1 FORCED Al R COOLI NG APPARATUS AND METHOD FI ELD OF THE | NVENTI ON The
present invention relates to a forced air cooling apparatus. Mre 5
particularly, the present invention relates to a forced air cooling
apparatus for cooling heat generating devices, such as el ectronic devices
nmounted in electronic racks. The present invention also relates to a

nmet hod of cooling heat generating devices using a forced air cooling
apparatus. 10 BACKGROUND El ectroni c devices are designed to operate within
certain tenperature ranges. Wen in operfation, these devices will generate
heat. The heat, when not dissipated adequately, may result in the

el ectroni c devices operating outside their designed tenperature ranges.

Frequent operation at FORCEISAR COMEMMGIAPESRATYS NS METMOD 15 el ectronic
devices to fail prematurely. In a mlitary aircraft, electronic devices,

such as avionics equi pnent and electronic card cages, are nounted in
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the electronic devices stored therein. | n an avionics upgrade program
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probl em of THEAEH(SRUNG 3BPFAYSshoul d the flow rate of cold air into the new
el ectroni c racks remai ns unchanged. Therefore, in order to effectively cool

t he ne ra i ow rate paraneters in the entire cold air
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15 electronic devices to fail prematurely.
fh a military aircraft, electronic devices, such as avionics equipment and
electronic card cages, are mounted in electronic racks. Forced air cooling is normally
employed to dissipate heat that is generated by these electronic devices. The
electronic racks are linked to a cold air distribution network which channels a pre-
20 determined flow rate of cold air into each of the electronic racks to cool the electronic
devices stored therein.
In an avionics upgrade program, certain electronic racks are made redundant
and are replaced by new ones. The new electronic racks may dissipate a higher
amount of heat than the electronic racks that were made redundant, thereby raising a
25 potential problem of inadequate cooling should the flow rate of cold air into the new
electronic racks remains unchanged. Therefore, in order to effectively cool the new
racks, air flow rate parameters in the entire cold air distribution network may have to be
re-programmed to cater to the higher heat dissipation of the new electronic racks. Such
a process can be complex, and may not be worth the effort if the upgrade program only
30 involves replacing one or two electronic racks. Further, more often than not, the pre-

determined flow rate of cold air into each of the electronic racks is provided in surplus



2 since there are no neans of distributing the cold air to each of the

el ectronic card cages in accordance with the anount of heat each of them
dissipates. It will thus be desirable if only a |ocalised nodification
needs to be carried out in the new racks wi thout having to disturb the
paraneters of the entire cold air distribution network. A new cooling rack
5 having neans of optimsing the available pre-determned flow rate of cold
air so as to sufficiently cool the electronic card cages stored therein
will therefore be desirable. US Patent N& 6, 305,180 granted on 23 Cctober
2001 to Mller et al. relates to a cooling systemfor cooling electronic
devi ces nounted in electronic racks. The system uses a chiller unit
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versatile could usefully be provided.

SUMMARY OF INVENTION

20 The present invention relates to a forced air cooling apparatus for use in cooling
heat generating devices, in particular electronic card ¢ages and avionics equipment in a
military aircraft. The apparatus comprises a casing that is in fluid communication with a
cold air source, the casing having an inlet port for receiving the cold air, a forced air
cooling module for distributing the cold air fo the heat generating devices, and an outlet

25 port for exiting cold air that has been heated by the heat generating devices. The
forced air cooling module comprises a primary duct having a fan installed therein, a
plurality of secondary ducts affixed orthogonally to the primary duct, and a plurality of
spray bars mounted along each secondary duct. Orifice plates are positioned within the
inlet ports and below each junction where the secondary duct intersects the primary

30 duct, o direct adequate amounts of cold air to the heat generating devices. The
present invention further provides means of reducing electromagnetic interference in



3 the casing, for instance, by installing EM filters wthin the outlet

port and downstreamof the orifice plate in the inlet port. In an aspect
of the present invention, there is provided a forced air cooling apparatus
in fluid communi cation with a cold air source, said apparatus conprising a
5 casing having an inlet port for receiving cold air into the casing, the
inlet port having neans for channelling a first pre-determned flowrate
of cold air into the casing;, a forced air, cooling nodule conprising a
primary duct, a plurality of secondary Shcts nount ed orthogonally to the
primary duct, and a plurality of spray bars nounted 10 along each
secondary duct to exit the cold air onto the heat generating devices, the
secondary difta easingy for §stangpsby ipstaling VG filtera gvithindbe Qhﬂﬁt@péaﬂgld@Wﬁ'ﬁtf@cﬂn pf ow
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spray bars; and an outl et ort for eX|t|n the cold air that is heated by
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heat generating devices above the first device. The nethod further
conpri ses n8&FRNdeR dYctshrvinggneansder Pirngaling @ spernsrirendeissmined flowatecdsi ng.
30 cold air from the primary duct, through the secondary duct, to the spray bars; and
an outlet port for exiting the cold air that is heated by the heat generating
devices.

15 The forced air cooling apparatus further comprises means for reducing
electromagnetic interference in the casing. '

In another aspect of the present invention, there is provided a method of forced
air cooling heat generating devices mounted within a casing, the heat generating
devices arranged vertically one above the other with the bottom most being a first

20 device, comprising

drawing in a pre-determined flow rate of cold air into the casing, the pre-
determined flow rate of cold air having a first portion and a second paortion;

directing the second portion of the cold air to the first device; and

distributing the first portion of the cold air to each of the heat generating devices

25 above the first device in accordance with heat dissipation requirements of the heat
generating devices above the first device.

