the mounting rails 14a, 14b, 14c and 14d can be connected
to one or more of the top panel 15, the bottom panel 19, the side panels 26 and 28, the front
door 30 and the rear panel 24 to position and securely dispose the rack 14 within the housing
interior 13.

The mounting rails 14a, 14b, 14c and 14d are disposed and configured such that the
equipment components 17 and 18 are mounted thereto to dispose or rack-mount the
equipment components 17 and 18 in the defined equipment area. In one embodiment, the
front mounting rails 14a and 14b are configured to permit equipment, e.g., the IT components
17, to be mounted at a desired vertical height and depth in the rack 14, depending upon the U
height, depth and other dimensions of the equipment. The mounting rails 14a, 14b, 14¢ and
14d can be disposed in the housing 12 such that the equipment components 17 are
approximately centered when rack-mounted.

Embodiments of the enclosure 10 according to the invention can include the mounting

rails 14a, 14b, 14¢ and 14d and/or the multiple mounting members 16 to rack-mount a mix of
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different types of equipment components, such as a mix of the IT and telecommunications
components 17 and 18.

In one embodiment, the enclosure 10 is sized to enclose the rack 14 having a 19-inch
width W; or a 23-inch width W;. The rack 14 is configured to accept and to mount the
equipment components 17 and 18 having a 19-inch width or a 23-inch width. In one
embodiment, the rack 14 can have a 23-inch width W; and can be further configured to
accept and to mount exclusively equipment having a 19-inch width, e.g., the IT components
17, or equipment having a 23-inch width, e.g., the telecommunications components 18. In
another embodiment, the 23-inch rack 14 can be further configured to accept and to mount
simultaneously a mix of equipment having either a 19-inch or a 23-inch width, e.g., a mix of
the IT and the telecommunications components 17 and 18.

The enclosure 10 can have overall dimensions to house the rack 14 such that, for
example, the space 46 along the left side of the rack 14 is sized to help to increase/optimize
airflow along the left side of the rack 14, as described below in further detail. In different
embodiments of the invention, the rack 14 can be moved from a center position within the
enclosure 10 to increase one of the open spaces 46 and 48.

In one embodiment, the enclosure 10 can have overall dimensions to accommodate
the rack 14 with a 23-inch width W;. In this embodiment, the 23-inch enclosure 10 is sized
to house the rack 14 having either a 19-inch or 23-inch W}, thereby providing the enclosure
10 with flexibility and adaptability with respect to the types of equipment 17 and 18 it can
contain at once. The enclosure 10 can have a width ranging from, but not limited to, about 24
inches to about 30 inches or more. The inventior, however, is not limited to the enclosure 10
having specific overall dimensions, and, in particular, is not limited to a certain width and
anticipates dimensions to accommodate different sizes and widths of the rack 14 and/or the

equipment 17 and 18. The enclosure is sized and configured to accommodate the type and
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the distribution of the equipment components 17 and 18 mounted in the rack 14, and to help

to increase/optimize airflow in the housing interior 13. Promoting and increasing airflow in
the housing interior 13, e.g., along the left side of the rack 14, helps to configure side-to-side
airflow conditions within the housing interior 13.

Referring to Fig. 2 illustrating a top view cross-section of the enclosure 10, and with
further reference to Fig. 1, in one embodiment, the housing interior 13 is configured to define
at least a first air intake plenum 20 along a left side of the rack 14 in the open space 46
between the side panel 26 and the rack 14. The housing interior 13 is further configured to
define a first exhaust air plenum 22 along a side and back portion of the enclosure 10. One or
more barriers or partitions 32, 34 and 38 are configured and positioned in the spaces 46 and
48 between the side panels 26 and 28 and the rack 14 to help to define the first air intake
plenum 20 and/or the exhaust plenum 22. The first air intake plenum 20, as described below
in further detail, is a substantially enclosed configuration that is constructed and arranged
along the left side of the rack 14 to receive and to contain cooling air from which equipment
using side-to-side airflow for cooling may drawn from to meet its cooling and ventilating
needs. The first intake plenum 20 defined within the housing interior 13 thereby helps to
configure a side-to-side airflow used by the telecommunications equipment 18.

The one or more barriers or partitions 32, 34 and 38 are further configured and
positioned to help to serve as a barrier or partition separating the first air intake plenum 20
from the exhaust plenum 22, and to thereby help to prevent circulation of exhaust air from the
exhaust plenum 22 into the first air intake plenum 20. As will be described in further detail
below, the partitions 32, 34 and 38 can be configured and arranged within the housing
interior 13 to accommodate the different dimensions and, in particular, the different depths of

the equipment 17 and 18 to achieve separation of cooling air from exhaust air. The top panel
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15 and the bottom panel 19 of the housing 12 can further define the first intake plenum 20

and/or the exhaust plenum 22.

