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AIR DIRECTING DEVICE

CROSS-REFERENCE TO RELATED APPLICATION

[0001] The present application is a U.S. nonprovisional patent application of (for

purposes of the U.S.), and claims priority under 35 U .S.C. § 119(e) to, U.S. provisional patent

application serial number 61/028,620, filed February 14, 2008, which provisional patent

application is incorporated by reference herein.

COPYRIGHT STATEMENT

[0002] All of the material in this patent document is subject to copyright protection

under the copyright laws of the United States and of other countries. The copyright owner has

no objection to the facsimile reproduction by anyone of the patent document or the patent

disclosure, as it appears in the Patent and Trademark Office patent file or records, but otherwise

reserves all copyright rights whatsoever.

BACKGROUND OF THE PRESENT INVENTION

Field of the Present Invention

[0003] The present invention relates generally to enclosures for electronic equipment,

and, in particular, to thermal management in enclosures for rack-mount computer and data

storage equipment.

Background

[0004] Racks, frames and enclosures for mounting and storing computer and other

electronic components or equipment have been well known for many years. Racks and frames

are typically simple rectangular frameworks on which electronic components may be mounted,

or on which other mounting members, such as shelves or brackets, may be mounted which in

turn may support the electronic components. Enclosures are typically frames on which panels or

doors, or both, are hung to provide aesthetic improvement, to protect the components from

external influences, to provide security for the components stored inside, or for other reasons.

[0005] Racks, frames and enclosures have been built in many different sizes and with

many different proportions in order to best accommodate the components which they are



designed to store. Components stored in these enclosures may include audio and video

equipment and the like, but quite frequently include computer equipment and related peripheral

devices. These components typically include housings enclosing internal operative elements.

[0006] As is also well known, the electronic equipment mounted therein tends to

generate large amounts of thermal energy that needs to be exhausted away from the equipment

effectively in order to maintain the equipment in proper operating order or to prevent damage

thereto. The problem can be especially significant when the components are enclosed in

enclosures, because thermal energy generated thereby can concentrate within the equipment

enclosure and cause the components to overheat and shut down. As equipment becomes more

densely packed with electronics, the quantities of thermal energy have continued to increase in

recent years, and thermal energy management has become a significant issue confronting today's

rack, enclosure, frame and enclosure manufacturers, the manufacturers of the electronic

equipment, and the users of such equipment.

[0007] Typically, multiple racks, frames, enclosures, and the like (sometimes

collectively referred to hereinafter as "enclosures") are housed together in a data center. Because

of the overheating problem, and particularly with multiple enclosures being placed in a single

room or other enclosed space, thermal management of the data center is very important. A goal

of data center thermal management is to maximize the performance, uptime and life expectancy

of the active components being housed in the data center. This goal is generally accomplished

by managing the cold air delivered to each component, and the hot air removed therefrom, such

that the internal temperature of the component does not exceed the manufacturer's maximum

allowable operating temperature. Preferably, the cold air delivered to the component is at or

below the manufacturer's recommended temperature and in sufficient volume to meet the airflow

requirements of the component, which are typically measured in cubic feet per minute (CFM).

[0008] The supply of cool air to the enclosures, and the transfer of thermal energy

from the electronic equipment, is conventionally handled by the Computer Room Air

Conditioner ("CRAC"). Airflow into the enclosures generally relies solely or at least primarily

on the air pressure differential as measured between a raised floor plenum and the ambient room.

However, active means are often used to push or pull heated air out of the enclosures.

[0009] For a particular component, thermal energy is transferred from its housing

using forced air convection. More specifically, internal fans may draw or push air through the



housing from front-to-rear or from side-to-side over the heated internal elements within the

housing. The air absorbs the thermal energy from the internal elements and carries it away as it

exits the housing.

[0010] Two common problems that affect thermal management of equipment

enclosures are recirculation and bypass. Recirculation occurs when hot exhaust air travels back

into the component intake air stream. Recirculation can occur for a single component or for an

entire enclosure. When this occurs, the exhaust airflow raises intake air temperatures and causes

components to run at higher operating temperatures. Bypass occurs when cold source air

bypasses the active component and travels directly into the hot exhaust air stream. Similarly to

recirculation, bypass may occur for a single component or for a whole enclosure. Because cold

source air is bypassing the active component, the air is not serving its intended purpose of

transferring thermal energy away from the active component. As such, the bypassing air is

essentially wasted, and the active component retains its thermal energy until additional cold

source air contacts the active component thereby transferring the thermal energy away from the

component. Based on the foregoing, it is readily apparent that bypass wastes energy. In

addition, bypass contributes to humidity control problems, and can indirectly contribute to

recirculation. Under ideal circumstances, all recirculation and bypass airflow can be eliminated.

[001 1] Often it is difficult for side breathing, or transversely aspirated, equipment to

collect inlet cooling air in a conventionally configured enclosure having a perforated or open

front or back panel but having closed side panels. Typically, air enters the enclosure through

perforated metal front and rear doors. As shown schematically in FIG. IA, the airflow is routed

around the enclosure frame structure, along the side space of the enclosure and around bundles of

network cables (not shown) located there before turning in a generally orthogonal direction in

order to enter into the equipment intake. The high velocity or momentum of the air as it makes

the orthogonal turn typically generates a swirl pattern (or vortex) in the network equipment

chassis. The air vortex creates the problem of recirculation that was described above. As shown

in FIG. IB, temperatures in the vicinity of a vortex zone (with temperature zones being shown by

the dashed lines), and thus the temperatures of equipment located in such an area, are typically

significantly higher due to the reduced heat removal associated with recirculation. More

particularly, the temperature in side areas 142 is higher than the temperature in the area 140 near

the intake, which is to be expected, but the air in the center of the vortex 144 is considerably



higher, perhaps dangerously so, than in the other areas 140,142. Typically, imposed

recirculation in fully enclosed equipment enclosures having side breathing equipment installed

therein is not considered from a thermal management perspective.

