WD 2004/ 053403 PCT/ US2003/ 037742 METHOD AND SYSTEM FOR

COOLI NG HI GH POAER DENSI TY DEVI CES CROSS REFERENCE TO
WEEBLAIERIAPPLI CATI ONS Thi s application cl ai nms PO®/US2003/037742

benefit of U S. Patent Application filed on Decenber

6, 2002 having Serial Nunber 10/065,985, which is

WG SRS R G G Bosk R g5 bvices

rel ates generally to the cooling of high power density

CRI©3S REFERENCE 1@ RELATED XPPRIGAEIONS Of _
tur bomachi nery for cooling high power density devices.

The cooling of high power density devices (HPDD s),
Thigieppliestion glaimpothsrbesefispt |J.S. iPatent AwpEentionr frled s Dé@mbyr 6,
centy al, processi i ts.(CPU s) for ex e, Is a.
2P iR el REREFGLY O o Mhidths otds gope anptrelente in
jtsSRkivy.S, mlitary avionic equipnent, nedical imaging
equi prent, and ot her systens enpl oyi ng hi gh power
nsity electronic devices. The term HPDD used herein

de
Bae WNDHRR{ITHHEReYBNTHIN devi ces having a heat fl ux

in excess of 100 Watts-per-square-centinmeter. Today's

rend | s nl,v..t o _desj.gn .glectroniG.systens, wi.th, .
il BsRRg P er Sa TR e RO al BNl evices
andartRbRelyt tHiask 9N nkbanachidehy Brebdlfig m%gpm deBi§ity devices.

footprints, the end result being a HPDD that

generates a lot of heat in a small area that needs to

Thgecooling if ugle@ower densily dewicay GHRDDES)amerhGm high power density

. dat i on. (M| et 2nsi 1) t Qday’ .
infl B o 06 B o BE PRl i Sopu B St s
siglahe @ABiderEber in( Whée ddestp) of t Enputendehverst omaitery8@Pionic

Wsqg-cm or beyond over the next several years. In
eqyipanont, gredieal Hampginge p@YpIMEN and Hles Systems jemploying high power

r.ai nt a be in consider.at.i on. For,.
YRS gRls. RS 1y HOLR) bl RoBRTRES' Rl perPhime
deRice€ Hhtin® @alieds flukhal ex@bR FOLREW dttd-pRREdRSHESSInWdrN Poday’s
hei ght restriction of 1.75 inches, referred to as a

trang) i ppl ednte desigmelepironi¢ systines with eueateriod rateatésedomputational

cked adj,acent .one.angther.in a. rack chassis.. Wth
soBPORaRt B aD S N BT B hich il G SaiEr Beln i end
red8TPER@ L UMBDDOThah @eitr@aé @rlof bAReak 28 He@bR@rdaelngt Heds to be

(deg-C) and a juncti ond££er ature restriction of 90

diggingted, incarden togawjd de rmn alepradgtéan. t dVhiteathsromwer density of

oG Bl ARy b AR P i T
cn)OiRORAD B3R PEH0 UBZYM @3 hédend8®dr the Mest s@Rehl years. In

refrigeration systenms, which tend to increase in size
addgionhte heatt genetatioherenclosure size constraints must also be taken into

consideration. For example, foday’s computer servers typically employ circuit boards
* that are housed in enclosures with a height restriction of 1.75 inches, referred to as a
1U application, with multiple circuit boards being stacked adjacent one another in a
rack chassis. Witha typical electronic component having an ambient use temperature
of no greater than 120 degree-Celsius (deg-C) and a junction temperature restriction of
90 deg-C, cooling systems are employed to transfer the heat of the HPDD to the

surrounding ambient. Typical cooling systems employed today include fans, blowers,



demands increase. This size increase, however, is
contrary to the design objective of a 1U application.
WERMOENM0OF THE | NVENTI ON | n one enbodi ment, aPCT/US2003/037742
turbomachi nery system for cooling a high power density
device includes a turbomachi ne configured to deliver

he%éﬁgﬁg h fdldg% gglgl(t)llolag medl T@%ﬁ%ﬁ@ %q]dlin%%g%e lﬁé?zgrag %‘\é\éehreat transfer
demAAd iRsresNe, FSI Q&t 1tﬁcre9$fe h&\Revel,us bATRENIGe d@m%r?@&] ective of a

exchanger in ui d communi cati’on Wi th the turbomachi ne
1Uaapgplicatronanged for being thermally coupled to the high
power density device, and a transition duct arranged
t xchanger and turbomachine. In
SLMW%@E#&&M thod for cooling a high power
density device includes draw ng air through a porous

In BRE blHH(Bdiﬁl'eﬂtg aQuﬂbenla Isp@em @Woﬁﬁ% it fikﬁ;ve%'d'énﬁfy Rvice
turb ocompressor, exhausti ng the drawn and

1ncdurtap raetsrbemaahme céﬁlrfglmd oulslivertd hngh fluncoalles madium toward the
urallt i nt erconnect ed.f.l ow paths and i s arrapge
O et et R BB PRETS G hr Jidats oy the
tur@@fﬁ'a&ﬁne Theat %ﬁaﬁ%gﬁj lin@uil AP nARMEhA With HeBRAIPRhRE and
equal td or less than 1U. In a further enbodinent, a
armegddo tbrf being dhémw@lyacdup@d powks hignpotvgr dieusitye dev1ce and a

B bEE rBEal HALSoEE SIERA 0

tur boconpressor sensing a noise generated at the
In taHét‘H@x”&ﬁBéd?ﬁemg QNBERbA T8 cd’éhﬂ@ %Slﬁgh %BW%F ﬁE’ns$t9 Lﬂédlc\é@f{&udes
in response to the sensed noi Se for at | east partially
draveing elrl throggh Ia@ormmrs@hgensngtaetuﬂannamhmet cohpesoty the air at a

nd exhausting the.dr co esse
o PRt B} S, Dot B RRGGrSof <iray The agarpsppgdium
1na§de@gl ﬁlnﬁhgabf & EHRbEEd FRw Hiihs sﬂcgﬁ RAEL] ﬂﬁ%ﬁfgythemauy
devi ce the turbomachine 1's configured wt
coupled &bl thedhighnpower dénsetgud¢v1¢eo ofhd éwbomhaerind Llhasl an yetrall
anot her. emhodi nen r bomachi nery system for
d“@‘c’)‘%ﬂ“?nrfbfe&ﬂa t@ﬁpg‘ﬁ I'ISI ty device includes a
t ur bomachi ne conflgured to deliver a high flux cooling
In 'EBthHéP enktD@Rh AL B %é@l&cﬂi‘fo@ Q¥BIin e Ahipovie ‘d'eﬁs@tiy deviRelifitlades
heat exchanger in communi cation wt he ‘
drawinp eiretbivugk aredt athan@e aisingra thdiontpchines mpryssmjbb @it ata
E?o 2 W\D 2004/ 053403. PCT/ USéa g/ 037742 t Be hi %gwer h
O RRFRIPRIGSSGE FPRUENE & 7OLG deBeah &b nfsog Pigpnase-
shifRl S6uPREYAhaHsRhse e kb H@i@@ 'fJ}ea:t le'%@fjpa?tlaﬂ@' cificelling the
generating device responsive to the audio sensor and
noise generated at the turbomachine, and exhausting the drawn, compressed and

noise-reduced air. The heat exchanger is arranged for being thermally coupled to the
‘high power density device, and the turbomachine is configured with an overall

dimension of equal to or less than 1U.

In yet another embodiment, a turbomachinery system for cooling a high power density
device includes a turbomachine configured to deliver a high flux cooling medium
toward the high power density device, a porous heat exchanger in fluid

communication with the turbomachine and arranged for being thermally coupled to
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arranged for at least partially cancelling the noise
generated at the turbonmachi ne. BRI EF DESCRI PTI ON OF

W B4/0540Y NGS Referring to the exenpl ary draw PQEUS2003/037742
wherein |ike elements are nunbered alike in the
acconpanyi ng Figures: Fig. 1 depicts a conputer server

temfo e,Wwth an gnbodi nrent of .t he i nvention;
theligh DOV HrlsPURLIsYice; bR PESUA BHRGHS S LRI SraFipted at
theStifdRtlche; a&rﬁpﬁ ﬂ@ﬁ@ %ei’x‘érﬁ@ngaﬂew@&{%@ﬁdﬂé‘ﬁ%ttotqﬁe BB&o sensor and

i nvention; Fig. depicts a side view of e system of
arrfggd fer 42 leaEh }@nladlyctapceihlg thetnoisb gamrdted et the tebamnacharc e
with an enbodi nent of the invention; Fig. 5 depicts a

eSS RTINS L oo oot of

conpressor for use in an enbodi nent of the invention;

Refrfing t HERk&hlaR drBviRE Rt 4 hﬁé‘J@EQ‘leH’%rHre BQmBE}%d allke in the

tur bOﬁHChI nery systemof Figures 3;
acabepanyisg drguadst er nat i ve enbodi nent to the tur borrachl ne
of Figure 4; Fig. 9 depicts an isonetric view of an

Fish CRP T ASoB R Qoo giegt Bt St SPat FireY eh B ten
to the turbomachi ne of Figure 4; Fig. 11 depicts

Figd @N@dpidts ¥n dsonf@fié QA of hQMYb@ﬁqaéhlﬁéi? dofe@rinf REordafel With an
an enbodi ment of the invention; Fig. 12 depicts a

emppdivwntof the inveplioyi ng an enbodi ment of the invention;
3 WD 2004/ 053403 PCT/ US2003/ 037742 Figs. 13 and 14

nmbadi nent of t i nygntion having
Flgf’rﬁ%[eplcgst %W‘F\gr g?hesgﬁtﬁpeg?oglgeaﬂ gs. 15 and 16 depi ct
heat exchangers for use in an enbodi nent of the
Fig. B\@@pictsanturbomaghing Tn septduhse @it ah ambediménewf b idvention;
portion of the heat exchanger of Figure 15; Fig. 18
depicts a further detailed view of the detail ed view
Figyp depigtiraecentrifugal gampnegsog ey u5g ipiap FRpOERIsPbfige invention;
i sometric views of a vortex chamber for use in an

Fi% F@glﬁ#n%né r{fl]fll iyl VRN foﬂitf)ﬁesgérgforzése phﬁ:teﬁlb%dm]gent of the

cal ustration o e average heat tran
invensdd;i ci ent

Fig. 7 depicts an alternative embodiment to the turbomachinery system of Figures 2

and 3;
Fig. 8 depicts an alternative embodiment to the turbomachine of Figure 4;

Fig. 9 depicts an isometric view of an alternative embodiment to the turbomachinery

system of Figure 2;
Fig. 10 depicts an alternative embodiment to the turbomachine of Figure 4;

Fig. 11 depicts generally a sectional view of a condensor for use in an embodiment of

the invention;

Fig. 12 depicts a process for employing an embodiment of the invention;
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enhancement as a function of vortex angle in

accordance with an enbodi nent of the invention; Fig.
WQ@200defpi4e3 s an i sonetric view of a heat exchanper/usauds3/037742

transition duct for use in an enbodi ment of the

invention; Fig. 23 depicts a plan view of the heat

.exchange nd fransiti.on duct, of. Figure 22; Fig. 24 .
Fl%?e ?ang L4 gﬁ%{ﬁ{]iﬁ‘%aﬁmﬁ"fi}rﬁ rogtt}lg Anygation %awzn’g mul%-stage micro
cofPfeBsdid;ow-rate-to-flowarea ratio as a function of

air mass flow rate for nore than one enbodi nent of the

i'nvention; Fig. 25 depicts a portion of a flow duct
FigsotS arskl § depagt henttazdhangars forf usefie an ambodiiment ofthg investion;

depicts a cross-sectional view of the wall thickness

.of ,the flow, duct.of Figur.e » Fi.g. 27 depicts ‘
Fif 17 g8 str i ot efd St of B SlbbaeReciRigfieeds:

enploying a control circuit in accordance with an
Fig|18 @epiatsiaviartBEtReli e Riewbf the BethlEVIEW T Figuird17;28

depicts an alternative heat exchanger for use in an
enbodi mrent of the invention; and Fig. 29 depicts a

Figsadfiand &8 dopiss sxploded dnomeiriswvighvstoie vk chaatbanfsrusefin an
igure. 28. 4 .2004/ 053403 PCT/ US2003/ 037742 DETAI LED
em%&%‘%fﬁ?‘b‘ﬁg%%“&?n I NVENTI ON An enbodi nent of the )
present invention provides an apparatus and net hod for
Fig oDl idegicss A ghphieweilhgdeassd Yo ddei Serapec head Stranshir 9évetfitdent
Integrated circuit (1C for use in a server conputer
enkapsenaent asiankyneting of Yartasomglennfeeqrdanpgotittagn amhpdiment of the
im&ﬁﬁ%gconpressor, and a high flux heat exchanger. The
turbdmachi nery is sized for applications having a
di mensi onal restriction of 1.75 inches ("1U
Figppldepidts aarisgmetriéWidve of H e kReltinp@EHnddessitiohddctifor @derin an
depicts an integrated circuit as an exenplary high
eﬁ@@@EFmH@H§FﬂV@§ U.ce, it will be appreciated that the
di scl osed invention is also applicable to other high
. o V . of .
R R Y L8 T hcad U Rl b L B PP B PR
exanple. Figure 1 is an exenplary enbodi nent of a
Fig o2 uepictss er grephisal sillestrdtdh of inldsz-flogy-mte-tocfidvodraaeratioods a
the inpventiop, the system 100 i ncl uydin mount i ng
funqligy f & TR Ay rale fotmpigithin onsre irastof fednYensih ds
120, with each circuit board 120 having a
Fi%. gs keprRGh ﬂzb%a/n SYSHSMNEO0or BRSH af 8RMoBY MOV hEiRVehiifY

Figure

Fig. 26 depicts a cross-sectional view of the wall thickness of the flow duct of Figure

25;

Fig. 27 depicts a turbomachinery system. similar to that of Figure 2 employing a

control circuit in accordance with an alternative embodiment of the invention;

Fig. 28 depicts an alternative heat exchanger for use in an embodiment of the

invention; and

Fig. 29 depicts a magnified cross section view of the heat exchanger of Figure 28.