In one embodiment, the first intake plenum 20 is substantially enclosed having an
open end 20A in fluid communication with a front portion of the housing interior 13 or an air
intake side 25 of the rack 14. As shown in Fig. 2, the plenum 20 is disposed and configured
to receive laterally directed and/or diverted flow of cooling intake air drawn into the housing
12 from the air vents 30A in the door 30 along the front portion of the housing interior 13
and/or the air intake side 25 of the rack 14. The first intake plenum 20 is further configured
to contain sufficient cooling air from which air intakes of the equipment using side-to-side
airflow, e.g., the telecommunications equipment 18, can draw from. In addition, the first
intake plenum 20 can be further configured to limit air to flow in a side-by-side configuration
through equipment in the rack 14 using side-to-side airflow.

The first intake plenum 20 is further disposed and configured to prevent/reduce air
loss from the plenum 20 and to prevent/reduce airflow from the first intake plenum 20 to the
exhaust plenum 22. The first intake plenum 20 helps to prevent/reduce exhaust air from
circulating to the air intake side 25 and into the plenum 20. The plenum 20 and the top and
bottom panels 15 and 19 can prevent airflow from a center, a top or a back portion of the rack
14 to the air intake side 25 and into the plenum 20. The plenum 20 is essentially disposed
and configured or set up within the housing interior 13 to separate cooling intake air drawn
into the front portion of the housing interior 13 from hot and warm exhaust air vented along
the back portion of the rack 14. Separating cooling air from exhaust air prevents/minimizes
the circulation of exhaust air to the air intake side 25 and the plenum 20, and
prevents/minimizes mixing of cooling air with exhaust air during operation of the equipment

17 and 18.
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In one embodiment, as shown in Figs. 1-2, one or more partitions 32 and 34 are

disposed on the left side of the rack 14 between the side panel 26 and one or more of the
members 16 extending front-to-back along the left side of the rack 14 to define the first intake
plenum 20. The one or more partitions 32 and 34 are disposed and configured to help to form
a substantially airtight barrier between the first intake plenum 20 and the exhaust plenum 22
and to thereby help to separate cooling intake air within the plenum 20 from exhaust air
vented to the exhaust plenum 22.

Referring to Fig. 3 illustrating a front view of the housing interior 13, and with further
reference to Figs. 1-2, in one embodiment, one partition 32 is disposed in a substantially
parallel orientation to the left side panel 26 and the other partition 34 is disposed in a
substantially perpendicular orientation to the left side panel 26. The partitions 32 and 34 can
be joined or connected at an angle to help to define the first intake plenum 20. In one
embodiment, the partition 32 disposed substantially parallel to the left side panel 26 extends
vertically along at least a portion of the height H; of the rack 14, and the partition 34 disposed
substantially perpendicular to the left side panel 26 similarly extends vertically along at least
a portion of the rack height H; to define the first intake plenum 20.

In another embodiment, the partition 32 disposed substantially parallel to the left side
panel 26 can be disposed and connected to the member 16 of the rack 14 such that the
partition 32 extends from the member 16 to the left side panel 26 to help to define the first
intake plenum 20, thereby eliminating the need for the partition 34.

Referring further to Figs. 1-2, the partition 38 on the right side of the rack 14 is
disposed and configured to help to define a front air intake plenum 23. The front air intake
plenum 23 can include the front portion of the interior 13 of the housing 12 between the door
30 and the rack 14. The front air intake plenum 23 is configured and sized to receive air

drawn into the front portion of the housing interior 13 from the vented front panel or door 30
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along the air intake side 25 of the rack 14. The partition 38 is further configured to help to

define the exhaust plenum 22. The partition 38 is disposed in a substantially perpendicular
orientation to the right side panel 28 of the housing 12 and extends vertically along at least a
portion of the height H; of the rack 14 and/or the housing interior 13. The partition 38 is
further configured to form a substantially airtight barrier between the front intake plenum 23
and the exhaust plenum 22. The partition 38 thereby helps to prevent airflow from the front
portion of the rack 14 to the exhaust plenum 22, and helps to prevent exhaust air from
circulating to the first and the front intake plenums 20 and 23 and from mixing with cooling
intake air contained therein. The right side partition 38, along with the partitions 32 and 34
on the left side of the rack 14, separate cooling intake air drawn into the housing interior 13
by the equipment 17 and 18 during operation from hot and warm exhaust air vented to the
exhaust plenum 22.

