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skill A lieut cxclinllgcr v:nll is plncixl witlllll till: pari('Is. A
lirst fnn arrangcmcnt circulates ambient air into a space
within the panels and along the exterior surface of the heat
exchanger (vail and back into the environnient A second fan
arrangenient circulates air contained within the enclosure
against the interior surface of the heat exchanger wali. Heat
is transferred through the heat exchanger wall to the mnbieat
air circulated by the lira( fan. An iiumr wail is placed
adiaccnt to thc intcnor surface of the heat exchanger wall.
'I'he space between the inner wall and the heat exchanger
v all fonna a space for the air within the interior of the
enclosure to circulate by the second fan 'I he heat exchanger
v all provides a barrier isolating the ambient air from the air
v ithin the enclosure, preventing dust. humidity and pollut-
ants to enter into Ihc inicnor of the cabinet in thc space
surrounding the elccuonic components.
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1

ELECTRONICS CABINET WITH INTERNAL
AIR-TO-AIR HKAT KX('ll AN(II JR

I IA(IK(iR(R 1 N1 )

1. Field of Invention
llus invmltion relates generally to the subjccl ol methods

and systmns of promdulg cooing to a cdbulct or enclosure.
'I'he coolin is needed because the cabinet contains elec-
tronic components that generate heat Such cabinets are used in
in a variety of devices, for example servers„and switching
and routing devices used m teleconununications. Bnd in
Teleplmne Company. Internet service provider. and com-
puter network apphcaUom. Morc particularly, thc invml!ion
rclatcs to a cabinet design (liat includes an ultcrnal mr-to-atr
heat exchanger and fan arrangement that provides cooling
filr the cabmet ivhile simultaneously preventing dust,
humidity or pollutants fronl the enviromnent fnlm entering
the interior of the cabinet where the electronic components
are located. This feature is particularly important in the Io
applmdtton ol'electronics cabulets used in outside mlviron-
mcnts. such as ui the case of some types of switching and
nettvorking equipnient where the cabinets can be located
next to mads. on telephone poles and in other harsh envi-
ronments.

2. Description of Related Art
Integrated teleconuuuntcattons devices. such as routers,

switches, network access servers. remote access conccntra-
tors. Ti span tennulauon shelves. DSL access muluplexers,
and other similar t)pes of devices. often take the filnn of a lo
medium or large size enclosure or cabinet 'I'he cabinet,
sonletimes referred to in the art as a "chassis" or "shelt",
typically incorporates one or more printed circuit boards or,
more conunonly. modular cards, with such cards typically
beulg capable of being mmiually inset(ed into and remuvcd li
from thc chassis. These pun(cd circuit boards antVor cards
hicolptu alt: UUnlcrotts scnuconductor-based clcclrontc cum-
ponents such as nlicropmcessors and integrated circuit
chipg which generate significant amounts of heat during
operation. do

Integrated circuit chips, microprocessors. and other sinu-
lar elccuontc componmits arc designed to operate wtthul a
paruculdr Icmperaturc window. Accordingly, the heat gen-
era(cd by such components musi bc removml Ibom thc
enclosure they are housed in or else the components will
overheat and fail It is known in the art to provide air flov
features by which relatively cooler ambient Bir is conducted
into the chassis, and relatively wamler air generated inside
thc cha99ts ls cxhBttstcd front Ihc cluissts lhoUgh Bn BpcflUrc
hi thc chas91s hoUsulg, 1)'plcBllv Ushlg onc ol nltirc lans.
Representative patents addressulg cooling and mr flow con-
siderations v ithin an electronics device include the folkm-
ing references Manes, J.J S Pat. No. 4,502,099. (iarner, 1).S.
Pat. No. 4,648,007 and the patents to Cr'ourdine. U.S. Pat.
Nos. 5.297,005 and 5.422,787. Ciourdine*s patents describe ss

cnbtnct or chassis ul wluch onc or morc electronic com-
ponents are imhvtdually tsolated and sublcct lo separate
mrflow ul order to maxnntzc Ihc coolulg of all the compo-
nents in the cabinet. 'Ille patent to Stockbridge„JJ.S Pat. No.
6.101,10g, describes a chassis cooling, arrangements using io
ambient air as well as a safety feature in the form of a
fire-contaimnent trap door that closes oif the ambient atr
pa9sttgtu ui flrc cvcnl oi 9 Jnc ui Ihc chsss19.

