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rack chassis. With a 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,
heat sinks, and refrigeration systems, which tend to increase in size as the heat
transfer demands increase. This size increase, however, is contrary to the design

objective of a 1U application.
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increase in air temperature as the air passes over the heat exchanger. The

turbocompressor has an overall dimension of no greater than 1.75 inches.

In yet a further embodiment, a method for delivering a high flux cooling medium to a
high power density device includes compressing a refrigerant at a turbocompressor

having an overall dimension of no greater than 1.75 inches, condensing the refrigerant
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In another embodiment, a heat exchangerlfor cooling a high power density device
includes a base for thermally coupling the heat exchanger to the high power density
device, a plurality of parallel cooling fins arranged perpendicular to the base for
receiving driven air at one end and discharging the driven air at the opposite end, and
a vortex chamber arranged between the cooling fins for creating a vortex like air flow

as the air is driven between the cooling fins and through the vortex chamber.
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discharging the heated air at a second end of the plurality of cooling fins.

In yet a further embodiment, a transition duct for a turbomachinery system includes a
duct housing having a first end with a first flow area for receiving driven air from a
heat exchanger having a plurality of cooling fins and a second end with a second flow
area for discharging driven air to a turbomachine, the duct housing defining an

4



the plurality of cooling fins, or a plurality of

vortex chanbers between the plurality of cooling fins
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I nvention;
Fig. 4 depicts a turbomachine in accordance with an embodiment of the invention;

Fig. 5 depicts a centrifugal compressor for use in an embodiment of the invention;

Fig. 6 depicts a multi-wheel axial compressor for use in an embodiment of the

invention;

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. 6 depicts a nulti-wheel axial conpressor for use

in an enbodi nent of the invention; Fig. 7 depicts an
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Figures 2 and 3; Fig. 8 depicts an alternative

enbodi nent to the turbomachine of Figure 4, 5 WO
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" theGiav@it®asors; Figs. 15 and 16 depict heat exchangers
for use in an enbodi rent of the invention; Fig. 17
.depicts a detailed view of a portion of the heat sink
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of the detailed view of Figure 17; Figs. 19 and 20
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or use in an enbodinent of the invention; Fig.

comppsgirs a graphical illustration of the average heat
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Fig. 21 depicts a graphical illustration of the average heat transfer coefficient
enhancement as a function of vortex angle in accordance with an embodiment of the

invention;

Fig. 22 depicts an isometric view of a heat exchanger and transition duct for use in an

embodiment of the invention;
Fig. 23 depicts a plan view of the heat exchanger and transition duct of Figure 22;

Fig. 24 depicts a graphical illustration of mass-flow-rate-to-flow-area ratio as a

function of air mass flow rate for more than one embodiment of the invention;
Fig. 25 depicts a portion of a flow duct for use in an embodiment of the invention; and

Fig. 26 depicts a cross-sectional view of the wall thickness of the flow duct of Figure
25.



Fig. 26 depicts a cross-sectional view of the wal
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intermediate heat exchanger 230 and turbomachine 300 for funneling the air flow
from heat exchanger 230 to turbomachine 300. The term high flux air used herein
refers to air flow on the order of 150 pounds-per-hour (Ibs/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,



applications. An alternative enbodi nent of transition

duct 240 is discussed belowin reference to Figures
WQ200an084328. Heat exchanger 230 may be any heatPCT/US2003/037738

exchanger suitable for the cooling requirenments of

the application, but preferably is a heat exchanger

that is. not susceptible to f 7 WD 2004/ 054342
there@xmeﬁmrte@l #58 tugbqaraghipe é@@ fmrﬁ GXEESSIVE RS drop across
hear1 em%frgé;%aea@@ﬁr bd &@&&é&ﬁﬁ%éf& REARIGE i B eAG BF 3 gures

eat exchanger 230, as W Il be discussed in nore
15-d2t dinl anb&temativie madjcehmmteheaj dxichanges 230 H1ad Acoushicandamping

aIter ativ rrbodl heat exchanger, 230 S. .
chaRel ST AP TG DO A B TLOHES T Shigptigy material
dep%errbﬁved gbhareuSBhe Whadh &4l %etdlgbﬁsseaaﬁl%bﬁé detail below in

depositi 6n, or geonetrlc desi gn, which
- refeferaeue Segiiré AS.nore detail bel ow in refer ence to Figure

25.  Tur bomachi ne 300, as best seen by nomrreferring to
ur.e 4

Ei i ncludes housi
Tu@g&aﬁ}an%BQ(? A8 Pe F%}ab%&%w gqum?ﬁ%fgf rés fl’a E;luﬁgsz ﬁou?é%hg 305,
a RAtHEBAB1GeavAd a ABL &stoB2H5 bm/armstaststef: an0l atrpblﬁfonaBﬁbcond
and a second stator 335, a conpressor 340 driven by

mokest 335 Mg 8 25const rteindi e gad Agsecerd Bl Boug prassy 340
dngé?ltl%r ﬁlof lﬂerf@ n?fjhfo? %?mﬁgegsr%fgé %\%81 gl?!ﬂ%& ARyt Qrﬁgrsqgr]l_)&nachme

1"Ona expanSI on lven by not or
30032&n ihtet 3¢Xpaddinrgtivhe  &ipghsibh twebimie 3 5a<iriven bg motor 310, 325

di scharged from turbomachi 300, at a out | et 55. An
for gxpanding t %e s Bvx 35 6s Hois Eﬁ@iﬂ\f&ﬁd&wl@ srnaflar%épée‘h%%uﬂet

355;30%1 fﬁi%loga di é&&#ﬁ&ﬂm tho rnlaoerdr&* thfb@ﬁlatcﬂiﬁe 30b nfla{yol% ﬂﬁ:luded

tors 310, 325 preferably have magneti
: ﬁnbemmﬂhggﬂmnumﬁMEatmbm3éﬁntact bearing solutions,
thereby reducing frictional effects for inproved

VS, 58 BB el S5, DB ASAAM, B

solﬁﬁ'orﬂxth@febﬁj QBRI CEFSPIctiofhal e b ﬁrkt@@izedc&ﬂél?dlli‘éfﬁﬁfencﬁ ﬁ?dduced
be arranged as a single wheel conpressor or a

heahgpmqratmeeqdu@@ﬂm pasawkprobpgeft ife4  depicts conpressor’
340 as a single wheel axial conpressor, while Figures

Coﬁug?e{%lgqr%q drﬁﬁ’y BE h&G S dxid] Légﬁlpr&%mfreaséé?ﬁni%éél &)%ré’ssor and

axi a conpr essor 2, respectrvely. Undér
mag@ernatnggl carsngle onhsel ct)mpbezmmudnarraulﬁe\@hqreé canpessapoWegure 4
fromwres 3?4&”0 . . S
depicts compressor as a single wheel axial compressor, while Figures 5 and 6
depict a centrifugal compressor 341 and a multi-wheel axial compressor 342,

respectively.