Referring to Fig. 4A illustrating a left side view cross section of the enclosure 10, and
with further reference to Fig. 3, in one embodiment, the partitions 32 and 34 extend vertically
along substantially the entire height H; of the rack 14 and/or the housing interior 13 to help to
define the first intake plenum 20 between the left side panel 26 and the equipment
components 17 and 18.

Referring to a left side view cross section illustrated in Fig. 4B, in another
embodiment, each partition 32 and 34 extends vertically and equally with the other partition
along only a portion of the height H; of the rack 14 and/or the housing interior 13 to the
extent or the U heights of the telecommunications components 18 mounted vertically in the
rack 14. In this case, a front partition 35 and a bottom partition 36 are disposed in the space
46 to help to define the first intake plenum 20 and to limit its configuration to the extent of
the telecommunications components 18 in the rack 14. The front partition 35 is connected at

a front side of the rack 14, e.g., either to the rack 14 or, if present, to a side or front portion of
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the member 16. The front partition 35 extends to the left side panel 26 of the housing 12 in a

substantially perpendicular orientation to the panel 26 and downward along the H; of the rack
14 to the bottom panel 19. The front partition 35 is connected or joined to the bottom panel
in an appropriate manner and by appropriate means, as described below in further detail. The
bottom partition 36 extends from a front to a back portion of the rack 14 along the left side of
the rack 14 in a substantially parallel orientation to the bottom panel 19. As shown in Fig.
4B, the front and the bottom partitions 35 and 36 intersect and are connected or joined in an
appropriate manner and by appropriate means. In addition, the bottom partition 36 is joined
or connected in an appropriate manner and by appropriate means to a portion, e.g., a bottom
edge, of each of the partitions 32 and 34. The partitions 32, 34, 35 and 36 thereby help to
define and to limit the plenum 20 to those sections of the equipment area of the rack 14 in
which the telecommunications components 18 are mounted. The plenum 20 is essentially
configured to receive cooling intake air drawn from the front portion of the housing interior
13 and/or the intake side 25 of the rack 14, and to contain cooling air to facilitate a side-to-
side airflow condition the telecommunications components 18 use for cooling and ventilating.
Referring to Figs. 5SA-5B, and with further reference to Figs. 4A-4B, in one
embodiment, multiple blanking panels 21 can be mounted to one or more of the mounting
rails 14a, 14b, 14c and 14d and/or the members 16 along each side or the front of the rack 14
to block sections of the equipment area that are vacant or include components that use front-
to-back airflow, e.g., the IT components 17. The blanking panels 21 help to prevent air loss
from the first and front intake plenums 20 and 23, from the rack 14, and/or from interfaces of
the components 17 and 18 and surfaces of the rack 14. As shown in Fig. 5A, multiple
blanking panels 21 can be mounted to the mounting rails 14b and 14c and/or one or more of
the members 16 at sections of the rack 14 along its left side that include the components 17

and 18 or are vacant sections without equipment. The multiple blanking panels 21 cover the
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components 17 and the vacant sections to help to prevent/minimize air loss from the left side

of the rack 14. As shown in Fig. 5B, illustrating a right side view cross section of the
enclosure 10 and the exhaust side of the telecommunications components 18, multiple
blanking panels 21 can be similarly mounted to the mounting rails 14a and 14d and/or the
members 16 to cover the IT components 17 and the vacant sections of the rack 14 along the
right side of the rack 14.

In one embodiment, use of the blanking panels 21 can help to permit air to flow
upward over a top of the rack 14, as shown by arrows 80 in Figs. 5A-5B, and to facilitate
flow of hot and warm exhaust air vented from the exhaust vents 18B of the
telecommunications components 18. Exhaust air within the exhaust plenum 23 can circulate,
e.g., in upward and/or downward orientation, as shown by arrows 82 in Fig. 5B. The
blanking panels 21 thereby help to facilitate circulation of air over the top of the rack 14 and
within the exhaust plenum 23 before it is vented through the rear panel 24, which helps to
lower air resistance within the housing interior 13.

Referring to Figs. 6A-6B, in one embodiment, one or more of the partitions 32, 34,
35, 36 and 38 can be constructed with specific dimensions, e.g., height and width, to
correspond to specific U heights and widths of one or more of the components 17 and 18. In
another embodiment, the partitions 32, 34, 35, 36 and 38 can be configured and arranged as
either a single partition or as two or more overlapping or stacked partitions. For example, as
shown in Fig. 6A, the partition 34 positioned on the left side of the rack 14 can include two or
more overlapping partitions 34a disposed within a mounting frame 34b. The mounting frame
34b can have appropriate dimensions, e.g., a height H, and a width W3, such that the frame
34b can seat in the space 46 defined between the left side panel 26 and the rack 14. In one
embodiment, the frame 34b can be constructed and arranged to be removably connected to

one or more of the left side mounting rails 14b and 14c, one or more of the rack members 16,
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the top panel 15, the bottom panel 19 and the side panel 26 to securely position the frame
34b.