[0012] Although some attention has been given to the cooling of side breathing

equipment, most of this work has been focused on the containment and directing of hot exhaust

air out of the enclosure. When inlet air for side breathing equipment has been addressed, the side

breathing equipment has been placed in a enclosure with a vented side panel or with the side

panel removed. Additionally, side breathing equipment has sometimes been installed in an open

frame having no panels at all. While these solutions are valuable, it is not always possible to

place side breathing equipment in a enclosure with no side panel or in an enclosure with no

panels whatsoever. Accordingly, a need exists for a thermal management solution for side

breathing equipment involving a more conventional enclosed enclosure.

SUMMARY OF THE PRESENT INVENTION

[0013] The present invention includes many aspects and features. Moreover, while

many aspects and features relate to, and are described in, the context of enclosures for storage of

electronic equipment, the present invention is not limited to use only in enclosures for storage of

electronic equipment, as will become apparent from the following summaries and detailed

descriptions of aspects, features, and one or more embodiments of the present invention.

[0014] Accordingly, one aspect of the present invention relates to an air directing

device for thermal management in side breathing equipment. An exemplary such device

includes at least three vertical panels disposed in generally parallel relationship and horizontally

spaced a fixed distance from one another, each panel defining a fin arranged orthogonally

relative to an airflow path for deflection of cooling air into side breathing equipment, wherein at

least one of the panels is an inner panel that is wider than two outer panels. Furthermore, at least

one connection member connecting the outer panels to one another.

[0015] In a feature of this aspect of the invention, the at least one connection member

is two connection plates, each positioned at opposing ends of the panels. In a further feature,

each connection plate has a T shape. In yet a further feature, a length of a cross portion of each

T shaped connection plate is measured as a first distance between the outer panels, and a length

of a trunk portion of each T shaped connection plate is the width of the inner panel.



[0016] In another feature of this aspect, the at least three vertical panels are three

vertical panels. In yet another feature, the at least three vertical panels are four vertical panels.

Alternatively, the panels include two front panels and two rear panels. In yet another feature, the

two front panels mirror the two back panels. In yet another feature, the at least three vertical

panels include two inner panels. In alternatives of this feature, the two inner panels are the same

width and the two outer panels are the same width.

[0017] Another aspect of the invention relates to an electronic equipment enclosure.

An exemplary such enclosure includes an air directing device disposed in a side space of the

enclosure having at least two vertical panels of differing widths disposed a fixed horizontal

distance from one another. Furthermore, in this aspect of the invention, a first panel of the at

least two vertical panels directs a first portion of airflow through a side space in the enclosure

toward side breathing equipment mounted in the enclosure but permits a second portion of

airflow through the side space to pass by. Still yet in this aspect, a second panel of the at least

two vertical panels directs at least a portion of the second portion of airflow toward the side

breathing equipment.

[0018] In a feature of this aspect of the invention, the at least two vertical panels are

disposed in parallel relationship to the front and rear of the enclosure. Alternatively, the air

directing device includes three vertical panels. In another feature of this aspect of the invention,

the air directing device includes four vertical panels. In yet another feature, the air directing

device is mounted to internal structural members of the enclosure. Alternatively, the air

directing device is mounted to a side panel of the enclosure or is aligned with an air intake grille

of the side breathing equipment mounted in the enclosure.

[0019] Another aspect of the present invention relates to a method of directing

airflow within an enclosure having electronic equipment mounted therein. An exemplary such

method includes an air directing device having at least two vertical panels of different widths in a

side space formed between the electronic equipment and a side panel of the enclosure; routing

airflow into at least a front or a rear of the enclosure and then into the side space; directing a first

portion of the airflow, using a first panel of the at least two vertical panels, toward the equipment

but permitting a second portion of the airflow to pass by; and directing at least a portion of the

second portion of the airflow, using the second panel of the at least two vertical panels, toward

the equipment.



[0020] In features of this aspect of the invention, the electronic equipment is side

breathing electronic equipment having at least one air intake grille facing the side space, and

wherein the directing steps include directing the respective portions of the airflow toward the at

least one air intake grille. In a further feature of this aspect of the invention, the air directing

device has at least three vertical panels of at least two different widths in the side space, the at

least three vertical panels defining at least one inner panel and at least two outer panels, with the

inner panel being wider than an outer panel.

[0021] In addition to the aforementioned aspects and features of the present

invention, it should be noted that the present invention further encompasses the various possible

combinations and subcombinations of such aspects and features.

[0022] Further areas of applicability of the present invention will become apparent

from the detailed description provided hereinafter. It should be understood that the detailed

description and specific examples, while indicating the preferred embodiment of the invention,

are intended for purposes of illustration only and are not intended to limit the scope of the

invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] Further features, embodiments, and advantages of the present invention will

become apparent from the following detailed description with reference to the drawings,

wherein:

FIG. IA is a schematic diagram illustrating a top view of a conventional enclosed

enclosure having side breathing equipment installed therein showing a temperature

diagram of the air flowing through the enclosure;

FIG. IB is a computer simulation of the temperature inside a conventional

enclosed enclosure, having side breathing equipment installed therein, as seen from

inside the enclosure looking downward;

FIG. 2 is an orthogonal view of an expanded enclosure having an air directing

device installed therein in accordance with a preferred embodiment of the present

invention;



FIG. 3A is a front orthogonal view of the electronic equipment enclosure of FIG.

1, shown with the doors and panels removed, illustrating the air directing device installed

therein;

FIG. 3B is a front plan view of the electronic equipment enclosure of FIG. 3A,

shown with the air directing device removed;

FIG. 3C is a right side plan view of the electronic equipment enclosure of FIG.