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



energi ze notors 310, 325. Wres 365 are connected to

power supplies 130 in system 100 using appropriate
wowee/ossenect i on means (not shown). Motors 310PCBBRS2003/037738

drive conpressor 340 and optional expansion turbine

350 at a high rate of speed, on the order of 50,000

SRR PHIEt S, Agc(BE MBI B B8 s o Horear DRt i also
o . |
dr%ﬁgﬁgg{g&sﬂ@on duitvaag alltx(h Gerokd h@agt%h r g)@(ﬂg&& P{%re 2),

and optionally expanding a St
tharétey piovidig forpghe siansfet of héan éron8 HRDI2 204/t0 54@dént through heat

RPCT/ 03/ 037738 50 tl 355. : hi gh, _.
exFHgROTED (hes TeAiE Y HFGA BT PXRES R ARavESb T S Tongieure
2, ‘aEﬁ!WnthE hfiRighn b asidv, oRddsle 840 1aBEmAHIRS S0 88downstream

exchanger 230 (see Figure 2),” thereby providing for

froph EIPDI2A20 end dbeatresghanigen?d Gipdice 2idothertishient motorodth 325

heat exchanger 230 (see Eigure.3). |nl and exhaust
i chpeaf VSt Men e BRovaeing PGt o bRlcetaE 230
HdWavet tinier Odppadpriatd @Weurh§tshceat tBorhiding BOO ORBE MeN@rranged

300 is domns?rean1 from HPDD 220 and heat exchanger
upgigam Wiene AENBI 2 ené heataexdhangast 440s vaich mypsbe fachigved by

negat j;\v i pf. ' t 00k . f
LR o ARG R0 00O RS il
cofifialnC boTEbREe 40t uidermaTh)i 305, 300 Jpiiynsieedansiog atibine 350, or

upstream from HPDD_ 220 and heat exchanger 230Q,. which .
altprpptivaly.Je8y & arernggd 10 eapdain PR CRPTesSeiy 4%k anil badisensped in

r e :

Rl oo e 2T By Mo oG o HERAPEA0, And ypically
indudeansiaon dinenibi coenBmOntspinclalinge odt ivgl ynd ntaw pewer density

arranged to contain only conpressor 340, as will be
deyicetussed in nore detail below Surface 210 may

i ncl ude nore than one HPDD 220, and typically

THeNgit WHSSn MRFYES Cheaf ek Eha@ P 23® IhE , exthBEdtstd iiBudPbbtlét 985 by
and | ow power density evi ces. The air drawn across

tuthemachine Hethgey be eavantromthe awbisat nteroalde oo exteael ahBowfing
o 9T R, PORRNE o SR, L b 80l o i

fixtoy 106, @xfeadinigash the dyblemacdeliaptnebdy. eDial wotk ®F accomplish the
external of nmounting fixture 110, depending on the
altgxpatieegit WS mpyrsagsomphirbed {i inCorROTaIEAMIYEHiniq {@e structure
[ ' : I :
of i AT IR (B 10, 3YSN GRS RRERTR hEDRtorY fop s 140 with
apppbrietealr duats. t rays 140, or alternatively replacing the
optional fan trays 140 with

In an alternative embodiment that employs a parallel system 400, as depicted in
Figure 7, turbomachine 300 is replaced by two turbomachines 405, 410 arranged in
parallel, and transition duct 240 is replaced by transitioﬁ 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 the single turbomachine configuration of Figure 2, it has been estimated
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appropriate air ducts. In an alternative enbodi ment

that enploys a parallel system 400, as depicted in
wWO-2@uoee3F2 tur bomachi ne 300 is replaced by twoPCT/US2003/037738

t urbomachi nes 405, 410 arranged in parallel, and

transition duct 240 is replaced by transition duct 415

i s 420, 425 for delivering high
P AT ot 5 b Bion 00 sk, @ dpneiesct 1 Aches and
et 6815 ShawOEH O rédhife@ LS LRRE® divEl Y Fp%ﬁn%f%%cﬁ%gi@_% (8sec)

an alternative enbodi nent of transition _
of ljitgd & mgsoraspeed PHON,8Q0 owslitieas-penanimaig RPIIR0a bessure ratio of

N S F T T N e

tubfiiashiAS Bon MPatRnCW FBur8 gu ineaaffdt to hir il 1d
ﬂebach tlur b%?mchi nélo%]OS,gu 410. I%ega?di nlé the saPan#g’hcs wou

- berachisyeh bKiemplexing il GO Watt orwtes iFiegel ef the tiwo tudmnizekines 405,

tyl 2004/.054342 / US2003/ 037738 that a
NBSVER: R 1oL PO R DR T 058 SRttt dais e, the
powker iedniremeneforangivan thrbfighdhi®y inlthenGld YRMlEralbns differs by a

required in order to deliver 0.1 pounds-per-second .
fal“(“i”b%é é'éc}”h“é]f isg§ubstantial fap e dprbepaehine hagipg GoOoverall dimension

e [ - - Mk (RPM), a pressure ratio of
hng_l‘t:‘e\(c)figl) Wb 1P Rt f’_r]]fglg# es?

a conpressor ciency of 0.6, and a notor
efficiency of 0.8, while in the dual turbomachine
In guothércplteatation eofbolfingant ¢ha? eniphoys sither 4 sihgle tadbbniabigne 300, as

o R G e A RO .
thetddalldBidtemt400 dfqiiéﬁrﬁp/?\ﬁ@ rair&ﬁﬁ%ﬂlé’ RITERY S ehi!l&gtﬁr%% of heat

configurations are the same,” the power r
ex¢hgpgey A0vend awriioparddle reionizet hwatged donfsirgam atfi thasutlets of

] . : jch i. b tial f
o i 0T 405 A0 B s N Sl B Pl pieent

paitioulgtecfatiiig hitbinpkovVdsyisitaBfe. Pridr 3 0AtBENg Blak @icﬂﬁh%éf%% and
mbodi. nent that_ enploys either a single turbomachine

tur @B?C%é%es 390t 4% ot H%ﬁeaflry pafistesnae0®nized Fing arder lZp jevent
I tyrb i 0f, 4 gy e par e .

roBSUR S oS8 0O Mol 107881 b

particleangattiapsddrieandafo haaialize kehidrgesal Mg@?ﬁhéﬁirﬁaﬂ%cles to
e outlets

PreB B ot Ph 560, OASTeTiS BB Daieol o ze. and
deionize the air particles to prevent particulate
e TN S i R0 s o
hoysing 315 inghudes an ewtrainmentamizzle d3p havinger secandarewie duct 440 for
entraining ambient air 445 for providing a secondary cooling air flow 450 as depicted
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 4
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
secondary air flow 470 is bifurcated at internal wall section 475 resulting in a

secondary exhaust air flow 480 that mixes with and exhausts with exhaust flow Fe,
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particul ate fouling. Upon discharge from turbomachi nes
300, 405, 410, the air particles are deionized in
wo@emens543¢2 neutral i ze the el ectrical charge of P¢EUSI003/037738
particles to prevent static buildup on electrical
conmponents within system 100. In an alternative

et R Ry B45 SRR S0 i5t ERAGRR ootne

EntPRZELER 321 aY4 Rthydbs aRERFRMthabitletl 365 dFridvfiachine 300 or
entrai ning anbient air 445 for providing a secondar

separately atpched ufihgneraOmasnsduph a3 ealts, sqieWws, gumelding for example.
Referring to Figure 8, which depicts a cross section

view of entrai nt .077] 5. nn s e ent L Vi .
A B L TR B RE8) 00 AR RS fevine o
moltirRO SR ek 18 03 Yhic iy thead sadtionf dfovirdulitr basgh 120 or a separate

tur bomachi ne 300 passes through outl e(%w ﬁﬁ i nto, d
modwlar JuppeE sstuctwe.rrahighdaten deasiy deyice (BRPIYfe-g-an integrate
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Tuberiseiar 690 dtioaPiaip it 440 e et sailrd finge frt

A ok i8Sl bdi
typg b Sg @?@%ﬁfﬁ& g%ﬁij%"?ﬂeﬁ%e\%ﬁy%f%@ °2004/ 6%243421%)
forRGOLASEPUSD Q377 A8termutively, Swewonathing WHonaygeliver oplydugh flux