The method further comprises means for reducing electromagnetic interference
in the casing.

30



4 BRI EF DESCRI PTI ON OF THE DRAW NGS Further features of the present
invention wll readily be apparent fromthe follow ng detailed description
of a non-limting exanples, with reference to the acconpanying draw ngs,
in which: 5 Figure la is a perspective view of a forced air cooling
apparatus in a sinplified configuration, showing an inlet port, forced air
cooling nodule and outlet port, in accordance with a first enbodi nent of
the present invention; Figure 1b shows a,perspective view of a forced air
cooling apparatus in a sinplified configuration with electronic card cages
(shown in bold lines) mounted 10 therein, in accordance with a first

enbodi nent of the present invention; Figure 2a shows a perspective view of

a forced ai PRIBDODESSRIBPONOFSTHEDRAVINGS i fi ed configuration showing a
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shows a perspective view of an tronic card cage; _
per spect i vefaipwiRdofetaiied fdgserdniioni pf codlondignitingpexamplesi with s¢farence i ted the

confi gurati ghedmipaAGingdRaNAGs, M WhicR, second enbodi ment of the present
invention, Figure 4is a perspective view of a forced air cooling system

conpri $ing two Figedads 2 retorrivg \ippal afesedpir sagg anpapsvsinl asimplifed
preferred confi gla'érﬁ%;h%_én, JHOWIRESPIARRER, f&téeh.aﬁ#t%oﬁﬁ%’vﬁaep%%a o%%tt;m?t in
present invention; 20 Figure 5a is a_perspective view of a forced alf

cool i ng appar at u8cGrdanee gitgafiat erppadimentich ihedpresasd dvestian; of t he present

i nvention. Figurgigleifh ndiRPh RIESREGS WS ¥ 8WoRled®fy %b&ﬁ@r |fratB@nid £age
to be nmounted onto the forced air cooling apparatus I n acCordance wth a
thi rd enbodi nent Sigirlifigeonigwation with plegtrerie cargzapey (RhprD iMbEdnes) InaunEdyur e

1 showy a sinplify j [ ik j .atus 10 for
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cool ing heat generating devices in accordance wth a i ment of

the present 30 FigiEaZRfowma RessRechehyient phg teespdcalr eaplingeaprasatuesiarml e,
an el ectronic Caéiﬁpﬂiﬁélﬁcé’rﬁiguration showing a possible mounting means for mounting the

electronic card cages;
Figure 2b shows a perspective view of an electronic card cage;

15 Figure 3 is a perspective view of the forced air cooling apparatus in a simplified
configuration in accordance with a second embodiment of the present invention;
Figure 4 is a perspective view of a forced air cooling system comprising two
forced air cooling apparatus arranged in parallel, in preferred configurations, in
accordance with the embodiments of the present invention;

20 Figure 5a is a perspective view of a forced air cooling apparatus in accordance
with a third embodiment of the present invention.
Figure 5b is a rear perspective view of an electronic card cage to be mounted
onto the forced air cooling apparatus in accordance with a third embodiment of
the present invention.

25
DETAILED DESCRIPTION
Figure 1 shows a simplified configuration of a forced air cooling apparatus 10 for
cooling heat generating devices in accordance with a first embodiment of the present
30 invention. The heat generating device can be, for example, an electronic card cage 20

in which electronic cards 28 are slotted therein, as shown in Figure 2b. The electronic



in which electronic cards 28 are slotted therein, as shown in Figure 2b.
The electronic 5 card cages are arranged one on top of the other as shown
in Figure 1b, wherein the electronic card cage at the bottomis a first
el ectronic card cage 22, the mddle electronic card cage is a second
el ectronic card cage 24, and the top electronic card cage is a third
el ectronic card cage 26. As best seen in Figure la, the forced air cooling
5 apparatus 10 conprises a casing 100 haying an inlet port 200, a forced
air cooling nodule 300, and an outlet port 400. The casing 100 has a first
side wall 110 (being the left end of the casing 100), a second side wall
120 (being the right end of the casing 100), a third side wall 130 (being
the front egardofageheare agangedl@e) on éopf ofuthe Motisdrdes steivin i 40gure bk, mdpetdire threear
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the fourth side wall 140 and the first side wall 110 intersects, comprises a primary duct

320, and a plurality of secondary ducts, i.e., a first secondary duct 340 and a second

secondary duct 360, mounted orthogonally onto the primary duct 320. Each of the first

20 secondary duct 340 and the second secondary duct 360 has a plurality of spray bars

380 mounted along its length. A suction fan 322 is installed within the primary duct 320,

preferably at the bottom portion. Primary duct orifice plates are installed within the

primary duct 320 below each junction where the secondary duct intersects the primary

duct 320. For instance, a first primary duct orifice plate 324 is attached below a first

25 junction where the first secondary duct 340 intersects the primary duct 320. A second

secondary duct orifice plate 326 is attached below a second junction where the second
secondary duct 360 intersects the primary duct 320.