3A, shown with the air directing device removed;

FIG. 3D is a back plan view of the electronic equipment enclosure of FIG. 3A,

shown with the air directing device removed;

FIG. 3E is a top plan view of the electronic equipment enclosure of FIG. 3A,

shown with the air directing device removed;

FIG. 3F is a left side plan view of the electronic equipment enclosure of FIG. 3A,

shown with the air directing device removed;

FIG. 4A is a front orthogonal view of the internal exhaust duct of FIG. 3A, shown

with the air directing device and the lowermost filler panel assembly removed;

FIG. 4B is a front orthogonal view of the internal exhaust duct of FIG. 4A, shown

with all of the adjustable filler panel assemblies removed;

FIG. 4C is a top plan view of the internal exhaust duct of FIG. 4A;

FIG. 5 is an orthogonal view of the air directing device of FIG. 3A;

FIG. 6 is a top view of the air directing device of FIG. 5;

FIG. 7 is a front view of the air directing device of FIG. 5;

FIG. 8 is a right side view of the air directing device of FIG. 5;

FIG. 9 is a schematic diagram illustrating a top view of an enclosure, with an air

directing device and side breathing equipment installed therein, showing a temperature

diagram of the air flowing through the enclosure;

FIG. 10 is a computer simulation of the temperature inside an enclosure, having

an air directing device mounted therein in accordance with a preferred embodiment of the

present invention, as seen from inside the enclosure looking downward;

FIG. 11 is an isometric schematic view, shown with a side breathing equipment,

utilizing side-to-side cooling, installed therein;



FIG. 12 is a top cross-sectional schematic view of the enclosure system of FIG.

11, taken along line 11-1 1;

FIG. 13 is a right side view of an embodiment of an air directing device in

accordance with one or more aspects of the present invention; and

FIG. 14 is a top view of the air directing device of FIG. 13.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0024] As a preliminary matter, it will readily be understood by one having ordinary

skill in the relevant art ("Ordinary Artisan") that the present invention has broad utility and

application. Furthermore, any embodiment discussed and identified as being "preferred" is

considered to be part of a best mode contemplated for carrying out the present invention. Other

embodiments also may be discussed for additional illustrative purposes in providing a full and

enabling disclosure of the present invention. Moreover, many embodiments, such as adaptations,

variations, modifications, and equivalent arrangements, will be implicitly disclosed by the

embodiments described herein and fall within the scope of the present invention.

[0025] Accordingly, while the present invention is described herein in detail in

relation to one or more embodiments, it is to be understood that this disclosure is illustrative and

exemplary of the present invention, and is made merely for the purposes of providing a full and

enabling disclosure of the present invention. The detailed disclosure herein of one or more

embodiments is not intended, nor is to be construed, to limit the scope of patent protection

afforded the present invention, which scope is to be defined by the claims and the equivalents

thereof. It is not intended that the scope of patent protection afforded the present invention be

defined by reading into any claim a limitation found herein that does not explicitly appear in the

claim itself.

[0026] Thus, for example, any sequence(s) and/or temporal order of steps of various

processes or methods that are described herein are illustrative and not restrictive. Accordingly, it

should be understood that, although steps of various processes or methods may be shown and

described as being in a sequence or temporal order, the steps of any such processes or methods

are not limited to being carried out in any particular sequence or order, absent an indication

otherwise. Indeed, the steps in such processes or methods generally may be carried out in

various different sequences and orders while still falling within the scope of the present



invention. Accordingly, it is intended that the scope of patent protection afforded the present

invention is to be defined by the appended claims rather than the description set forth herein.

[0027] Additionally, it is important to note that each term used herein refers to that

which the Ordinary Artisan would understand such term to mean based on the contextual use of

such term herein. To the extent that the meaning of a term used herein—as understood by the

Ordinary Artisan based on the contextual use of such term—differs in any way from any

particular dictionary definition of such term, it is intended that the meaning of the term as

understood by the Ordinary Artisan should prevail.

[0028] Furthermore, it is important to note that, as used herein, "a" and "an" each

generally denotes "at least one," but does not exclude a plurality unless the contextual use

dictates otherwise. Thus, reference to "a picnic basket having an apple" describes "a picnic

basket having at least one apple" as well as "a picnic basket having apples." In contrast,

reference to "a picnic basket having a single apple" describes "a picnic basket having only one

apple."

[0029] When used herein to join a list of items, "or" denotes "at least one of the

items," but does not exclude a plurality of items of the list. Thus, reference to "a picnic basket

having cheese or crackers" describes "a picnic basket having cheese without crackers", "a picnic

basket having crackers without cheese", and "a picnic basket having both cheese and crackers."

Finally, when used herein to join a list of items, "and" denotes "all of the items of the list."

Thus, reference to "a picnic basket having cheese and crackers" describes "a picnic basket

having cheese, wherein the picnic basket further has crackers," as well as describes "a picnic

basket having crackers, wherein the picnic basket further has cheese."

[0030] Referring now to the drawings, in which like numerals represent like

components throughout the several views, the preferred embodiments of the present invention

are next described. The following description of the preferred embodiment(s) is merely

exemplary in nature and is in no way intended to limit the invention, its application, or uses.

[0031] FIGS. 2A and 2B are an isometric view and an isometric schematic view,

respectively, of an electronic equipment enclosure system 10 having an air directing device 112

in accordance with one or more preferred embodiments of the present invention, and FIG. IB is

an isometric schematic view of the enclosure system 10 of FIG. IA. As shown therein, the

enclosure system 10, which may be generally conventional, includes a front panel 2, a rear panel



3, a pair of side panels 4 and a top panel 5 . In the illustrated embodiment, the front panel 2 is

implemented as a single hinged door and the back panel 3 is implemented as a pair of hinged

doors. In this regard, it will be apparent that various replacement components may be substituted

for the components of the enclosure system, without departing from the scope of the present

invention.

[0032] Furthermore, in the illustrated embodiment, the top panel 5 is illustrated as a

central top panel 6 and a top panel extension kit 7, wherein the top panel extension kit 7 may

include a plurality of top panel elements that are each co-planar with the central top panel 6, but

other arrangements will be apparent to the Ordinary Artisan.