450 that s djrected as need for. additional :c ' .
coqtpd rak; RFLHED %ﬂi’i‘z Fefrigesanty 45 sz PRt @é?uﬁgedwb?lﬁ@o tt I%g%r%S ail.
Tuﬁgoﬂééﬁﬁggﬁgﬁté}ﬁ RROhQ an O8N difletsiah t@hest gehteg than 1.75

nown neans” such as bolts, screws, or welding for )
incegnHeecby Ambingerit ewiiede niont 197 aprliceBerschi Herdp spbpdiment,

00 i,s -depi cted,in .Fi.gure,9 having I Q& Susface;
wRaeU T o0 R I e 20 s e
mctRRAE &kfire TPOIGH HkteSLINIDAIdicsdd idEigure 1. a hi gh power

density device (HPDD) (e.g., an integrated circuit)

220 coupled to , surface 210, and a tﬁr bo hi ne 500
t

Turbrseachisl A8®s best §a5B e Hiofe T&l8EINE & FIERER S g BT @ fiest

nd LLia0SEs4 O 2 B 812 a THARABHCIHIBE &0 an
mri%gggé%g?egéét’o%s%Eﬁgge%zhljgﬁlgﬁggﬁel ivers high flux
ex?&mieﬁ’év@iofatcﬁla $20.st Higgpe twbowediinng SABi eniensed Hilgh and

PRy SO PRbAEART A MO e B S HoERGY 525
Figgﬁﬂg%lia&ﬁﬁe 30k YinEl:ulg& £l dd¥pr&eed §3b,ad nodsr 53 Qhpréfersbly with

rigerant, as w be di Scussed, bel ow i n nor

malgletic bearinBsy baion SAGapd 89 OPEMP GIFCES4an MR %eﬁﬁ drives both
co(rjrilprrreesggri 9?0 ar?d ttTr%gneggf()e.l t g(pcllnlzl%pe\}apzéator 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.
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i nches, thereby making it suitable for U

applications. In an enbodi ment, turbonachinery system
wao@4posi3unt egral with circuit board 120, whi chpdT/US2003/037738

i nside mounting fixture 110 of system 100 depicted in

Figure 1. Turbonmachi ne 500, best seen by now referring

to Figure 10,  jncluydes a first rbomachi ne.505, Aa.
Undercensetingr eoitomsnBrst ferbomachipg éhg SPEEHES todrive; reffigerant

thrcg%gxa@ﬂﬁe ?Z%%ﬁgstneg&cﬁggbo hdndle 510 BREAERIHGIRRAhigh flux air

densor expander/ evaporator 520 are part
acrods @ngémeeesitl adpevapdraiogexpndert2dycl e (CLRC) 525.
First turbomachi ne 505 i ncludes a conpressor 530, a

In tlrlrlg :C‘,?r&é gg%d;g{r%%eggcggﬁ ﬁ%r%?e{;ﬁ%&gﬁge%%t g%ef _E)ir%ge?’ %1rearg§i§erant’s

t eﬁf@% t@reséﬁ?érpr ss08338Nd doupletl nGa BABply lines, depicted
: pander/ evaporator 520 nmay consist of a co

d | ate
gergrdibely mxutrahgidy fo emdpason 51Saelselinclidss ﬁ%il;smﬁ)e(sgeﬂdn Figure

I nc es .a turbofan 550 . and. r 5, W :
11y Bt 8fiE i beleRisdhol B SBERAE R 6 e cooled by
highUTXOAB GBSy 8QctbSbRntiREsl BES, Pefertited by amibdanais0) dt kevand

assages for directing high flux air flow _acr

mrgmd@mil%ﬂwi@ﬁcﬁCW§) Remisp s A3 o CangPID 1 S B8V inglade a
I SCU } ai . .
nes SFHRREER Gl o ERBEH o BE oy R ARG, ORARA i 00

followihe e iowe paB 5565 paste Hveo hati exchangeef30gef amdensor 515,

W FegForPio i A o8 e REGRILARLR 678 e Heul e

60% }g%‘ Q}%%ﬁ%cgﬁ 41%{951{‘ {et 830 of |hBu§iH§ 568.R& RS reff QERAESS QWools, it

conpresses-refrigerant gas to raise the
cofidefsésgeimmt 'as refiegaantat liqued ardl  rigs s prassurcorgmdesBows  into

530 i,s coupled via supply i , i cted .
CTRHESEE R e iR
w}?cé?is_(ﬁﬁfégllﬂl Bn Bk SHHkRn vhibe $7%duchlas awdelile Yabie. Expansion valve

rigerant gas to dissipate heat. The coils 570 are
mayolod echttofled Hiygh cntrpt sastem hEr goptyolfiagites arpspiFe drop of the

| 565 t f .5
re%lég%gﬁa%rﬁﬁ%gneg&%%%ﬁ?%ﬁ ganlglg,a@?féagg pgg\ﬁlglgigs%t}ltrgggcp Bfkssure drops
wilBR 4RSORCHDS topyevehiswaliing bfiflest arbhreadhiexilfanyeart@B0As the

coupled. to coils 570 for inproved t transfer.. .
B i 10BOUHoRgh N ETRTT VoAbt HeUR B iguid moves

o o REI0%, £, GeSeOSAECTE Bt it
expand and estapotire ishin etie aixpander/evaporator 520, resulting in a drop in
refrigerant temperature. The reduced refrigerant temperature is used to cool HPDD
220, which is discussed below in more detail. The refrigerant gas is then returned 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 ejector 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 Jow pressure coming from turbine 540, thereby
increasing the mass flow through compressor 530 to prevent compressor stall. The
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602 i s exhausted through outlet 620 of housing 560. As
the refrigerant gas cools, it condenses into a

wo edogfogseant |iquid at high pressure and fl owsPCTUS2003/037738
expander/evaporator 520. Expander/evaporator 520
i ncl udes an expansi on device, whichis typically an

expansi q I 575 h
higly RIpETC SRy B GO FOTPERODy 30 E BRTIP P LS diT BT bY
nu e%lt Egd i Qg aftgi%at@vee%&ﬂﬁ%n{éﬁp@o %frevteﬁﬁ corﬁﬁxferséoges“cﬁmincludes a
across the expansion va thereby provid

variabRt spekd ednpressauas dramsrol w&tmr(scmm@m%%ﬁ@re 4) for

vent stalling of first turbomachine 505 on startup.
Conﬁ-@ﬁ’tnlgé eY%‘faH EOMFIGH 1 ows through the expansion

val ve 575, the refrlgerant l'iquid noves froma high

In BhESRBbENAAN Coxlp@ndr/e® o@:itﬁls S0 endOMS, a \hbatCékohhlthwSBOh(eee
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60({ g %?ng %rﬁ]tg r{de er at eC% lo(f' %]a_#%%ug\geg OJX?) V\#}deg/%(fﬁ%trator 520 is

cooqiéds ey siseaf chelaaper msomo rEhedetiifed airTHES oafthe ghmmstregn&mdes of
then"returned to conpressor 530 via turhine 540 .a

exmpdwmaporéij% 820 ks drpsted e P& turpRmEghirs WPovia passaggsdn T'IRHSIIIg
56(? %l‘ﬁlf) 1rec ed tgwfnjd \HP% 52(§ s sﬁ&%? g&regg%ﬁﬁ gpl ow

ure re ger an romturbine 540 to
ejector 545 is V|a not or 535 depi cted general ly by
In Mot &imbolinent vmapaiidmieadrpoemoxzﬁm inetpdes a woldoplats3y 0, which is

coqw% oSl et TEER oy L S SIB IR i€ hermaly
cm%pﬁ d {ogﬂPB@)t 280, c'le‘é’ RS ISP SICasCGAE it fefPBratide BIRTED 340, passes

ereb i ncréasing the mass flow through, congresso
heds 310 C(ﬂd arlate eito. C adator616t miay  beTlpsated pwiggn housing 560 of
tur grg#hg%ﬁg(ﬁﬁgg 3/ 1%]31202%2 raltgxi)g{]vé% dpsc%wdeorf LR34 of
turBSRESAhdrY sP¥em rzomaf ahls&&se frBih tafﬁoﬁidahile\ﬁGO e supgbyrires 615
to prevent conpressor stall includes a variable speed

as demgedislogueeld a control system (see wires 365 in
Figure 4) for controlling the variable speed