Figure 2a shows a possible mounting means for mounting the electronic card

cages within the forced air cooling apparatus 10. A pair of support frames 500, 510

30 may be mounted onto a pair of opposing side walls, for instance, onto the first side wall

110 and the second side wall 120. Each support frame 500, 510 has a recess portion



cages within the forced air cooling apparatus 10. A pair of support franes
500, 510 30 nmay be nounted onto a pair of opposing side walls, for
instance, onto the first side wall 110 and the second side wall 120. Each
support frame 500, 510 has a recess portion 6 520 and two projecting
portions 540 and 560, wherein the recess portion 520 is between the
projecting portions 540 and 560. The el ectronic card cage 20, as shown in
Figure 2b, may have a protruding portion 21 on its opposing sides, wherein
width of the protruding portion 21 is tfre wwdth of the recess portion 520
of the support frames 500, 5 510. The electronic card cage 20 holds a
plurality of electronic cards 28. Wen slotted into the support franes 500,
510, the pr 28 wlidntyvperdjeaing 2dortidnst He0 =eldeBtl, omhercinathed Eagss 2;an;oa452£r i26
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that air that isAealoeflobpctdiBochafitd Bl Lnfalils¢ 8085ng 2128 n2 L albiher 600! ed

and recycled for use n accor ance w a secon nent of
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cool i ng appysakidr t8add bdthEed tHeSihieE PP 9bHBRA the perforated plate 600 defines an air

plenum 40. The perforated plate 600 has a first hole 620 and a second hole 640 cut
into it. The first hole 620 is direcily below the primary duct 320 of the forced air cooling
module 300, and the second hole 640 is directly below the first electronic card cage 22.

20 The outlet port 400 is positioned at the top wall of the casing to allow air that has
been heated by the electronic card cages 22,24,26 to exit. The outlet port 400 could,
for example, be a pipe (not shown) linking the casing 100 to the refrigeration package
such that air that is heated by the elecironic card cages 22,24,26 can be cooled and
recycled for further use.

25 In accordance with a second embodiment of the present invention as shown in
Figure 3, there is provided a forced air cooling apparatus 10 of the first embodiment,
further comprising means for reducing electromagnetic interference in the casing 100.
This may be achieved with the use of EM] filters 700 positioned within the outlet port
400 and inlet port 200. The EMI filter 700 is preferably of type TECKCELL-A

30 Honeycomb, size 0.318 cm (0.125 inches) wide and 1.27 cm (0.5 inches) deep. The
EMI filter 700 may be tin plated to improve shielding.



further conprising neans for reducing el ectromagnetic interference in the
casing 100. This may be achieved with the use of EM filters 700
positioned within the outlet port 400 and inlet port 200. The EM filter
700 is preferably of type TECKCELL-A 30 Honeyconb, size 0.318 cm (0.125
inches) wide and 1.27 ¢cm (0.5 inches) deep. The EM filter 700 may be tin
plated to i nprove shielding. 7 In conventional forced air cooling systens,
a plurality of electronic racks housing | ectroni c devices, such as

el ectronic card cages, are linked to a cdold air distribution network which
channel s a pre-determned flow rate of cold air into each of the electronic
racks. Should an el ectronic rack be replaced, or the equipnent in the

el ectroni c rack bec@veetsinatiomedtdircootngisistans, agunality lof elegirdras ecks hogireg
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aperture mhﬂéw'ﬁﬁF@Q$HEQ@U¥FFéF%ﬁQ flowrate of cold air that is required
to cool the el eCtl'hQ'Br@se‘ﬁ@"rﬂfeﬁﬁcgﬁsm %%cc%‘ﬂa:?& Mt'h tti'?l? eﬁf’b%lﬂﬂﬂan%soc%uﬁ&io

t hrough. The remaining_cold air then travels along t cold air ﬁuct %rb to

the neht fofleelioniaracke doriimgt qwﬁap@@%ﬂhﬂaoa@@md lnélderﬂ@e jpled e 20Ph @oe dhaai r
S loglt ;ngogpgﬁgﬁgﬁg%& onfr&bep@ters%mam ®BSaMEIISH 8 P4 juRcidne WMRié A&t ed
secondary ducts 340 360 intersect the primary duct 320), permit the desired amount of
cold air flow into the electronic card cages 22,24,26 stored in the casing 100.
Cold air from the cold air duct 32 enters the air plenum 40 via the inlet port 200.

20 The iniet orifice plate 220 has an aperture which allows a sufficient flow rate of cold air
that is required to cool the electronic card cages 22,24,26 in the casing 100 to pass
through. The remaining cold air then travels along the cold air duct 32 to the next forced
air cooling apparatus adjacent to the present forced air cooling apparatus 10.