[0033] FIG. 3A is a front orthogonal view of the electronic equipment enclosure of

FIG. 2A and 2B, shown with the doors and panels removed, illustrating the air directing device

installed therein, and FIGS. 3B-3F are various views of the electronic equipment enclosure 10 of

FIG. 3A, shown with the air directing device 112 removed. FIGS. 3A-3F illustrate various

components included or utilizable in one or more implementations of the present invention. As

shown therein, the various panels are supported by a four post frame structure 16. The panels

may form part of an enclosure expansion kit of the type shown and described in commonly-

assigned U.S. Patent Application No. 11/837,537, published as US08/0035810 and entitled

"OFFSET BRACKETS FOR EXPANDING ELECTRONIC EQUIPMENT CABINETS," the

entirety of each of which is incorporated herein by reference. As further described in the

11/837,537 application, the enclosure expansion kit may include a plurality of offset brackets 18

and one or more center support brackets 19. Alternatively, the enclosure may be a traditional

enclosure (not shown) in which the various panels, including front and/or rear doors panels, are

disposed directly adjacent the frame structure instead of being supported by offset support

brackets 18.

[0034] Although some of the brackets shown in U.S. Patent Application No.

11/837,537 are not the same as those shown in the present invention, it will be appreciated that

any such bracket may be utilized without departing from the scope of the present invention.

Furthermore, the concept of an expanded equipment enclosure is aptly shown therein and the

Ordinary Artisan will understand how an expansion kit with the brackets 18 shown herein would

work. In summary, eight offset brackets 18 are attached to the four post frame structure 16 for

mounting of panels associated with the expansion kit. In the present invention, the brackets 18



are designed so as not to intrude into the spaces created in the sides of the enclosure 10 between

the four post frame structure 16 and the panels of the expansion kit. As will be described more

fully below, the spaces in the sides of the enclosure 10 between the four post frame structure 16

and the side panels of the expansion kit may be filled by internal exhaust ducts 12, an example of

which is shown on the left side of the enclosure 10 in FIGS. 3A-3F.

[0035] The interior four post frame structure 16 may be of conventional design and

construction, such as that shown in U.S. Patent Application No. 11/837,537, and in fact the

present invention is perhaps most applicable to, and useful with, conventional four post frame

structures. As shown and described, the four post frame structure 16 includes four vertical

members 20, upper and lower front cross members 22,23 upper and lower rear cross members

24,25, a pair of upper side cross members 26 and a pair of lower side cross members 28. A

plurality of cross member attachment apertures are arranged at each end of each vertical member

20. Two of the vertical members 20 are connected together at their upper and lower ends by the

upper and lower front cross members 22,23, respectively, and the other two vertical members 20

are connected together at their upper and lower ends by the upper and lower rear cross members

24,25, respectively. The front cross members 22,23 and their respective vertical members 20

thus define a front frame 30, and the rear cross members 24,25 and their respective vertical

members 20 define a rear frame 32. The front and rear frames 30,32 may then be connected

together at their respective corners by the upper and lower side cross members 26,28.

[0036] Any known connection means may be used to join the various members

together. Although not illustrated herein, at least one example of conventional connection means

is described in commonly-assigned U.S. Patent No. 6,185,098, entitled "CO-LOCATION

SERVER CABINET," the entirety of which is incorporated herein by reference. Although

likewise not illustrated herein, the precision and the stability of each of the corners of at least

some types of four post frame structures may be enhanced by utilizing a self-squaring corner

attachment bracket such as that disclosed by the commonly-assigned U.S. Pat. No. 5,997,1 17

entitled "RACK FRAME CABINET," the entirety of which is hereby incorporated by reference.

[0037] A four post frame structure 16 may further comprise horizontal mounting rails

with each horizontal mounting rail including two rows of mounting apertures extending along its

entire length. Optionally, vertical mounting rails (not shown) may be mounted to the horizontal

mounting rails. Each vertical mounting rail preferably includes a series of evenly-spaced,



threaded mounting apertures, extending along substantially its entire length, for use in mounting

electronic components and equipment, peripheral devices, cable brackets, additional mounting

members, or the like thereto.

[0038] The internal exhaust duct 12 is disposed between a side of the four post frame

structure 16 and a side panel 6 of the expansion kit. The internal exhaust duct 12 may be

positioned on either the left or right side of the enclosure 10, depending on the side of the

enclosure 10 through which it is desired for exhaust air to be removed. Based on the placement

of the internal exhaust duct 12, one of ordinary skill in the art will understand that the internal

exhaust duct 12 and adjustable panel assemblies 14 as described herein are perhaps most useful

when used in conjunction with equipment through which air flows in a side to side direction, i.e.,

cool air intake on one side and exhaust air release on the other side, rather than equipment

through which air flows in a front to back direction. However, it will be appreciated that similar

adjustable panel assemblies may likewise be utilized with air ducts that are located in the front or

rear of an enclosure as well without departing from the scope of the present invention. As shown

in FIGS. 3A-3F, the duct 12 extends along the full height of the enclosure 10. However, in at

least some embodiments, the duct 12 may extend only a portion of the height of the enclosure 10.

[0039] As is shown, a rear portion of the exhaust duct 12, having a rear opening 34

extends beyond the rear frame 32 of the four post frame structure 16. The rear opening 34 in the

rear portion enables exhaust air to flow therethrough. Although not shown, the rear portion may

abut the back panel 4 of the enclosure expansion kit; thus, exhaust air may flow through the rear

opening 34 of the exhaust duct 12 and out through or past the back panel 4 of the enclosure 10.

In at least some embodiments, exhaust air may flow through the rear opening 34 and out through

perforations (not shown) in the back panel 4 . Additionally, the rear opening 34 of the exhaust

duct 12 may be located at any point along the height of the duct 12 or the rear opening 34 may

open at the top or bottom of the duct 12.

[0040] The exhaust duct 12 also includes a generally rectangular shaped inlet opening

36 (perhaps most fully appreciated in FIG. 4B) into the interior 38 of the enclosure 10 that is

preferably located near the front frame 30 of the enclosure 10 and extends substantially the entire

height thereof. However, in at least some embodiments, the inlet opening 36 is located near the

rear frame 32, while in at least some other embodiments, the inlet opening 36 is centered

between the front frame 30 and the rear frame 32. Also, in at least some embodiments, the inlet



opening 36 extends only a portion of the height of the enclosure 10. As will be explained more

fully below, exhaust air from equipment stored in the enclosure 10 is routed into the inlet

opening 36 of the duct 12 and is then routed out of the enclosure 10 through the rear opening 34

of the duct 12.