An enbodi nent of turbomachi nery system 200 i s depicted

in Figure 2 having a nounting surface 210, which may
w®eooaosaed i on of circuit board 120 or a separ ap€rT/US2003/037742

nodul ar support structure, a high power density device

(HPDD) (e.g., an integrated circuit) 220 (seen in

DL S s S RGP o T b v
(a first type of cooling nediun), a heat exchanger

AR 3hnddaaheml by teoprka nlettdRDyrd#des adapbatdta ahd idéthod for
duct 240 arragggd i nt ermedi at e heat exchanger 230 and

cooling 8 rigthpaveer3Bosityodeviagrivel ph g higheend) inteptated clfauarﬁ@l)efar use

exchanger 230 to t rbomachi ne.300. The termhigh flu
ing Ay SEIeq CREIRNIS, SIS, Wity A IPBRMBRipRR, GRaRr e micro

tudbeCoRprésshs BRI a |]1‘PgH fllk lh%étmxl:hﬁfgeﬂr qRk %vboﬁﬁc%é@ i08ized for

di scussed 1 n nore detail bel ow.  Turbonmach I nery yst em
appDeativas hamingy erdimiensiciakenstiiomon’ Bf It n@hemt(érU’t lpplications).

75 1n he t here ki.n .t sui.table for
Wﬁﬂﬁﬁ?' tAee?S%Hl 685%5%1? 5@18ﬁﬁgépweddflrwéﬁ§w#@ﬂplaw
hlgw 96w&4@edsﬁ¥gb§1€é‘ Sie G4l 'Bela ebﬁtedrtﬁ ShE AGR otsed FlveHigiSis also

at exch anger e any
apphk ctbdetyesthenhiglabbwerf dansith éemcns! sumb as enjlitare aﬁnhms and medical

. the application, but erably is a heat exchanger
1 dopgpent Qﬁ‘ééﬁﬁﬂpﬁfeé‘t %’661‘ lfng, 5 WD 2004/ 053403

PCT/ US2003/ 037742 thereby avoiding stalling of
Fig&&gbpﬁa@he% e‘lﬁmrﬁe&ﬁ QT MR RRESIME s?s;] QR 130" RESing an -

t exchanger as wll be discussed nor e
endwtdantntkmélthmnvnntrcmf &reesrystemt WORngludag a thburtthg fixtusenl 10 and a

t nbodi t ha 23
- oifheli LR P RaE ey DR A0Bem: PRl ol lﬂle(r)l?qqgij 189 having a
tuffoRiaBNiB ey SeMPDOMBLEEdeR by %%{N%feh% torﬁ%\f& ?

deposi ti on;, or geonetrlc desi gn,
di scussed in nore detail belowin reference to Fi gure
Alz@mbodnmmﬁhtudmmbmeas sysésn Qé)@ers dapictedvin d‘ﬁglrm?n?ga‘hng a
s.a housin a first
st A0 PERD S, BE antrelion jof ek Joard SR or rpeperate
SRilirORBho® 8608Hre, AUHSK pdwer Adit) Aedics BAPRH)(EL0Tand
man a gg?:ond stgefor 1§r{3g a conpjr;]egsgr?gm cfr%vér11n ﬁ@grated
cirgnito?2(3(E6en BA5gher3) cowpedsimes A0, hi igtbomlackinai3p0 asupled to

oS RO R g i B 4807EF F\Perd by RBEdReSam). a hea

ex@@kﬁlgeﬂ‘ 950 EepARN BouIGEIHEDD bak &lra Bndition Quct 240 arranged
di scharged fromtur bormchl ne 300 at an outlet 355. An

lntapned)atalhee} exthongg 628 0atnd heboméckinee D :ﬁfr finndlomgathei aie flow
frqnﬁ %gilt %(Eganger (‘258 qg %urb]:)r%gchlgeng&? ! ITlhe gte ﬁlg?ll tjiu}I leugvl\llsg& herein
refers to air flow on the order of 150 pounds-per-hour (lbs/hr) or greater, as will be
discussed in more detail below. Turbomachinery system 200 has an overall
dimension “D” not greater than 1.75 inches, thereby making it suitable for 1U
applications. An alternative embodiment of transition duct 240 is discussed below in

reference to Figures 22 and 23.

Heat exchanger 230 may be any heat exchanger suitable for the cooling requirements

of the application, but preferably is a heat exchanger that is not susceptible to fouling,
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Mot ors 310, 325 preferably have nmagnetic bearings or
ot her non-contact bearing solutions, thereby reducing

wo eiogvsamnl effects for inproved overall effi cP@nUS2003/037742
reduced heat generation, reduced wear, and prol onged
l'ife. Conpressor 340 may be either an axial conpressor

S R i A
hdat gtbhenger 200 PAsCR B BOMBERSRIN BAE RfilPheRdwH RfMBERlto Figures-
axi al conpressor, while Figures 5 and 6 depict a

15cé91t rInfamgdter@ajwprMHn@n,lhmcbXahangbn QSQ\Mlesalacmtledl damping

sor %{ 051 ect %ﬁ/ Undgg rlg _
%Snsw r B’&% r SElPEHipnng matsrial
de%@gitlbﬁ’ o€ BEIIAE d@ﬁ@ﬁ’r\%hféﬁowﬂl?’gé didhEsRd 1§qg%1%r@etall below in

connected"to power Supplies 130 in system
refepgnco pr Frguee 2.r e connecti on rreans (not shown). I\/btors
310, 325 drive conpr essor 340 and opti onal expansion

TGO at PO St AR e RE] 19067 dRHiARe housin 305,
a FRenelyr dT@WNEg @l first PG 31'5”!1&1t M st BSa! cﬁ)@lohelﬂesecond

air at conpressor 340, driving the air al'ong 't
mbtengeh lufvingha yséang 1365, 3 38nghdptsecordl $tytoe>spa,ndlcng1paa3§br 340

5B SheRn 3 G en b eR e B ARk A6.06 it Brboggachine
30ohe aH'lﬂltét §115J)%m@'ah dgﬁogzﬂ% iHn%QA? 95@@%&%{}5&0&9%1&3%

is also drawn ugh transition uct
fohegtandingbe bih fﬁﬁ((lal( sxit isdigtharged )from tdrbdsmh)ghu&rmﬂ aliaf®utlet
nsfer of heat om HPDD 220 to anb

f h
3515%%% Qﬁtlita*@iﬁ%&éﬁgr?@g}e 12%6 cpd o6 terpempching 300 maétbeaa@uded
foﬁ&ﬁ%ﬁfngfthe‘éiré{)?péﬁ@nla 45Fe shown in Figure 2, depict

he direction air f i ndi cating that
t ur bomachi ne 300 is dovvnst ream from HPDD 220 and heat
Metoesh h@ye 323 Posferabiyc havavimbgisetic Heeahiegt oofothentmnscodfdt bearing

X AT ST R ——

heBPRNERLbALBA el SHIE LAl fRTondel fipomaChi ne 300 may be
arranged = upstream’from HPDD 220 and heat exchanger
230, which may be achieved by reversing the flow of

Cegipresshy 84i¢ may hrebother i pxiaBe@mpreses iong cBHKGi fngay Cbmpressor and
aryanged con ressor 340 tor 310,

RS %ﬁfﬂgsi 4128 i?n‘gl?e&ﬁc PGSR O3 il hes) qoamﬁ?ﬁswv igure 4

depRYs &ﬁnﬁl’éé@“ gad a%od ﬁﬁgl% aweep Bki%1 CORICERS, %h§4@ Sand 6

be di scussed nore detail below’™ Sur a

dem;;y a chmm@agaﬂrmoalp:rt’SW e #FDR 2R0t-wdrd tyial (mhipyessor 342,
i ncl ugas many circuit conponents, including both high

SRR Sv power density

‘Under operating conditions, turbomachine 300 receives power from wires 365 to

energize motors 310, 325. Wires 365 are connected to power supplies 130 in system

- 100 using appropriate wire connection means (not shown). Motors 310, 325 drive

compressor 340 and optional expansion turbine 350 at a high rate of speed, on the

order of 50,000 revolutions-per-minute (RPM) for example, thereby drawing air into

inlet 345, compressing the air at compressor 340, driving the air along the length of .

housing 305, and optionally expanding and exhausting the air at expansion turbine
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devices. The air drawn across heat exchanger 230 and
exhausted t hrough outlet 355 by turbomachine 300 may
wheoodiossams from t he anbient internal to or extePCEUSWN3IN037742
nmounting fixture 110, and nmay be exhausted to the
ambient .internal to or external of nounting fixture

3Py HRG Terts e el PR R T GEV R o Re hbaragre 3003 aiso
drAGE IRubR NBRsIYL | HeODAO 3 | fbsRiHeal Hﬂhﬁ%éé?tﬂot 38 Figure 2),
structure of the optional fan trays 14

thabbwpmamdmg fgr theptaasfiengf hes fopn iHRTAD Mntotamlymt]thﬂ)ugh heat

exthinder ZD{-eR Eisreap) BleC 550 Bxayey B Sirors b Atsy Shogen in Figure
2, gemgrc@rreddlr&tlﬁhqrr & fldw, decgﬁqu??ﬂut botdctife 360 :lsaa&g%sg%am

t urbomachi nes 405,” 410 arranged 1 n para

© fram #FYDI230 arhd dteale@harper 8p0,aekidh hyoids drshdat ofnduet 340,5325
haV|n outl et ports 420, 425 for delivering high
frqm u&egarlréim inluepcing e neeolinge sedomnange cof deel ehelrnger 230.

giSRySheR, BRI LSHEAERES 8y FuHie Bl s

uphfrgim fkanx I&PDDf IZE(W and reas cheahgax 2@ ngkich 288y b achieved by
simlar to that described above. The operation of

TeYSivBS Hhechoh es au @Sfougbl@rwchﬁ@ 3@80 FERZS05 gAY ey arranged to

;

<ol SormRer R, L SFo o YRSl SO 15, o

alteibt iV 008y DS drfdidel ktEcrﬁitzﬁg |oﬁ1yt dﬂiﬁiﬁ%@fﬂéﬂ? as will be discussed in
configuration of Figure 2, it has been esti mted that

meyesiotyil hedgw. Fufese 218 may Beivde Mose thepong é&I;PDI@ 2§0 and typically
1n%{1@é§e }n% drc}nt cérﬁé&%ﬁtsagrgﬁl%lég rlg)‘i}i h? a d %gvr p\év\(?vgr glgnsny

e requi I'n or
de(/icbgs/sec) of air at a notor speed of 50, OOO

revol utions-per-mnute (RPM, a pressure ratio of

1.04, a conpressor efficiency o and a

Thet pi cdréweyacarssohe@t exphanges 239 W@ddeﬁraust@ch BOHER K muﬁet 355 by

tul%gar acpée ?Ibg ?ﬁ&/ d’l;é.\?fyfrglgl the taﬂ)%lee\ilggﬁ%r}lﬁttg lor "élzlctjferna g%{Bountmg
fixtret] 10phraf Say be @aldusted tb e dmhleﬁﬂihmw b e)&el‘ﬂigﬁof mounting

410. Wi le the total power requirenents of the two
fixterael 1Qusrengme ot they sryétegla?@hng Heedowdct wgt wemﬁmphah the

alt%l;jg.{.lg§ Qi]r pise wg ?ﬁ%la&zi&?om ﬁb& \M)co Orll% r%t%lar{ld sn%todf sFrug‘ture

of thiy mivaahian eraha Vi @r anerﬁh‘tesfe&i}l' fepﬂici'ﬁgr’rﬁd: eptioral anttﬂj's 190 with
no-greater than 1.75 inches. In another alternative

appippHatetrductshat enpl oys either a single turbonachine
300; as in turbomachinery system 200 of Figure 2, or

In RRGALLSvd &ﬁmgﬁitﬂeﬁ%m%?o@s a‘b]apalle?ils{eﬁl 400, as depicted in Figure

7, turbomachine 300 is replaced by two turbomachines 405, 410 arranged in parallel,
' and transitiorl duct 240 is replaced by transition duct 415 having dual outlet ports 420,
425 for delivering high flux air flow to turbomachines 405, 410. See the discussion
below in reference to Figures 22 and 23 for an alternative embodiment of transition
duct 415. High flux air flow across heat exchanger 230 is similar to that described
above. The operation of turbomachines 405, 410 and the geometry of outlet ports
420, 425 provide equivalent air flow through each turbomachine 405, 410. Regarding
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the parallel system 400 of Figure 7, an air particle

i oni zer arranged upstream of heat exchanger 230 and
wa@eooaios34parti cl e dei oni zer arranged downstr eanP@f/Us1063/037742

outlets of turbomachi nes 300, 405, 410 serve to

ionize and deionize the air particles to prevent

S et RSB R NE: 2YE05 b it € 52
WAD Botdrl tubidnaRhine @@OtHaQJn%Sa @faﬁxe’téi’ yrzesl i BeORGER 1&:8pth of 1
prevent particulate fouling. Upon discharge from

indhuwodddereqesd30@rdet 06 deldvd 0.t heurslsper-paond dlbs/secaroé airata -
dei oni zed. | der .to neutraliz el ectrical rge

et pnpedcit; SR Fefobiug peah R, Pcpr8§§P¥edE?§1°o?ufa 104, o

coﬁ:pﬁ%gcfr' Eﬁlme‘ﬁwn(?@t SndVal RldlorS ¥ ‘rae'ﬁb Q- 08N vilfite in the dual

ternative enbodinent that enplo ur bonachi nery
turbymhénn@@@ﬁgurﬁtioetof Irvgiref], tHecsamertgtaBﬁhB floncthadeeteratics would

e 02, £l VLS 2 S SConar A ek 00
e SEPLOR A S . o

posec kéquiremertfonfa gimen airbormadhineniz tleerwd3onfighetiond diffeddby a

of entrainment nozzle 435 is attached to outlet 355 of °
factor plodde Ml Bowbetantial fpna tusborrrkyne bayigggw overall dimension

hlﬁel{#t’d?gqgggé gbsﬂ%(}lol PaSSEs through outlet 355, into

entrai nnent nozzle 435, and out the
exhaust port 460 as indicated by exhaust flow arrow
In kothdihateendtiaze shibodingint tHat empleys cithat ®singlesubbmachiaé 300, as