The first and second holes 620,640 in the perforated plate 600 are sized in a

25 manner such that only correct amounts of cold air flow is provided to the primary duct
320 and the first electronic card cage 22. The second hole 640 directly below the first
electronic card cage 22 is of a size that allows just enough flow rate of cold air to cool
the first electronic card cage 22. The first hole 620 directly below the primary duct 320
allows the remaining cold air in the air plenum 40 up the primary duct 320 with the help

30 of the suction fan 322. Cold air that passes through the second hole 640 in the



25 manner such that only correct amounts of cold air flowis provided to
the primary duct 320 and the first electronic card cage 22. The second
hol e 640 directly below the first electronic card cage 22 is of a size
that allows just enough flow rate of cold air to cool the first electronic
card cage 22. The first hole 620 directly below the primary duct 320

allows the remaining cold air in the air plenum40 up the primry duct 320
with the help 30 of the suction fan 322. ;,Cold air that passes through the
second hole 640 in the 8 perforated platg 600 rises through the first

el ectronic card cage 22 to cool it, and gets partially heated as a result.
The partially heated cold air then rises to the base of the second

el ectroni ¢ eareratedayatie BY0vises ¢hrough therfirsteelestianic ¢ard shge 8P do abel if, mothgetse

primary duchaBidfl, hedi€y d 4 o primary duct orifice plate 324, below at the
first junctlbgn vher e ti ?élsrust secondary duct 340 intersects the primry

duct 320, has anThpeatialchasied cald kisikeronigep te tribgsecditie sgqondfetastroninsard
primary dUCEa&@QéLtvgnéré ?tvg'mfxla& %ﬁrhfréé}feﬁélh Il frérﬁcﬂeﬁp?fﬂeﬁg%ﬁ 349 ‘é figt ting

t hrough the spray bars 0, mx Wt ated col alr such
that tHie réﬁmﬁm d#gt Pﬂff@tp'@fﬁ)@@é eelpy agthe ibfawua@t@qlumwyha:ﬂr@t sadepdary cuintl

el ectroni ¢ gaf ¢ht&rd8&s ¥ prifa dﬂcf 350 yhasten?aﬁég.h'é ftﬁdﬂ%g&hé %hlyr@r?éﬁgh eOli : ;

then rises through the secon ectronic card cage gets~partia
heated. At {rA@ hasuiny dhet 32 fadtrayaddiroah dhe Gest geeengler2euct 1346 qm!remmg y

heated fir sy Ogihgfhecéﬂrgy ¥afs B8O, MoX ik %é‘/\tltl I’il’é&% éﬂ'agl%gﬁ I’%?Q\‘?vn{:ﬂd Ui sddhefit gl d

air. The secon econdary duct orific e second junction

wher e the sERSSHBY Jiest Arpslopldiaie earsateauatedt east the serendoelpetennic eid cagp?y. has an

apertupge 15 that I u OfAch B dar
travel thr ou%h tﬁghl!s?gy:\gg%n rés{se@@% gﬂr@';%h%% aHoidO i e@xﬁ?elgnmmﬁﬁo%ts ﬁe sp ray

bars 380, t BEArxNiGicard ¢age dhend gpisyparfallytheated rét thei besg o dhel tfaﬁdrelg@tmlq hat
the resul ti ggqs@eens, [He><;9cﬂ't|é]9| Heafdd f;rg%lxéged&%@ts)’mlxﬁg%thtsfhﬁhérmrﬁtgmts OLe

el ectronic card cage 2 The second m xed air I
third el ect F8%f €0lg & d T@&@@GQ@ peroRdany; quct peficeaatap28dmlay thegigcped Jup@ﬁ«ctn 400.

20 A plural %¥re0tf1etsB€orfd0§éE:8Hda?}rrdu€toﬁd .n&r@e%&aﬂh@tdﬂ%aw d&a%zerrﬁé%tadeﬁﬁ@t' on

can al so be connected in to acold air distribution network

order o fofh@ta 'W@Iﬂde'&‘?%h cobRIr figmdie PeEmanEdeh 339 fratraxal rreydt fﬁ*?§@§0'lf% age
of avai | abl gecopliflryaduict W6 inkihsitihgethRfugh Ahé fs'pFa?/ Bara 88, Winshwih 1eE bakiBR, col d

air into each of the electronic card cages In an
heated first mixed cold air such that the resulting second mixed cold air can adequately
cool the third electronic card cage 24. The second mixed cold air that is heated by the
third electronic card cage 26 then exit the casing 100 via outlet port 400.

20 A plurality of the forced air cooling apparatus of the present invention can also
be connected in parallel to a cold air distribution network in order to form a forced air
cooling system. Each apparatus optimises usage of available cold air with the use of
orifice plates which direct the cold air into each of the electronic card cages in an
amount that is pre-determined in accordance to the heat dissipation of the individual

25 electronic card cages.

Should any of the electronic card cages be replaced, the orifice plates in the
secondary ducts and the inlet ports can be changed to alter the flow rate of cold air to
cater to the new heat dissipation requirements of the new electronic card cages. In a
scenario where an entire apparatus is replaced, the desired distribution of cold air within

30 the new apparatus can be achieved with the use of suitable orifice plates in the primary
duct and inlet port. Thus, rather than re-programming the cold air distribution network
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amount that is pre-determned in accordance to the heat dissipation of the
i ndividual 25 electronic card cages. Should any of the electronic card
cages be replaced, the orifice plates in the secondary ducts and the inlet
ports can be changed to alter the flowrate of cold air to cater to the
new heat dissipation requirements of the new electronic card cages. In a
scenario where an entire apparatus is replaced, the desired distribution of
cold air within 30 the new apparatus cangbe achieved with the use of
suitable orifice plates in the primary 3uct and inlet port. Thus, rather
than re-programmng the cold air distribution network 9 to cater to the new
heat di ssipating requirenents, manipulation of the orifice plates can be
enpl oyed t olkxediekipdhe hW@&ﬁbdlSW%mgéewlﬁﬁm aapinstation efi theonfiicg piades eam of a