In another embodiment, the frame 34b can have dimensions and be constructed such
that when the frame 34b is seated in the space 46, an outer perimeter of the frame 34b can
bias against one or more of the rack members 16, the top panel 15, the bottom panel 19 and
the side panel 26 to position the frame 34b within the housing interior 13.

As shown in Fig. 6B, a side view cross section of the mounting frame 34b is provided
and illustrates that the partitions 34a can be slidably disposed in an overlapping arrangement
within the frame 34b such that each partition 34a can slide across an adjacent partition 34b.
In one embodiment, each of the partitions 34a is slidably mounted within a track or groove
34c¢ defined vertically in an inner surface of the frame 34b. The partitions 34a can be pulled
vertically along the height H; of the frame 34b in a downward/upward direction to extend or
shorten the overlapping partitions 34a as needed.

As shown in Fig. 6A, the partitions 34a can be extended or shortened to define a

‘height Hj of the first intake plenum 20 such that the height H; of the plenum 20 can

correspond to the location and the U height of, for example, the telecommunications
components 18 in the rack 14. In one embodiment, the partitions 34b can be extended fully
along the entire height H; of the rack 14 and/or the housing interior 13.

As noted above, one or more of the partitions 32, 34, 35, 36 and 38 can be constructed
and arranged as a single partition. As shown in Fig. 6A, the partition 38 disposed on the right
side of the rack 14, for example, can be a single partition 38a disposed in a mounting frame
38b. The mounting frame 38b is similar to the frame 34b disposed on the left side of the rack
14, and has appropriate dimensions such that the frame 38b can seat in the space 48 defined
between the right side panel 28 and the rack 14. Like the frame 34b disposed on the left side

of the rack 14, the frame 38b can be constructed and arranged to be removably connected by
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one or more of the above-described fasteners 44, or can have dimensions and be constructed
to permit the frame 38b to bias against one or more of the rack members 16, the top panel 15,
the bottom panel 19 and the side panel 26 when seated in the space 48.

Referring to Figs. 7A-7B, in one embodiment, the partitions 32 and 34 and the
blanking panels 21 can be configured and disposed along the left side of the rack 14 to
acéommodate different depths and U heights of the rack-mounted equipment components 17
and 18. As shown in Figs. 7A-7B, the IT and telecommunications components 17 and 18
simultaneously mounted in the rack 14 can have different depths depending upon the type of
the component 17 and 18. The partitions 32 and 34 and the blanking panels 21 can be
constructed and arranged in different arrangements and configurations to accommodate space
or area defined between the equipment components 17 and 18 and the left back mounting rail
14c or the other partition 34 that results from the different depths of the rack-mounted
components 17 and 18. The partitions 32 and 34 and the blanking panels 21 can thereby help
to define and configure the first intake plenum 20 along the left side of the rack 14 in
response to changes of the mix of the equipment 17 and 18 in the rack 14.

As shown in Figs. 7A-7B, in one embodiment, the partition 32 can be configured in
one or more separate sections disposed along the left side of the rack 14 wherein a single
section or two or more sections of the partition 32 define a height that corresponds to the U
height of one or more components 17 and 18 and define a depth to accommodate the area
between the components 17 and 18 and the partition 34 or the rail 14c. In one embodiment,
one or more sections of the partition 32 can have a configuration and arrangement similar to
the overlapping partitions 34a shown in Fig. 6A and include overlapping partitions 32a
disposed in a mounting frame 32b. The mounting frame 32b holds the partitions 32a in an
overlapping manner such that each partition 32a can slidably move over an adjacent partition

32a. The partitions 32a can be slidably moved upward/downward in a vertical direction to
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extend/reduce a length of the partition 32a, as shown in Fig. 7A, or can be slidably moved

forward/backward in a horizontal direction to widen/narrow a width of the partition 32a, as
shown in Fig. 7B. The mounting frame 32b can be sized and configured such that the frame
32b seats between the components 17 and 18 and the partition 34 or the left back mounting
rail 14c. In another embodiment, the frame 32b can be removably joined or connected to the
rail 14c, one or more of the mounting members 16, the partition 34 and/or the top or bottom
panel 15 and 19.