Cooing iuTangcnlcnts fol clcctronlcs cabulcm ttsulg scpa-
ratc mr tomr heat cxchangers arc knuwn ul thc art mid such si
pmducts are available from 'I'hernmcore. See. for exanlple
the tbllowing papers: .Jon /uo, Ron I Joover and Jlred Phil-

hps, '*Advanced Thermal Arclitccturc I'or Coolulg of High
Pov er Electronics'1 Thennacore International, Inc.. 2001;
Nelson J. Gcrnctt, "Coolulg of Power Semiconductors in
Cabinets", Thcrmacorc Intcmattonal, Inc., 2001, and, Z. J.
luo, I 1 11 l)ubble and S. I). (Jamer "('ompact, Double Side
Impingement, Airrl'o-Air Iieet I:xchanger", 1'hermacore,
inc., undated, all of which are available from the Therma-
core.corn website. A separate air-to-air heat exchanger, such
as the HXI Series air-to-air heat exchanger from Therma-
corc, is cxpcnsivc and Increases thc size of tlm overall
system, and thus docs not fully address thc problems in thc
'I tt

The present invention provides an advantage over known
systems by integrating the heat exchanger fitnctton within
thc walls of thc cabmct, whereby a lower cost, smaller
packttgc Is ploiincctl. Mort:ovt:I; prcfcITcxl Ilspccm of Ibis
invention provide filr air-to-air heat exchange without intro-
ducing outside air (tvhich may contain dust, humidity oi'ollutants)into the interior of the cabinet

SUMMARy Ol'I III: JNVI:N1 ION

Electroluc circuits winch dre located uistdc a cabinet or
enclosure gcncrau: hest that must be dissipated. Thc present
invenuon provides dn intenlal heat exchmigcr arrtmgcment
within the cabinet that not only cools the cabinet but also
pmvides isolation ofoutside (ambient) air fronl the air in the
interior of the cabinet so that no pollutants. dust or inunidity
enters the interior of the cabinet where the electronics
components arc loca(cd.

I'he inventive system includes an air-to-air heat
exchanger in the cabinet The heat exchanger is preferably
formed as a v:all (or set of walls) separatin the interior of
the cabinet from the outer panels or skin of the cabinet. The
heat exchan er wall provides the separation of ambient air
from thc atr witlun thc cabinet adjuccnt to thc clcctrorucs.
Thc heat excllangcr wall is prcfcrably given a folded, lin, or
other such configuration to increase its surface area and
facilitate heat transfer bettveen tvarm air inside the encklsure
and relativeiy cooler ambient air circulated on the exterior
surface of the heat exchanger. In exemplary embodiments,
the heat exchanger wali is constructed of thin material, such
ds sheet dhunulttnl, to maxuulzc hcBJ lrdn9fcl Thc shoe( can
bc very tlun, almost membrane like. such as 10 mila. The
heat exchanger tvall has an interior surface facing the
interior of the cabinet and an exterior surface facing the
outer panels or skins

A lirst fan arrangement (fdn or sct of fans) draw rclanvely
cool ambient atr lluough d sci of opcnuigs In thc boltom of
the outcr panels of the cdbulet ulto un mr space betwimn the
heat exchanger wall'9 exterior surface and the outer panels
1'he cool air is pulled up past the outside surface of the heat
exchanger v:all and exhausted out the top of the panels. A
second fan arrangement (fan or set of fans) are provided
inside thc cabinet v hich draws mr w I(bin the cdbulct tlrat has
bimn wamlcd by thc clcctronics and forces 11 through an air
space provulcd beta eml ml Inner wall ol'he cabinet and thc
inside surface of the heat exchanger walls Iieet is trans-
ferred from the v,arm air through the heat exchanger wall to
the ambient air, flowing over the outer surface OJ the heat
exch m er wall due to the action of the first fan arrangement.
The air inside thc cabulct is isolated 1)om thc ambient atr by
the lmdt exchanger wall (and by seals und otlmr fin(urea). so
that humidity, dirt dnd air pollutants In tlm ambtcni air
stream are not pulled into the cabinet were the electnmics
are located.
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lhc uivenlion is apphcable generally lo enclosures lhal
house electnsnic components A detailed description of a
preferred embodiment will be pn)vided in the context nf a
cabinet housing electronics components for a l)iaital Sub-
scriber Line Access Multiplexer (DSLAM), a networking
device used to connect remotely-located computers to a
packet switched network. Tlus dcscnpuon is provided for
purposes of illustration aud not linutanon. The timluuqucs
and features of the illustrated embodiment described below
are applicable to cabinets housing other types of circuitry, lo

whether in the networking or computer industries or in other
industries such as medical equipment. copy machines, etc.
In other words. the function of the device and the nature of
Ihe clcctronics in llm cabuiet, and thc lorm faclor or size of
lhc cdbuict, ls uol uupoitiull. I

