; BCe3ebf 2, (T6Tf $*HP Docket No. 200208249-1 APPARATUS AND METHOD FOR COOLI NG
AN ELECTR®RIDeckeNg} 200203481 D OF THE | NVENTI ON The present invention rel ates
generally to electronic devices such as integrated circuits and nore
specifically to apparatuses for | ¢, devi ces. BACKGROUND OF
THE INVENTION 1 o A confiom ARALT &nquéptofg% systems i s cooling

el ectroni ¢ devi ces sudBOSHLIN{G &gN ER!QNIQP@\SI(Eﬁey do not exceed their.
al l owabl e operating tenperature. The challenge is especially acute with

hi gh- power el ectronic devices that necessarily dissipate a |ot of heat. For
exanple, a multi-socketed server may contain, within an enclosure, nultiple
circui t boards, each of whi glrimOFUdESINNENTIONe 15 hi gh- speed

m croprocessors. In such a system the conmponents on a single circuit board

may di ssipate %@gh:@gﬁjr@fentmtrhﬁtes defilly tPelB@@dhicHevikes sachisdttegratedi d heat
di ssipation fromthe high-power electronic devices in such a system The

T subsedUEH 9 e e o e “The encl ostre
across the i mterior of The endlosure, the fans drawing freeh &ir 1nto the
i ses i anich an out et TR AENPRE PAEIRVEREOR B T o "the encl osure
Foughl ¥9 or t nogoAdoRABIEFS P B S BTN RS PU AR Pacgetis; Ny ' °
orthogonal, 25 interfere sone

| : af with each h . hey conbi ne,
decr easi ngStchas BRGEtPLHICY 5§ tRCY |rt?ﬁe’icﬁeedat§?rs%£:(’|wza léagﬁggl{atelé: ronic device is
cool ed. HP Docket No. 200208249:-1 It is.thus appanent : . fhere is a
need in t heemperatyrer Therhalgnes eaPesBpi At ‘ﬂéﬂlgﬁ'ﬁﬁggroe&ec?%?&?g\gfe}sng el ectronic
devices in the situation described. SUVMARY OF THE | NVENTI ON An appar at us
and associ statuecasseiilydissignte 8 desiof Aept aFPrEIABRIEGHTENRSKCEE SHYE BPvi ded. An

el ectronic systemincorporating the cooling apparat.us, aﬂg rretlgﬁd is also
provi ded. @Gvitain, wishieen enciosareamvisiplesijeut Roprds racihplowlich InFRGEHPYER Wi 1 1 becone
apparent fromthe followi ng detail ed description, taken in copjunction with
t he accgnpaiptispeedtnizmwiprgsssots! [usich asystegn, e cpmpoRsntscORARFIEe YHE L pr i nci pl es of
the invention. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a sinplified top
view of a poh@ma dissphRGuAdradsof et edfiénne heatsinlyisaiseblataidhieak. t 5 Fig. 2 is
a sinplified top view of an el ectronic systemincluding a heat sink in
accor dance gt @ rdrh tHeHighatowee elestiontt dewines inbudhhesybtame The beet sink

may have its own local fan that draws air into the heat sink, the air subsequently

exiting through openings in the heat sink. The enclosure may also have mounted in it
20 one or more fans to create a system airflow across the interior of the enclosure, the

fans drawing fresh air into the enclosure and expelling hot air from the enclosure.

A situation sometimes arises in which an outlet of a heat sink is near a wall of
the enclosure and the exhaust airflow exiting the heat sink through that outlet is
roughly orthogonal to the system airflow. The two airflows, being orthogonal,