. entrainment port 465 that draws anhient air 445 into
n % igery systeny 200 pAdigureé. ot psriie dubongalynes 405, 410, as in

the] }?A%ﬁ@%?ga O Af%l C”/nQﬁl Xij‘éﬁ?alrﬁclé F&l‘f\éef‘ Zlgﬁﬁ%édbdspé u oér‘l]‘xgtg?%eat

ntern resultin

exehalngexsmaaamd ﬁh mw pla&ficlé rtmonmex@sxamgddhdmckuexlhatfsm ouleRs of
aust flow Fe, and a sec ndar% cooling air flow 450
tusy ﬂlalﬁcmgesu%o@eé%cﬂlgssefv&éa e Ancdeipize His alg pagtirleg to prevent

P OO A RN R gl S

tuxbmwhlmaeeo ,5403) 40, blshbtar pitcticﬂetws areOfoniwddimn@rdeprto prevent
exanpl e. _Anot her enbadi rrent of turbgmachi ner%ésystem

pa@@slaﬁf‘s fondpmiget &popndisshgigee frony &vbwga@m%%@ﬂ i, AP A air
paftibths am&!?mggy nRfad 5 %8&@9& {1&&8&31 %h%g@g{dth%%% p%l&es to
Separate ar sup Fruc

prélensdtitic wigMup en @Heaa)ﬂ doenynentad vithivt 8Gtedt B@O circuit)
220 coupled to surface 210, and a turbomachi ne 500

i e RS R e e ALt o
ol YA LR RPN 2 DA g 0o
enfrhiuingrapitiégairedits foapseiinga tydoadat cG@lﬁig zﬁgﬂmohsom)s deplcted
in Figure 8. Referring to Figure 8, which depicts a cross section view of entrainment
nozzle 435, the entry 455 of entrainment nozzle 435 is attached to outlet 355 of
turbomachine 300 such that air flow through turbomachine 300 passes through outlet
355, into entry 455 of entrainment nozzle 435, and out the exhaust port 460 as

indicated by exhaust flow arrow Fe. The exhausting air flow Fe creates a suction at

entrainment port 465 that draws ambient air 445 into secondary air duct 440. The
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for cooling HPDD 220. Alternatively, turbomachi ne 500
may deliver only high flux cooled air or high flux
wo edonfospanant, as will be di scussed bel ow i n NOPE&T/US2003/037742
detail. Turbomachi nery system 200 has an overal
di mension "D' not greater than 1.75 inches, thereby

i ng_it,suifable for 1U app|icatigns. | o
seBTBAT REAIOY 47 boRACRAL S ByS v abaertish A7s gpatting in a
sedrldBryCdxhaid: taiOQRK 43 4Rt M€ Bithl 4Rl dxhahde wit'HDéf‘Bﬁlhé't‘ Hlow Fe,

fixture 110 of system 100 depicted in Figure
andarsecomeletyi avelib® Bir flows450stheinis ldyrectedvas adeded farqudtlioRblgeooing.

10, i ncl udes firs tur bqnachi ne 5 second .
BB RS ‘BR0mag o\‘?&%ﬁéo‘?’ﬁ%ﬂ}ﬁefaggs 3_? turbomachine 300 or
A RRBRELRAR Bl il LA S0 AL ORGP 808 1 ol

" a closed-loop refrigeration cycle (CLRC) 525. First
Artathds edodiment 50 furboohddiesy aystam208 ss depi&80 in Rigwed Dhaving a
535, prefer y Wih neti ¢ bearings, a turbine
maREne gk ggéztw%lﬁ%lnaéjng%@oﬁecs%sp GBE0F bsa [ pRg separate
r o .
Al TR SERAE, IR LALAC IR, o) o, g g

cirauitje 20excindeen, smfacoolh0, Sad omdtuihonieehimen50@ thid replaces
includes a turbofan 550 and a_notor. 555, which .
tunopRPEAG| 3P0 dReahefBaneer o PRgstranstiionodheli ngy of Figure 2.
TSGRRSRRN s 50 B & RLoIO R POGR FEL STl o
tymosfteoning nedingrmd digiafice rdfayapar(atsesond 2¢he dfcovlihg nledium)
di scussed in nore detajl below. 9 WO 2004/ 053403
forp@?ﬁl@@iﬁﬂ%%@?v Asltepatelys febamasiine #fiftimey dgliver fonfyshigh flux

b j St Q.6h.VE; i t .
cobMS AT ChRR 292 OBRLALE ! i e B But Bl R, W, g
Tutrsortiichiterisgdterh | 200 Bis' an aceaiisdiamnsiens®” hdbgratr than 1.75
. evapor at or/ expander 520. In the CLRC 525, conpressor.
inghgg) Ehsmehve guakang dat rsugablanforgdy @pplicgfiges.t hén an embodiment,

(] ng.' r. SSUT S _
b SHALAREG s SO AT, G | OLRAER R i

mdpnting figtuee 156 systencryidipsond in Fogurahj ch incl udes coils
570 (seen in Figure 11) that allow the hot .
r ef rzi}vsg‘erant gas to dissipate heat. The coils 570 are

Tughpamactingy SOfi Bestriegn By movgdefering o ddgiet £y pypludes a first
N 3 f
tulltggllr}%&ﬁhe 5?(?5(% gig%oﬁlhe?ur%mwﬁ}?@ MYy Sgocéﬁdeé%g‘?%qi and an

omach OW Ng across condensor
exfanideesporabdS Sty al Firsi nedrbeleachinenesds, exshdager 338 and
coupled to coils 570 for inmproved heat transfer

CXPFRJPEATAPETAorG areqrariond A Flatrd-19apotsiiisaraionseycir (lRC) 525.
Fifdt RlrbBEahif 507188 0d2 3P BhnpfROHeERP s Ribor 535, preferably with

magnetic bearings, a turbine 540, and an optional ejectdr 545. Motor 535 drives both
compressor 530 and turbine 540. Expander/evaporator 520 may consist of a cold
plate, a heat exchanger, or both. Second turbomachine 510 includes a turbofan 550
and a motor 555, which preferably has magnetic bearings. Surrounding turbomachine
500 is a housing 560 to provide air flow passages for directing high flux air flow
across condensor 515 and expander/evaporator 520, as will be discussed in more

detail below.



whereby heat is transferred to the air and the

refrigerant gas is cooled. The heated air 602 is
wesxvanssexl t hr ough outl et 620 of housi ng 560. PST/UR®03/037742

refrigerant gas cools, it condenses into a

refrigerant liquid at high pressure and flows into

der./ d t 520
URR R RS B SRR i PR g v ® apfecrant
hﬁ?&?ﬁ@lﬂ@@ 523| ¥8d Bé@ndUfboAsacRindesd @ﬁ:é{ﬁleéfﬁ‘o dExeans ﬁax air
valve may be control | ed by a control system 580

acwnwmielrlm@lﬁ laad pvmsalméemamlﬁr 620t he refrigerant
across the expansion valve, thereby provi di ng

mRECLAE 0. PITRGHGT 570 Potritinen s EHANGERS 6o ione bf sofiggyant's
teMperaftfe BH rPré@hRNt Cobfpdsdor’ 530\8s céﬁméw gth 5&1@1@4{&@@ Sdegnzted

val ve 575, 'the refrigérant |iquid noves from-a
geperally by eaumzmh 82%.dozohdemspr Bds M/ﬂlﬁihzmdedesvdivuls "7 al(éeen\m Figure

G B e BOSHRERET e AL, it v
higefitk 948r Qé?kraqﬁ%ﬁfc@dlﬁy%umeﬁlej Dbgé}fé?aqed\;ﬁ SR B550 at second

enperattre 15 used to cool chis
tuthioswukise ¢10 fehing amrossmoeddfsbxaﬁls Thedensdrr i 1genay tlsg alude a

heaf R <iachaa) Ot §rcodan 0 ihareroyed heresnsia. ApRigetsi 600
follBwhlet 8k B Rth T5k9VhaRasNofeP b @x ki E’gé}r 55 gy&‘eéolnﬁ&’lsor 515,

tenperature efrigerant gas fromturbrne 54
W]!qudl:yt lmat B4tansferred #0 ﬂmtmnr aril3he refdpératiterhs gecmial. | Dhdtyeated air
590, whj ch _enghl e cool i ng of not 535. .
6 ?.ees steg; thropgh ol Sing 3¢0x ASeme.r@%rgsW gts cools, it
colflﬂ&ﬁeéjfn?&'ac'ﬂffi‘? é}%{pwﬁglrd‘e agcgiﬁh e&g%emfeﬁﬁlﬂ ov@ﬁgt \r@b%) eg/ﬁ&lporator

refrigerant at romtu
520h eEgtayxdéxﬁ)av‘dﬁbrﬁ%zwoEﬁdlﬁaesPﬁTéx;lﬁaﬁaﬁld@{ﬁZE ARhichds epscdlly an
t he w tpr ough gonpr essor 530 to pr event
exem?&%@ e as phgedlgivaiyep Fapansion Yq Wﬁ&bﬁ cpptgpied by a

cohOP s Pt gg@aﬁﬁtcgpﬁblﬁﬁg%le gﬁl sire H6 ocfttﬁ? gﬁ%%fa?l | ¥%roBY the

nuner-al terndtive arrang e
expangioTesa vy, tsdretyl prowdingdmatrallethpmwufeed@pee’dhﬁﬂhp c&mszs to
ontrol] system (see wires 365 in _Figure 4)

d
PrEYsHt ?fsﬁxngrpgf firptuipeimashing S9p QBStEBIRp A e gerqm Ba@d flows
R e g5 (RS 7T MPREA Plot 1l RO By B presgure

zohy tb Iaelokmyrek@m)easr&t whech eflowgthearfrigeinb it@ Rk paidr and6&@porate

driven by second turbonmachi ne 510 passing over
within Ahe @FP%\?‘S%%W?@FOYS%?@ iresultgigoed) dP He & é@@éﬁtanmerature

g LRI P U BED 2 1 s
betaw hio mearbideail> 0Thy refrigaafngasisi thel @¢tdined to compressor 530 via
turbine 540 and optional ejector 545, where the CLRC 525 repeats. An alternative
flow path for the low pressure/low temperature refrigerant gas from turbine 540 to
gjector 545 is via motor 535, depicted generally by numeral 590, which enables

cooling of motor 535.

Optional ejector 545 is used to mix refrigerant at high pressure coming from

compressor 530 with refrigerant at low pressure coming from turbine 540, thereby
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560 and directed towards HPDD 220, as shown in Figures

9 and 10. In another enbodi nent, expander/evaporat or
wG2®4/0s33bides a cold plate 610, which is cool pdI/bg2005e37742

| ow tenperature refrigerant. Cold plate 610, which is

thermall'y coupled to HPDD 220, cools HPDD 220 as the

. high t erature HPDD 220 pass eat to cold pla

inge g AURATLIGS oomh SOBRRSE 200 Wreviih ofiomerthg Sl The

" high t‘pIrdéédi@ HRGHAR frovd BordBresddOWI0 it efeb @K 585 10deREted generally by
alternatively | ocated on surface 210 of turbomachi nery

muyerale A3 R0 A mplterndiiee amergeireninte prdena ctipes&dstall ancludes a

supply lines 615 as depicted in Figure 9. In yet
v el B oo S ERraier Aot Sires A3 it Fises 4) for
coR@blling theedriad @élg&fmprgégr.and a cold plate 610, where
heat exchanger 230 is located within housing 560 of

t ur bomachi ne 500 and cold plate 610 is | ocated
Inesatee embodinfent curpamigr/§GPporatora S snchdee a heatnexchanger 230 (see

RS BTG Lo BB Bt By o et R oGk Agtent air
600 &iFerSBY sEQMAORAYMARGhe 35 1REHFRBH "R %Qgﬁldaﬁ/%aﬁgraé%foﬂo is

exchanger 230 conponent, and sizing turbomachi
coafrdr by hieait etchangen30ng The chHRidDai? XW5nay the dachisessad shie of

o BB e Sah o LR BosSibin
sd0 A dieabd FEDANEPDIZER, helddhTenkac Laf 14.hat

pur pose. Since cooling O I's desired, it is
preferable that CLRC 525 first delivers cold
Inragbihieryembedineot, eapahdpt/atapotii@ RAdntlhdes & colt gddte 610, which is