In S/Qtn%hr gglc‘ %ﬁlbﬁhf}n i eexﬁﬁ%?/‘eﬂ%ﬂ?ato@%ﬂﬁﬁ@%ﬁé@ﬁ&ﬁ Qr l@éa@ Exe"}laﬂger

eat eéxchanger (see Figures 2 and 5)
230kahe h cokl platel &0, biereteal owhargepad@isuoeated Mithipehensing 560 of

R 00, S, B S Af BOTRE
og?%rb&ﬁﬁaﬁ‘ﬁg §60. 2@?/ segRnGhY biRedaldvapiiboes20histo two discrete

wnstream sid
components, one having a cold plate 610 component and a second having a heat

exchanger 230 component, and sizing turbomachine 500 appropriately, 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 flow paths may be employed. It will also be appreciated that the relative

Jocation of cold plate 610 and heat exchanger 230 described herein is not meant to be
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expander/evaporator 520 is directed out of

t ur bomachi ne 500 via passages in housing 560 and
wa@lreoeosda2 t owar ds HPDD 220, as shown in Fi gur eBCDUS2903/037738

10. In another enbodi nent, expander/evaporator 520
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a first surface 5 and a second sur
with first surde b2y t}@mb@mgrfesttnedftp rse¢ondisofface6@band supply 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 étraps fastened to each surface 655, 660
using screws or bolts, or adhesive means. Turbomachinery module 665 of either
Figure 2 or Figure 9 is also suitable for 1U applications where dimension “D” is no

greater than 1.75 inches.

Turbomachinery system 200 may include various control electronics (see wires 365 in
Figure 4 and control system 580 in Figure 10) for controlling turbomachines 300, 500
14



provi des a turbomachi nery nodul e 665 that includes a
tur bomachi ne 300, a heat exchanger 230, and a

wao e@adseieon duct 240, as di scussed above in rePEr/Esme3/037738
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appl i cations where di [ rea &l
high, g dinthesheaTexdhonger 230 és thes yomeras@A072%et conpldsste 340 and

var i cont | gct.roni cs e wres 365 in Figure
ex%uéﬁgﬁéﬁiQ‘B{e%@f?ﬁ‘?f{@@%#ﬁweéﬁ@ur e 10) for controlling

t ur bomachi nes 300, 500 14 WO 2004/054342
Reﬁﬁfﬁ%ﬁi)&@&boﬁﬁﬁéﬁ phthat15, ngl fé@x@ge?é&ﬁhjss)fﬁétee&nﬁ%ssegu%o at

not Timted to, notors 310, 325; variabl e spee
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 whether stalling of turbomachine 500 is a design consideration or not, the
additional high pressure refrigerant from compressor 530 providing increased mass
flow to compressor 530 via ejector 545. At condensor 515 the refrigerant is

condensed 740 by removing heat from the refrigerant, the heat being removed by a

high flux air flow discussed below. After the refrigerant condenses, it flows through
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conpressor 530, and expansion valve 575. The contro
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refrigerant is condensed 740 by renoving
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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
micro turbocompressor system. To enhance the cooling of motor 312, cooling fins
380 may be machined on the outer surface of the stator of motor 312, the cooling fins
380 extending from one end of motor 312 to the other end. First and second stage
micro compressors 342, 343 are arranged with appropriate diameters and air flow
profiles to drive and draw, respectively, air between cooling fins 380. Cooling fins

380 are typically nonlinear in geometry, and generally have a curvilinear profile for

16



15 WO 2004/ 054342 PCT/ US2003/ 037738
expander/ evaporator 520 where it expands and
weapossies 745 into a | ow tenperature/l ow prEGEUSM®03/037738
gas, the low tenperature/low pressure refrigerant gas
bei ng used to cool HPDD 220 via cold plate 610,
or via hi flux air flow discussed.
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aving first stage. conpressor vanes 370 and

342
dirgples, ogé F*ampisn evidnbe ghmipishsd. 3The shane af theo connavities 1895 is
tygi &R’ ﬁ%ﬁ@%ﬁ)&%ﬁl AV ﬂlv%ﬁgd)?iﬂd St‘i’lﬂ'gt eﬁog%rc?a Ss?lé]ie\zlanlﬁsanother

375 osed at the other end of no
emdndinsac dhel Slsapagrf the corracitinpBES § Bsoerrgf sedw? of 34311 Memidplere. In

con cte |nte r al, 2, thereby providin
S0 BB o e G D R SoHSCd R HRUIT) ifien of the
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machi ned on the outer surface of the stator of notor
abgEementipredcoufacegyitf prpsttern 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 improved heat transfer as compared to cooling fins 785
without concavities 805. In addition, the thermal interaction between the air stream
and each respective concavity is increased due to an increase in surface area with
respect to a surface without concavities, the increased surface area being a result of

the shape of each respective cavity. As such, the air flow interacts with the increased

surface area thereby enhancing the removal of heat energy from the cooling fins 785.
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380 extending fromone end of notor 312 to the other

end. First and second stage mcro conpressors 342,
wa@ad4ase4nrranged with appropriate di aneters apPdI/Es2003/037738

flow profiles to drive and draw, respectively, air

bet ween cooling fins 380. Cooling fins 380 are
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rmal m xi and at .transf
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pulgéd Qeétfdlﬁlsﬂﬁ@ge fhaising! orcangked %Iécfr@desdbﬂﬁimle)fthat increases
exanpl e, will be dimnished. The shape of the
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Lo%zﬂlgg | ,&q}{%@g%lhﬁy@ 39 b? 9%9%%66?%25]% llogihdgf@ gh :ngeaz’?}? where
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co t 805 d [ .
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ces I'n a p ttern that serves to enhance the heat
Figurarist et witlobe appoiciata] ﬁhahsthé’ %ustn&ﬁ@nné@m@iﬁd dn Figure 15 is

operatiqn of co
exerreplary orﬁy and tﬁatna%?rvrllutrrllb%§ 0 cohcav 1es qlelsa%gll a%%ggement or any

number of localized cooling regions 810 at any location on base 780 fall within the

scope of this invention.