25 interfere somewhat with each other when they combine, decreasing the efficiency

with which the associated electronic device is cooled.
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Fig. 3is end%v' f,,2 heat sink in accordance with an illustrative
enbodi rrentﬁpg?“‘feh o'?oﬁggggﬁgilon. Fig. 4is atop viewof a heat sink in
accordance with an illustrative 20 enbodi nent of the invention. Fig. Sis’

an end vi ew of ﬁﬁgﬁm%?%‘)%g{hlfthapﬁl%%s n%{(c;)g ghh e bR Por2AIMPROEY dppeatuednd n

accordance wt rative e Iment of the invention. Fig. 6 is a
top view of at sink, acros ' ifudtbr \Rscridegn nounted in accordance .
with an i|ff‘%f§?‘?§ff?ﬁ m%ﬁ{?gtrlnrlrcenetvwg% ﬁ\‘l'?lﬁégmelcun\l/ent|(z)rn. HP Docket No.
200208249-1 Fig. 7 is a flowhart of a nethod for cooling an electronic
device in accordance with an illustrative enbodi nent of the invention.
DETAI LED DESCRI PTI ON OF THE | I i fficiency may be inproved
by nore efficiently bl endiwmpﬂm}%?%ﬁt he heat sink with the

systemairflow Fig. |, asimlifie view of . a prior-art electronic
syst em 400, il |Awenpatads ang asspoigipd @mﬂa@@ﬁ%@é apﬁlem(gm%g%vkc&a und of the

Invention. In this prior-art configuration, an el ectronéc %them | 00

conpri ses prowided uAr elegtEoniq sysigp ingergossing therogling 2Pparafs 98d e HEen mount ed.
Fans 110 and 115 cooperate (e.g., by one fan pushing and the other pulling
i n the sanelsdpmegitd.on) to generate systemairflow 120 across the interior
of enclosure 10S. Heat sink 125 has an associated airflow 130 that exits at
bot h open ends Ofhehs@ptctsamiladv2faged of thdpreseskiangtion wilhbecOR§ appareitat si nk 125
is near (e.g., a fewinches from a wall of enclosure 10S. Airflow 130 is
appr oxi mat @loyh 1@ fiNegaipaletailed ddscriptiohsnkeniin torgunclicOwith SewcedMRInyIA t he t wo
airflows interfering with each other. Fig. 2 is a sinplified top view of an
el ectropic d%i%mua&&ﬁhg 6y wdy bfiex@amprate imlplésnf tedorediorce with an
illustrative enbodi nent of the invention. In Fig. 2, an end of heat sink
205 is also near a flow obstruction (e.g., a wall of enclosure 105).
However, angled flow control vanes 210 situated at the end of heat sink 205

divert zo heat sink exhgpgir BESERIPWIEL DFSTIH DRAWINGS bl ends nore
efficiently with systemairflow 120. The result is a decrease in

temperature of el Gk oAl Lol R aGABLAlelBbiciRAYsiEh Mel R0y a Idse_exanpl e

of an el ectroni cl%ys Ich the invention nmay be advant ageously
applied is a ,nulti-socketed server. In such a system the invention may be
used, for |l e, to cool electronic devices in dual-processor circuit

boards. 25 The techni ques,.of, the.in i . iheable to a
wi de vah ety of ‘g'glﬂﬁ bﬁfEﬁ?Bf‘e‘%\BP vf&(fggg%%g&flgﬁé\@ﬁﬁ%ﬂ?(gﬁ%;gﬁﬁs ot her than

servers. Exanples include, but are.not |.m.t 40, desktop personal
conput ers, aCEPrAICE agg]f@fratbvﬁﬁmb8ﬁhm§9tsqféhr?s],nsegﬁ ‘audi o systems. Angled flow

control vanes 2 lF(%g'rgaig/ arllj e(?ndI vri]évs gi!: f Aeay\gigkhinggc?c}rdasnlcg vl%itl% gnS ilﬁ)lgtrzﬂf%t of a

embodiment of the invention.

Fig. 4 is a top view of a heat sink in accordance with an illustrative

20 embodiment of the invention.

Fig. § is an end view of a heat sink across which a fan has been mounted in
accordance with an illustrative embodiment of the invention.