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a cabinet enclosing
electronic components, showing the outer panel or skin of io
thc cabinet and showing the lower air intake venls where
relanvcly cooler air is tnuoduccxt into Ihe cabuict mid the
upper exhaust vents where relatively warmer air is removed
fmm the cabinet A set of heat exchanger walls inside the
cabinet provides an isolation of the interior of the cabinet
ivhere the electronics are located from the ambient air flow
shown in FICi 1.

FI(i 2 is a front elevation view of the cabinet of I'ICi. l.
FIG. 3 is another front elevation view of the cabinet with

the door shown in FICi. 2 removed. showing the electronics so

components uisule Ihc cabuiel.
FIG, 4 is a side elevation view of the cabinet of FICi 1.

lqCi 5 is perspective view of the cabinet of lil(i I v ith
the door open show in the interior of the cabinet. with the
top shown partially elevated to reveal the first set of fans in
thc top of lhc cabinet wluch dmw ambient mr ui the tlow
path shown in FIG. 1 FIG. 5 also shows die mncr wall of
thc cabuict and au openuig ui thc bouom portion lhcrimf
alloiving air to return to the bottom of the cabinet from a heat
exchmiger ivall located immediately behind the inner wall.

lqCi 6 shows the cabinet of I'l(i I with the outer panels
or skin of lhe cabinet renloved to better illustrate the heat
exchanger ivalls pmvided in the cabinet An intermediate
wall pLsced against the outside surface of the heat exchanger
wall is also not shown in order to better illustrate the heat
exchanger features of thc cabinet.

FIG, 7 is an exploded view of the cabinet showing the heat
exchanger assembly and the outer panels or skin of the
cabinet.

o
FIG. 8 is an exploded view of the heat exchanger assem-

bly of FICi. 7 wluch is ucstixi within ihc outcr panels or skin
ol Ihc cabin:I.

FIG, 9 is a side view of the heat exchailger assembly of
FIG. 8.

FIG. 10 is a perspective view of the cabinet of FICi. 1 with
the top open and first set of fans removed in order to better
illustrate the fi:dturcs in thc Iop of Ihe cdbuict. the iiuicr wall
shown ui FIG. 5 placcxt against thc inside surface of Ihc heat
exchmiger wall is also removed in this figure, as are the
electronics, ul order to better illustrate the constniction of
the enclosure

lqCi 11 is a cross sectional view of the cabinet along the
lines 11 11 of lqCi 4

FIG. 12 is a pcrspcctivc vww of thc inner wall, heat ss
exchmiger wall and second fan arrangement showing the
floiv of air internal to the cabinet

,485 B1

4
DETAILED DESCRIPTION OF AN

I IXIIMPI ARY IIMBODIMI:N'I

Referring now genemlly lo lil(i) I —4, I'ICi I is a
perspectii e view of a cabinet 10 enclosing electmnic com-
ponents (see FICi. 3). showing the outer panels 12 or "skin'*

fiirming the penphery of the cabuict 10. Thc panels 12
include thc flucc side panels 12A, 12B and 12C, a froni duor
12I) v hich is facing mvay fmm lhe viewer in lil(i. I, and a

top panel 12li 1he side panels 12A—G include lower air
intake vents 14 where relatively cooler air is introduced into
the cabinet. and more particularly to narrov air gap or space
that exists between the skins 12A C and the outer surface of
a plurality of iur-ni-mr heat exchanger wall elcmcnls
dcscribcd bcloss. Thc heal exchmigcr w alla block ambient air
from entering the interior of the cabinet where the electronic
components are housed. The side walls also include upper
exhaust vents 16 where relatively warnier air is removed
from the cabinet.

The arroyos 18 in FIG, I slmiv the air flow path for
ambimil air. The air flow path 18 is achieved by a lirsl fan
drtiiugeuicut 100 ui lhc housuig (scc FICi. 5) which piills
relatively cooler ambient air into the vents 14 and into a
space within the panels 12A—G and along the exterior
surface 61 heat exclmnger walls 6U BiIG. 6) where it is
warmed and back into the environment via the upper warm
air vents 16.