A third heat exchange enhancing feature depicted in Figures 15-17 is a vortex air flow

through and across heat exchanger 230, which utilizes swirl flow techniques to more

effectively transfer heat from base and cooling fins 780, 785 to ambient, the base

being thermally coupled to HPDD 220. Figure 15 depicts a vortex chamber 850, to be

discussed in more detail below in reference to Figure 19, disposed between cooling

fins 785 and thermally coupled to base 780. Figure 16 depicts a plurality of vortex
18



generally as an increase in the interaction between
the air streamand the cooling fins 785, thereby
WO e®@ulos43my i n i nproved heat transfer as conparRdI/U82003/037738
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a msc ani ca rocess (etchi

dlrpcuio&w Ogbecktr ar gighe hﬁn@tlmbﬂa rwlltlg respéct @ kdebction 870. The

tro es for exa e).that increases the surface
mcf 3 bet@een iz gﬁm@w f%ﬂleaﬁwaﬁm@ﬂ{?&@@)aﬂwﬂl be
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used at predefine ere
an&ﬁegaabelbstadmgkcs erleqaeciwedyu durmdrrphsrmm;t also habmgmyed a\tlme only

h b
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angl@lrdp@ctiveld It will also be apprecmted that internal ribs 862, 864 may not
necessarily -be at the same positive and negative beta angles, respectively. The
primary function of ribs 862,864 is to redirect the air flow at the turning regions' 815
from one set of channels (between ribs 862, 864) to the other, and in so doing
produces enhanced heat transfer. To accomplish this, the geometry is arranged such
that the channels between ribs 862, 864 overlap with open areas in the turning regions
815 (see Figure 20).
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785 in Figure 15, and only one |ocalized cooling

region 810 is depicted on base 780 in Figure 15, it
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Figure 15 is exenplary only and that any nunber of

concavities 805 in any arrangenent or any nunber of

| acal i zed ol i ng regions, 810 at_any | ocation on base
Tl reions 10 e indocly Gpbanse theheatitispalft from, base (R od heat
exBRRber2D @RGRENRIARA AichePhdsl BxdaREG! BVihd bl i

15-17 is a vortex air f?bMI‘througﬁéa%gggﬁgggggﬂggﬁegon&
It wsle henapprecaed thehitbd numbki o€ sursitigr fegfdne v IS efol rintsng Geat

e. effectiyvely.transfer heat .from base and cooling .

e is SR BLutE st i e 48 bBPR e RBIRFd, Cesign

requdelefd, tfor HRBRPR? Oheal | teAsRer Liatd Rl Clidr@alV %FeFd t uniformity

chanmber 850, to be discussed in nore detali elow in
depeadenterndecationmif JIHAID 5320 dherpelp dotedvodrase 380.i Adpo 16ft tsthe

785 . | ed.to .base.78Q. _Figure 16
arfi Y18 ok g Rl NRIGEE B8 i 5. b s 866 (and
sedoad g 333/ Q&Bﬁ%notﬁfbﬁi&ﬁﬂb of &R0 ad EROBESH IR R RED, ab Yell as

each other and each thermally coupled to base 78G. In

thershgned dirpensigns agd alse thegsb §42, B6f dunensivasbed shagdg. and
cooling fins 785 are integral wth one another, the
. i . oy . 52 of
i S8R CRER a1 nd L RERLD 53000 TR U 28R
intemhlaniee8 422 864 tregmetiaratesactiosions Fast argleuend hdds FI80860 may
790 .enters._vortex chamher 850 at a first end 854 and
be icg%lf“@ UHag aeva meags, §5@bﬁ%§aév?aerg5@e&anva¥ PTeshap i neihermal
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. chanber 850 is depicted having first and second ends
imgygxes @b Eowt fof dess prrgswedsori Thelends @higter®daibsisaLeBtfamay or
[ 2,1; arSt .and s | @k 58. .86
e 85, 80208 AR, oA B0 S B50uBi0 pr en
exchanga30i es 805, which are shown only on first side
858, but it will be appreciated that concavities 805

.al,so .on. second sj 860. ir flow 790 is
- as TR DRH P PSR BRteRts il trdiomledgudh ieragain SoRntst
haviRé -oph&diRr 6 quednBRes 862ha ki ﬂB\F/aiﬁﬂﬁ&lcg@lﬂyqﬁﬁem ihabs 1882 is
_diverging froma given straight line, to"the
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
second side 860, and vice versa, causes the air flow within vortex chamber 850 to

. change direction, thereby creating a vortex flow.

Referring now to Figure 20, an alternative embodiment of vortex chamber 874 is
depicted having first edge 866 open while second edge 868 remains closed. In the
assembled state, first edge 866 is arranged proximate base 780, while second edge
868 faces away from base 780. In the arrangement of Figure 20, vortex air flow

through vortex chamber 874 is permitted to impinge base 780, thereby enhancing the
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impinging air flow 790 (x-direction 870), and are

depicted at an angle of positive-beta wth respect to
wo@uosssi on 870. Internal ribs 864 are al so apCHO™®A3/037738

oblique to the x- direction 870, but at an angl e of

negati ve-beta with respect to x-direction 870. The

incl uded angl e tween.rib 62 and 8 is then .
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ribs at the positive and negative beta angl es,

respectively, curved ribs may also be enpl oyed where '
V%’Fﬁ")ﬁha@b%r%ioo #7bidepigiedrindiigirebd 7 864 ,188Bdlude éntamahrige 862,

iti . [ bet | . :
B S S0 1B 5 S g e o
valueteguaiab of ighhtédGRan &kt m&&de%keés tonECA8S 8duall Yo BE1e8¢ tHah @bout
e

same positive and negative ta angl es, respectively.
6014a¢§fee§rqsr?&?tysefsmhwp6(rre@mg fsthgezparbe)0; depicied wdFigerst21. A

j [ [ fromone set
el S et | 15 8e5 O P e LS v
sideningapnal aiitrsg86 beidg clisposehan @edchnlgiain tHearape hetwéen about 30

i.s arranged such _tha

i ' hat
aofRE ERLmel Lt dease i Gbmo ko Usouccdonicasiama mtoged. The

RSB A S SAEP T35 ol U)o

withept, detractingc&ibiny then beapeeof e remhtion. anGfaph 90 riiltssiees the

0 pf heat changer, 2 9 ared .to enti onal
rerf B b B R A PP B e 05
an@pRneeicR g e (ha) dive farwaRew Bfs ddWiiE 926 §8kGNhalrds bR for
enhanci ng heat transfer is left to the artisan to

diffpaend Rayaeldp aympeis(Bs eapaldet33:00roumars P and 77,000 (numeral

j S o) 2. Jeat. trans rat e. and .
O30 o mert D Pt e i, ARG T o B BB L s Fomirp n an
incHREDima’24pet HIEC reRhdrcementd 050 HevHasan 48Pide AL ¥ottet thindber

he rtjsan is the overall wdth and | ength of
at %ﬁ?ﬁi’(ﬁ)& @2& GHEUIS%HO&Y was expersagess 18asrrewnl 5a‘t0fte§é-‘bélgbers
- RR8; h : [ ir e
or SHASE B577000 A0, JebrlR fitg ATC) ERhanBRHR0 SRR yes
corgistantiyh exprerion@@2as 864 betamangle oY) amdeasbdpi Ngrrown 9t hevortex
o B e i oA Bt oS S o

j1INgyt v dAdr i ,
e e e A ReR S s A% afifyed
Thersgmefnyoetgx cormbera (nariow anst widep haihg aoortehbeth@agle of equal to

or é’x%?tg{ {lllgrﬁ égéuet?g)ﬁdggée%% at gc?uraT%t ci>rvlgs|,sythalp a Soiu% |58 Iaieé]r%eso\gvas found
to enhance the average HTC between 2-3.5 times as compared to the same heat
exchanger without a vortex chamber. A preferred beta angle is about 45 degrees. A
beta angle of greater than about 45 degrees, such as about 50 degrees for example,
may improve the average heat transferlcoefﬁcient, as seen in Figure 21, but the vortex
chamber 850 will experience a greater pressure loss, thereby establishing a design
tradeoff for the artisan. For example, at large air flow rates on the order of 720 Ibs/hr,

an embodiment of heat exchanger 230 with a vortex chamber 850 may produce a 10%
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858, 860 in heat exchanger 230 may be retained by

of fsets (not shown) on base 780, <cooling fins 785, or
whoioh/058i2 st end 854 of first and second si desPGBBS2088WB7738

may include rounded edges 872 to reduce entry, _

pressure Iosses mhich reduces noi se and inproves air

flow for SS . sure The ends of internal ribs
preggye hﬁv or Jorfitseh S eé?fFifH@ddroaébeﬁaian%mwa&erﬁ 720
lbsﬂl%sitr lfe%lcega Q@?&ﬁ‘ééﬁ{ iveld &1 oh er

n%g/ t he ai %yfl ow 79 el n’plér‘%es f\{aﬁg% c}eﬁlﬁ@ggﬁg

confronted W th |nternaI ribs 862, 864, having

Alb@]@b@ilmentoﬁl\quge clmgpee§50 Proyidssreadh side 858, ISGE mdthcht ﬂ)e;ast three

indiPaBRels Gy PESessS POV ER T b o R thyor ;v ap many

as ténDsasSHpds, allofWHiGCWAT I athe R8s 868; Y B dik &S HiPlow to the
The transition of air fromfirst side 858 to second