230, h . Lhi .S,
coB [ g oA (e AT oo G OIgaRkRE |0 S 's Semetiuaepled
to H—Fﬁbﬂgﬁb@ 3603 HFDT10WsPEE I?ﬁg]{r%?ﬁ ; S rRERIEYB D20l %}swsl Heat to

al so be appreciated that the Ive | ocation
cobb pltepd Hx. eCaltioplatech 10enty bx tivated evitl2d houdsg 560 efl tirbsmadhine
IS not nmeant to be Iimtijn and .t hat any_arrangenent
SRV T Bt bt v g Paiagh 210 6 pfomachinery
SEREIE 4t §ifGncd HBHNMLARNRAChIES0P" ' |04k deBicted i
SynDduI ar enblod}l%ent of tur bolnactg)i@r@a?y %P}éﬁs{@gg&l%é%med m
Figwe®. by now referring to both Figures 2 and 9, where
surface 210 is segnented at line 650 into a first

R R e RIS i B L8 Db xchne
2325%1Gm@pm% 10708k En &b ex daRker 1286 iU R ted viitHid RIRG 4%@) of

[
, a heat exchanger 230, ané a transition duct
turbonuickine $8@ dndibaldeglata 6 @ ficloeated extorral gfiheusihg 5GMatan distance

frcirel &g&g%@%ﬁ% 3@95%%%?&1hg fe;qgasﬁgieﬁ é'lvra];ogr%%r%sz% i?ltrooyvilod gisécrete
components, one having a cold plate 610 component and a second having a heat
exchanger 230 component, and sizing turbomachine 500 aﬁpropriately, cooling of
HPDD 220 may be achieved by cold plate 610 and cooling of secondary components
on circuit board 120 may be achieved by chilled air 605 from heat exchanger 230
being directed for that purpose. Since cooling of HPDD 220 is desired, it is preferable
that CLRC 525 first delivers cold refrigerant to cold plate 610 and then to heat

exchanger 230, however, this arrangement is not limiting and alternative refrigerant
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665 that includes a turbomachine 500, a cold plate
610, and supply lines 615, as discussed above in
WO efoesiaee to Figure 9. Second surface 660 repPEHESL083/037742
circuit board 120, in whole or in part, that includes
an HPDD 220 to be cooled. In first turbomachinery
nodul e 665 of Figure 2, heat exchanger 230 overhangs
flawy gaths gmydie emplpxed. slwfﬂé@ésoet@@pptq@ whipaeihglstlative losation of

e the ed .to , HPDD
Cog&(ﬁféﬁedg& dgﬁ% At SEEIAnEFY er n%?sl ve%uﬁerﬁlgalts Q% L¥F3R ézbﬁégﬁltmg
andBNatQy arrad @Mﬁ's&%l@%%h@ﬁﬁuldr%bhh@ tals Rl stltl%ﬁa% h the
coupled to HPDD 220, with first surface 655t ‘

tedphingpfithespresentiintvenéetond surface 660 such that
transition duct 240 abuts heat exchanger 230 to

fun ilon Jd er dsce:rS fje ?@(Y I n secondf ot

A s é‘P sifomaghieny; 3 Brd’ & sed by prvceiering to

boBx FRAs Daoo, dwﬁéig Quiii Do if isegrheriet hAlGiR O5Pintd/h &rst surface
flexi bl e supply lines 615, thereby enabling cold plate

6561@1& o sheondhartast 16p0c olph st m@dﬁmgdmmt skust serface 655
t er nat,i v at e

DB & SpROGias B A O Oy  ER e R DO haad 889, a heat

examﬁlgtelhﬁmha ¥ t2AsRbe dudt@40PEidRRsed ol id tete%nc%% FagSe 2.
655 then being fastened to second surface 660 and

Insuspping thodvdar eml@dlrbmtn@rstmfaec t &¥ptovigies héurbwinathinery module

OB o HERETISRE 3 SOCng: S dnede i 00 B SYoiLndines 615, as
diSRERA A ifn%f“e?erféé% FRAR & §eco§1§§{1ﬁﬂ%q§6'0 ﬁ%&?ﬁs a%uﬁﬁ%ard

sui tabl e fasteni ng neans, such as but not mted
129nap- whele @omeartprtisat mlchuges an cdRAREc 230 sto be |0©gledg In first

o BRipe TBO B8 o) SRR o hoo X BaRaE ey O e of
510 a0 e, 29001 A5 A REHIISANH U7 A T USRI 1o

or Figure 9 1s also suitable for | U application
HRDRe?2] on seB¥nd sunfiwe Gfi0eatdterratisely,l hd:s éxchévesr 230 may be a

h l.ud
stalon Grpael g iy ik (egailycoupfedi SN 730 SR fett Surface
65%%&@%@6%@Qasteﬂecﬂcgé&@ndl&tfafce 666 MhTtRA A utoH rdta&rmtybﬁ@%eat

that 1 nclude such systens as,
exkhanigee2B @ ©, functior in B4 hanB&5esaribeid abbec. s}mes&dond turbomachmery

C ress 530 si on | ve 575. The
m%&@g??iﬂ? ﬁwﬁa%p %ﬂdd Elﬁt?p??]gl’oe"tt%lds GY‘?"é]c"élgSPg léwurfjace 655
Qi t- {
AN e iy o LA e i
to(RBDDI 22) osdled@rd mgfachai60gl Aﬂtmglatlvdlytemmmlastdlo mey bg . first

ingareoieg Gogr Wb s ﬂgrfqrcr%é@ o th nc'aﬁfz%oﬂpﬁg ' HPDD 220,
with RS TREU 5 &Y ﬁélﬁgﬁ%&‘ged INELERY sRERY B8H NG st lines 615
being connected together with suitable connectors, such as plugs or soldered
connections, at segmentation line 650. First and second surfaces 655, 660 are
fastened together by any suitable fastening means, such as but not limited to snap-fit
connectors, plug-in connectors, bridging straps fastened to each surface 655, 660

using screws or bolts, or adhesive means. Turbomachinery module 665 of either

12



surges or stalling during start up. An enbodi nent of

the cooling nethod enpl oyed by turbonmachi nery system
WQOd4i053403lepi cted in Figure 12, the cooling nmep¢mUuS2003/037742

bei ng used to cool a HPDD 220, such as an integrated

circuit. Referring nowto Figure 12, nethod 700 begins

.at_step..705 where hj | ai r. (high mass flow rate,
Fifire g G E9FR 5 o PETRC T 1D Sbicteasd e direesgiog "D s no
orBtG Rard 7D QAT essor 340, 530. If the cooling nethod
700 uses air as the cooling nedium then path 710 is

followed. If the cooling nmethod 700 uses refrigerant
Twbomdinery systeny 20@ diay apcludesraripas borfbb clestrémtbd @oedires 365 in

FiEge g om0l oer Shiriadreirol Dniss gentalios s 100, 500
ADGEARL HolE QUALES 5k 0PI 1828 I1SHSIY 586U, Wife Feca

Increase in alr tenmperature as the air passes’ ove
cohmatssed3fangeexpa8fioanalvb8as. The contar efeetromds fmapibe BRI to

§20 t%)@eat.exc,h nger 230 and.then to the high fl ux
sugpce 21R DY ARy RURINiS mEans.t ingdHgaputepet HRpled toggusface mount

7 S Qr .an .nau .
BRI RRER R, 2, SRR AR B S i
th¢rmoptastie sselpat MThé Idontral ekttrogey amdy also fihélade @osgit esged for
30_at _turboconpressor 530. Upon | eavihg conpressor

S
cogiplling e gt Ugetlafirbamachitery Fyem 289, thaesontrapaisie power
Su%goggﬂ@ggg}ihgg%g%_ split 735 into two flow paths,

["ow condensor 515 and the other path

flowi ng back to ejector 545. The decision to include :
Amembpdinenabf thovodhiap méthek etnplogieéd by aurbbdtachigery system 200 is

det er.m ned he system desi.gn and 13 WD 2004/ 053403
depistedunFagiae 85% aﬁomm@hﬁ lsé%uﬂg 5yl tercopliz HERAL Bt sudhrs an
. Can : i o 5 g .
b RIS e 150heubO0RILLL Oy 108G
hignflne as ¢hligivasasss flloontate) is danpriasso turbdachine 3j0eS0@that uses a

545. At condensor 515 the refrigerant. is condensed 740

miglo PEPRSPMPEESEYa4k Pdb dhihercoplingarethind 7Q0yesep aitasiibe fepling

v - g .

G B D SRS, 3 e e ABECRB R oran o

coeipaumdéiune viepqradt D5 iS26llovedr e 1t expands and ‘
evaporates 745 into a low tenperature/low pressure

g 5 RS R bt FRLA8 LR e
et 2T Ton s 2emi g Bt o BB ol o) SEUEREdn an
inatbetia aiomgm@sstare 53€the 4o pagsas tovehkeat yaxkckangee 230 Bhé heat is
trarng eyr[ag fr%glt PIP]O)fD .IZZhOetoI I?eva\llt AQ)[ciggge; %36 %.II(E itl?e%rtg r’gltw l%%ﬁ ﬂtu?( air. The
high flux air from heat exchanger 230 is then compressed 725 at compressor 340 and

- exhausted 725 at outlet 355 of turbomachine 300.

Referring now to process path 715, a refrigerant is first compressed 730 at
turbocompressor 530. Upon leaving compressor 530, the refrigerant either flows 735
to condensor 515 or is optionally split 735 into two flow paths, one path flowing to
condensor 515 and the other path flowing back to ejector 545. The decision to include
an optional flow path back to ejector 545 is determined by the system design and

13



conpressor 530 may be via notor 535 of turbomachi ne

505, whereby notor 535 is cooled. If ejector 545 is
wepphosaol the | ow pressure refrigerant gas repdr/nS2085WB7742

to ejector 545 where it is mxed with high pressure

refrigerant gas from conpressor 530 before starting

cyGgl.e over, In.parallel to the refrjgeratio -

whfer bl 8 Broonriiai o ddishdnufentdt peao hypdgitiona
hikh rp?&ssﬁ'egféﬁﬁééﬂ%ltaﬁéﬁq|4%1ﬁ§§s@§ $30 QREGRRER inefeased AR Aow to
Second high Tlux airflow across expander/evapor at or
cobg@essait SHbmdegienor H5, At edridehsomedy S ithe Fafdgeranthe abndensed 740
exchanger spmlar taq heat _exchanger 230, heat .is .
bR T gt OB FofDET e e R O aad BHa high Gy e flow
1 fl irfl [ h X The t
dl%iu?&ids yﬁgﬁ exh?&%{egth%Sge?%?gaa ghq%g{i‘%té S’GZIB OQJW ﬁﬂough
exipendsir/egagpbfor Ai20 eximandir Eepeagor aidrevapdiatenhi74h into a low
i ncludes coils 570 and, may i ncl ude heat exchanger .
tesppeatiiel v Pestira g% AR Loy PEPCRBRIEHSrEus ABITIGFIGR! gasibeing

. ) i . : c .
o LA oL LA BB SO SO0 R o
disamsseddielovHPTR: R2A0pressureotetitgerdnd gapihee retaanI50 3o eenpresssr 530

on circuit, board 120, as depicted in Figure 9.
toRgprihe fyClioW¥o EPgUPEE: Pathank the low et Fffigeragogas to
o SHL SO RERARIS0, 513 DLRSAIRENRCns, Ml oty 53

codfd. Hayjedig 545 Btengilagd, denprepsedury adfigerantOganeturns 750 to
.di sposed at .one end of mptor 312, and a second mcro
ejeoiproswhere S mixed With déghoprassytergiigestns cas Hom qpmpsessor 530
. di the. o end ; 312 ir
beg%rg ﬁgﬁllnﬁ q hRPQ (99 HNer! Ngy al?ﬁfel 1 tl?eg ig@fgg:&ggrg‘m ¢ CE: sSéEond

Seco stage nicro conpressors e

tutbonsichine t5ed denérags abs wWdoha filst Gighdfhik aitflew @bysPtandefionF15,
a conpact 14 WD 2004/ 053403 PCT/ US2003/ 037742 micro
and, & prsepdrpiaisBwr ak{law aeiosy eXpaHEMe@PPIHOT ! | Ahcwrdensor 515,

' [ . chi -’
0 B pa DO 0 08 00 TR MBI 260180 Pl
7551 fism tB8 Qefedpbend ton thef fir@highehensir®dw V04 e keh? ekéhahf®. The
ot her end. First and second stage mcro conpressors

. g ¢
hegled 245 dhen sxhayirdd Tadt Hrapgly optleat@0dioAinkqusing 4AB At
oo EosRO LS b rLIALE PRESHH T, 5 3B KE e
230y Bedtd$ kiinsteriéd MERromnthg @ecHRH Migh A0L ageMey 3 ke RaRraAt via
curvilinear profile for enhanced cooling. Wile

coflp TPeandizeas cheagereiGt Tha qhillndeairds dhen3ashansied 0 to cool
P 20, SPBHRE 50 baR e arhf s R BB A E e e i

Figirgwre 4, and a plurality of mcro conpressors.