Fig. 6 is a top view of a heat sink across which a fan has been mounted in
accordance with an illustrative embodiment of the invention.
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separate bHED@Cg‘{th Mo ucture. Generally, a small nunber of angled flow
control vanes '?e.g., two or three) is preferable to maxim ze the gain
in efficiency, but nore may ‘be used. Addition of such angled flow control

vanes 210 has bgen §hewichdd $rausindaaepstoiihg Addcudhiddedite mns of t he
dual - processor circuit board environnent nentioned above, to inprove heat

sink efficj ith REMuEEHe GYRUIKA0bS thdind@idnat uses such as that in Fig.
1 in whi chhgﬁgil)'{g%lﬁ’ow cltl)ntroel vanes 210 are absent. to Fig. 3 is an end

view of heat sink 20S in accordance with an illustrative enbodi nent of the
i nvention. Though other types of heat sinks 205 may be used, the type shown

in Fig. 3 sufficiently._l | NG he i nvention. Heat
sink 205 may conpri sﬁg*éﬁﬁ%ﬁ@g%@ﬁﬁ%ﬁf‘ﬁt@g?ﬁ}"ﬁi‘f’ﬁm ates 305 that are
typically nade of a heat-conductijve al such as,c [. . Pl 305 may be
sol dered to a ff:?‘élt“gﬁggt‘e“%mébg%%?‘%g Y IERe i’ﬁfm’(/\ﬁlg‘gﬁngtge?%ﬁal ly made

of alum num_ First heat spreader surface 310 may in turn be in contact (and
thermal cof¥iting histhed sinkpyithihesysepA¥doWeat spreader surface 315 that is in
thermal conmunication with a printed circuit board (P .20 .havi ng one or
nore el ect r oni cFigebiasimplifigddonaiew PB%\P‘(‘RST?ftre&ﬂCtr%ﬁé’é‘te%lg@a?lg’sgﬁ%%ﬁei n heavy
outline in Fig. 3, the dashed lines in Fig. 3 indicating g#_at es 20 305 that
li e behi nd paovnedestiibsd ie theBeekeroundof the Javentign. 18 YHPUMNATEE 1B Lont r ol
vanes 210 may be part of a structure separate from heat sink 205, it is

pr ef er abl e aheleceatitisyaregl BQ chmprises ornlosute 958 which fans @ apdibyieyF with a
plate 305. Plates 305 are often realized as a sheet of netal that is fol ded
r epeat el y.bedhmowftat &ansl L0 ang 1k eodperste(e.gnby ofe fhae peshisigrard sigmtheangl ed f1 ow
control vanes 210 may be part of the 25 netal sheet that is folded to
create pl agﬁﬁing%the%me #HRcBogke ertiote IOORAAGA49-120 Birgss the intsrigr ofop vi ew of
heat sink 205 shown in Fig. 3 in accordance with an illustrative enbodi nent
of the invemtib@ie 163. H@6siBORTRY alaxeciacd Hiflow BOnha exitsat botbepd05 al ong t he
edges of the plates 30S opposite first heat spreader surface 310. Center

section 403l bQws: s%il(rlztsplrb@xis@xérﬁﬁ%,%eieﬁu 6 Hegainksi2o ks @b (efg. anfeout si de heat
si nk 205. at sink 205 may al so have two end sections 410 and 415 that are

I d al t I ; i [ d
sur'ace 3107cFR g ALt B 1B R B R e cont or
tion 405 tq fl -' i : S 1t it at both
gggnl 22&55 osfySt%@szr \évan?&%g%l?tn)gslh P\tel(%‘&&s)fgl E%%d%ﬁ” lvgih.l %Qﬁgﬁlglﬁ edof F)(;:N cgnt rgl
vanes 210 are Sﬁ?&dgla\éi?{pﬁ]igg toé‘!vfew (gg[g%fr%ar i sX'stelll‘nrQO@irﬁlefir?gr £iftat 10

enbodi ment, bot a i nk y be“near a tlow obstruction
(e.g., electronic system200.is housed jn A .en ). In such
a case, siniiigin a&?ﬁﬁ&é‘&e ?Vftﬁ\"ﬁ’ Hfgﬁt{qn&:e g%éns’ergfg%ngb'% té&l' 2}6?%% nzjacg ét he ot her