Oﬂtﬁr sallg dbwilhbrianpreciated theh while iweiagtregions §15f depivted intiigure 20

0 n Lection ere
ST T TR —
edgd 868.n2h¢ pef@rdddigirns-walithMOHY exd chanerigiréd 6) Sispect ratio of
epi.cted having first edge 866 open while second edge
ea%bledlr I H@S%ﬁe%géds 1{0n byifhe rangs @ﬁﬁlp@opsmcér@osmn be from 0.5
d | e e
1 318 405 SR8 ARMES Bl O TSR o
chafelsi iguoeteR @hamlmart&é@ thiernubibewof tdulimgdnsVisst (eepaehimghbedlls of

RS E b i
WagQﬂ'texEﬁlﬁfésafnﬁ Mot liRaRGS & ﬂeﬁpeﬁc‘ﬁeu%@ heH havﬂ{ tc%égﬁél g@gﬁ 785

74 al so depicts concavities on seco
CO@@ hSPiuéft:‘ﬂl S(Qﬁ@ix elirovkers §41, teash dkfemﬂtfelbslng'&@mgﬁﬁ’dd ot ocomsing
and .18 i ncl ud nal. ri
sk T SRRt FoBPR AR st B7hou i ipac o heen coling fins

785 espawh] theh ¥achMldw Pad¥Bye 879 WohldH® a%out\/(ﬁlj lﬁ%h@ﬂ h‘ﬁlllel $18. 9f the
greater than about 15 degrees to a val ue e to or

OVFrél% deatiexphangend30 is 7éég¢h§éhlgha@d lessnunateas of Wrrwsages 876 is
4, h%fl%ﬁdﬂ sa%tg VJI?@\ \%\ﬁ@lﬂegg&t%e n {*u%daé tgnﬁe anet o%g}be&tﬁssage

eta a ranges froma
angle (Uﬁg) B%o\m 30 de@ses | thennthé ipashge sidie seét By Iﬂ? fléwbsould be
dis at an angle .in the range between
ab‘%}’gé esd@ g%gemaggamectlrggo gegrdes with respect

to the second side internal ribs 864. The beta angle
Ref@dng a6¥ 1 a02fdn@m3 he Sfedlfide LBARAGR S0 tnsition ducts

accommodat e tol erances
240, 415 is depicted. While the alternative embodiment transition duct 950 more
closely resembles transition duct 240, it will be appreciated that the same principles

hereinafter disclosed may also apply to transition duct 415.

Transition duct 950 includes a duct housing 952 having a first end 954 with a first
flow area 956 for receiving driven air from heat exchanger 230 having a plurality of
cooling fins 785, and a second end 958 with a second flow area 960 for discharging
the driven air to turbomachine 300 (shown in Figures 2-4). An example of a first flow
area 956 is 2.75 square-inches, the first flow area 956 being less than the projected

area of 4 square-inches to account for the thickness of cooling fins 785. An example
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wi t hout detracting fromthe scope of the invention.

Graph 900 illustrates the relationship between the
war@ragsiheat transfer coefficient (HTC) enhanP€mnEsi003/037738

905 and the vortex angle (beta) 910, for narrow 915

and wi de 920 vortex channels and for different
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e of equal to or greater than about 30 dégrees
95§nlg lseI%fG%Fabtl%ﬂ’éF a4 lgasy sema Hogtrontrobinyidet éesoimsendolingie way

hanc
o BT Y ORGSRk TR s, o
acmhsatrhrfsitionkiqat @5(13 r Tlednsbea oﬁlﬁlgtvecom&ohﬁﬁnﬂméhﬁ tﬂﬁgﬂtl@ﬁ uct50

f t th bout 4 r ees, such as
e B iR e BRI Cooka BmrTFbos ey 50

thd8@halt fuahsd- &gt 8861 donfbE Bhs 9%% ﬁg‘dét@m'ﬁh 3 thi deQHéd heat
exp

the vortex chanber 850 w lence a g
trapsfers s ghasadtersgics t odebihe esiealbetd shiesgire diesy gnhax'actaﬂﬂmfsf of
t.he artisa For exanple, at large air flow rates

tur%g ??éne&’a%ﬁi IB?OO/ZO | bs/hr, an enbodi ment of heat

exchanger 230 with a vortex chanber 850 may produce a

As1t886hi gh1fIWOai2 G4 PSH 3 cdt(dd MIZGOSHDOBIA 3BiramitRsnSMice 950 it is
drop.. Thus, in order to offset theﬁgressure drgfg?s
Se&%enéedr infsepapte v phamelsthy/fist ends 9pmof few renieeldans\P6do The
segtnﬁﬂ] ar#s ﬂtgwg @8?@%(6?% ?%gi;rgtg‘lzca& gl%g??’ tgxggrgcs‘gcondd%ow area
968 581,ere816®s joirtell tatadjeast ait floee in adjdéent dual chamgdlest Jeb@Wl ends

ooR R BPEnR REAAEC EBTEre i v i it aond
en@ds%ft%@moﬁ@%at%dﬁ%ﬁtﬁ%& t*ﬁ@%o%a%k%obhe ot her

wi Il be appreciated t I "'e turning
regl ons 815 depicted in Figure 20 are shown only at
In ﬁnr%ﬁm@&@é egdedinent.nim girr mgisofiew 3286 dmvenaby dudbemachine 300

thr@l?é?l ﬁe%ge)%haﬁge? 98 61 is on the order of 150-360 pounds-per-hour (Ibs/hr), and a
flow area through heat exchanger 230 is 2.75 square inches (5q-in) (discussed above),
thereby resulting in a mass-flow-to-flow-area ratio of between 54.5 Ibs/hr/sq-in and
130.9 lbs/hr/sg-in. In another exemplary embodiment, the mass-flow-to-flow-area
ratio is between 54.5 lbs/hr/sq-in (as discussed above) and 90.9 Ibs/hr/sq-in (250
lbs/hr air mass flow rate through 2.75 sg-in flow area). The exemplary mass-flow-to-
flow-area ratios may be applicable with any of the aforementioned transition ducts
240, 415, 950. It will be appreciated that the flow area of 2.75 sq-in discussed above
is for example only and is not intended to be limiting in any manner, as is best seen by
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edge 868. The preferred height-to-width ("H and "W

in Figure 16) aspect ratio of each individual passage
wW@7®4i051312 0, but the range of such aspect ratiPST/US2005@€37738

from0.5 to 2. The size of each passage 876 is

therefore connensurate with the nunber of channels in

th unmber of cooling fins 785
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25 diepiehs08 §RHEHY oflaSPovRRRIY NS
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relgfirgg to Jtigurn d S 95 equally appli¢abke to dtharwurpees, 955 af (Dlle coohng fins

i ¥ven _air,fram heat er 230
of AL ¥ nfor XE atihte RS St G| dRAEhs, G it bedisSired
Flom ﬁhctaess)emmgwftédoma\aﬁ@a WAD tHi@nesH SEN2HMIAGs shb®n as a wall
driven_ air to turbomachi ne 300 shown in Figures 2-4).