Referring now to Figures 13 and 14, turbomachine 300 is depicted as a micro
turbocompressor, which includes a motor 312, a first stage micro compressor 342
having first stage compressor vanes 370 and disposed at one end of motor 312, and a
second micro compressor 343 having second stage compressor vanes 375 and
disposed at the other end of motor 312. First and second stage micro compressors

342, 343 may be constructed integral with motor 312, thereby providing a compact
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Referring now to Figures 15-17, a high flux/|ow
pressure drop heat exchanger 230 is depicted having
wao 200u0880heat exchange enhanci ng features. HeaPCT/US2003/037742
exchanger 230 includes a base 780 for thermally
coupl i ng heat exchanger 230 to HPDD 220, as depicted

in Figure 3, and lyrality of parallel cooljng fins
it B yersOE St intitoehg B8bTaem et mifon e posti fins
38Bithay BeRIagRiBel BY (R JubWSurfRQ ANl SthloY 8PnfYor 312, the cooling fins

t ur bomachi ne 300, at one end 795 of heat exchanger
3803¢xtending &bm dred eyl ofl motoa3d2do dlte othbeemp pbssitandesecorBi0fage

of heat exch e 30.' A first heat exchange )
o AHEP GRS afr 847 SreHEAREEL VDY A6 BPRA G G e g and air flow
P g A PaRa iy g FAREHT Socinet 80, Wooling fins
- 38fdre ¢ypivadlyasmliotardo @ebmgtry,i ansl ge@brally thavé eromrvilinear profile for
oncavi tj es , 806 referring to depressions, )
iRt 3t s‘,%%gfﬂ R 130 4(5%19{% anlyioRe majpf i andtye micro
ot P RSO R Ml ORISRy TPl as
depithaidh Fegtre ¢ pasli ssplualityt dfmoieghcongpresorst he ef fecti ve

heat transfer conpared to dinples, for exanple, wll

e dimnished. T hape.of the concavities 805 is )
R¢ Wéanowoh‘ﬁgmeé Eﬁé?i %E}ghofﬁuﬁlﬁw PRPEF&eron Agat ¢x¢hangerd3o is
U AC By n eohodi.: e a
R Big o DeB"AAlacGRANLEE Heargledt, FRAPBRAGcer 230
in¢laddssp besee 780 rors theematybcaliphiaptieat exdhang3aviot HEBIBO20, as
.are di.sp?,sed Qn an entirety or a portion of _the

depistide iR ntictifed: @Wola myralitys of gearaligh ccqobing afing | 89 auenged
: ti: . r i .
peBlepaichleRp Lt 106 1B RUATEE L TRichid bRGRPw D00 Bnd diyep by
turbonlachige BDOsat K86 end 185 o hewt rex clngopZ3 0 theodir Béing discharged at
concayviti 805, 806_is described generally as an
the Wé‘é%%ncfao(}?féleaﬁ ¥cbingst 2¥h bet ween the air stream
and the cooling fins 785 thereby resulting in 15 WO
R e L R RV
ar@fged bn condidpt fimn,785,her tchecaviiesi $6e bachdse n7doe ttwedihatidee the

i I stream and eagh respective concavity is increased
ef’%ﬁtévepﬁssaﬁ?]i O léésgmi "l 8§yﬁ?%\ct€1n%\r‘“é%‘_cwlfl?§ B83pSOP Yederging to
deprEiaRe Midnridhs, ?ﬂﬂﬁ \,”tpt'seér’ theNficd qﬁﬂi@lﬁ%@ﬂ/e%r Ritce flow

rea being a result o e shape of each respective
vodi#es tyhandmgshethermdi eniaing aht deatitrinefen c Whild dddcidvies may in an

ciShSaE S ol e ol ST el o
for X')I;arﬁél.@e.\xﬂl%ér gﬁniﬁi%hedl.S)Tlfeoghgge B @@ haRfies F@S is typically
concavities 805 typically, t not necessarily,

heméxpherical ooas irastted idtngltvated @ohiealgshbipé. Lih apbther &abddiment, the

fin 785. The ’
shape of the concavities 805 is any sector of a full hemisphere. In some embodiments,

the concavities 805 are disposed on an entirety or a portion of the abovementioned
cooling fins 785. The concavities 805 are formed on the abovementioned surfaces in
a pattern that serves to enhance the heat transfer from cooling fins 785. The manner
of operation of concavities 805, 806 is described generally as an increase in the

interaction between the air stream and the cooling fins 785, thereby resulting in
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depth "Y' (see Figures 17, 18) is generally in the

range between about 0.10 to about 0.50 tines the
W@emaasidy surface dianeter "d". In addition, PCEUS®PI/EB7742

"Y' of the <concavities 805 is in the range between

about 0.002 inches to about 0.125 inches. The

17, 18
infR O B Eh AR Racts BTt rlotind % reTwiBopaspettlietaen,
addlfvat thelthdria® iérastionbeh E@SthE BE s&srh %ﬁ@ e&jdhal@?ﬁe%ﬁve ncavity

of the concavities 805. In one enbodi nent
is doereasgil t uestog@sb irmrense yipi suslhte afear withi rbgpecmm n gsub'facm lwdthout

ectrochem cal inin ss. In an )
coR b i B QU o8 PrEEcOiredy of TBshapofrch respective
ca%f?' cakl é(lcfl OfEes Wov&‘%ht@ﬂac%nw@t!heg{erﬁ’ic%s%ﬁh rﬂl%e area thereby
machi ni ng (‘EDM) process. A second heat exc
enbﬂtlmamgthngelﬁeﬂﬂ of keat sngrgpirboiatie byolingdfalsi786d cool i ng
region 810 disposed on base 780, which may be

i.ded,, I h I { dher.ed
SRR AT P DR N
but B6BhdcksshA RAREnL RBsEM tf)ﬁ)%?h i & Hr“LHB a BoIRT M The
using a mechani cal process (etchin I ni ng,> pul's

depthe€Y't (sedl Figrines Gk mjatsrganem@y i nhermﬁgebletezleac tisoud 91 Of to rabout
Lncre the surface texture (i

I t hat
Ofdé?}gﬁ?%g%%)cog‘fa&tyéﬁ a5t digmeter 1 doe Iélr%iéhtﬁélat he AgpiBray” of the
coh@RAids%08 is fFORL | hﬁ‘%e B@tg\}e@ %b&i't@ %u@é,é%S 1ncB o5 o The
predefined | ocati ons ase ere ase
cetlfesto-etndercpaciog tXe Cmfpﬁr@isll b8} ofgke ecrr&hﬁ\t/l%&é(imﬁﬁ Igiéﬁerally in
heat d develo haot sp on base 780 ile on a
the SW%EOH?: DypeR |aé?§ 865 i g%i‘étp? cHiges G eWHengameres ‘ﬂ}éSOf the
0
cohEhthFéssg%UeSSI (i:t? ggé‘gﬂlbgg‘l?/een e c%ﬁ%;vﬁtﬁe?gtéo% %Je tp@célﬁgr %gled by
usiygpre pila¢ ecledtivaherhical |nha{chﬁiim§t(PEGIM)e|@rcﬁkm | Th RhgdWk&@native
5.is exenplary. onl and that any nunber of
e"ib&ﬂtna?n f {h8coneRyife VT8 AYRISRIRMSFBChPY afpe mtralegtropdischarge

ﬁ{gM dsng regions 810 at any location on base
m%cggﬁ#é V\B?ﬁﬁh the scope of this invention. 16 WO
2004/ 053403 PCT/ US2003/ 037742 A third heat exchange
A sevond beatgxleage eshadeipg tatude hsnpl’éivgjad b3 lakaliZed doslimg region 810
vortex air 0 t hr oygh an )SS heat _exchanger
dl%’@éede %‘? 75{’4 ‘1%1 R may pE prov >t s e qonghness ohgneats adhered
byl r
(u%%%;%ﬁ{?zg O?ta)ghgﬁﬁ?ggnrféxa ?ﬁ)ﬂat) t}gsﬁé% zg(? :%a‘f{lq aﬁga{]+rggse th@%ur&‘ace
ar¢aooHRRP &2 Provideguusingl 5 weghianical groceyst &Xch@’fgan‘ﬁa&ﬂmﬁﬁ@ pulsed
di scus in nore detail belowin reference to

eletﬁ?ra f’sf%hi@e ra?%ag%oorb@@%gne legeidender examplogthap frgreases the
Sllltflci](%r féﬁ{ulré’ (i %lugl‘}; k8, Rﬁseﬁ%ﬁc%d SSEB@&{ %e&%e%etpén%{"e? 6];roc?hzed

plurality of VO ers arranged paral
coelarpdregione 181 G mchydmalsed hiepreddfined docapbadon badear8e wikde base 780

abuts discrete circuit components that generate excessive heat and develop hot spots

on base 780. While only a few concavities 805 are depicted on cooling fins 785 in
Figure 15, and only one localized cooling region 810 is depicted on base 780 in Figure
15, it will be appreciated that the illustration depicted in Figure 15 is exemplary only
and that any number of concavities 805 in any arrangement or any number of localized

cooling regions 810 at any location on base 780 fall within the scope of this invention.
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In Figure 16, the sides 852 of vortex chanmbers 850 and
cooling fins 785 are integral wth one another, the

WG e@e®58BR acting as cooling fins 785. The si deGT/BSR03637742
vortex chanber 850 may include concavities 805 to
enhance heat transfer as discussed above. Air flow

vor x cha 50 a_first _e 854 and
A R RO Rt SitntE KRie A3oRa st risnrS gt s anargb s flow
thﬁ)’i&%h aM@Tab®%s Héh@'é’?&’fan?é@%%h% WBERE e ﬂ@\@stéchnﬁfues to more
nol ded out of an erial havinng suitable
eftactingy dranpfieo peatt ﬁrcss basei@hd a:solﬁmg ﬁneﬁaﬁ;pV% ai ambrmm the base

BT T o e oty SR
dﬁﬁéé&%%b&%‘?&ﬂ béio%'lﬁ“i’ef%f'enég t@?‘fgﬁﬁjé 'i'?n& si¥sed %ttm@éla cooling

chanber 850 1s depicted having second en
- fi8578S5 @fsbthefmalbt complbdge dasel 780.d Eipurd 56 deﬂG@ a plntainltyl af vortex
rgg 35% 864 on f rst and second si des 858, 86
\Paaygedn?%l el to;prehodes gad @a@eée@e@y csmled ibase 780.
it i oSl
i MR 2 0 VBB LT DR50 B il R 765 i dntceral

wmnymalaﬁmhbe tlensiéescihi2dacsing @s 866ling Ay 783. 0Fhe &Ges 852 of vortex
rgéelved at first. end 854 and _discharged at second
chap@ei®y) mpyingludg |conqaw5@s 862 t<a¢r&1aa¢er1magfé@sfﬁé|as giseussedhghove.

AdrSow! 796" Bdid VP ‘(éeésgsétré‘ g?%;i ar}dolg (Bgcharged at a
I mpinging air ow rec
sedapl @idegboadf \&iﬂteﬁmghrﬁb@fSSIOOSV(Brtexec}ﬁﬁibar 850 inkly be sRfReinel Ocast

x-djrection 870. Internal ribs 864 are also arranged
orgppidgd@ut of eRr materl haxmgonitglle, hegt irangferapronergips syeh as for

BB AT S LSO 14 A0S g T ot

adidwnbret.i nes- beta (2bet a) It wi I I be appreciated that
while internal ribs 862, 864 are typically straight
r|bs at the p08|t|ve and negative beta angl es,

Refeaing Ao, to1 Kigure 40y agy ewlaée%ag)maqﬂeow% OE%nesbe@lnmta pEvortex
ch&rﬁle $50 RUe {)10&:@ Hbink H&" se&L Snf§ gSér 838, AlsPail SRS des
at 'the positive andenegative beta

85886 Qt\ﬂemal yibs B62 \/86|4|onaﬂiISOa1bEsea@mT ﬁdd:saxﬂd SBQ%Spectwely, first
i nt er nal rlbs 862, 864 may not necessarily 17

ang Gesmaciles 6 ROBEIBhaysaYifias S§% which Fie shawe qs»éxéptl ifiygt side
ng. . e e
s IR A LA BRER A rc SRRCSSS L Yoo TP g 5.
Aiatfloish 290 1sriecdiged & dlretnsh d885 efrﬂQHEdhﬁl%e@ at seebnd 6@ 8P| ternal
(between ribs 862, 864) to the other, and in so doing
ribsr P sarErmBet OBUdUre dhat ify divering from acimpitiaight lities fo the

RGBSR 003, SR 1450 S P B EOSHOELS o

withi fe3perg t6 &glieosorB3790. ( BRa@nk @by 81542&)3 als'&&hrzlhg‘é]i SEIRueNS the x-
815 serve to locally enhance the heat transfer from
dirggtien §89 tatt aham@ngle of negative-beta with respect to x-direction 870. The

included angle between ribs 862 and 864 is then two-times-beta (2beta). It will be
appreciated that while internal ribs 862, 864 are typically straight ribs at the positive
and negative beta angles, respectively, curved ribs may also be employed where only a
portion of internal ribs 862, 864 are arranged at the positive and negative beta angles,

respectively. It will also be appreciated that internal ribs 862, 864 may not necessarily
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exchanger 230 conpared to conventional heat exchangers
having no turning regions. It will be appreciated

w0 bat/0s3ae3 nunber of turning regions 815 for enPEIUR20093/037742
heat transfer is left to the artisan to determ ne
based upon predeterm ned design requirenents, for

e le, heat transfer rate and thernnl . gradi ent .
el T S BOST e Araga 1 0416, A PoA°BFOTYSp Sheopimary funetion
oftiRr 4l dou i€ QY P Bt @e RBSBoW 8P theNuffingd ?J#fior#soés 15"€om one set of

artisan is the overall wdth and lengthf of turning
chaeglofbstv8:tb ribs 862.r &) bulthestidBtndando dving periuoek adhgrsed heat