[0041] As perhaps best shown in FIGS. 3A and 3C, one or more adjustable filler

panel assemblies 14 may be disposed as desired in the inlet opening 36 of the internal exhaust

duct 12. In the particular arrangement illustrated, four adjustable filler panel assemblies 14 are

disposed in the inlet opening 36. It will be appreciated that the four illustrated panel assemblies

14 are merely exemplary of the various combinations of panel assemblies 14 that could be used

in the inlet opening 36 of the exhaust duct 12. The filler panel assemblies 14 selectively close

off portions of the inlet opening 36 of the internal exhaust duct 12 and create a barrier between

the exhaust duct 12 and the interior 38 of the enclosure 10 so that air passing from equipment

mounted in the enclosure 10 through exhaust openings 40 into the exhaust duct 12 does not

return from the exhaust duct 12 back into the interior 38 of the enclosure 10. For example, in the

embodiment shown in FIGS. 3A-3F, an exhaust opening 40 is left between the lowermost filler

panel assembly 14 and the next higher filler panel assembly 14. This opening 40 is utilized to

release air exhausted by equipment stored in the enclosure 10 into the exhaust duct 12. More

particularly, the opening 40 that is formed in the exhaust duct inlet 36 may be aligned with the

exhaust grilles of one or more particular pieces of equipment so that air exhausted by the

equipment is routed into and through the exhaust duct 12 and out the rear of the enclosure 10.

Through proper sizing and alignment of one or more filler panel assemblies 14, further described

hereinbelow, the exhaust opening 40 may be sized and aligned appropriately to fit the exhaust

grille or grilles of the particular piece or pieces of equipment to avoid air exhausted by the

equipment escaping into the interior 38 of the enclosure 10 and adding undesirable heat to the

enclosure 10. Furthermore, as further described hereinbelow, it is preferred that the inlet

opening 36 of the duct 12 and edges of the filler panel assembly 14 that are in contact with active

equipment be fitted with a compliant sealing material such as a rubber seal 57, perhaps best

shown in FIGS. 8-1 1, to minimize air leakage into the interior 38 of the enclosure 10.

[0042] As described previously, network switches tend to generate a large amount of

heat and therefore are often of particular concern when considering thermal management of an



enclosure. However, it will be appreciated by the Ordinary Artisan that the present invention is

likewise applicable to a wide variety of other types of equipment.

[0043] It will further be appreciated that because of the adjustable nature of the filler

panel assemblies 14, the placement and sizing of each exhaust opening 40 is also adjustable.

Each opening 40 may be made larger or smaller depending, for example, on the size of the

exhaust grille or grilles of the particular piece or pieces of equipment, and it may be created

higher or lower in the enclosure 10 depending on the placement of the particular piece or pieces

of equipment from which air is being exhausted. Additionally, although not shown, multiple

exhaust openings 40 may be created for multiple pieces of equipment. In essence, the adjustable

filler panel assembly 14 enables the exhaust duct 12 to be custom fit to the particular piece or

pieces of equipment.

[0044] FIGS. 4A-4C are various views of the internal exhaust duct of FIG. 3A,

shown with the air directing device and one or more of the lowermost filler panel assemblies

removed. The exhaust duct 12 is somewhat box-like in shape having opposing inner 42 and

outer side walls 44, opposing top and bottom walls 46,48, and a front side wall 50. As explained

above, the rear portion opening 34 enables exhausted air to flow therethrough to the rear of the

enclosure 10. Each of the walls may include one or more panels. The outer side wall 44 is

preferably a continuous or solid panel, however, the inner side wall 42 is bifurcated, with a first

portion extending from the inlet opening 36 to the rear vertical member 20 and a second portion,

inset from the first portion as perhaps best shown in FIG. 4C, extending from the rear vertical

member 20 to the rear of the exhaust duct 12. Together, the first and second wall portions define

an additional opening 52 for receipt of a vertical member 20 of the frame structure 16 of the

enclosure 10. The inner and outer side walls 42,44 may be held in place relative to each other by

one or more spacers 43. When the exhaust duct 12 is installed in an enclosure 10, the front wall

50 is oriented toward the front of the enclosure 10, the outer side wall 44 is oriented toward one

of the side panels 6 of the expansion kit, and the inner panel 42 is oriented toward the interior 38

of the enclosure 10 so that the inlet opening 36 may be aligned with the exhaust grille or grilles

of equipment mounted in the enclosure 10.

[0045] The exhaust duct 12 thus forms a substantially enclosed structure with the

exception of the rear portion opening 34, the inlet opening 36 and preferably the frame structure

opening 52. However, the frame structure opening 52 is enclosed and sealed by the frame



structure 16 when the exhaust duct 12 is installed in the enclosure 10, and much of the inlet

opening 36 is closed by the plurality of adjustable filler panel assemblies 14. As such, air that

flows into the exhaust duct 12 through the exhaust openings 40 formed in the inlet opening 36 is

directed out the rear opening 34 of the exhaust duct 12 to the rear of the enclosure 10 where it is

exhausted out of the enclosure 10.

[0046] The bifurcation of the inner side wall 42 may assist in the installation of the

internal air duct 12 within the enclosure 10. In particular, the portion of the inner side wall 42

nearest the rear of the enclosure 10, together with a portion of the top wall 46 and a portion of

the bottom wall 48, may be separable from the remainder of the air duct 12 (with the line of

separation visible, for example, in FIG. 4C), thereby permitting the two sections of the air duct

12 to be installed separately. This, in turn, may permit a close fit to be obtained around the rear

vertical frame member 20 on the side of the enclosure 10 where the air duct 12 is installed,

wherein the rear vertical frame member 20 fits neatly into the opening 52 in the inner side wall

42.