sechAn 3§ aifpihe cess-seqtionak View o Fimre6.0Bflissctiomess is composed of
| i h
?ﬂ%@g&f&& g%@gzbulk%séﬂbglsbﬁ 2 & E&eﬁ%§11f£§4gg3%‘3§q%orﬁogf'§9z

area of 4 'sSquare-inc
beinp esahdwickerk bstvodencimabi agd fdut& wills 990, esanpOeter 2alMO94 is
4{ 054342 PCT/ US2003/037738 of a second fl ow area
S“‘%?%‘B ngtiom ARd iih Spicady omposesyof pelid ragteridl Righ|asymetal,

innéhiga 99@tlb| | pBh hafidtial glmhgazsf&m:ellaﬁ{léepla' 98%\158 Q?eﬁal having a

Internal to duct housing 9 IS a cavit
Polpﬁlé}h@ﬁ ghouhg0%rto mbeut GObM L eyathplej oyl thilk absofdbam)% ieecordEBed

o B RGTH BE R oSEeed l BoedsPoe "B
(Kevlar® from DuPont) or fiberglass for example. Alternatlvely, bulk absorber 992
may be composed of a honeycomb structure having a cell size tuned for absorbing
- specific frequencies. As the air flow 982, Which may include a turbulent component,
passes through flow duct 980 and across the surface of inner wall 990, it generates
acoustical waves that impinge upon the porous surface of inner wall 990. While a
portion of these acoustical waves may reflected back, a portion of them pass through
the porous surface of inner wall 990 and are absorbed by bulk absorber 992, thereby

resulting in reduced operational noise of turbomachinery system 200.
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managi ng the change in flow area fromfirst flow area
956 to second flow area 960. Flow control fins 964
whaone/ 054345t ends 966 arranged proxi mate cool i nRCT/US03/037738
956 of heat exchanger 230, and second ends 968
extendi ng toward second end 958 of transition duct
50, Wi le sone flow control fins 964 may extend all _
Wﬁlﬁ%ﬂ’\‘x/&g}v G0 By ReFreircr g feffrencs; orexetpiosy embodiments, it
will SR indeRR dHyoMo&LEN & infthO3rt 304 iR elmddas
way to secor%)gﬂygnd é58, lnWh?ch pr o\%uggghilag%éfﬁq%%e méd% and
eqeiyalsnts maay msubstitutedsfor plemsstu tieerevfopithoat degstitig 8081 the etope
£ %ﬁt 9%0. Ehe anber of flay/control fins 964 in .
OFAISARYHO8n T8 e UeB oM PogE ca oy meY b madgda afapi s nagiécular
sithiidBesr AibtefiaPkd Mk fdaBiSind S8 R PRALHEGX GHABYCHeRRthe fbMCihe
actual nunber of flow control fins 964 being
essgatid spopredictsplt Abengbup rieds inteated thas fisfievention not be limited to

char. eristi.cs and.the desire ressure dr.o )
thecﬁ a rl‘gié%re?nll 3 dll%lgnto&d?ﬁfg 55 ﬁ'ﬁ% h?sg élﬁj(ﬁfi%s §’£eé‘mq§5% forpcaryjpg out
thifliiglenfidn)outitiat heivéRn will RERridY afl etbddihsdts %ﬂﬁln%g WHhBY the

transition duct 950 it is segnented into separate

scqpecf thoappraded slpims.r Moreqigs he®soPf tHeowmenfitst,olecdidaste. do

T e ' n £unnel ed from '
nophote S ST RgE Rt alt el Do PR PG g s v
distihguish prd elededtyfradpaghat air flows in adjacent flow

channel s at second ends 968 of flow control fins 964.
The reconbined air flowis then discharged at second
end 958 of transition duct 950 for entry into
turbomachi ne 300. In an exenplary enbodi ment, an air
mass flow rate driven by turbomachi ne 300 through
heat exchanger 230 is on the order of 150-360

pounds- per-hour (lbs/hr), and a flow area through
heat exchanger 230 is 2.75 square inches (sqg-in)

(di scussed above), thereby resulting in a
mass-flowto-flowarea ratio of between 54.5

| bs/hr/sg-in and 130.9 I bs/hr/sg-in. |In another

exenpl ary enbodi nent, the mass-fl owto-fl ow area

ratio is between 54.5 | bs/hr/sg-in (as discussed
above) and 90.9 I bs/hr/sg-in (250 |Ibs/hr air mass
flowrate through 2.75 sqg-in flow area). The exenpl ary
mass-flowto- flowarea ratios nay be applicable with
any of the aforenentioned transition ducts 240, 415,
950. It will be appreciated that the flow area of 2.75
sg-in discussed above is for exanple only and is not
intended to be limting in any nmanner, as is best seen
by 23 WD 2004/ 054342 PCT/ US2003/ 037738
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now referring to Figure 24. Graph 820 in Figure 24
illustrates the mass-flowto-flow area ratio (mass
WO bawosesen rati o) 822, in units of | bs/sec/sq-Per/usmoz037738
function of air mass flow 824, in units of |bs/sec,
for different flow areas 826, in units of sg-in
Cm\%), ranging from1l sqg-in to 4 sg-in 830-836. As
, the mass-flowto-flowarea ratio ranges from
0..005 I bs/sec/sqg-in (18 I bs/hr/sg-in) at a flow area
1. of 4 sebdriadhéh te fflc el
at a flow ar eﬁ)%l nigmlbﬁ Tﬁﬂgﬂg}% ﬁ%gﬂﬂ)o%ﬁéé]{s{tigg\g@ (220),
COMPHHNEo- f | ow area rati os applicable to an embodi ment
of the invention is: iIIustrated to be from 18- 144

LD e f the ntion,

P ner %élzlrgf(gg%sddgf ?)ans?%L ethveréﬂdugthlgx 09]5135 Hﬁ‘élum

saldxthldhmﬂiacﬁmet @oo;uoa asspuaxlueg a35ﬁ>tcﬂn($1@m3|l§| BQ@nS35) and a
e 435, or posed surfaces of cooling fins

CO‘?B@SS%%O@ é3@)r<2sa\tea&§mdﬁn%tﬁr edB8uztIcandbsor bi ng

material to provide an acoustical danping
t&@ﬁr&ﬁtlﬁ bwer d L &
o A R TG AR R RO B B foid iyt G
said ppbempettiesl(300a40% heS)t eachings relating to Figure 25
are equally applicable to other surfaces, such as the

coo ins ,.of a heat ch er for. exa ere .

" aco Eis?f’ g%%PmS%%HB‘?nggyﬁﬁv @ﬁ@ooﬁgg‘br@slv "gt?rem ﬁ%ﬁ}g&}ﬁ@t X epgbing
medﬁm@le;mllct ed 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 conposed of - an

- i nndhe atbomagynery sistern 440 refeflahn2?, wherein saidttarbomeachine

(30%94105 b5’d§? }ﬁ@%}ﬁ ggjélgsg—égnggg}tgvegl%gq 1(9 gg%qlpzﬁtt\(l)\eo?ngréa Ghan

anhd out e
abett i 8 dhsthrag-inand eqed toor lassdharsabioppi £albkir/e@iposed of a
solid material such as nmetal, inner wall 990 is a

_porpus teri.al such as eramc or a sintered netal .
4. Davifig PoRBRReR, St R CSoMas SnBliErcBosE ghrbomachine
(300x 30! 5) and ahtdlknﬁbssﬂé\bﬁf) ﬂ%%zaﬂe§ rﬁt%rBP% 1t for%ﬁleater than
acoust | c danp g mat eri al such as pol y- paraphenyl ene
€

abqug éééﬁbaﬁlammnw@ (w0 arbssthml&mpaﬂﬂ)lbsﬁhr/s‘qﬂber gl ass
for exarrpl e. Alternatively, bulk absorber 992 may be

5. o FbOaBilen ORGSR BEd B Bpin
meﬂilumms@&éﬁqu‘unch may i ncl ude a t ur bul ent conponent,

passes through flow duct 980 and across the surface of
acoustical waves that

o B o BEnCT e BRGNS aes L

(30W140595@5) fﬁﬁﬁ&ﬂ&fhp?ifsest hese acoustical waves may
reflected back, a portion of them pass through

a hpusing (305, 560) containing at least one of said motor (310, 312, 325, 535) and
said compressor (340, 530), said housing (305, 560) providing a passage for air flow;

an inlet (345) at a first end of said housing (305, 560) for accepting air flow; and
an outlet (355) at a second end of said housing (305, 560) for discharging air flow.