Referring further to Figs. 7A-7B, in different embodiments, the overlapping partitions
32a can be joined or connected removably and directly to the rail 14¢, one or more of the
members 16, the partition 34 and/or the top or bottom panel 15 and 19. In one embodiment,
each partition 32a can be coupled to an adjacent partition 32a such that the partitions 32a are
immobile. In another embodiment, each partition 32a can be slidably coupled to an adjacent
partition 32a such that the partitions 32a can slide across or against each other in either an
upward/downward orientation or a forward/backward orientation. Movement of the adjacent
partitions 32a adjusts the height or the depth of the overlapping partitions 32a to
accommodate the different depths and U heights of the components 17 and 18. As shown in
Figs. 7A-7B, each of the blanking panels 21 can have different lengths to accommodate the
different depths of the equipment components 17 and 18. The partitions 32b and/or the
multiple blanking panels help to define the first intake air plenum 20 and to form an airflow
blocking barrier between the first intake plenum 20 and the exhaust plenum 22.

In a further embodiment, a blanking partition 37 can be incorporated along the left
side of the rack 14, as shown in Figs. 7A-7B. Like the multiple blanking panels 21, the
partition 37 can help to block sections of the equipment area of the rack 14 that are vacant or
include components that use front-to-back airflow, e.g., the IT components 17. The partition

37 can help to prevent air loss from the first and front intake plenums 20 and 23, from the
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rack 14, and/or from interfaces of the components 17 and surfaces of the rack 14. The
partition 37 can include a set of overlapping partitions 37a disposed in a mounting frame 37b.
The frame 37b can be similarly configured as the frame 34b shown in Fig. 6B. In one
embodiment, the partitions 37a can be vertically moved upward/downward in to
extend/reduce a length of the partitions 37a.

As shown in Fig. 7A, in one embodiment, the partition 34 extending perpendicular to
the rack 14 can extend the height H of the rack 14. The partition 32, the overlapping
partitions 32a and the blanking panels, therefore, can be joined or connected in an appropriate
manner by appropriate means, as described below in further detail. As shown in Fig. 7B, in
another embodiment, the partition 34 can extend along the height H; of the rack 14 only to
the extent of the U heights of the components 18 using side-to-side airflow. In this case, the
partition 36 extending front-to-back along the left side of the rack 14 is joined or fastened to
the partitions 32 and 34. The blanking panels and the overlapping partitions 32a are joined or
connected to the left back mounting rail 14c¢ in an appropriate manner by appropriate means
to form an airflow blocking barrier.

Referring to Figs. 8A-8B, in one embodiment, a partition 39 is disposed along the left
side of the rack 14. In one embodiment, the partition 39 can extend from the front mounting
rail 14b to the back mounting rail 14c and substantially along the height H; the rack 14. In
another embodiment, the partition 39 can extend along a portion of the height H; of the rack
14 to the extent or U heights of adjacent components using side-to-side airflow, e.g., the
telecommunications equipment 18. In one embodiment, the partition 39 can be removably
joined or connected to one or more of the rails 14b and 14c, the left side mounting members
16 and/or the top or bottom panel 15 and 19.

As shown in a front view of a portion of the partition 39 in Fig. 8B, the partition 39 is

constructed of a single sheet of material 40, e.g., a heat resistant polyethylene, that defines
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multiple vents or openings 41 substantially across its height and width and has a removable
covering or film 42, e.g. Mylar®, over its surface. In one embodiment, during installation,
the partition 39 is coupled directly to the left side of the rack 14 adjacent to the equipment
components 17 and 18. The removable covering or film 42 is slit or cut using an appropriate
means, €.g., a cutting edge or knife, and thereafter removed or manually peeled from the
surface of the material sheet 40. Removal of the covering 42 permits the multiple vents or
openings 41 to be exposed and to thereby permit air to pass therethrough. When coupled to
the left side of the rack 14, the multiple vents or openings 41 permit air to flow from the first
intake plenum 20 into air intakes 18A disposed along the side of the components 18.

As shown in Fig. 8B, in one embodiment, the cover or film 42 can include printed
markings or other indicia 43 to indicate the location of the components 18 using side-by-side
airflow when the partition 39 is coupled to the rack 14. In one embodiment, the markings 43
can indicate the location of the air intake vents 18A of the components 18 such that the
multiple vents or openings 43 exposed by removing the covering or film 42 will correspond
and/or substantially align with the intake vents 18A when the partition 39 is coupled to the
rack 14. The multiple vents or openings 43 can help to optimize/increase airflow from the
first intake plenum 20 into the intake vents 18A and through the components 18 to configure
side-to-side airflow.