forced air geehigteiY¥Ssh&Rve0ne SQRRri sing two forced air cooling apparatus
i n accordance V\np{}ﬁje &rrrgb gp?rents of the 5 present invention. The

preferred confi gﬁfga'fﬁ 6n3ft%ﬁp@|p§@°§frad |lconfiguratiinef goforaeddaie cpolgigt syséam rig) 900
the left Ca%brﬂﬁn%tv@%rctea i dogit 5&)%?&93 %%Sgr’ﬂﬁﬂge ﬁfﬂ | rs(lf‘ uﬂeﬁ’l@ ‘Tl'tﬂeg 10

a nmain cold air erl t casin as a ort
a secomd i nP@sepidnyerdion, The foreferred f:@ﬁ'ftgécﬁtlah ICOBPIEENY Iafmmif@ &EI)anC‘aadtgat

first outl eadhy boP4%k Ieﬁ%aﬁ%%ﬁ%ah@ r%trl Eés@%ﬁ?ﬂ’@gn @Sn ge %ef et

port 920 are positioned at t ase of eri cas |ng t he
ri ght casi ngagoeeld airdie 32ai n col d air duct 32. The fi rst f or ced air cooling

nodul e 930, noufhed; ﬁf‘&é%lr% étﬁf"ﬁaé"%lflrstQQi%t %‘?@Rb' 3%8c c{fnfe?t oﬂréiﬁarayﬂrgy(:t

932 with a first secon ary nount orthogona

primary ducforeasbair goging F@F’P'@ﬁ%f argha fipt plettes pory $40. aﬂ'he ﬁ@blﬁteédcfél%ﬁgnd the
first pecondadonddiet pd?Bd20 é}'efgdo%ﬁﬁ)nédﬂatethe Phkd gf:fﬁe@!gf\ Cas Qd(ﬁllrﬂ(ﬁ‘lgptﬂg éghpned

inside the first inlet port secon
posi tioned FYME0PHR e cvai doldl air dust B292The first ifprsed ﬁchanQ fraedudB §30s

instal | ed wWhidhhi@dtdmeo afrédr%ailg@”@érﬁpr‘ijéé%ta fﬂgtzprﬁﬁargf I?Jﬁctbé%t.'zt\ﬁ?im RAFd's Qébnd’g‘g{]' rst

primary duct orifice plate ttached wthin the first primary ct
932 bel ow t H'éctj%ﬁdmﬂéme%@'mmﬁ@ fo ﬁhgtﬂr%&mﬂyct WrctA gualitnpbsper bers he

first primapye dHChoddid dorg fh%tflrﬁeéécc@ﬁé’ér?@u@ll 9:‘549 %%s%ﬁle?%ﬁhéé Blﬂgedgiz@ls

between the first forced air cooling nodule irst and second
i nl et TPort sPO%tmeéztﬁ'S!d?h@efﬁ'rﬁ%ﬂniﬁep%r%ﬁ%@nﬂl ét%ﬁCQB@ ingt osfieg plate A% iD52

cut into itposhishebiiiside PHLEINd inlet port 920. A first suction fan 938 is installed within the
first primary duct 932 at the bottom portion. A first primary duct orifice plate 935 is
attached within the first primary duct 932 below the junction where the first secondary
duct 934 intersects the first primary duct 932. A first perforated plate 950 is positioned
20 between the first forced air cooling module 930 and the first and second inlet ports
910,920. The first perforated plate 950 has a first hole 952 cut into it. The first outlet
port 940 is positioned at the top of the right casing 900 to allow air that has been heated

by the elecironic card cages stored therein to exit.
The right casing 900 has support frames (not shown), for instance like those
25 described in Figure 2a, for mounting a first electronic card cage (not shown) and a
second electronic card cage (not shown). The first electronic card cage is positioned
below the second electronic card cage and each electronic card cage may have
protruding portions 21 as iliustrated in Figure 2b for mounting purposes. When slotted
into the support frames, the first secondary duct 934 is in line with the base of the
30 second electronic card cage. The plurality of spray bars 936 mounted along the length



port 940 is positioned at the top of the right casing 900 to allow air that
has been heated by the electronic card cages stored therein to exit. The
ri ght casing 900 has support frames (not shown), for instance |ike those

25 described in Figure 2a, for nounting a first electronic card cage (not
shown) and a second electronic card cage (not shown). The first electronic
card cage is positioned below the second electronic card cage and each

el ectronic card cage nay have protrudinghportions 21 as illustrated in
Figure 2b for nounting purposes. Wen slotted into the support franmes, the
first secondary duct 934 is in line with the base of the 30 second

el ectronic card cage. The plurality of spray bars 936 nounted al ong the

| ength 10 off tRdirstisesendase durl &3¢ itibesitied Hieseplbdhe bavrdl theseeand eledrdpise of
the second gh@clpenic card cage. A storage base conpartnment base plate
960, having air holes 961, as shown in ure 4, is positioned above the
first forced ai r AcHIBOR gasperinpartaent base Q@?Q)%Q theving ristholes Wt heshewr in 940.