[0047] FIGS. 5-8 are various views of the air directing device 112 of FIG. 3A. As

shown therein, the air directing device 112 includes four vertical planar structures or panels

118,119,120,121 disposed in generally parallel relationship with one another and with the front

and rear panels of the enclosure 10. Two outer panels 118,119 have similar width and two inner

panels 120,121 have similar width with the two outer panels 118,119 being relatively less wide

than the two inner panels 120,121. As used herein, the width of the panels 118,119,120,121 and

particularly the width of the inner panels 120,121 defines the depth of the air directing device

112. As illustrated in FIG. 6, the two sides of the air directing device 112 are symmetric with

respect to one another along imaginary line 130.

[0048] The panels 118,119,120,121 are horizontally spaced a fixed distance from one

another and are connected via top and bottom connection plates 122. The connection plates 122

are generally T-shaped with the cross arm 124 of the T-shape being relatively longer than the

trunk 126 of the T-shape. The length of the cross arm 124 is determined by the distance between

the two outer panels 118,119 of the air directing device 112, which in turn may be determined by

the dimensions of the electronic equipment with which the air directing device is to be used. The

width of the cross arm 124 is determined by the width of the two outer panels 118,119. The



length of the trunk 126 of the T-shape is determined by the width of the two inner panels

120,121.

[0049] The air directing device 112 is disposed in the side space 114 of the enclosure

10, and more specifically, the air directing device 112 is vertically positioned near the inlet grille

(not shown) of an active side breathing piece of equipment 128 so that the air directing device

112 is oriented generally orthogonally to the side breathing equipment 128. As used herein, the

term "side breathing equipment" may be understood to include any equipment that utilizes side-

to-side cooling.

[0050] The vertical panels 118,119,120,121 form vertical fins that deflect cooling air

into side breathing equipment 128 mounted in the enclosure 10. More specifically, in the

illustrated embodiment, the inner panels 120,121 are dimensioned such that their outer ends

come in near proximity to the enclosure side panel, as shown in FIG. 6, and therefore essentially

block air from flowing past. On the other hand, as indicated above, the outer panels 118,119 are

of shorter width than the inner panels 120,121 and thus allow a portion of the cooling air to flow

between them and the side panel of the enclosure 10. More specifically, the outer panels

118,119 divert a portion of the cooling air to the outer portions of the inlet grille of the

equipment 128 and allow a portion of the cooling air to flow past. The portion of air that flows

past the outer panels 118,119 is blocked by the inner panels 120,121 so that the remainder of the

cooling air is directed to turn orthogonally into the inlet grille of the side breathing equipment

128.

[0051] The air directing device 112, and specifically, the widths of the vertical panels

118,119,120,121 should be designed to minimize air restriction within the enclosure 10 while

suppressing formation of air vortex zones in the forward and rear sections of the equipment 128.

In an enclosure 10, airflow through the side space 114 is restricted somewhat by the need to flow

around the enclosure frame members, cable bundles, and other internal accessories. These

restrictions cause the air velocity adjacent to the side panel to increase. The momentum effect of

the airflow often generates an air vortex in the equipment 128. More particularly, in enclosures

that do not have an air directing device 112, the momentum of the cooling air as it makes the

orthogonal turn from flowing past the side of the equipment 128 toward the side of the

equipment 128, and subsequently entering the equipment 128, typically generates a vortex in the

network equipment 128. The air vortex creates the problem of recirculation that unfavorably



effects the amount of heat that is removed from the equipment 128. The presence of the air

directing device 112 in the side space 114 of enclosure 10 reduces the formation of vortex zones

thereby substantially eliminating recirculation within the side breathing equipment 128. Without

a recirculation problem, cooling fans of the side breathing equipment 128 are able to provide a

maximum cooling effect for the side breathing equipment 128 thereby improving thermal

management of the side breathing equipment 128.

[0052] The spacing of the vertical panels 118,119,120,121 of the air directing device

112 may vary based on the size and flow characteristics of the side breathing equipment 128 with

which the air directing device 112 is associated, the dimensions and placement of the equipment

air intake grille or grilles, and the like. In at least some embodiments, the equipment 128 may

include a generally continuous air intake grille extending a substantial distance along its side, the

outer panels 118,119 are located within the front-to-back envelope of the equipment air intake

grille, and the inner panels 120,121 are located symmetrically about a vertically-oriented center

plane of the equipment air intake grille. The spacing of the inner panels 120,121 may be

adjusted depending on the characteristics of the equipment 128. Taken to the minimum limit, it

is contemplated that the two inner panels 120,121 may be reduced to a single inner panel

120,121.

[0053] The panels 118,119,120,121 of the air directing device 112 are of sufficient

thickness and stiffness to withstand the aerodynamic forces required to redirect inlet air into the

side breathing equipment. In addition, the materials selected should have mechanical and

electrical properties that are appropriate for a typical computer datacenter environment.

[0054] The air directing device 112 can be designed to mount to the side breathing

equipment 128, the side panel, the enclosure frame structure or substructure, or any desired

combination thereof. In at least some embodiments, the air directing device 112 is supported by

horizontal members connected to the vertical mounting rails. Further, construction methods for

the air directing device 112 may include injection molded plastic, welded plastic, riveted plastic,

riveted metal, welded metal, cast metal , or a combination of plastic and metal joined by rivets,

adhesive, and the like. In addition, the panels 118,119,120,121 may be manufactured from a

number of materials including sheet metal or plastic.

[0055] As shown in FIG. 9, in operation, inlet airflow enters the side space 114 where

the air directing device 112 is located via perforated front and rear doors or panels or other entry



means that are known in the art. Fans located inside the electronic equipment 128 may be used

to draw cooling air through the enclosure 10 and through the equipment 128. Fans located

outside the electronic equipment 128 but inside the enclosure 10, or located entirely outside the

enclosure 10 may likewise be used to pull or push cooling air through.