In one embodiment, only a portion of the covering or film 42 is removed from the
sheet material 40 to the extent of the distribution/location and/or the U heights of the
components 18 mounted in the rack 14 using side-by-side airflow. Depending upon the
distribution/location of the components 18 and the mix of the rack-mounted IT and
telecommunications equipment 17 and 18, the partition 39 can either extend the entire height
H; of the rack 14, or can be limited and extend only along a portion of the rack 14 containing

the components 18 using side-to-side airflow. After installation of the partition 39 and the
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cutting and removal of the covering or film 42, the partition 39 can be adjusted to meet a
reconfiguration of the rack 14 and a different mix or distribution of equipment 17 and 18 by
placing a removable seal, e.g., tape, labels or Mylar® tabs, over one or more of the multiple
vents or openings 43 to accommodate changes in airflow requirements. The multiple vents or
openings 41 that no longer correspond to the air intake vents 18A of the components are
thereby covered to help to prevent/minimize air loss.

Referring to Fig. 8C, the partition 39 can extend from the left front mounting rail 14b
to the left back mounting rail 14c. In one embodiment, the left front and back mounting rails
14b and 14c help to define the first intake plenum 20. As described below in further detail, in
different embodiments, the rack 14 can have a relatively wide width W1, e.g., 23-inches, and
the enclosure 10 can be sized such that the left front mounting rail 14¢ substantially fills the
space 46 between the left front mounting rail 14b and the side panel 26, and the left back
mounting rail 14c substantially fills the space 46 between the left back mounting rail 14¢c and
the side panel 26. The partition 39 is removably joined or connected to the left front and
back mounting rails 14b and 14c to help to define the first intake plenum 20.

As shown in Fig. 8C, the partition 39 is spaced from the left side of the rack 14 and
the equipment 17 and 18 such that the partition 39 and the rack 14 and the equipment 17 and
18 define an area 90 sufficient to permit movement of one or more of the components 17 and
18 from the rack 14. In one embodiment, one or more of the components 17 and 18 is
configured to slidably mount to the rack 14 such that, when desired, the one or more
components 17 and 18 can slide horizontally outward from the rack 14 toward the front
portion of the housing 12. The one or more components 17 and 18 can thereby be slidably
removed in a drawer-like manner from the rack 14, with or without removal from the rack 14,

to permit inspection, repair and/or replacement of the components 17 and 18.
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In one embodiment, one or more brush grommets 91 are disposed in the area 90
between the rack 14 and the partition 39 to permit horizontal movement or a sliding motion
of the components 17 and 18 forward/backward along the rack 14, while serving as air
blocking barriers to prevent air loss from the area 90. The one or more brush grommets 91
are further configured to prevent mixing of exhaust air circulating in the exhaust plenum 22
with cooling intake air contained in the first intake plenum 20. In another embodiment, one
or more gaskets or brush grommets can be disposed between the rack 14 and the partition 39
along that portion of the partition 39 from which the covering or film 42 has been removed.
The one or more gaskets or brush grommets can be disposed along a perimeter of an area of
the partition 39 defined by removal of the covering or film 42. The one or more gaskets or
brush grommets can be disposed and configured help to form a seal between the rack 14, the
equipment 17 and 18 and the partition 39 such that air loss is prevented/minimized.

Referring to Fig. 9, in one embodiment, one or more of the partitions 32, 34, 35, 36
and 37 can be constructed and arranged as a gasket or brush grommet 80. In one
embodiment, the gasket or brush grommet 80 can include the mounting frame 32b, 34b, 37b
or 38b, as described above, such that the gasket or bros grommet 80 is disposed in the
housing interior 13 in a desired position adjacent to the rack 14. The gasket or brush
grommets or partitions 32, 34, 35, 36, 37 and 38 help to define the first intake plenum 20, the
exhaust plenum 22 and the front intake plenum 23. The gasket or brush grommets or
partitions 32, 34, 35, 36, 37 and 38 are constructed and arrange to permit one or more power
or data cables and/or other connectors to be inserted into the gasket or brush portion 80A and
threaded therethrough to route the cables and connectors through the rack 14 and along the
left and/or the right side of the housing interior 13 to provide for cabling and power
requirements. The gasket and brush grommets or partitions 32, 34, 35, 36, 37 and 38 are

configured to permit cabling and to help to block/minimize airflow from the first and the
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front intake plenum 20 and 23 into the exhaust plenum 22, prevent/minimize circulation of
exhaust air to intakes of the equipment components 17 and 18 and prevent/minimize mixing
of cooling air with exhaust air.