86 ot, depicted) of first second si des

(ROt BGOSR 115, dBe ERATSBHA AEPEE SHAn L e encis egween
gt | 48° 869 et
ritls D21 4 SRtan W opkATRRAL B fihnd BEROTS1 5 Qe Mo 20,

each other such that internal ribs 862, 864 are
Tyniogiregives &dcierad toclocalBi erdtinantiie heatarabsfer dom Bas8,7886d heat
be coupl ed, usi ng kno nmeans, such as fasteners,
xS £ FOTBareh gV ERgil heRS RAnES DEHBRI APIng regions.
' - I t] . i §i:08(.Nn .
it AN It S EX TR i (RN BE BRI ol 1Rt Bhoing, fea
tramefer bie Teft a0 nthd fyisof fiselaefmior Isdsedwnjpoanphdsernfod design
cqol i n<tg fins 785 og both. First end 854 of first and .
reQEEHISs | 198 seBBwle. 8BeAt nHgsTern gate dandr Shiwmell ssertjeny gmormity
r : s |
Acp R RCAN SIRPBRID hESRET cotilbs T ERGVSES AMULER 1o the
aréqadds tife dvatairwidth ariddsn@b2f tibihg regiomy 81 5MAfirft@dgée866 (and at
al i gned, dependi ng on the_desired coolin

seeqndredgee? s pithanghmohdepicted) g end sgeond Silgs 85 84D ras well as
Mol i ref . i Lok fronted with
R R R R e L S
angles. The air flow influenced by internal ribs 862
Inithe adsendbd¢destaien fastporl tdcund bizlea S8Ry 860 iabut, eashi dthkert firh that
cair f,ho i nfluenced, by internal ribs 864 is directed
infeppal ri %@'@%ﬂ&?@%})@%@tg eRshoptherrriarst anthssepnd sidgs 828,860 may

f [ ' t 4
LSRR 9495, 5585 81 OLARRARSHIRS) o o e
orcheraral bhdndirg for Exauples Alematioelyepositivminzest BSOaridsecond sides

change direction, ther ebl)z/focr eating a vortex flow

85Re ST 11 higt Feshangsr 23garay Boretaipediny efftest (npk shavyphnkase 780,
: 74 | vt ed. havi ng: f.i £.5tc<ad

coffn? A SEPIOEE £ L, sIEBLh AP0 LSRNy o

indsé&erduhdell sdgat 872 ftb ratuce dgey PeBsurs 1asenndech prdaydsnmii® and

. base 780, while second edge 868 faces away from base
impegyes pi flove for essryesrera digp. Fihgunds obmterapk iahs 862 80 guay or

m%};ﬂsog "6% gg’gﬁetgagefdégggiﬂg%%e c@e?sﬂe({l Eoeoqiilrggb&jagtgﬂgt?cs io%gﬂ%ﬁchanger

anci ng
230.

As the air flow 790 impinges first end 854, it is confronted with internal ribs 862, 864,
having opposite oblique angles. The air flow influenced by internal ribs 862 is
directed in a positive-beta direction, while the air flow influenced by internal ribs 864

is directed in a negative-beta direction. The transition of air from first side 858 to
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transfer from base 780 to ambient. Vortex chanber 874

al so depicts concavities 805 on second side 860, as
wael@ensmesl above. Vortex chanbers 850, 874 depPCr/Es20031037742

Figures 17 and 18 include internal ribs 862, 864

havi ng positive and negative beta angl es,

r espect ivel which may vary froma value equal to
Se&?rédgfléé ggﬁ’a#da}%ﬁtve?%’ fyiaé‘lé?se@ atlroH]ngv ’?{]E}E 4§ IC%?’ES‘E’SW 950 to
chaf§SditddBn,ahQEdy B dRR%.flods best seen by now

referring to the graph 900 depicted in Figure 21. A

beta angle that ranges from about 15 degrees to about
Reerrimggrave o ki gure r28s anhtaliemative smbodinghat jofitverteal chainber 874 is

36 i K i le i h b
ATt Tk fidRaes Sahardbalile sond e SESHEERT clied In the
 askénBIBEstRCARH e BB 6l 1D hREMpRl pfdiiBae Blse Fdte Whlﬂ@IsgcoﬁH Qhige 868

may vary sonewhat fromthe Stated di nensions
faces daseoT &) alncths armangenent ofiBiguec(, vgriex ain fidve through

. A . h 900 | h
VR AOPOREh B HPRBHCA e T0BEa 08 S sy Faancing the hea
trérRf fofl Bk 78T hnBIRN VBER th2Rr 839 %s{ggfeg}z’cgsr {davities 805

angl e (beta) 910, for narrow 915 and w vortex
oncteaomidide 360 a discussed doevent Reynol ds nunmbers (Re equal
to 33,000 (nuneral 925) and 77,000 (nunmeral 930)). As

VR TS s R B2 28 A0 st s
SERATREROAL 0% OV Bt 1S, KOHRLT20, YALA R 18R

vahzer equal 915 greaterethan hbotit d 5slegmes wha veluRegal ,t0 00 1ds® B, about

i proved .avera HTC enhancenent 905 consi. stent|
6T et ShET N Fehetang e i gsapth of Cderiered i Fregws 21. A

bethl anglO tHaf ¥arfzBARBET S G5 d%%%te? kS BhuP 6B deWtdS wir Qes t in first

vortex chanbers since the rrow chanmbersS adapt we
sidenint¢redt ribi 8k2 deorgetisyosad cht sinz enghd ém ehermampeclmaivedrg about 30

fins are e yed. The use of vortex . chanmbers (narrow
degis RO A0) HgeTen Bk Ssepeiia T roencrideqsmat Bhihod. The
ol ) et 081 0BRSS SRS R ERNE By locponcs
witloOd/ @E3403 RCH Ws230QI087 U2 iaveatiage BFHHHOD0ednstrates the

-3.5. tjnmes as conpared to the sang heat exchanger
fe@l?wgm {)%IWE% rﬂ't‘f‘eﬁ‘r’%ﬂ%‘i-rg%art [transisy epelfirient 1) sakansement 905
I
o Bt R EEUEED o0 IR R B Bl LR DB vorkk SRt for
differpntoReynbhis nuaversae apat tof 3300 @runeed fRE5Y krd 77,086 (numeral

en in Figure 21, but the vortex chanber 850 wil| )
93§§peﬁs B DA sGPe aR éPcrs%ses@ﬁe betis angle 4P egsperally results in an

in&e4RBh b5 h POHT CIG R iR I8DT HofhBher! 1€ wide 920 vortex chamber
at Re=33,000 (925), turbulent flow was experienced. In narrow 915 vortex chambers
" or where Re=77,000 (930), improved average HTC enhancement 905 was consistently
experienced as the beta angle 910 increased. Narrow 915 vortex chambers are
preferred over wide 920 vortex chambers since the narrow chambers adapt well to
heat sink geometry and size where many cooling fins are employed. The use of vortex
chambers (narrow and wide) having a vortex beta angle of equal to or greater than

about 30 degrees and equal to or less than about 50 degrees was found to enhance the
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artisan. For exanple, at large air flow rates on the
order of 720 | bs/hr, an enbodi nent of heat exchanger

WQ3D4ms13 a vortex chanmber 850 may produce a 1PC%/US2003/037742
pressure drop. Thus, in order to offset the pressure
drop due to a flowrate of 720 Ibs/hr, it may be

he b |
S5 1y CEGE e R OGP E A e PR RARE Talioh o
vo&e}xd&aﬁl%gr ﬁgégef@hre@ bela dnBRSE abdiites delngés Viadbith adgle b€ greater

ow passag 876 between ribs 862, 864, but could

thahaabeud>s maagyeea,s sudheas pb@s afedegrass fogf exahipdh Wy [imprave the
at the edg

NI O ST T Rt
exﬁe%%ufoenﬁ O%églglggpésﬁr@qossn Gy %stgﬁlshﬁ{geasct&igﬂ Qz‘iﬂe)éffafor the

turning regions may al So
artRpR| Fatxanpke a’ollatge afrdiyew 86&. onTthe op’}eef)‘éﬂ(bﬂbs/hr an embodlment
hei ght-to-wi dth ("H' and

of et RechomETeRdith arvorigh B A e Bt B gT sy drop
Thgsa nlg 1§ % Het3ER g?éss@gd'ré"i?d\ffﬁer?ﬁo&rﬁ{@ & P20 bIhe it hag be

eac pass efore comensurate
neW¥sédty fd"l%dﬁkw‘tbebetﬁfangle hansredxschambeo330ex chanmber 850,
t he nunber of cooli ng fins 785 (separating walls of

PROLL IV AR oA AP 1 I R T R e
1n<5&/1 %l%thglgg flody oﬁzﬁgﬁ}:ﬁ? %50 8848En ABOsR 86N DuP 6818 hhRdas many as

ouse 4 vortex chanbers 850, each
terCPaetiRs, AebNyhtbnpitsmeh of the wdgepfiss 86§ to sédireciviie] fow to the

otisgoidort BbbY Q%r;'w%évd g 1S b ingeneiont e geaisied igjiure 20
I
areg %z ng(?/rél§ éa? £ \f\% g e§% ﬁtgﬁﬂﬁe% 9‘75@)61'5 %qggﬁa Asbeb QﬁShed eft second

5 1 nches high
edg@%g hehe ﬁéféf&ﬁecbﬁe@ht&h)/—vpldﬂ‘ﬁ(&‘ﬁlé&n& 7‘EW’f o Figuret Horaspeet katio of
passage w dth woul d be about 0.4 inches at its I%% 0.5
caph wdaidyal pﬁ%égqa%%%légleo b&h‘gﬂeéaf(&?é%fé}w SPEFJHosKsn be rom

oS8T bPETH PRABSSROR Mbidto 6 AYurkiCwith e Wbet of

bsouet maki ng the passage aspect ratio
chaR 1nlvcﬂ'tex|%ﬁﬁﬁ‘1béﬂ mo fiesnimbdriog ebelingBna7i’b @8parating walls of
alternative enbodi nent tq transition duc

thc Somﬁpﬁthﬁfré’érs) amid) the PYf‘éa I Riraaoianiof S oo e ﬁf(élanger]go By
t
e

co%ﬂphodsé AN driex RhamBers 6&50;’:\5@1’1 chhabert Hnseng eorepgxed of itwd egposing
herei nafter disclosed may al so a to trgn& tion

w1 §55, SHOGSINg B RIREGED  nbTbH A R GRS §8p'iRg fins
7 01% lblgtcg}é Q@srﬁegcg rﬂs aéllgr% 6 W duld Be Ebdur 0.5 flohW 1ﬁrh%%h9 S8 the

rom heaf exchanger 2
oVl Gt @xdhhﬁlge'ﬂZBO ¥s Df75 inches high and the number of ﬂow passages 876 is
4, then each passage width would be about 0.4 inches at its inlet plane. If the passage
angle (beta) is about 30 degrees, then the passage width seen by the flow would be

~ about 0.35 inches, making the passage aspect ratio about 1.4.

Referring now to Figures 22 and 23, an alternative embodiment to transition ducts

240, 415 is depicted. While the alternative embodiment transition duct 950 more
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cooling fins 785, and a second end 958 with a second
flow area 960 for discharging the driven air to

wao eoobosEehi ne 300 (shown in Figures 2-4). An eRr@NpPEm®op637742
a first flow area 956 is 2.75 square-inches, the
first flow area 956 being | ess than the projected

ea of 4 square- |n count f t hi ckn
closgly ogTbify PAeo 98 Sk B urcAbBtyéa Iaf e RRR ples
- Iy @ hefsitidnaicaneas may be enpl oyed
her&]%Téralsaogﬁjﬁﬁgﬁlgg wyt abl eSlfgr ICU appl i cati ons.
Internal to duct housing 952 is a cavity 962 that
Trahsitiors dtwtcﬁﬁ@ nclodesa glggwmusylgr%ﬁﬁl lmymg P trstfqnév&S&rwﬁh 95fst

t h
flovs Gusee o oo ok e 1t GOt neP| GAYEBRE AP TR coRlratisy of
coogg 395 785! iRy 5?1?&39@ chd 95'!3 ‘M{haz{ gtohd P Ares D60 f@vdisdhefing

to second ow ar ea ) FIl ow control fins 964
the kigiven it tsturleomizhBEG 08 r(smlwg:ed Figuoss 2rd).eAs esitnplg of i digst flow

arc 956 P13 BT B R ARl GG o o PR 08 GH i gpolected
are% EP 4 ng % Snchedo %:lcen &%’xntthé FhickdeBs o@&folﬁ@&ﬁrﬁwgnd\r@éﬂmple

O secon , It 1s preferable that at
of d m&ﬁd ﬁOWEiréal 960 sdndquarde-ihéhn SOﬂﬁAﬂdW arests rext ememployed tybile

e ST 05 e podicss Uess o o
thatj Vr%ﬁsﬁ?«?r% fl‘ggl gglg{ry %favﬁl% Qs ﬁH‘&/r Qjea folsg Sto 9e@éeérﬁ‘e‘cry havmg

ransition e equal to or |ess
secBudrifety &ka ©60) IWgh1fnl dasm? 952 ina Iphaah’tg)cd}fhwg eontm; Cﬁns St6|49for :

maggnggé lthe%%m? ﬁ@i’ljlg%gl ]§ont g[af{lct\;/ tg? & beslegcgld flow area 960.
char 56 of h
BTSN e —

exdhafer fA30Xaid secbhdendiOW8 @(telﬁm@ tomcirdsedond =nd 998 oQ?Smnmtlon
transition duct 950 it .is segnented %g‘)tlo separate

dugt| %5 cWhHlnepmerioy constol ding 08 GEEH FXERb AN Al RS 1 foqad end
95? 61? gtp-lr? erab?ee%gpcﬂgg%t ?(hﬁe hb@Wohfof dﬂﬁb(ﬁ%ﬁ(‘)t%@itefnﬁ‘ﬁm the way

OW ar ea oward secon ow area 960 where
to lsécon8 dndi 958] WiicRgjrediess las rfldv @osstiicticadprat dast pirésswwe drop
channel s at second ends ﬁ of fl ow.contr.ol
A