FICi 2 is a front clcvanon view of thc cabuict 10 of FIG.
1, showing thc lbonl door 12D by which a user gains access
to the electronics in the cabinet. Iil(i 3 is another front
elevation vieiv of the cabinet IU with the door 12I) shown
in liKi. 2 removed, shoiving lhe electronics components 20
inside the cabinet. FICi. 4 is a side elevation view of the
cabinet of F ICi. 1. The door 12D swings open via a hinge 26.
When 11 cloaca, it closes tighfly aguuist a door gaskci 24
shovvu ui FIG. 3. ui order lo pres ent ambient air I'rom bourg
pulled into thc interior ol'he cabuict in Ihc vicuuly of Ihc
electronic components

I'he electronics 20 in this exanlple are a plurality of
individual card modules 22„which contain semiconductor
components such as integmted circuits„power supplies,
memory clups. processors, mul so firth which generate heal.
Thc nature of the cards 22 is of course nol unportanl. In thc
present example, Ihc cards dre circuit card modules for a
l)igttal Subscriber l,inc Access Multiplexer, a device used in
computer networking, thar is sometimes placed in opemtion
in an outdoor location.

FICi. 5 is perspective view of the cabinet 10 ofFICi. 1 with
the door 12D open show uig lhc interior of the cabinet. The
top 12E has a pmr ol'lnngcs 30 allowing it Io rmseas shown,
revealing thc lirsl Fdn arrmigmncnt (set ol'ans 100A and
1001)) m the top of the cabinet which draw ambient air in the
flov path shown in lil(i I and described previously

FICi 5 aiso shows an inner wall 50 of the cabinet. A
second inner wall is placed on the opposite side of the
cabinet 12 uwide Ihc outcr panel 12A, and n tlurd inner wali
is placixl against Ihc rear ol'hc uilcnor of Ihc hmisuig
belaud the cleclroiucs 20. Thc I'ramcs 51 lbr holding thc
electronics cards moiuit to the inner surface of the imier
v elis 50 as shoivn in liICi. 6

Air-to-air heat exchanger walls 60 are pLaced between the
inner walls 50 and the outer panels 12A C„and between the
inner stall at thc rear ol'hc cabuict and thc rear panel 12B.
Scc FKiS. 7, 8 mid 9 dnd 11. The heal cxclrdngcr walls 60
are made from a sheet ol'eat conductive metal, such as
sheet aluminum alloy In a preferred enlbodiment. the heat
exchanger walls 60 are fornled ivith a folded or corrugated
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simpc to increase thc surl'acc area. Thc heat cxchangcr walls
60 can be made from a thin aluminum meinbrane. such as a
10 mila froughly the thickness of an aluminum beverage
can) A nsnge of benveen 5 and 60 mila may be suitable for
many applications.

lite gap betwccn thc imidc surface of Ihc heat cxclmnger
walls 60 and thc outcr (exterior) surlacc of the inner walls
50 forms an air space where air is circulated by a second fan
arrangement 200 consisting of a pair of fans 200A and 200B
)FIG. 6). In particular, the fans 200 draw wami air up as
indicated by the arrows 70 in FICI. 6 from the interior of the
cdbmci 10 and force it outward and down an air space Ilmi
exists between the uitcnor surface 56 ol thc hmit cxcluingcr
walls 60 and thc exicnor surface of the uuicr walls 50. The
inner walls 50 have an opening 32 in the bottom portion
thereof allowing return of the air flowing down the air space
and re-entry into the bottom of the cabinet 10 below the
electronics 20. Thus. the internal air is drawn upwards by the
f ms 200 tluough thc clectroiucs /sce arrov, s 70 ui FIG. 6)
dnd then outwardly and down thc air space bc)ween the inner
walls 50 and thc hcut exchanger walls 60.

FI(i 6 shows the cabinet of I I(i I with the outer panels
or skin of the cabinet removed to better illustrate the tluee
lvalls 60 that comprise the air-to-air heat exchanger mecha-
nism provtdixl ln Ihc cabinet. A pair of (33o ullcrmediatc
walls 80 placed ugainst thc miiside surface 61 of Ihc iclt and
rig)it side heat exchanger walls 60 is not shov n in Iiffi 6 in
order to better illustmste the heat exchanger v all 60 features
of the cabinet. 'I he intermediate walls 80 are slmwn in Ill(iS.
7 and 8. Due to the folded or corrugated form to the heat 3ii

exchanger ivalls 60. the placement of the intemiediate wall
80 agauisi the cxtcnor surface 61 ol'hc hmit cxchangcr wall
forms mi air gap or space lor Ihe ambiem air Io circulate by
action of the fans IUUA and 100i3, as shown in Iii(i. I 'I'hus,
in the illustrated enibodiment. it is possible to use the inside ls

surface of one or more of the panels 12 (such as inside
surface of panel 12B, or to use the inside surface of the
intermediate walls 80 for the sides as shown in FI()S. 7 and
8. to form Ihc passage on the ouisule of Ihc heat exchanger
wall 60.