Referring to Figs. 10A-10B, in one embodiment, one or more of the partitions 32, 34,
35, 36 and 38 can be removably joined or connected by one or more appropriate fasteners 44
to one or more of the members 16, the top panel 15, the bottom panel 19, the side panels 26
and 28 and the rear panel 24 to securely dispose the partitions 32, 34, 35,36 and 38 ina
desired position within the housing interior 13. Appropriate fasteners 44 are preferably
constructed and arranged to permit quick connection to and removal from, e.g., the members
16, to enable the housing interior 13 to be easily configured in response to different types,
sizes and U heights of the IT and telecommunications components 17 and 18, as well as to
configure the interior 13 to accommodate airflow conditions and the distribution of the
components 17 and 18 within the rack 14.

Preferred fasteners 44 can include, but are not limited to, screws, tabs, snap tabs,
VELCRO® strips, and the like, which permit the partitions 32, 34, 36 and 38 to be readily
removed and/or repositioned. An appropriate fastener 44 would depend on a material with
which one or more of the partitions 32, 34, 36, and 38 is constructed as well as the size of the
partition 32, 34, 36, and 38. For example, as show in Fig. 6A, in one embodiment, the
partition 32 along the left side of the rack 14 can be removably connected to one or more of
the members 16 by means of a metal snap or VELCRO® strip-like fastener 44, wherein an
edge of the partition 32 butts an end or overlaps with the end of a member 16 and is
connected thereto by the fastener 44. Similarly, the partition 32 can be removably connected
to the adjacent partition 34 by similar means to help to define the first intake plenum 20.

As shown in Fig. 10A, in one embodiment, the partition 32 can be configured to

include along a side edge one or more tabs 44 disposed and configured to be removably
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inserted into corresponding slots 44A defined in one or morg of the members 16 to
removably fasten or connect the partition 32 to the rack. The partition 32 can be further -
configured to include the tabs 44 on its opposite side to connect to the adjacent partition 34 to
define the first intake plenum 20. In another embodiment, the partitions 32 and 34 can be
formed from a single partition, wherein the single partition is constructed as a single plane
and folded or bent to form the partitions 32 and 34 along the left side of the rack 14.

The partitions 32, 34, 35, 36, 37 and 38 can be constructed of a material suitable for
use in an electronics environment. A material that is relatively lightweight to permit easy
handling and portability, while sufficiently rigid to help to block/minimize airflow is suitable.
A suitable material is relatively inexpensive such that in certain embodiments the partitions
32, 34, 35, 36, 37 and 38 can be economically constructed and, if desired, disposable. A
material with which the partitions 32, 34, 35, 36, 37 and 38 can be constructed can be
dependent upon the size and the position of the partitions 32, 34, 35, 36, 37 and 38 within the
housing interior 13. In addition, a material of construction can be dependent on the extent
and frequency with which the housing interior 13 will be reconfigured to accommodate the
cooling and ventilating needs of the equipment 17 and 18. Such a material can include, but is
not limited to, polypropylene or other thermoplastic plastics, alunﬁinum sheeting, reinforced
metal foil, reinforced plastic film, and combinations thereof.

The invention is not limited to the construction and arrangement of the partitions 32,
34, 35, 36, 37 and 38, and the blanking panels 21 as described above, and includes other
barriers and/or partitions as well as other configurations and arrangements of the partitions
32, 34, 35, 36, 37 and 38 to help to define the first and/or the front intake plenums 20 and 22
and the exhaust plenum 23, as well as to help to configure or set up the housing interior 13 to
facilitate front-to-back airflow and/or side-to-side airflow as needed. In particular, the

invention includes various configurations and arrangements of barriers and/or partitions to
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accommodate the rack 14 containing exclusively IT or telecommunications components 17
and 18, or a mix of IT and telecommunications components 17 and 18 and to provide airflow
to meet the cooling and ventilating requirements of each type of equipment 17 and 18.

Other features of the enclosure 10 according to the invention help to facilitate airflow
within the housing interior 13 to achieve a front-to-back airflow configuration and/or a side-
to-side airflow configuration. As noted above, the vented door 30 defines the multiple air
vents 30A to permit air, e.g., ambient air, to flow into the front portion of the housing interior
13 and/or the air intake side 25 of the rack 14. In one embodiment, the door 30 can be
sufficiently perforated, e.g., the multiple air vents 30A are concentrated along the left side of
the door 30, to promote airflow into the first intake plenum 20. As shown in Fig. 3, in one
embodiment, one or more gaskets 75, e.g., foam gaskets, can be disposed around périmeter
edges of the equipment components 17 and 18 to help to provide a substantially airtight seal
between the components 17 and 18 and the members 16 and between adjacent components 17
and 18 to help to prevent/minimize loss of cooling air from the first and front intake plenums
20 and 23.