64.
acrqsssetran@émbimb%s%. Fhemusaper of flawrontralching dﬂ%ﬂ%ﬂ%ﬁ%‘ﬁ 950

f to
SRR oS53 P St PR SR vk 3R 0
thd Bctadl @iﬁml & floendadonEnt 964 rbeig detessintd dw ’uhat@sued heat
driven by turbomachi ne 300 through heat excr}a 1%
transfemarav;eerzsﬁ%anddhe desired pUEspEE . FACHBISHCY PHWPRmAC hery
53 ? flow area through heat exchanger 230 is 2.75
g 8 i nches (sqg-in) (discussed above), thereby
resulti ng in a mass-flowto-flowarea ratio of between
Athe highb8hk airsfibw Mo@mdreceived at first end 954 of transition duct 950 it is

| segmented into separate flow channels by first ends 966 of flow control fins 964. The
segmented air flow is then funneled from first flow area 956 toward second flow area
960 where it is joiﬁed by adjacent air flows in adjacent flow channels at second ends
968 of flow control fins 964. The recombined air flow is then discharged at second

end 958 of transition duct 950 for entry into turbomachine 300.
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130.9 I bs/hr/sqg-in. In another exenplary enbodi nent,
the mass-flowto-flowarea ratio is between 54.5
wO b®iksisey-in (as di scussed above) and 90.9  PCT/US2003/037742
| bs/hr/sg-in (250 Ibs/hr air mass flow rate through
2.75 sg-in flow area). The exenplary mass-fl owto-

In oy GO ST o1 1 e, oW 540 drig bY gathomaghine 300
thrtabh hé® RRRNES B8 od BRlorddio i k@.%g ésg%ogtpeg_hgg 865 and

di Scussed above is for exanple on 'S not
flovngrem therdughohdak ex dhangedr 230 in2 .3 pqueme itehes @§-in)S(desdsed seuve),
hb%/ non.ref.erri n%afi"gw Fi gure 24. Graph 820 in Fis‘%;re 24
therehy kespltipg dn erga V-$Q-BW 1aee 3G othedneqna$4- lpsilrésg-in and
[ I atyj oy j : / -=.n
13D e SR ah holief exp il bR limlelS (B Sl o3P ares
ratfoolis Hethveen edt5 1Bstw/sgrirdas dROussed abovd)Sandf 9B 9-1b&hr/sq-in (250
i NA2), angi n%Ffroml sg-in to 4 s%-in 830-836. As
Tbs S assHIO e Tpegl .63 S0 Bwilan e alhe exqraplgesmssedlaw-to-

/ = 8 : - | f | .
1o A I R eSS Ry BT v
2461418, Ds@witaricbeodppiectuted that (hBfSw 4rb@of ANYSqHh di¥BESed above

. flowto-flowarea ratios applicable to an enbodi nent
is 19r exaBple pubnddn netsniendegsto batisriting in #ny herner, 18 i st seen by

: | i. BN the inventiong the
o S ), BT MDA g g
are@xitfdI@hasd flokhsares tiaid) 832, ot trhi@f ofIbFsarNng-if s 2fuRERM of air mass

nozzle 435, or the exposed surfaces of cooling fins
flopg824, ja e of lbgisase foni different Aewuarers SAbgorusita@l sq-in (in2),

i al . ' t,i cal ,d [ .
ra@ a{):l?elr %q‘g{nl t@,rﬁpée/lds'%gge%ngc@go Slsﬂ{o%%g Eﬁ%‘%%‘ﬁ'go\yfaﬁfﬁr@tm
ranges diep OIM5albpesd/dqem @8 Bs/hl/Qpirukta B8, arkd o4 §g-Beto 0.04

appreciated that the teachings relating to Figure 25
Ibsiser/sqrifu &1 44y Ibshpisa-immite flow srerenf §safinc eBusstheirange ohmass-

oql 4 i . of at exchanger f exanpl e, . wher e
10§ A alda Mo el lliE o FXERERAGEn AR ER 19 iliSig to
be fidnOER1 44 BY/HARYliMg a wal | thickness "dr", which is

shown as a wall section 985 in the cross-sectional
view of Figure 26. Vall section 985 is conposed of an
In aerabodigient efghe inyemfiany theisepr isaifaces pf tramsitiomdusts 240, 4k, 1950

b r ' andw ched. b en, i nner
ond om0 8 G %035 S A BB P18 el Wl
surfdcesiof woéling find UBEth@NbeRdated viHDAE abdukti€ apRPSIRE refterdhl to

solid material such as netal, 22 WO 2004/ 053403

propedey aSHou i damping sharctepstic, aodenieted ipBigotes2 aWavle dligure
a C 1,Cqy OF bot er ed..net al _havi n .
25 BT PR BE b0 b et Mol uoR ForeSiaing mg fepchines
reldtitighto Higae DSrar® 8guallly apPINRBREE otkdr seffa@8OHRh a8 tIAEHRIIRG fins
mat erial such as po Y par aphenyl ene terepht hal am de
of a heat exchanger for example, where acoustical damping may also be desired.
Flow duct 980 is depicted having a wall thickness “dr”, which is shown as a wall
section 985 in the cross-sectional view of Figure 26. Wall section 985 is composed of
an inner wall 990, a bulk absorber 992, and an outer wall 994, bulk absorber 992
being sandwiched between inner and outer walls 990, 994. Outer wall 994 is

structural in function and is typically composed of a solid material such as metal,
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(Kevlar(r) fromDuPont) or fiberglass for exanple.
Alternatively, bulk absorber 992 may be conposed of a
whorveysand structure having a cell size tuned POF/US2003/037742

absorbing specific frequencies. As the air flow 982,
whi ch may include a turbul ent conponent, passes
) throqgg 6I,ow duct 980,6}nd across the surface of inner,
ingarwalbgp 13 ¢ poEavematerdal sueh a8 @ cermigenr e sipteard mefsl hgeng a
9 [ 9 hd£:
POl oAb 0P D, UL ARE 19 plaRFE SHELLICH Rty Bapmposea

of aagp osdoustic afantpheyn patedalt bucdugh pblyappheniderteu térdgi@halimide
inner wall_990 and_are absorbed by bul k absorber 992,

(Kenar@ipm Dadany jon giberglass dercedmmper Ié\ﬂﬁemﬁw?lnob@e aforber 992
PO SBAIISI o SRS SR P AL SRR e iy sboning

spécfie fretigcltoW Alsahe Hir @lotve92{ whidtemey afciideQn@tbuléit $6mPbnent,
turbomachi nery system 200 nmay be reduced by the use

pagses dhrongh flow Gust 980 @pdiaciops Hipstuetacd 06 duneniwablP90ndd gaderates
o Ruf U SR8l e pofie Dol PR 000, Wi

a contro
poftfsesfothbdehcdasticeewavied by 2H6ked@Badk) a Pottich wﬁ%?assf BFough
exanpl e. An exenpl ary noi se generating device 015,

theyperepsn adriase of éfner weadl 99 and ane @bsorbgsicaskbulk absorbémR92y thereby
. aj. 1020 h ak
religlih BRE op i pabive Syt RS SRR S0her . o

nmetallic foil, for exanple. Wile Figure 27 depicts

In bHraltefRbn BRbYdiRet 850 dafiblafor Y gpRations! Ald 28%ring Aow to -
transition duct 240, and a turbonmachi ne 300, sinilar

Figuse 2 Rathe @ppriatiensd npise pf gubamazhiriery systen 2¢emappe e‘tdluatdebb' the
tive. naoj ' .em_1000 '
wst 0Pl S Y518y SO o S SRR T o B s 1, e

as lanviRéphoRe fAUek np3€nSentrb@Rchis 1610, tak! A n@kd @&Q:?aginfg(ﬁevice

sensi ng noi se generated at turbomachine 300, and
105 diugh gp enlasdiolspesker fusgrompia eAniexewplpnahoisé gesrddgsievice

audi . sensor, 1005, .is ui tably arranged for
104 HH b heE PR O Bt sk PR B B r 10q0 sy o
a shbeke BbrfeCfor atdstalctddui b PREAL, e WpeBt htal RUi10 for
sensor_ 1005 and audi o speaker_1015 are  depicted ,
exginplgo Yeaileliguist27etepREGrhomghimary systeme20i hawing afeat sink 230,

di_s. | [ . itable f j . .
R SR 0 A SR e
wig %% appreciRdARAHCRR3AAR EalolUSARN31 OFY Hdd be Qplﬁﬂidr;ta any of the

odi nent, control circuit 1010 receives an in
afosprgertiontd embedidieotsad tlsoinvert®®5, cal cul ates, usi ng
control theory logic and circuitry, an output signa

AR eSSBS O o8B SRR 0B macine
308, emaedddt spaald 0055 R&PbnskAORa sl 1HREA824 Readit Risbor 1005, is

- signal to audio speaker
suitably arranged for generating sound waves that at least partially cancel the noise

generated at turbomachine 300. While, audio sensor 1005 and audio speaker 1015 are
depicted disposed at outlet 355, they may respectively be disposed at any location

suitable for sensing and canceling noise generated at turbomachinery system 200.
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1015, which is responsive thereto. In an enbodi nent,

the output signal fromcontrol «circuit 1010 produces
w@a2@ensdovave at audi o speaker 1015 that is  PCT/US2003/037742

phase-shi fted about 180-degrees with respect to the

pri rrary tone and povver | evel of the noise generated at

urb ur bomachi nery .system 200.

in g5 Aot o oRie stV i B i3 g A0dio sensor
10085 Icgeﬁdteg O u§iftl Can@bP tREly kR Uind cﬁbﬁﬁ?' ah N@dtphte Sighis for

in a sound wavé at audi o speaker 1015 that. _
gedestingiatspyel wavoapiudio spaakert HY Sribatsie @em}mﬁt@hwah respect to -

t urbomachi ne 3 t he ducing th ver i se
th RO LA ity sy G0 78 o B ol FiEnal to i Sprsker
109B) I%ﬁi%hi?é 1%@1?611%% BB M'aa}ﬁee?n%ﬁﬁﬁ&atsﬂ% fougRlt ﬁ%n control

angl e othet than 180-degrees may al so bée calcul ated
cirauid lﬁhmprokiycescarmundl vaive auatdid Qjﬂakemloléuhht 0s p]pmeﬂsknfted about

18%11}32@25 W frlesapggtﬁg of ergrggg ﬂ%?avggté)%glilff ?Fé{r ée n01se generated at
|1

e PP T o TP REM S porkIP,  fecftm soptel

cirexit hanysrdedigBél fovalpubaphartd @eplt aasigmahthhomsultsAh taesonad 1 mee at

material s i nclude al um num foam per foam and
augly SRkt r |0 1BAimACHBIHYCMn CRTRIEY SVithalheqmaise gencrated at

LSS 000 ONCUEIAYE D L E PRGSO Ll 0
Adcontingint #rwilll be thyatciaee that souad evdvies pahdeyshifted by some angle

t her nal Ié_ conductive rmy re&w re an insulative, K .
othesttha A8@-degrepspmpy 29, b§ galgelatedand sepbhyncaatgl circuit 1010 to

X C, 0} udes a porous nedi um having a
a“gfé’ﬁg{i%%o%% de%l?éedrconnect ed fl ow paths 1035, best

seen by now referring to Figure 29, which depicts a
Referning mm:td) digueés Loamd R0, dxathenvbetiget @30 hagde a foam heat

T TRRTCTAR, U X

mQEﬁzﬁ' foﬁrﬁnﬁea?ﬁblﬁ?l EI‘ tlbﬁ(?% #@B‘ft?ze? %]ﬁ'ﬁeo‘ﬁl @g}is Alternative

connectors, Screws, &r any

matheale nﬁgsiﬁclﬂlﬂbﬂfﬁ)luh'ﬁm&ﬂﬁd)maeﬁhppha&eml add boon plitaide Cfo{lm Foam
t hermal comuni C?tl on wth HPDD 220. In an enbod

melgraly thah greadestreally soacopdymtive |bugsh§rfr@qﬂy1méuctwsmmwlaced

4RO
in ARG wh 1D 0/2200 b Bite R BRI GG OB By nd
theﬁ‘ﬁiﬁllsd%ﬁ&ﬁftlﬁ)@?ﬂa@&eQﬁlr@mglilnsiuhmvp linteefhdet tp PDD 220. In general,
i nterconnected fl ow paths 1035, thereby effectively

fogrg o hegt g exqhprgst 2 DP Y §ﬁ@ws| A PP@H? emsélumNéuagl@ggéthla%héﬂ of
1nt%}cohﬂec?é%ﬁ?18w Bﬁhs?’ 9935,05es9ts&§f ‘%Sl%w refemng to Figure 29, which

depicts a cross section of foam heat exchanger 1030 taken perpendicular to a flow

path and magnified 100 times, that may be thermally coupled to a base 1040 via
brazing, compression fitting, force-controlled connectors, screws, or any other suitable
means. Where base 1040 is employed, base 1040 is placed in thermal communication

with HPDD 220.