Space bet weeryuidig .§tp%§,ﬂ&¢eoc958@@rtﬁ§§m ERLaiPbAIRg U ANGd BR dddidthe AL | ©1

port 940 defines St or age space r avionics eqti pnent e stor
t herei ®. Ewpuﬁqtmpér%ogéimaae @ewgntth@ﬁtsmagaw@qru@artnn@tfoas%platm%(i apd e D,

downstream gfiidtibert oltb definds ﬁBra [e'sBéE@foP @ &ér)ulprﬂ &t b 'Bé 'sﬂ)‘?ed g‘%re?r?cond

inlet port 920, downstream of secon or | |ce I"at e 2. The air
hol es 961 in theEM ditergH e F@élﬂf@@ﬁq imeide th@ftﬂté{ﬂ%tsp%?%“hld@wn@w oftha t h

EM 11t er o 8 bbb SHAb 1 2°LRG A RIBGRELS GnlinHBY bER S6C dowlfechP b 1S no

800 is simlar to the force air cool I ng ag aratus as shown I n ure
The differ eﬁe@neelnlﬁb ofifiget Piefes Pehd The #iahipisy Weini the extorpae tbase Opﬁl@aﬁ@??ﬂbm

wal | 1B50, Pﬁﬁsearé'é%o%o{/éﬂa@ﬁmtﬁCErl\ﬁlsfrltea‘s RB7: fonareﬁhélﬁéiel'eeﬂr&had?%% ifdrirand, a

fourth inlet port . inlet orifice plate 812 71s Eg5|t|oned
within the thirdThalelt capdng 889ds siwilaa te dg farce ﬁ!reqoomg ApeHaWs 35 shawrsip | s

posi tioned wgupd B, trhe cﬁff?#éﬁc!é iié'H fhapﬁx%feaégﬁ hatth§ Sne Fkt [Bdrl étet'hé b%ﬁgm%éll

posi tioned |nS|de the third in] downst r eam of first i1nlet

orifice plateddhere argainletnorigel - h%PrFréd'ﬁlﬁhpér’FﬁEQ angh tfo%‘bon‘eblé%q%@q eAmhiet t he
second i nl efniQkkifitcat! 831'[235 §8§tlodeﬂ vﬁtl"ﬁmihb%ﬁﬁﬁ%@ bBR 8% 0 @hd ahEul BREBFifice

|nvent|on there is Provi forced air cool ﬂ%a par at us as shown 1 n

Fi gurd55a. #RéE £8¢ d%cPoéit'P”%d‘{'tthtr@pfS’é‘FtBt ipiet (P@I’Fp$ e Plsq EMh &lters sTG¥g a0,
inlet port go&orRdtihgde Ber third iiet fRfr § @ AbRAstRIA 6f BRGirstEMbt briflck Piste 699, and

and inside the fourth inlet port 820, downstream of the second inlet orifice plate 822.
In a third embodiment of the present invention, there is provided a forced air
cooling apparatus as shown in Figure 5a. The forced air cooling apparatus comprises
20 the casing 100, inlet port 200, outlet port 400, perforated plate 600, EMI fiiters 700 and
inlet orifice plate 220 in accordance with the first and second embodiments of the
present invention. A forced air cooling module 300 is mounted onto a corner where the
fourth side wall 140 and the first side wall 110 intersects. The module comprises a
primary duct 320, and a plurality of secondary ducts, i.e., a first secondary duct 340 and
25 a second secondary duct 360, mounted orthogonally onto the primary duct 320. Each
of the first secondary duct 340 and the second secondary duct 360 has a plurality of air
vents 390 along its length. A suction fan 322 is installed within the primary duct 320,
preferably at the bottom portion. Primary duct orifice plates are installed within the
primary duct 320 below each junction where the secondary duct intersects the primary
30 duct 320. For instance, a first primary duct orifice plate 324 is attached below a first
junction where the first secondary duct 340 intersects the primary duct 320. A second



inlet orifice plate 220 in accordance with the first and second enbodi nents
of the present invention. A forced air cooling nodule 300 is nounted onto
a corner where the fourth side wall 140 and the first side wall 110
intersects. The nodule conprises a primary duct 320, and a plurality of
secondary ducts, i.e., a first secondary duct 340 and 25 a second secondary
duct 360, nounted orthogonally onto the primary duct 320. Each of the
first secondary duct 340 and the second ,f,[econdary duct 360 has a plurality
of air vents 390 along its length. A suction fan 322 is installed within
the primary duct 320, preferably at the bottom portion. Primary duct
orifice plates are installed within the primary duct 320 bel ow each

j uncti on whéeeondpy dust eficerniata 386 is atashge belowr heeqoni jencfiosw/heiecthe 320ond-or

i nstance, sgédr@gwmdcpg{gol,nggﬂgéct@lrhbfplrﬁ% yiHt 8o@24 is attached below a first
junction where thé first secondary ofuct 340 |nt ersects the primary duct
320. A second 11F@@&ﬁaéhywa@cﬁeabpp@@@hvgl\@&ve o828 slectignicaeene ¢ape28viozbe
second ] UnCHd&HteW"tﬁﬁ@thbh@rc@@%ﬁ'&Qol:n@%ﬁ@%s\’m%%méﬁ% Wit f?l%stﬁi?é émBQxﬂm@H mary

duct 320. Fi gure shows a rear perspective view o l'ectronic card
cage 2@ to Bethersesanbinventian. tHhe ¢lestusis eard cagbP? hgs aﬁmfﬂw@éspfﬁy@éwiﬂhnce

with the thbﬁ@a@%@ﬂsm wﬁemnomédm.ﬁﬁ%b dagmgﬂgb,gpeisg.%? kL] n%&t&ard

cage 20 has a plural Iéﬁl sprag bar s attac base.
nount ed wi t SRk yte 329 nEhergmay bare 3§Brfw heapasitipned pbargas) ot ibe alastroaicicaltnt s