end of heat sink 205 to divert ai r{)l ow.(%ﬁo. Fiﬁg11 g iz an ggﬂ vi ew of heat
si nk 20S shekisat sink0gds also neaep fow oPSRIEtio{F-8pm 2 yall ok eqelosus ok oo heen nount ed
in accordance with an illustrative _enhodi m::ni1 of the i%gggidon. Fan 50S may
be nount ed Howeverrangled8pw contel vangs 249 yiya@s althpendiof egfst > APER 50S draws
air fromoutside heat sink 205 and directs it into center sectjon 405 as
expl ai n@dl i heatsinkedrhsairipw R1Fsugh thet it hlepds ete sHisieatly SPSEFER2ENY an 505
results in airflows 215 and 220, which exit heat  sink 20§ [N a direction
appr oxi mat ell30. heaesubdymersreasegn amerasie of the elegtagic device cooledby Ridbyy of heat
sink 20S shown in Fig. 5 with fan 50S nounted across, heat sink 205. Fig. 7
i s a flowchsink 205. @nanxemmpls of ar clegfiomicrystern 209 oY Hghthe iIyEWMWE P Paccor dance
with an illustrative enbodi ment of the invention. Duri n% manuf acture of 25
an el ect r oniadvastagtamsty 2pgljedhisamubi-sorkeraiserray  In sechapgstenehs YERRPY n t her mal 5

may be used, for example, to cool electronic devices in dual-processor circuit boards.

25 The techniques of the invention, however, are applicable to a wide variety of
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HP Docket NPp,2QReQ8@48asi comuni cation with one or nore el ectronic devices
in electronic system 200. At 710, a first airflowis generated (e.g., using
fan 505) that exits heat sink 205 at its open ends, as explai ned above. At
| east one gRErdc 8Ris dihekth@DSriess. BxampRs friclde, Bhsare uotlimiredsoch as a wal | of
encl osure 105. At "71 S, first airflow 215 is angularly diverted to 5 bl end

wth a sec e fshMWcbmpRErSRIBViSibh S, dfiol sysfeh®] andQudioegstanon at 715,
first ai rfﬁ%\%toglpg S|L)s gppér{oxi’nat ellly ort hogona}Jlg to systemairflow 120. If

el ectroni ¢ systg lgcggo\isvggrﬁ%%arfég’%b Ry E@igtegiahﬁlitﬁheﬁgﬁﬁ J0Sbipaaifas at 72S

and may be re-en sequent at” 710, "so long as heat sink 205 remnains

1 D1 2Ce, RS AR Ol WYk ruEERSY i as |ono as

isTin operatio ol ng description of the

present inventi has bee esented for t.h s.epl:. 1 llwystrati on and
descri pfi oﬂ?nqstz%]éﬂ%dwi(’ﬁﬂ@%éé*&f? raglg t%?ﬁ’éftr}lgﬁqgéegagr?ﬁ‘[egﬁ%lf?@tllﬂtﬁhe i nvention
to the precise formdisclosed, and o nmodi ficati jations may
be possi bl &qHmRY ghpseds S‘fia‘é‘o’éﬁfﬁ}‘éh ?’@i{aﬁdoﬁvg%o.nh%‘@"gsnggg‘lane%f] \sé%m"}él?e chosen
and described in order, to best. ex [ he principles of the jpvention and
its practi dbpough @“?HBF‘P'&‘(F‘F‘B‘??“PBS ‘thﬁﬁer‘8“6iip@ﬁ‘g?fﬁré'rS‘BL]%cfagP%er)?néHHi n the art
to best utilize the invention in various enpbodi nents and,.vari ous

modi f i cat i orentigredzAbaves i impepve eatsiok sEiciangy PRy PEFEEN NSt Mot ed. 1t is

i ntended that the appended clains be construed to inclgg ot her, alternative
enbodi ment apparatuses sughas that BrFigxiciapehishpagled floy coptralivanss @ar[eﬁt SBtior art.
FOREI GN CLAIM5 What is clainmed is: 1. An apparatus for_cooling an

el ectrom ¢ devi dég. Idompendgiewef hRatsinkR8P insacerrdanes With anillystFaYvVe: onmuni cat i on
with the electronic device, and 4 at |east one angled flow control vane 210
at an end ofmtodandneaf theinvknt05 Thaughiothsr types dfineasisinks 2935 way berusedythe | ng t he
end such that the first airflow 215 6 blends with a second airflow 120, the
first airflgpe hbontheFiggs sufficientlytibustass tepansplesiof thelpyention Heatysinkr t hogonal
to the second airflow 120, the end being 8 near an airflow obstruction. 2.