FI(i 6 also shows an end cap seal piece 90, which may be
made from metaL v hich Is placed at the top and bottom
edges of the heat exchanger walls 60. The pieces 90 fasten
Io thc mncr wall 50 and ci ther thc intermediate wall 80 or thc
bacl pmie112. Thc heat exchmigcr isalls 60 imd bottom seal
pieces 90 are placcxI on top of a bouom wall 86 as shown ln
ill(IS. 6 —8. The purpose of the end cap seal piece 90 is to
seal off half of the cormgated feature of the heat exchanger
wall 60 so that when the fans 100 and 200 operate the,„
ambient air does not enter the passage on the inside surface
ol'hc heat exchanger wall, and also Ihdt the mr mtemal to
thc cabinet dues not pass over the bottom or top mlgcs of the
hciu cxchdngcr wall.

11Ci 6 also shows the fans 100A and 100)3 are mounted
to a base 122. The base 120 has a front panel 120 which
allows a user to slide the fan assembly IUUA/100B/122 into
posuloll.

11Ci 7 is an exploded view of the cabinet showing the heat
exchanger 60 and interniediate wall 80/heat exchanger 60 io
assenibly and the outer panels 12 of the cabinet. In FICi 7,
the inner wali 50 of FICi. 6 is not sholvn in order to hetter
illustrate the inner surface 56 of Ihe heat exchanger wall 60.
Thc intcrmediaic walls 80 fasten directly against thc panels
12A and IZC. so the flow path for ambmni mr shown in FIG. Ss

I flows inside the intermediate walls 80 in the space benveen
the inside surface 81 /ITI(i. 8) of the intermediate walls 80

dnd fllc colrugdicd sin filccs ol Ihc hcdt cxclialtgcr wall
peripheral surface 61 shown in ill(iS 6 and 8 See also I'l(T
ll

lii(i 7 also shows a panel 23U placed at the level of the
upper ed e of the heat exchan er walls 60 The fans ZUUA

and 200B of FICI. 6 are mounted below the panel 230 and
blow warm iur from thc intcnor of Ihc cabinet upwardly. The
air hits thc under sale of the panel 230 and is forced la(emily
where it retunls via an opening at the top of the inner wall
50, down the space between the heat exchanger wall 60 and
the inner wail 50, thmugh opening 52 fill(i 5). 'I he air
returns below the electronics via the opening 52 shown in
FICT. 5.

FICi 8 is an cxplodcd 1 iew of the heat cxchangcr assem-
bly of FIG. 7. The heat cxclrdnger assembly ulcludes thc
three heat exclmnger walls 60A. 6UI3. 60C, the end caps 90,
and the outer intemlediate walls 80 positioned exteriorly
v ith respect to the heat exchanger walls 60 Note that there
are two intermediate walls 80 on opposite sides of the
assembly. there is no inteunediate v all on the rear heat
exchanger wall 60B opposite thc door. Including a ilail in
tlus portion would be opuoirdl. As uotixl above, thc inier-
mediate walls 8U abut the outer panels or skin for the cabinet
as shown in the cross-section of ITI(i. 11 I'he intermediate
walls 80 include an upper flanae 84 ivhich includes guides
240 for assisting the user in sliding in the base 122 for the
first pair of fans 100 /FIG. 6). FICi 9 is a side view of the
heat exchanger assembly ol'IG. 8 in un assembled condi-
tion.