Referring to Fig. 11, a top view cross-section of the enclosure 10 illustrates a first
mode of airflow through the enclosure 10 that can be achieved where the front intake plenum
23 is in fluid communication with the first intake plenum 20. The first intake plenum 20
receives at least a portion of airflow directed and/or diverted laterally from the front intake
plenum 23, as shown by arrow 51 in Fig. 11. To define a front-to-back airflow condition,
cooling air is drawn from the vents 30A in the door 30 into the front intake plenum 23 by air
intakes 17A disposed in front portions of the IT components 17. The air intakes 17A draw air
into the front portions of the components 17. Drawn-in air flows from the front to back
portions of the equipment 17 and is exhausted from back vents 17B disposed in the back

portions of the components 17 in a front-to-back flow, as shown by arrows 50 in Fig. 11. To

-34 -



10

15

20

25

WO 2005/081607 PCT/US2005/005148

deﬁﬁe a side-to-side airflow condition, cooling air is drawn from the door vents 30A and
from the front intake plenum 23 by the air intakes 18A disposed in side portions of the
telecommunications components 18, as shown by arrows 51 and 52 in Fig. 11. The air
intakes 18A help to draw and/or to divert laterally into the first intake plenum 20 at least
some portion of the front-to-back airflow, as well as help to draw cooling air directly from
the door vents 30A. The intakes 18A along the side portions of the equipment 18 draw air
from the plenum 20 into the components 18. Drawn-in air flows from one side to an opposite
side of the components 18 and is vented from back vents 18A disposed along the opposite
side of the components 18 in a side-to-side flow, as shown by arrows 52 in Fig. 11. Air
vented from the IT and the telecommunications components 17 and 18 is exhausted from the
exhaust plenum 22 to an area external to the housing 12, as shown by arrows 54 in Fig. 11.
Referring to Fig. 12, a top view cross section of the enclosure 10 illustrates
embodiments of the enclosure 10 in which the rack 14 has a relatively wide width Wy, e.g.,
23-inches, and is further configured such that the front vertical mounting rails 14a and 14b
substantially fill an area at the front of the rack 14 between the rack 14 and each side panel 26
and 28, as shown. To facilitate the first mode of airflow through the enclosure 10, as
described with reference to Fig. 11, the left vertical front mounting rail 14b can define
multiple openings or vents 14e to permit air to flow into the first air intake plenum 20 from
the air intake vents 30A of the door 30 and from the front portion of the housing interior 13
or the air intake side 25 of the rack 14, as shown by arrow 51 in Fig. 12. The multiple vents
or openings 14e help to provide air to the first air intake plenum 30 to thereby help to provide
sufficient side-to-side airflow used by, for example, the telecommunications equipment 18,
for cooling, as shown by arrows 52 in Fig. 12. In one embodiment, the left vertical mounting
rail 14b has the multiple vents or openings 14e defined along at least a portion of the height

H; of the rack 14. In another embodiment, the left vertical mounting rail 14b has the multiple
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vents or openings 14¢ defined along a portion of the height H; of the rack 14 to the extent
that the equipment components 18 using side-to-side airflow are mounted and distributed in
the rack 14.

Referring to Fig. 13, a top view cross-section of the enclosure 10 illustrates a second
mode of airflow through the enclosure 10 that can be achieved wherein the rack 14 is
positioned at the front of the housing 12 such that the rack 14 and the partition 38 help to
define the exhaust plenum 22 only. In this embodiment, the front intake plenum 23 is not
defined in the housing interior 13 and the partition 38 is disposed behind the door 30. The
housing interior 13 can accommodate the rack 14 loaded exclusively with the
telecommunications components 18. Cooling air is drawn tﬁrough the air vents 30A in the
door 30 and flows directly into the plenum 20, as shown by arrows 50 and 51 in Fig. 13.

Referring to Figs. 14A-14B, in other embodiments of the enclosure 10 according to
the invention, the enclosure 10 can include one or more duct units 75 configured and sized
for vertical mounting in the rack 14. As shown in a top view cross section of the enclosure
10 in Fig. 14 A, the duct unit 75 can have overall dimensions to permit rack mounting within
the equipment area of the rack 14. The duct unit 75 includes a housing 76 defining an
internal chamber or duct 77 that is configured to receive and to contain air. The duct unit 75
further includes multiple front vents or openings 78 defined in its front side and multiple side
vents or openings 79 defined in its left side when rack-mounted. The chamber 77 of the duct
unit 75 can be defined with overall dimensions such that it receives air from the mult