The appar at 23 wdy &)h%'ti@a 4 set vh@baamiatli parhiteh plates 385 BAtare typeilpmede of aa heat
spreader surface 310 in thermal communication with the el ectronic device;

and 4 a setyof - RS2 MdAkich B a6kt lathd FsesayIRSolyied tli figt fiaeaom and i n
thermal conmunication with the heat spreader surface 310. 3. The apparatus

of claim 2, ' Ofictt Reydalll 6RAE oAMEmmGE! FiksiHeat¥peeadérr ol 2 vanes
210 is iq}nt esgj)\rp%l%ﬁuﬁﬁ&ﬁg’\oflcthgypgéuabgt antioal ly parallel plates 305. 4. An

electroni ¢ syshefo SAMRIARDG cofadllpGIELARESmrlBRcARA] FMARGOR | €ast one

el ectronic VI'CE, encl osure Ining an interior; 7 HP Docket No.
200208249 heat spreader surface 315 that is in thermal communication with a printed circuit

board (PCB) 320 having one or more electronic devices. Angled flow control vanes
210 are shown in heavy outline in Fig. 3, the dashed lines in Fig. 3 indicating plates
20 305 that lie behind angled flow control vanes 210. Although angled flow control
vanes 210 may be part of a structure separate from heat sink 205, it is preferable for
each angled flow control vane 210 to be integral with a plate 305. Plates 305 are
often realized as a sheet of metal that is folded repeatedly. Therefore, during
manufacturing of heat sink 205, angled flow control vanes 210 may be part of the

25  metal sheet that is folded to create plates 305.
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4 at | east e fan unted to the enclosure 105, the at |east one fan
110 genera’f‘?ﬁ(&keéﬁ?'iﬂ&&zggﬁrfIow 120 across the interior of the enclosure
105; 6 a heat sink 205 in thermal comunication with the at | east one
el ectronic devige:,; g%ﬁv SGnION® A Rkik | W66 wiiaike 210 at an
end of the heatlgig'ilinlgg 5‘fé’&c’)od}l%\a}lerrt1 a ssecond ailérflgw 215 exiting the end
such t hat e _secon i rfl 0 Rils) | kdibhow 120, the
. h h Eéhter@kdtioh :
second ai r?{&ﬁt&@%ﬁg?]g%(ﬁ‘lng?t o?ﬁ{eﬁ%‘%n%?nvg?%%?g? “@gi n‘ééis}lﬁtwfgt anteiral Ily or t hogonal
to the first airf|low 120, the e bei n r.at?2 cl osure
105. S. Théo%ql%‘?ﬁt'l"%mgfs althe &FﬁeﬁQ&c?pgpﬂgﬁsﬁﬁaetlﬁ%ﬁe?\de\fl\@éhé é%:q :tgerrll?eg system
conprises a 2 server. 6, A nethod,foy caali an electroni Vi ce,
conpri si ng§e°2°‘b1“b§(ﬂ”t‘?§'sé“'ltfé‘%\°cn£§f°ﬁ '%E’Faf $nk %@?ﬁﬁ%{w tﬁlﬁ‘ﬁh?ﬁ Elgg Fgﬁ with the
el ectronic device, 4 generating a first airf|ow 215 that ent ens the heat
sink 205 f Heshsinki295 araytalse hRvevo spchiections 44P and&lidrtaatepreloned alogg ¢ 205 at an
end of the heat sink 205, the 6 end bei n% near an airfl ow obgtruction; and
angul ar |y ddgeepf ihnglatas 80§ pppositesfirstieatspreader surfachd 1@ nbhig cRVpESEAPY  he first 8
airflow 215 blends with a second airflow 120, the first airflow 215 being,
prior to iR§5 aid2a0rigmatisgdhen aentératdtipn 403 tedlponalong the infasios athsatsiaki r f | ow 120.
8 HP Docket No. 200208249 7. The nethod of claim6, wherein angularly
di verti ng tbeaifd toekit at bokH apen 2dd5 of beap sink 885, ps Blusteiitedy lafFig. dasgledne angl ed
fl ow control vane 210 at the end of the heat sink 205. HP Docket No.
200208249 /figinNohirol/ viales/ 21D APdgBo WO diNgrting ZiFfpw 213 only. In a different