Ill(i 10 is a perspective vieiv of the cabinet 10 of I'l(i I
v ith the top panel 121 1 open and first set of fans 100 and hase
12U renioved in order to better illustrate the features in the
top of the cabinet; and in particuLar the panel 230, the end
cap seal pieces 90 and the guides 240. The inner v all placed
dgilulst fltc iiisldc sul'fdcc 56 of Ihc hcdt cxcllallgcl wBII 60
is also removed in this Figurc. as arc thc electronics, in order
to baiter illustrate the construction of the enclosure.

ill(i 11 is a cross sectional view of the cabinet along the
lines 11 ll of ITICi. 4 I'l(i 11 shows the air space 400
formed between the inner surface 56 of the heat exchanger
60 and the exterior surface 51 of the Inner wall 50. As warm
dlr ndvcls down these pdsmlgcs dillaccllt Io Ihc llcdl
cxchangcr 60, heat is conducted Iluough thc heat cxclmngcr
walls 60 to thc ambient mr flowing upwards in the passages
5UU betv een the outer surface 61 of the heat exchanger 60
and the intermediate wail 80 and rear panel 12)3

FICi. 11 also shows foam strips or baffles 92 which block
ambient air from entering the interior of the cabinet. As will
bc apprimiatcd from Ihc dr;muigs. the stupa 92 and cnd cdp
seal pieces 90 prcvcni mnbicni air Ibom linking around Ihe
edges ol Ihc heat exchanger is alla 60 to help seal thc interior
from the ainbient air

I'he isolation of the interior of the cabinet from the
enviroiunent, by the heat exchanger walls and the seal
members described above, helps keep dust, humidity, pol-
lutants, mid any foreign mala:r Irom cntemng thc interior of
thc cabinet 10 in Ihc vwuuiy ol'hc elcciromcs 20. Thc
cabinet design is Ihus suitable for appllcduons whcrc thc
cabinet is installed out-of-doors.

lii(i 12 is a perspective view of the inner wall 30. heat
exchm er wall 60 and fan 200 arrangement showing the
flow of air interiml to the cabinet. The inner wall 50 has a
second opening 55 dt thc top. As thc fan 200 blows air
upwards, thc air hits thc underside of thc panel 230 /FIGS.
8, 10), whcrc it is forced laterally into thc opciung 55 and
down behind the inner ivalis 5U, where it returns to the base
of the cabinet below the electronics via the opening 52. The
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inner wall on the rear of thc cdbu&c»s rmuovcd Io show thc
heat exchanger wall 60 The floiv of air is indicated by
arrows 450

I'rom the foregoing, it will be appreciated that an enclo-
sure or cabinet 10 hous&ng electronic components has been
described with an in(Cpa) heat exchanger arra»gement 60
loca&cxI with&n thc m&closure 10. Thc cabu&ct compnsem

a sc( of panels 12 form&ng an ou(er pcnpheral sku& lbr the
enclosure

at least one air to-sir heat exchanger wall 60 placed &vithin Io

the pmiels 12 havmg an interior surface 56 and an exterior
surface 61 /see FICi. 11);

a first fan armngement 100 ii&r circulating ambient air into
d space 500 w&tluu thc panels tmd along thc cxtcrior surlhcc
61 of thc heat cxchaugcr wall 60 and back into Ihc env&-

ronment isee l&ICI 11, the upper vents 16 of l&l(i I):
a second fan arrangen&ent 200 fl&l(iS. 6, 12) fi&r circulat-

ing air contained &vith&n the enclosure against the interior
surface 56 of the heat exclmnger wall. wherein heat present
in the air ivithin the enclosure &s transferred through the heat io
exchanger wall 60 to Ilm ambicn( a&r circulated by Ihe lira&

fan arrm&gcmmtt 100, aud
an inner &vail 50 placed adjacent to the interior surface 56

of the heat exchanger wall 60. the space 400 betv een the
inner wall and the heat exchanger wall for&ning a space 400
for the air within the interior of the enclosure to circuLate by
the second fan 200 alon the interior surface 56 of the heat
cxchdngc& wall,

wherein thc heat cxchaugcr wall 60 provxlcs a barrier
isolating the amb&ent air from the air within the enclosure &o

preventin dust, huniidity and pollutants to enter into the
interior of the cabinet in the space surrounding the electronic
co&t&poitc&tts.

The principles of th&s invention are applicable to other
form fac(ors, s&zes and conligurations of rabmc(s housing &i

clccxron&c components. Thc heat exchanger wali could be
placed in a varie(y ol'onfiguranons. In a typical mnbud&-
n&ent, the enclosure or cabinet 10 has a rectangular conhgu-
ration with four sides, a top and a bottom. 1&or example the
enclosure could have twn or three or even more heat do

exchanger walls pLaced against the sides, top and/or bottom.
In the illustrated embodiments, 0&e Iirs( and second fdn

drrm&gmncnts 100 and 200 cosmist of a pa&r ol'la&m each. Tlus
is not ncccssary and onc. two or morc fms could be us&ah
'I'wo are shown in the illustrated einbodiinent so that in the
event that one fan fails, the remaining fan &vill pmvide
cooling: only one is in fact required.