390. The spgaye ReWing IR BRY BRISRAS didBReE nRdte ﬁé&%ﬁarpifhetd?ﬁ‘er@l ‘?r%érﬁ&nl&r fRr d

cage holding electronic cards that dissipate nore heat than the others. In
parti cul ar, a[a#s chiheglegfoniqreard cage whaiedhe glegtrenig eardh dissipaieea bisckamaymt ef

cards 1@ ssi pahet $pir @rnwttone& tﬁé?elh%h be ﬁasnéﬁé@mhaﬁe BRB kit QAL RHWARE ei n

b
can be fabricated V\ngjﬂ he exit directed towards the electronic cards such

that cold athe ‘P§°f69%FnF@1dF SHey thaé eeidyaibist Grappelied| ditecivante thaelpetropictIama

havi ng to mythditthiavihb e AR Witk iHe/prealyedated! GiPAiF frbhanR Hé‘%lo%%‘!@cﬂ‘dﬁlc card
el ectronic card cage. It is understood by those skilled 1n the art that

even though®ffiverous 15 characteristics and advantages of the embodinents

of the present i nvgnhhwsﬂaaaebmﬁéhe %ﬁ'!lecf Qh L e Qrtttlﬂﬁt TeRB£ 9@blgh dﬁr?ﬁérbln&l on,
this dlsclosure|3|llustrat|ve onl i fications may be nade,

especi '@l |y FrAaeietidics apf agyaniagend tg’%ﬁ'ﬂ‘&ﬁ‘a&?ﬂﬁtowﬁe preseR! Invangipphavq bean
Wi thin the pst ishPlireheTfolddBingn¥esthibiich, t id Risclodlile &XtiRBtrativedbRB! ehiYr t he

modifications may be made, especially in maiters of structure, arrangement of parts

and/or steps within the principles of the invention to the full extent indicated by the

broad general meaning of the appended claims without departing form the scope of the
20 invention.

25

30



broad general neaning of the appended clains wthout departing formthe
scope of the 20 invention. 25 30 12 CLAIMS 1. A forced air cooling
apparatus adapted for fluid comrunication with a cold air source, said
apparatus conprising a casing having: 5 an inlet port for receiving cold
air into the casing, the inlet port having neans for channelling a first
pre-determned flow rate of cold air into the casing; a forced air cooling
nodul e conprising a primary duct, a pIurg#ity of secondary ducts nounted
orthogonally to the primary duct, and a urality of spray bars nounted

al ong each secondary duct to exit the cold air onto the heat generating
devices, the 10 secondary ducts having means for channelling a second

pr e- det ermi &dIMBow rate of cold air fromthe primary duct, through the
secondary duct, to the spray bars; and an outlet port for exiting the cold
air that is heated by the heat generating devices. 15 2. The forced air
cool i ng appdr at ué faed pticagindapppratya adapfagd fontuid communisatien wiaa soldfayr

reduci ng el %E"(’ngﬁrﬁﬂth%ﬁﬁ’ﬁ’?& iélﬁbrﬁ%ﬁn%m ng. 3. The forced air

cool i ng apparatus acc erein the neans for
provi ditng a firsenpiet p@éftf@l‘rfﬁi:ﬂeldg oldwirriatodha tasing, theainlet pert bavihgmeass fog i s

an inlet orighk u.nggfpgtg)rr@det@ﬁmhe@ 110 2B%F bl GirShiB Biie Elling, N _PUT POSE,

positioned Wt orced Arr g appar at us
according to cl aiarﬁ?rfed QIFG@C"@Q gtkiectamprising QJPFIWWUGU@tDM@lﬁpr sasondarguct i on

fan instal | gdects ARt or%ég&éallggt?thfe%@fag‘/ A, SRPA | l'ﬁﬂall Eﬁaé,nne GORERNg to

any one of the precedin I n the ne ng a
second pr e- @engearhaeronfiany dust te eyt theotald air ﬂnmnrtberhe@tmnpfaﬂnﬁdgvmﬁcthe t hr ough

the Se@“da%é!cdﬂd‘a‘ﬁyddc% HeWgTRESHS ngaélﬁﬂhélhﬁ%%éé@{dy rQ‘dg{errﬂfn'eB'ﬂS\% rafdl it

sized for the purpose, p05|t| one bel ow a junction
where the §elé@|+rdmfh§wmawwstéwghﬁmfesqgonﬁw;ﬂuqmmthe:sgray bars; and

an outlet port for exiting the cold air that is heated by the heat generating
devices.

15 2, The forced air cooling apparatus according to claim 1, further comprising means

for reducing electromagnetic interference in the casing.

3. The forced air cooling apparatus according to claim 1 or 2, wherein the means
for providing a first pre-determined flow rate of cold air into the casing is an inlet orifice

20 plate, having an aperture sized for the purpose, positioned within the inlet port.

4. The forced air cooling apparatus according to claim 1, 2 or 3, wherein the
primary duct comprises a suction fan installed therein.