10 embodiment, both ends of heat sink 205 may be near a flow obstruction (e.g.,
electronic system 200 is housed in a smaller enclosure 105). In such a case, similar
angled flow control vanes 210 may be included at the other end of heat sink 205 to
divert airflow 220.

Fig. 5 is an end view of heat sink 205 shown in Figs. 3 and 4 across which a

15 fan 505 has been mounted in accordance with an illustrative embodiment of the
invention. Fan 505 may be mounted to a framework 510 that straddles heat sink 205.
Fan 505 draws air from outside heat sink 205 and directs it into center section 405 as
explained in connection with Fig. 4. Airflow 515 established by fan 505 results in
airflows 215 and 220, which exit heat sink 205 in a direction approximately

20  orthogonal to airflow 515.

Fig. 6 is a top view of heat sink 205 shown in Fig. 5 with fan 505 mounted
across heat sink 205.

Fig. 7 is a flowchart of a method for cooling an electronic device in
accordance with an illustrative embodiment of the invention. During manufacture of

25 an electronic system 200, heat sink 205 may, at 705, be placed in thermal
5



LR Docket Np. 200208249-1
9aU} xsni d_Z| cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! UIkVF2' g&GR! ! J"""" " F$e$$$% 9084 (} xsni d

_Z] ca] ca] cadphisdioredlonabeabealefbhiadsades al diathonil spdteabom] Aejiop] ca] ca] ca]
ca]calca]calcalcalca]ca]cal () +++h,1,,,,,,,--%-)-;

N, S X. : i dAVSNi ’
a st(t: éﬁ@&aﬂsggﬁgﬁa{b (X .,213%?&450@ aedxnakdf she abl salseptical cal cal calj ¢

a]. cal cé] c cal cal] ca] ca] ca] ca] ca] cha] ca] ca

L O A oo
ia]c g ia]c g ?(L-:J]ac SYcEEs 8 g‘@ﬁ?&f‘&i‘lﬁf%ﬁ%aﬁizﬁi ng'%lglfogv a%)]:%(ssl %“&4@2#‘262%% go;i/ (S: gi g a]YIQ IU]U]c ;

cal cal cg]@g C a . . L
[ 555555533-@3%3’?}@33 gg‘éﬁ&gﬁlﬁﬁ‘ﬁﬁgﬂ%‘lﬁ% Exigarig;diyessignalyd i ¥a) ca] cay] caj ca
U] ca] ca] ca] cal cg% cal] ca] cal] ca] cal] ca] ca] cahcat& ai c?e] call.ca cal] ca] ca] caU
] ca] caPg" b@ oW 2byssppproyimetalngriiogynal fo sy agtipy - (it electroriic system
10% & ()-10% & () - @10% & (h)-T}~zXJ<_10 100S T 109 ()-'1 T 109 ()-! T
10%-~&' () - ROGrisEhugdogm @} 720gthe podgpey teryninates;at 73\and 1epysbe Te-Fotergd 1005 &' () - Y
10% & ()-Ys1l0% & ()-3 YIO% & ()-3F10% & ()- 10 :LaB7
1;)%0&' 0 ( F3@e@eqtly at7002p4ong)as heay 5ink 209 reppinsdnplaeq. JQtharpdsegsteps- il | dE7
y)10% & ()-G
715, and 720 are repeated for as long as electronic system 200 is in operation.
10 The foregoing description of the present invention has been presented for the
purposes of illustration and description. It is not intended to be exhaustive or to limit
the invention to the precise form disclosed, and other modifications and variations
may be possible in light of the above teachings. The embodiments were chosen and
described in order to best explain the principles of the invention and its practical
15 application to thereby enable others skilled in the art to best utilize the invention in
various embodiments and various modifications as are suited to the particular use

contemplated. It is intended that the appended claims be construed to include other

alternative embodiments of the invention except insofar as limited by the prior art.