The folded or corrugated form to the heat exchanger wall
is no( absolutely ncccssary, &I be dcpcndcnt upon its surface
arcs. the amount of cooling rcqu&rixh dnd o(hcr factors. 0

While sheet alum&mim &s prcfcrrcd, thc thwkness of the
aluminum can be benveen 10 and 20 thousands of an inch in
preferred embodiments to maximize heat tnsnsfer Other
thicknesses are of course possible. Other materials are also
possible. 1&

As noicd earlier, thc nanirc of Ihe elec(romcs is no&

Impo&IB&i(. 11&c u&vcnnoi& Is pa&I&cUIB&ly'isclUI lo& ho&isu&g

clcc(ronic componm&ts lbr dcv&ces used u& compu(cr net-
working. includ&ng such devices installed out-of-dnnrs Spe-
cific examples of dev&ces which can incorporate the inven- io
tion include computers, servers, routers. remote access
servers, DSL access multiplexers, and a switches used in
telephony'ind dti(a nc(workh&g.

From Ihc lorcgo&ng, &I w&11 also be apprec&a(ml tha( a
mc(hod has been dcscr&bcx) for coolu&g an m&closure housing si
electronic components 1'he method includes the tiillov ina
steps:

B) ihiiwu&g dn&b&cnl Bu &i&lo Bn Bu'tissBgc 500 fo&nux!
v ithin the enclosure between the exterior of the cack&sure
and an outer surface 61 of an air-to-a&r heat exchanger 60
placed v ithin the interior of the enclosure and directing the
ambient air back into the enviromnent (see FICiS. I and 11);

b) separating the ambient air from a&r internal to the
enclosure u& Ihc vicim(y ol'hc clcctron&c componenm by
means of Ihc heat cxclmngcr wall 60 fsim FIG. 11),

c) circulating relatively &varm air internal to the enclosure
against the inner surface 56 of the heat exchanger wall 60,
whereby heat is trmisferred from the air internal to the
enclosure to the ambient air (see FICiS 6, 11 and 12):

d) wherein the step c) of circulating &s performed by a fan
200 dircc(ing air u&(0 dn mr space 400 formed between thc
inner surface 56 of thc hca( cxchaugcr 60 aud an interior
v all 50 of the enclosure placed adjacent to the heat
exchanger 60 and benveen the heat exchanger and the
electronic components (see I'ICiS 3, 5 and 6).

In the preferred embodiment of the method, the enclosure
includes a set of panels 12 dehning the periphery of the
enclosure and whcrcin snp a) is perl'onncd by a first fan
arraugemcnt 100 which is placed witlun pnncls, as shown in
l&lti 5

&/BOB&ion fmm the illustrated embod&ments is possible
without departure from the scope of the invention. 1 he scope
is to be determined by reference to the appended claims,
interpreted in vie&1 of the fi&regoing.

The invention claimed is:
I Ai& cnclosU&i', ho&is&i&g cicctroitic co&i&poi&cnls %&th Bn

u&leg&BI ical cxchangcr d&rdngcn&cnt loci&(cd withu& lhc
c&ick1surc, co&up&'Ish'&g:

a set of paneis forming an outer peripheml skin for the
cnclosurc,

at least one air-to-air heat exchan er wall placed within
the panels having an interior surface and an exterior
surface:

a first fan arrangcmen( for c&rculat&ng amb&cnt mr u&to a
space v;ithin the panels and along the exterior surface
of the heat exchanger wall and back into the envimn-
ment:

a second fan arrangemcnl for c&rculat&ng air con(an&cxi
w&thin thc cnclosurc dga&nst thc intenor surface of thc
heat exchanger &vali. &vherem heat present in the air
within the enclosure is transferred through the heat
exchanger wall to the ambient air circulated by the first
fan arrangement. the heat genemsted by the electronic
components within the enclosure: and

an inner wall placed adjacent to the interior surface of the
heat exchanger wali, the space benveen the inner wall
and the heat exchanger &vail fi&rming an air space for the
air within the interior of the enclosure to circulate by
the second fan along the interior surface of the heat
cxclmngcr wall.