[0056] As described previously, the forward outer panel 118 of the air directing

device 112 is positioned orthogonally to inlet airflow entering the side space 114 of the enclosure

10 such that a portion of the airflow is diverted near the forward edge of side breathing

equipment 128 installed in the enclosure 10. A forward inner panel 120 transects the side space

114 of the enclosure 10 and is used to direct the remaining air stream into the air intake grille of

the equipment 128. The set of rear panels 119,121 that mirror the forward panels 118,120 is

positioned symmetrically about a vertical center plane of the equipment intake grille. The rear

set of panels 119,121 suppress the rear vortex region thereby improving heat removal in the rear

of the enclosure 10.

[0057] FIG. 10 is a computer simulation of the temperature inside an enclosure,

having an air directing device 112 mounted therein in accordance with a preferred embodiment

of the present invention, as seen from inside the enclosure looking downward. As can be seen,

the air directing device 112 significantly reduces recirculation inside side breathing electronic

equipment 128, thereby minimizing hot zones within the side breathing equipment 128. More

particularly, the temperature in the front area 142 of the equipment 128 is higher than the

temperature in the area 140 near the intake, but only slightly so, and the temperature near the rear

of the equipment 128 is not almost the same as in the area 140 near the intake.

[0058] The reduction leads to an optimal cooling efficiency for the equipment and

enclosure system. The addition of an air directing device 112 enables side breathing equipment

128 in an enclosure 10 to operate with more temperature uniformity, i.e., more uniformly cool,

than is possible in free air outside of an enclosure 10. By optimally positioning the air directing

device 112, recirculation zones or vortices within the equipment 128 are diminished and passive

cooling efficiency is maximized.

[0059] Although not illustrated herein, it will be understood that in at least some

embodiments, an air directing device may be provided that includes only two panels, wherein

one of the panels has a width similar to that of the outer panels 118 and the other panel has a

width similar to that of the inner panels 120. The function of such an air directing device is



similar to that of the air directing device 112 described previously, except that it may be suitable

for controlling airflow from only one direction, i.e., from the front only or the rear only, but not

both. Such a device may be appropriate if airflow is in fact only being provided from one

direction to side breathing equipment 128.

[0060] The vertical dimensions of any of the air directing devices described herein

may be selected to match the amount of equipment, and particularly side breathing equipment

128, that is to be mounted in a given enclosure 10. To accomplish this, it is contemplated that in

at least one commercial embodiment, air directing devices having a variety of different lengths,

at least some of which are designed to extend substantially the entire height of enclosures 10 of

known dimensions, are provided. When an installer or other user chooses to place side breathing

equipment 128 in an enclosure 10, he may select an air directing device of a length

corresponding to the amount and vertical placement of such equipment 128 in the enclosure 10.

[0061] FIG. 11 is an isometric schematic view, shown with a side breathing

equipment 128, utilizing side-to-side cooling, installed therein. In the arrangement depicted

therein, it is assumed that the side breathing equipment 128 is of a type that receives cooling air

through one or more intakes located on the right side and exhausts it via one or more outlets on

the left side. It will be appreciated that the various elements of an airflow control system, the

rear and side 3,4 and the exterior surfaces of the side breathing equipment 128 itself may create

various plenums, including a right-front plenum and a right-rear plenum. It will be further

appreciated that the right-front plenum is in fluid communication with a front portion of the

intakes on the right side of the side breathing equipment 128, and that the right-rear plenum is in

fluid communication with a rear portion of the intakes on the right side of the side breathing

equipment 128. Still further, it will be appreciated that the outlet or outlets of the side breathing

equipment 128, on the left side, are in fluid communication with the interior of the internal air

duct 12.

[0062] FIG. 12 is a top cross-sectional schematic view of the enclosure system 10 of

FIG. 11, taken along line 11-1 1. As shown therein, cooling air (represented in FIG. 12 by large

white arrows) is first routed through the front and rear of the enclosure and into the right plenum.

This may be accomplished via vents, perforations or other openings in the front panel 2, by

opening a front door (where the front panel 2 includes one or more doors) or by removing the

front panel 2 . The cooling air is then routed through the various channels in the air directing



device 112 and into the intake or intakes of the side breathing equipment 128. Exiting the side

breathing equipment 128, the heated exhaust air (represented in FIG. 12 by large black arrows) is

routed through the opening of the internal air duct 12, through the internal air duct 12, and out

through the rear of the enclosure.

[0063] FIGS. 13-14 are various views of another air directing device 212 in

accordance with one or more aspects of the present invention. As shown therein, the air

directing device 212 includes three vertical planar structures or panels 118,119,120 disposed in

generally parallel relationship with one another and with the front and rear panels of the

enclosure 10. Two outer panels 118,119 have similar width and one inner panel 120 has a

greater width than the two outer panels 118,119. As used herein, the width of the panels

118,119,120 and particularly the width of the inner panel 120 defines the depth of the air

directing device 212. As illustrated in FIG. 14, the two sides of the air directing device 112 are

symmetric with respect to one another along imaginary line 130.

[0064] The panels 118,119,120 are horizontally spaced a fixed distance from one

another and are connected via top and bottom connection plates 222. The connection plates 222

may optionally be generally T-shaped with the cross arm 224 of the T-shape being relatively

longer than the trunk 226 of the T-shape. The length of the cross arm 124 is determined by the

distance between the two outer panels 118,119 of the air directing device 212, which in turn may

be determined by the dimensions of the electronic equipment with which the air directing device

is to be used. The width of the cross arm 224 is determined by the width of the two outer panels

118,119. The connection plates 222 may or may not have a trunk 226. To the extent that a trunk

226 is present in the connection plates 222, the length of the trunk 226 of the T-shape is

determined by the width of the inner panel 120.

[0065] The air directing device 212 is disposed in the side space 114 of the enclosure

10, and more specifically, the air directing device 112 is vertically positioned near the inlet grille

(not shown) of an active side breathing piece of equipment 128 so that the air directing device

212 is oriented generally orthogonally to the side breathing equipment 128. As used herein, the

term "side breathing equipment" may be understood to include any equipment that utilizes side-

to-side cooling.

[0066] The vertical panels 118,119,120 form vertical fins that deflect cooling air into

side breathing equipment 128 mounted in the enclosure 10. More specifically, in the illustrated



embodiment of FIGS. 13-14, the inner panel 120 is dimensioned such that the outer end comes in

near proximity to the enclosure side panel, and therefore essentially blocks air from flowing past.