In an embodiment employing active noise control system 1000, foam heat exchanger

1030, or both, turbomachine 300 draws air through foam heat exchanger 1030 and
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I's sensed at audi o sensor 1005, which in an enbodi nment

is disposed at outlet 355 of turbomachine 300. A
wG@r@aab4gener at ed at audi o sensor 1005, and  PCT/US2003/037742

representative of the noise sensed, is received at

control circuit 1010, which calcul ates an appropriate

thrcAgiarier BRI .0%' 2@2%55%@5 Pty SheFvy grgtine
HP]BPasec@Ec;\)¥1? oun \Nave géﬂ%rage%nﬁrt@ob&gc}ﬁne 300, or otherwise,

at destructively coupl es
is slmstaﬁl at hedioeérser $@0% ehiat insarderabedmsnir is Di@dsedt attemdbinﬁ of
| east partially canceling, or at | eagt reduci n

turbowwehing 3A8; desigral eendEriphatiude smeer 108 BIIPNGPS? iy o the

.enbodi ) i
noigee sregsetdnsg(t—:%eg\g iaE goﬂgg)‘f %EI@.BEF%I% (th utc}élao;agagé‘sl al‘ﬁ%?{)rsopp ate phase
- shifs @1 6l GEPEEat a6l ab¥iot speil@mEONS Nexydis ysdaken DUIG iebmeids to the

e the invention has been described wth, reference
ph@@smﬁémhbﬁymmﬁﬁk Geshitd 010 by agperptingea phasersifisd gopd wave

| ed
oo i S T B SIS e o
parfidlB @&icelhd, heruht dep@FdduBtgf HRMotfell seige of afirbbinachine 300

invention. |In addition, many nodifjcations pay be nad
Acecodiaghypen smpadimieptphithe igventianitoh ovly Pravides siteqtiyercpgling of

e bERERL B QL bIP o IVER R b BPhorRBREL B o e
that the invention not be limted to the particular

WHRR iFRftionth&Heas desciibed hgthhefdento de exanplaryndnaiceiimérms, it
carrying out this invention, but that the i nve t| 0

willwbe nndareipediby hase sliblsdiipdin at thet vABRPS GheRgss nﬂfﬁfe g‘b and
h
equlaYeilé}tse ag@) ggs%&%gé‘ i‘odf oeler{%'\%:}xtse%l\éﬁegf gﬁt%ﬁu#&e?gﬂfngtﬂ}ﬁn i) {%Bpe

of thERNVnfbELS In Baditistridly thbéifit&idis nhdy tsd ma&@tzxx{d.’ipt garticular
are used to distinguish one elenent from another._ 25
situatior G0 4n@sBa0R be AFaBingeCY he200a1tios 7idsout departing from the

essgrg}?i %%%th S0t T%ﬁf)%re Qtzg OtheIl(%d t‘ﬁQtOJh% r‘lgveguﬁﬁ QEt POWRfited to

the(ﬁh@l%uléi%ﬁﬁcﬂ%&ﬂ di)dded | lay fﬁ{e laesh h@idefcbﬂﬁen@m&d fdjj carrymg out
nedi um said turbomachi ne (300) haV|ng a noto

thlsami’eatlclm bpt tetthe lpmpn dfﬂﬂlvl@elué«j« ald gdpodigpngy fa@m\)‘fﬂhl& the

scoe)g i)g khegwé 3%631 d:ll: ont a OQIFr %%44 %Sotf tlgegtl 1819{~I oﬁg lsgcoﬂﬁ?)%{;)do not

deﬂb@é’ i oﬁl(je@%%%ﬁﬁ@@rtir@é Bitl rate®\he s Mret, s¢d48) etat a@ used to
first” en

distinguish one element from another.
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accepting air flow, and an outlet (355) at a second

end for discharging air flow, a heat exchanger (230)
WO poofifosa4a3 communi cation with said turbomachi neP(B08003/037742

and arranged for being thermally coupled to the high

power density device (220); and a transition duct

240) arranged i nternedi ate said heat exchanger (230)
CLARdSsaid inlet (345) for funneling air flow fromsaid

heat exchanger (230) to said turbomachine (300).

2 ' i i adenSixf devise(220),
LA e B e e ) oy o oe 20

confirisirak i ty of interconnected flow paths (1035). 3. The
systemof Claim2, wherein said flow paths (1035)

it i e I
R 00, P TR ePIRS ket oy ey by i

mofd@@M2)or any conbination conprising at |east one of
the foregoing. 5. The systemof Caim2, wherein said

SRR R i SR A 00,
. . 1 o | t
RN, g gst hor o s uooual s o

accepmgnid flow ardheroutien3sbatragrec@s! and faodiadheasugar flow;
PCT/ US2003/ 037742 an audi o sensor (1005) arranged for

i ' . d at said b hi . -
o KeAtoRT BRI Gong Bkt aRunEa i) AL GGy Bo0) and
arr%geg .f&“l%'i& tﬁ&%@& c(n’!q?l‘éé Yo BR%i & FANS Aehnsitly Aeviek (idmﬁetnd

irall'y "cancel i'ng the noi se dgenerated at sa
turbomachi ne (300). 7. The systemof Caim

6, furth

a tEOBHbH sl'uctg(24@)anramgaddhte@inc(ﬁerﬁetsa'(dllmo?X@ﬂﬁgﬁﬁdaéo)?%’ﬂ Said inlet
D ot i anal ‘ . .

(453 s furang ab ok dron B B Feiioightanof o AR durbgmaghine

(3@§nerating device (1015); wherein said input signal
I'S representative of the noise generated at said
turbomachine (300), and said output signal is for

2. Gensysani ng§ Glaisodndvhessie said bedt explinger (fof camIPREES a porous
i 0B R Bhe B BB EA B bt clasgect

Sensaor.

3.The system of Claim 2, wherein said flow paths (1035) comprise an open-cell

nietallic foam or an open-cell non-metallic foam.

4.The system of Claim 3, wherein said porous medium (1030) comprises graphitized
carbon foam, aluminum foam, copper foam, boron nitride foam, or any combination

comprising at least one of the foregoing.
5.The system of Claim 2, wherein said heat exchanger (230) further comprises:

a base (1040) thermally coupled to said porous medium (1030), said base (1040)
arranged for being thermally coupled to the high power density device (220).

6.The system of Claim 1, further comprising:
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8. The systemof Claim?7, wherein said phase-shifted
sound wave is phase-shifted by about 180-degrees with
WO e®@posi403 0 the primary tone sensed at sai d auRPkDUS2003/037742
sensor (1005). 9.The systemof Claim6, wherein said
audi o sensor (1005) and said noise generating device
(1015) are disposed at said out]et §355 . .10, The hi
an gydie sensef (L903) rer@ngssh &7 TCRSIBE NQISH &C %fatf)énaérsé‘ﬂ fgbomachine
‘ (30 eg#ﬁe (1015) conprises an audi o speaker (1015).
“The system of O aim 10, wherein said audi o speaker
(1015) conprises an air nover (1020) conpri sing
a nilk@gédetatingideeice l(IIH}:S@ Ire,spnm‘fd t;ohsxa'rdf arijo sepsdyl (d?gﬁ)oand arrr;anied
conprisin at | east one of t or £gQi ng. : t ho
for pdleast o@ﬂtlﬁﬂlg capeplinghths HRIse ga%fﬁ%tfﬂf gt S&léiv‘%‘g’é’“?af%‘f ,(ﬁ)d}?
conprising: drawing air through a porous medi um (1030)
sing a ' .the porous nedium (1030)
71ﬁ3§¥$%?3?%#@$g?| ;ﬁg?élﬁte?'onnected f1 ow paths (1035)
and arranged for being thermally coupled to the high
a cORNRCird@n sl (1Y) aeaiged f62209iving An\Gp&Ceab§81n0gid audio sensor
PCT/ US2003/ 037742 conpr ssing the air at(f . 015):
(1005 andderssndmgsn qugud sieafl to faid MQISE SRR IR 5¢] 91 e
~ turbonachi ne (300) having an overall dinension of
; - ivedTeh eReed ARaidrradomatidne
“mggﬁg%%éggg{%%giE”%Q&%ﬁ%&ﬁgthoé%ﬁgﬁy aim12, further
(300 rmdi seidnglitputesixgiah i far onesatingem srvatlewiavatat tshid noise generating

t urbomachi ne (.300) ; .an nerating.a phase-shifted. .
deeuRbTandst i rhesiee o mohiLdl RERE Serg A audio
N |58r35t partially canceling the noise generated at the
U bormachi ne (300). 14. The nethod of d aim 13,

wherein: said sensing a noise conprises sensing a .
8. Thei sy etemt of aliaiex Mawherenf saih phasarshifted shivnd wayg Gophasephifted by

id ti h -shifted [
ooy 89 e Wb raped dnTrrRE e Ganact 8l e e’ Bmdideos:
of the turbomachine (300). 15.A nethod for cooling a

0.1HeWs I(ﬁ\’@f(%lgﬁﬁ] 8] t¥erdRVatPaldid Sanso£AUDS) &ldAid Asisergengrating
alr “through a heat exchanger (230) using a

detiue bidAcdre dispRa0) said atléida$s). exchanger (230) arranged
for being thermally coupled to the high power density

10.The system of Claim 6, wherein said noise generating device (1015) comprises an

audio speaker (1015).

11.The system of Claim 10, wherein said audio speaker (1015) comprises an air
mover (1020) comprising plastic, fiber, paper, metal, or any combination comprising

at least one of the foregoing.
12.A method for cooling a high power density device (220), comprising:

drawing air through a porous medium (1030) using a turbomachine (300), the porous
medium (1030) having a plurality of interconnected flow paths (1035) and arranged
for being thermally coupled to the high power density device (220);
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devi ce (220); conpressing the air at a turboconpressor
(340) of the turbomachine (300), the turbomachine
w@ 3®dpshexvi ng an overall dinmension of equal toPOY/UN®E3037742
than 1U; sensing a noise generated at the turbomachi ne
(300); generating a phase-shifted sound wave in
response to the sensed noise for a% | east parti Iu% ~
conguessialg Mg #ineat noitadogempiesiobd34) phdhg GW]B@W&@H%?—*O , the

300, .; xhaustin .
curtgeching LR EARE B Vel Pl Ritbe OMRE BERE a1y ong
conpri sing: 28 WD 2004/ 053403 PCT/ US2003/ 037742 .
exhafRk Yhe\@radh add CoMpredsedaiit cui t (1010) an input signal
representative of the sensed noise and ,generating
t hereat an out put signal phase-shifted fromthe input
13.Thgmathod of §laimnd), Ay then ompEPEE signal to a noi se
generating device (1015) for generating a sound wave
hase- shi f i : nsed noi se. 17. A
“=1&$8§ 58ﬁF%%%?wéég?Eﬁ??@ﬁ%?ﬁ€§@b§§§ ing a high power
density device (220), conprising: a turbomachine
ey pifstghifed soondletaveen respongshiof thexseosrdl hoise frzdit Urast
toward the high power density device g 0), said
partiplipesnaliniatbe poOD RENFERIPhY ¢ e%‘i%?acklélfﬁ nd a
conpressor (340) driven by said notor (312); a porous
QAR}eih:n fluid conmunication with said
145@?@5@%@E?Eg£?ég%) and arranged for being thermally
coupled to the high power density device (220); an )
saidehdng enmive ¢dDRSes aensimy e chofssratsaneihagstnefi e turbomachine
enerated at 'said turbomachine (300); and a noi se
G®&rdat i ng device (1015) responsive to said audi o
sensor (1005) and arranged for at |least partially
i i . radRdcahpisk heherain@acphade-shifted
B 0 s I A B S R it e
sotduxaveab fHereghamstl o {ithe talypmachese @0P). refrigerant, or a
conbi nation conprising at |east one of the foregoing.

19. Th t f.Claiml j i hi
155raghoR 1 SR TBe 8P ot AEHLD g 5F ERe R gec”
than 1 U 20.The systemof Caim 19, wherein: said

dra%h%% fedighex GRaneahafdd 303 0)cwipg iassbogiahinict 32@) the heat
carbon foam alum num . )
exchanger (230) arranged for being thermally coupled to the high power density

device (220);

compressing the air at a turbocompressor (340) of the turbomachine (300), the

turbomachine (300) having an overall dimension of equal to or less than 1U;
"sensing a noise generated at the turbomachine (300);

generating a phase-shifted sound wave in response to the sensed noise for at least

partially canceling the noise generated at the turbomachine (300); and
exhausting the drawn, compressed, and nojse-reduced air.

16.The method of Claim 15, further comprising:
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foam copper foam boron nitride foam or any

conbi nation conprising at |east one of the foregoing;
wW@r@48534083 noi se generating device (1015) conprPGEESAN3/037742

air nover (1020) conprising plastic, fiber, paper,

metal, or any conbination conprising at | east one of

rect:eri]\%né A& %(O)lllt?(g'()ir%git (1010) an input signal representative of the sensed noise

and generating thereat an output signal phase-shifted from the input signal; and

sending the output signal to a noise generating device (1015) for generating a sound

wave phase-shifted with respect to the sensed noise.

~ 17.A turbomachinery system (200) for cooling a high power density device (220),

comprising:

a turbomachine (300) configured to deliver a high flux cooling medium toward the
high power density device (220), said turbomachine (300) having a motor (312) and a
compressor (340) driven by said motor (312);

a porous heat exchanger (1030) in fluid communication with said turbomachine (300)

and arranged for being thermally coupled to the high power density device (220);

an audio sensor (1005) arranged for sensing noise generated at 'said turbomachine

(300); and

a noise generating device (1015) responsive to said audio sensor (1005) and arranged

for at least partially cancelling the noise generated at said turbomachine (300).

18.The system of Claim 17, wherein said high flux cooling medium comprises air,

refrigerant, or a combination comprising at least one of the foregoing.

19.The system of Claim 18, wherein said turbomachine (300) has an overall

dimension of equal to or less than 1U.
20.The system of Claim 19, wherein:

said porous heat exchanger (1030) comprises graphitized carbon foam, aluminum
foam, copper foam, boron nitride foam, or any combination comprising at least one of

the foregoing; and

said noise generating device (1015) comprises an air mover (1020) comprising plastic,

fiber, paper, metal, or any combination comprising at least one of the foregoing.
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