wherein the heat exchanaer v all provides, at least in part,
a barrier isolatin the ambient air from the air within
the enclosure preventing dust. hum&dity and pollutants
to cnler in(o Ihc inlcnor of Ihc m&closure u& the space
surrounding thc cleclromc componm&ls,

wherein the heat exclmnger wall coniprises a heat con-
ductive material having a corn&gated configuration and
having a top edge and a bottom ed e. and v herein the
m&closure further compnses end cap seals placed adld-
ccnt to the Iop m&d bouom edges ol'hc heat exchanger
wall to prcven( ambien( air from bc&ng drawn u&to Ihe
interior 0 f the enclosure by the action of the second fan
Bi'rangC&&IC&1t.
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2. Thc cnclosllri: of c)BBB 1, whi:rc'nl lhc cnclosulc has II

rectangular conhguration with filur sides„a top and a bnt-
tom, and ivherein the enclosure further comprises at least
two heat exchanger ivalls placed against at least two of the
four sides, top and bottom.

3. The enclosure of claim 1, wherein the enclosure has a
rcmlangular conliguration with four sides, a lop and a bot-
lonl. Iuld w'hcrchl lhi: cnclosurc'lu Ihcl ciinlprlscs Ihri:0 hcBI
exchmlger ivalls placed against to three Of the tilur sides, top
and bottonl I i i

4 1 he enclosure of claim l. wherein the first fan arrange-
ment and the second fan arran ement comprise a pair of
fans.

5. Thc cnclosurc of clmm 1, wherein smd heal cxclmnger
eall luis a thickness of between about 5 mid about 60
Ihollsands of Bn nlch

6 1'he enclosure of claim l. wherein the enclosure hnuses
electronic components fiinctioning as a device used in
computer networking.

7. The enclosure of claim 1. wherein the device is selected 10

lronl lhc group of dcvlci:s consnlnlg ol B conlpiltcn II si:rvcr,
a router. a remote access server, a DSL access mulliplcxcr,
and a switch.

8 A method for cooling an enclosure housing electronic
components due to heat genensted by the electrnnic compo-
nents, comprisin the steps of

a) drawing ambient air intn an air passa e filrmed within
thc cnclosurc aud against an outer surface ol an air-10
mr heal exchanger placed witlun Ihe intcnor of thc
enclosure and directing the ainbient air back intn the Io
environnlent;

b) separating the ambient air froin air internal tn the
enclosure in the vicinity of the electronic components
ivithin the enclosure by means of the heat exchanger,

c) cirmilaling relative warm air ullcmal lo Ihe enclosure Is
healed by thc electronic components against lhc uuicr
surlhcc of the heat exchanger, whereby heat ls trans-
ferred from the air internal to the enclosure to the
ambient air:

d) wherein the step c) of circulanng is pcrfonncxf by a fan
directing air into an air space formed between the imler
surface 0 f the heat exchanger and an interior wall of the
enclosure placed adjacent to the heat exchanger and
between the heat exchanger and the electronic compo-
ncltts:

whcrcul Ihc heat cxclranger compnses a heat conductive
material havulg a corrugated conligurauou and havulg
a first edge mid an opposite second edge, and ivherein
the metlmd further conlprises the step ofaflixing an end
cap seal adjacent to the tirst and second edges of the
heat exchan er to prevent ambient air from being
drawn into the interior of the enclosure.

9 Thc method of claun 8, wherein thc enclosure includes
a set of panels delinmg Ihc pcnphery of thc cnclosurc and
v herein step a) is pertilnned by a first fan arrangement
placed within panels

10 'I'he method of claim 8. wherein the enclosure has a
rectangular configuration with filur sides, a top and a bot-
tom. and wherein the heat exchanger compnses at least two
heat exchanger walls placed against at least two ol'he four
sales, top and bottom.

11. '1'he method of clainl 8, wherein the enclosure has a
rectan ular configuration ivith four sides, a top and a bot-
tom, and ivherein the heat exchanger further compnses three
heat exchanger v:alla placed against three of the four sides,
top and bottom.

12. Thc method ol'laim 8. wherein the heat cxclmngcr
has a thickness ol'bclwccn about 5 mid about 60 thousands
of an inch.

13 1'he method of clainl 8. v herein the enclosure houses
electronic coinponents functioning as a device used in
computer networking.

14. The method of claim 13, wherein the device is
ac)ected from the group of devices consistulg of' computer,
a server, a mutcr, a remote access server, a DSL access
mulllplexer, and a switch.
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