On the other hand, as indicated above, the outer panels 118,119 are of shorter width than the

inner panel 120 and thus allow a portion of the cooling air to flow between them and the side

panel of the enclosure 10. More specifically, the outer panels 118,119 divert a portion of the

cooling air to the outer portions of the inlet grille of the equipment 128 and allow a portion of the

cooling air to flow past. The portion of air that flows past the outer panels 118,119 is blocked by

the inner panel 120 so that the remainder of the cooling air is directed to turn orthogonally into

the inlet grille of the side breathing equipment 128.

[0067] In at least one still further embodiment not illustrated herein, an air directing

device includes vertical panels of at least different widths, whereby at least one outer panel

directs a first portion of the airflow in a side space of an electronic equipment enclosure toward

side breathing equipment mounted in the enclosure but allows a second portion of airflow to pass

thereby, at least one intermediate panel directs a third portion of the airflow toward the side

breathing equipment but allows a fourth portion of the airflow to pass thereby, and at least one

inner panel directs some or all of the fourth portion of the airflow toward the side breathing

equipment.

[0068] In a still further feature of the present invention, any of the embodiments

described or illustrated herein may be modified by angling all or a portion of some or all of the

vertical panels toward the equipment, by curving all or a portion of some or all of the vertical

panels toward the equipment, or both, thereby providing a smoother transition for the orthogonal

turn applied to the airflow. Such a feature may promote greater laminar flow and less

turbulence, thereby increasing the efficiency of the cooling process.

[0069] Based on the foregoing information, it is readily understood by those persons

skilled in the art that the present invention is susceptible of broad utility and application. Many

embodiments and adaptations of the present invention other than those specifically described

herein, as well as many variations, modifications, and equivalent arrangements, will be apparent

from or reasonably suggested by the present invention and the foregoing descriptions thereof,

without departing from the substance or scope of the present invention.

[0070] Accordingly, while the present invention has been described herein in detail in

relation to its preferred embodiment, it is to be understood that this disclosure is only illustrative



and exemplary of the present invention and is made merely for the purpose of providing a full

and enabling disclosure of the invention. The foregoing disclosure is not intended to be

construed to limit the present invention or otherwise exclude any such other embodiments,

adaptations, variations, modifications or equivalent arrangements; the present invention being

limited only by the claims appended hereto and the equivalents thereof. Although specific terms

are employed herein, they are used in a generic and descriptive sense only and not for the

purpose of limitation.



CLAIMS

What is claimed is:

1. An air directing device for thermal management in side breathing equipment comprising:

a) at least three vertical panels disposed in generally parallel relationship and

horizontally spaced a fixed distance from one another, each panel defining a fin

arranged orthogonally relative to an airflow path for deflection of cooling air into

side breathing equipment, wherein at least one of the panels is an inner panel that

is wider than two outer panels; and

b) at least one connection member connecting the outer panels to one another.

2 . The air directing device of claim 1, wherein the at least one connection member is two

connection plates, each positioned at opposing ends of the panels.

3 . The air directing device of claim 2, wherein each connection plate has a T shape.

4 . The air directing device of claim 3, wherein a length of a cross portion of each T shaped

connection plate is measured as a first distance between the outer panels, and a length of

a trunk portion of each T shaped connection plate is the width of the inner panel.

5 . The air directing device of claim 1, wherein the at least three vertical panels are three

vertical panels.

6 . The air directing device of claim 1, wherein the at least three vertical panels are four

vertical panels.

7 . The air directing device of claim 6, wherein the panels include two front panels and two

rear panels.

8. The air directing device of claim 7, wherein the two front panels mirror the two back

panels.

9 . The air directing device of claim 1, wherein the at least three vertical panels include two

inner panels.

10. The air directing device of claim 9, wherein the two inner panels are the same width and

the two outer panels are the same width.



11. An electronic equipment enclosure comprising:

a) an air directing device disposed in a side space of the enclosure having at least

two vertical panels of differing widths disposed a fixed horizontal distance from

one another;

b) wherein a first panel of the at least two vertical panels directs a first portion of

airflow through a side space in the enclosure toward side breathing equipment

mounted in the enclosure but permits a second portion of airflow through the side

space to pass by, and wherein a second panel of the at least two vertical panels

directs at least a portion of the second portion of airflow toward the side breathing

equipment.

12. The enclosure of claim 11, wherein the at least two vertical panels are disposed in parallel

relationship to the front and rear of the enclosure.

13. The enclosure of claim 11, wherein the air directing device includes three vertical panels.

14. The enclosure of claim 11, wherein the air directing device includes four vertical panels.

15. The enclosure of claim 11, wherein the air directing device is mounted to internal

structural members of the enclosure.

16. The enclosure of claim 11, wherein the air directing device is mounted to a side panel of

the enclosure.

17. The enclosure of claim 11, wherein the air directing device is aligned with an air intake

grille of the side breathing equipment mounted in the enclosure.



18. A method of directing airflow within an enclosure having electronic equipment mounted

therein, comprising:

a) mounting an air directing device having at least two vertical panels of different

widths in a side space formed between the electronic equipment and a side panel

of the enclosure;

b) routing airflow into at least a front or a rear of the enclosure and then into the side

space;

c) directing a first portion of the airflow, using a first panel of the at least two

vertical panels, toward the equipment but permitting a second portion of the

airflow to pass by; and

d) directing at least a portion of the second portion of the airflow, using the second

panel of the at least two vertical panels, toward the equipment.

19. The method of claim 18, wherein the electronic equipment is side breathing electronic

equipment having at least one air intake grille facing the side space, and wherein the

directing steps include directing the respective portions of the airflow toward the at least

one air intake grille.

20. The method of claim 18, wherein the air directing device has at least three vertical panels

of at least two different widths in the side space, the at least three vertical panels defining

at least one inner panel and at least two outer panels, with the inner panel being wider

than an outer panel.
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