10% & ()- F9% 10% & ()-FS#10% & ()- & 10% & ()-F10% & ()-  9dYNC 10: 10:
10: S310% & ()- 110% & ()-Y@s10% & ()- s-10% & ()-F+10% & () - aUzX9YNC g
10%w& ()-F | g 10%0& ()-F 'K g 109%& ()-F ! g 10%j & ()-F

| F10% o' 0&' ()-109% 0& ()-U?9:}[<1C 10' MD -- 109% M& ()-9!9 -- 10% B- B& () - 9f
10% 0& ()-!f 10%0;0& ()- f 10% & ()-!f 109& ()-:;<VF2m\V 10% & () - 3Y
'10% & ()-zY @0% & ()- FL10% & FOREIENITIPAIRIS ) - 10% & ()- 10' M 10' M gDEdB4/
10 \ \! y5&10%

What is claimed is;

1. An apparatus for cooling an electronic device, comprising:
2 a heat sink 205 in thermal communication with the electronic device;
and
4 at least one angled flow control vane 210 at an end of the heat sink 205
to divert a first airflow 215 exiting the end such that the first airflow 215
6 blends with a second airflow 120, the first airflow 215 being, prior to its
diversion, substantially orthogonal to the second airflow 120, the end being

8 near an airflow obstruction.

2. The apparatus of claim 1, wherein the heat sink 205 comprises:
2 a heat spreader surface 310 in thermal communication with the
electronic device; and
4 a set of substantially parallel plates 305 extending from and in thermal

communication with the heat spreader surface 310.

3. The apparatus of claim 2, wherein each of the at least one angled flow control

2 vanes 210 is integral with one of the substantially parallel plates 305.

4, An electronic system, comprising:
2 an enclosure 105 containing at least one electronic device, the

enclosure defining an interior;

HP Docket No. 200208249



\ V& ()-S9-10% & () - BF+10% & () -

#1000 & ()-Z'910% & ()-310% & ()-ZEFGR !'IgH 10 \ \!y10% o0& ()-3@0% o& () -
$10% o0& ()-s3 | S10% o0& ()- 10% o0& ()- 10 \ \ 10 \ \!J"""""F$e$dEH 10 \

\ 1 +S10% 0&' () - @ &108blenst gne-faml 1gneusted tq the enclosure 105, the at least one fan

10% o0& () -3S10% 0& ()-, 10% o0& ()-3e$$$% WWERB@SE7 1 1000 1000
1000! 9510%008& (1) Eefafivg o &irst pirflovd 12Pdcenss thy interioz 0Ot erelospre 105;
S-T10% o0& () -F9%84t' () e*++}[9+7 10@@ 10%@a& ()-!10% (& ()-Yf 10% & ()-!'K Yf
109% (&'d ) -! Yf 10%& 4 heat 6itdk 805 in-therrhatidomimulnjcdiioh With@lk 3t least one
F10% & ()-sZ10% & ()-!sZ10%& ()-1S10% & ()-9210% & () -
electronic device; and
8 at least one angled flow control vane 210 at an end of the heat sink 205
to divert a second airflow 215 exiting the end such that the second airflow 215
10 blends with the first airflow 120, the second airflow 215, prior to its diversion,

being substantially orthogonal to the first airflow 120, the end being near a

12 wall of the enclosure 105.

5. The electronic system of claim 4, wherein the electronic system comprises a

2 SCIver.

6. A method for cooling an electronic device, comprising:

2 placing a heat sink 205 in thermal communication with the electronic
device;

4 generating a first airflow 215 that enters the heat sink 205 from outside
the heat sink 205 and exits the heat sink 205 at an end of the heat sink 205, the

6 end being near an airflow obstruction; and

angularly diverting the first airflow 215 at the end such that the first
8 airflow 215 blends with a second airflow 120, the first airflow 215 being, prior

to its diversion, substantially orthogonal to the second airflow 120.
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