25 5. The forced air cooling apparatus according to any one of the preceding claims,
wherein the means for channelling a second pre-determined flow rate of cold air from
the primary duct, through the secondary duct, to the spray bars is a primary duct orifice
plate sized for the purpose, positioned within the primary duct below a junction where
the secondary duct intersects the primary duct.

30



13 6. The forced air cooling apparatus according to any one of the
preceding clainms, wherein the first pre-determned flowrate of cold air
is the flowrate of cold air that is required to cool all the heat
generating devices stored in the casing. 5 7. The forced air cooling
apparatus according to any one of the preceding clains, wherein second
pre-determned flowrate of cold air is the flowrate that is required to
cool the heat generating device that is 1’% proximty to the secondary duct.
8. The forced air cooling apparatus according to any one of the preceding
claims, 10 further conprising a perforated plate positioned between the
inlet port and the forced air cooling nodule, the perforated plate having a
first hole &nd aTbedéwees ﬁbp@olIamappartablslaccorgmgmenfgmeeefcthalpreceonglclagns
apparatus a

el ectr orragng)t%lezéﬂ} ﬂ\?é&&gfﬁﬁ%@r@e@ﬂ&&ﬁtgf& P‘ﬂd gﬁ?ér@iefg Bﬁlh%ﬂt aetlsout | et
port and 18quied iheed aietheal geneTatingfdsvices stored ipdios cm@appar atus according
to claim9, wherein the second hole is of a size that allows a flowrate
of cold air,_ that is required to cool the heat generating device directly
above the pérf or dhedprpedaiecodling pararatusiasaerding 20 any oneofthe hrasedihgfcined ai r
cool i ng of iy, t

Gener ati g g bk o R PP oF ot 1 e Rows AR hstis IR 1ot ¢ om
most bei ng socfhth%heql@en@réﬂnq tevigeethabid Incereinityita thetseeomdsiry duitng st eps:
drawing in a pre-determned flowrate of cold air into the casing, the pre-
25 determined flowrate of cold air having a first portion and a second
portion; dfrect Thgfarerd aieeesiing peparatys aseording te anylorg ef the prasedingclaimslevi ce;
and diftri bﬂmhﬂgcérﬁﬁnsﬂdd §beu?&éﬁeh%t9f)o§lf%eﬂcﬂeqm@é thé@hi@c@%ﬁ 4t tﬁ@%r&%aélr

generating devices above first device in accord
di ssi pat i oncPYHaiMmeine the Eﬁrfoffﬂéd Rigi havipsne first holg ad@ﬂﬁ@é@“h’hﬁé@/euttlhie i irst
device. 30 14 12. The method according to claim 11, further conprising

reduci ng el ectromagnetic _  interference in the casing.
9. Thé forced air cooling apparatus according fo claim 2, wherein the means for

reducing electromagnetic interference is an EMI filter installed within the outlet port and
15 the inlet port.

10. The forced air cooling apparatus according to claim 9, wherein the second hole
is of a size that allows a flow rate of cold air, that is required to cool the heat generating

device directly above the perforated plate, to pass through.

20
11. A method of forced air cooling of heat generating devices mounted within a
casing, the heat generating devices arranged vertically one above the other with the
bottom most being a first device, the method comprising the following steps:
drawing in a pre-determined flow rate of cold air into the casing, the pre-
25 determined flow rate of cold air having a first portion and a second portion;

directing the second portion of the cold air to the first device; and
distributing the first portion of the cold air to each of the heat generating devices
above the first device in accordance with heat dissipation requirements of the heat
generating devices above the first device.
30



13. The nmethod according to claim1l or 12, wherein the pre-determned fl ow
rate of 5 cold air into the casing is the flowrate that is required to
cool all the heat generating devices in the casing. 14. The net hod
according to claim11, 12 or 13, wherein the second portion of the cold
air is the flowrate of cold air that is required to cool the first device.
10 15. The nethod according to any one of clainms 11-14, wherein directing
the second portion of the cold air to th@ first device is carried out by
nmeans of a perforated plate, positioned below the first device, having a
hole that allows only the second portion of the cold air to pass through.
15 16. The nmethod according to any one of claim1ll to 15, wherein

di st ri buti nd2t he The mathodraceidng tefclaimd 1ciaritersgomprisingdediuaifg ¢leeranaanetic

generating gaMkGesceAR@Wecdshig. first device is carried out using orifice
pl ates of suitable apertures. 20 17. A forced air cooling system conprising
a plurality of the forced air cooling apparatus of any one of clains 1 to

10. 25 30 43.  The method according to claim 11 or 12, wherein the pre-determined flow rate of
5 cold air into the casing is the flow rate that is required to cool all the heat generating

devices in the casing.

14. The method according to claim 11, 12 or 13, wherein the second portion of the
cold air is the flow rate of cold air that is required to cool the first device.

10
15. The method according to any one of claims 11-14, wherein directing the second
portion of the cold air to the first device is carried out by means of a perforated plate,
positioned below the first device, having a hole that allows only the second portion of
the cold air to pass through.

15
16. The method according to any one of claim 11 to 15, wherein distributing the first
portion of the cold air to each of the heat generating devices above the first device is
carried out using orifice plates of suitable apertures.

20 17. A forced air cooling system comprising a plurality of the forced air cooling

apparatus of any one of claims 1 to 10.

25
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