7. The turbomachinery system (200) of Claim 6, further comprising:
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t he porous surface of inner wall 990 and are absorbed
by bul k absorber 992, thereby resulting in reduced

wo@pwrasidanal noi se of turbomachi nery system 20BCT/BZ2004037738
2004/ 054342 PCT/ US2003/ 037738 \While the invention has

been described wth reference to exenplary

enbodi nents, it wl ders 3%%th se skllleid "
o hadh exeangpt (1 htheunplihaS T Fﬂ;é%l ghy pgwer density

s may be substituted for elenents thereof
(kVﬁgr%ﬂﬁvﬁgepartlng fromthe scope of the invention. In

addition, many nodifications my be nade to adapt a
saldnam)mauhme (305, 405506 being dewmatica fram s#id begzxbhanger @B0)-
the i nvention mnthout departlng fromthe essentia

eo Ther r ended that
3@?‘?15 gi?“?ﬂfgmﬁ@’ PY éZOO() of {:ﬁgn part e ufaf 1%eh a?%x%lgrr]lger
(23?&,%{1)9;% as the best node contenpl at ed for carrying
thi's invention, but that the invention will

i nclude all enbodlnents falling within the sco

of
a baSq:e(7§Qbéhld duropldy wauplivgr bsvisat cxehangee(G0) dadhe g‘f&%’spowef
S nd, etc. do not denote any order or
denpif FteeBed i i

rather the terns first, second, etc.
are used to distinguish one el enent fron1another 25
a pMa1i2P Gﬂf)ﬁﬁlflé%o]ﬂ@rﬁMSBﬁlﬁa’ﬂgﬁa PerpShdit By tolsaidabase (780) for

t ur bomachi nery syste or.co I|n hi
recatbng iny cusb a4 90500 e e SR s R aRy Fae end
@Oéﬁgﬁ 405, 505) configured to deliver a high flux

ool 1 ng nmedi um said turbonmachi ne (300, 405 505)

having a notor (310, 312, 325, 535) and a ngress
a p(u@auﬁy E30)rtedr thatbetsy(35Q) arranged rbefwadm, saa@,syoh ng(785) for

| east o ower .densit [
crefig A IBeh CRET B AT P e s S o BlibGRRT g Tand
thro’i%ﬁ) sai@vorl&e clidnites TRSY)] Bead phaystyesh \(&ea) chafnbetsa(8i0)Lhaving
wherein the high flux coglin ei |sa 3. The
side welhofaehinteargl @ﬁs%a&m ,{gﬁarg AR e&g)n sai d
tur bomachi ne (300, 405, 505) has an alr
TS 7§ b6 b PP RIGA(208 bPCAIm IGRMnct Gorfrisaiggat er

a transition duct (240) arranged intermediate said heat exchanger (230) and said inlet
(345) for funneling the air flow from said heat exchanger (230) to said turbomachine
(300, 405, 505).

10.  The turbomachinery system (200) of Claim 9, wherein said transition duct
(240) comprises:

a duct housing (952) having a first end (954) with a first flow area (956) for receiving
driven air from said heat exchanger (230) having a plurality of cooling fins (785) and
a second end (958) with a second flow area (960) for discharging driven air to said
turbomachine (300, 405, 505), said duct housing (952) defining an internal cavity
(962) that transitions from said first flow area (956) to said second flow area (960);

and
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about 18 I bs/hr/sqg-in and equal to or |ess than about

144 | bs/ hr/sqg-in. 4. The turbonmachi nery system (200)
wW@Roo@osd3m2 3, wherein said turbomachine (300, BOBUSH0B)37738

has an air nmass-flowto-flowarea ratio of equal to or

greater than about 54.5 | bs/hr/sg-in and equal to or

l.ess..th abou .9 / hr/sqg-in. 5. The
o DPESAE A ResPti) Sie (3 oUHa fuid atemioh covii92h frtrsanaging
théitighgt inow ARlal i ol | 13

tur bgmac h(i) ner ;/1 fgu;gf g?ﬁ@l(r%gﬂg;ﬁ%r?a {élﬁg? Jf%g%?@%%%?(gfll%wggqaé%o)'

turbomachi ne (300, 405, 505) further conprises: a
1Thousihegubeoschiggy)syseomt(20hiof§lam 9,dagheraompetingai d

not or (310, 312, 325, 535) and said conpressor (340,

' royidi ng a passage.for .
on A Ping PR R S DI A hoRy t) B R Easpiimate seid
- outleu 353y foB@aparkifi}) tHeohighCAePtdim@oM bs fif QWdisBRbed from said

utl et, (?55) at a second end of said housing (%OS,
tubgmachipe (W0s4Mar8dng air flow. 7. The turbomachinery
system (200) of daim®6, further conprising: 26 WD
12200 : . t changer.. (230
hor b T CRT R g St i) oo 8 G R oona
turlemeshine (416 iavrenged 20) paratiel snfldwtwitlhsaidcibo@adBRO(300, 405,

05,, 505) bhei ng..downstr .from sai d heat_exchanger
S0 TR Bt G BBRLLARR i 7 ahset i poElmecB i rom
ihiesaeicRclmaket i 003000055 | 5125
:;gsg) ef%r tg he?%g? It?sglgﬁtglﬁi%nnéactgﬁ% ggi ﬁgfg(c a gaélra g%gcggﬁcond
cl.

emaciing(4dR) isaweallel.densi ty device (220); a plurality
of parallel cooling fins (785) arranged perpendi cul ar

to ' : ceiVi.n ri.ven air .af, one .
1310, T AR 81 SRR AT B o o s
heaippadiatgere (@80) (18063id @isbnsachirer @00, Y403 303t &6 said second
hanmper s ‘f%SO) arranged between said cooling fins
tur %'%Q““reoﬁ 10y pzeidqiceaivpsnt e flowe thypught paidy tabomaehing (300,
i j : j i fins (785) and through
4053’3035{1/%(?%&(5%823@@ é%%&&g%is@?d pl urcgl i tz/ of vortex °

chanbers (850) having side walls (852) integral with
14.5ai dhpitubemaehinegy spsteral (2@0) ¢foClaim@, fwheseif 788 )at least one high

power density device (220) includes an integrated circuit.

15.  The turbomachinery system (200) of Claim 6, wherein said motor (312)

comprises magnetic bearings.

16.  The turbomachinery system (200) of Claim 1, wherein said compressor (340)
comprises at least one of an axial compressor (344) and a centrifugal compressor
~(341). '

17. The turbomachinery system (200) of Claim 16, wherein said compressor (340)
comprises at least one of a single wheel compressor (340) and a multi-wheel

compressor (344).

18.  The turbomachinery system (200) of Claim 1, wherein said turbomachine

(300, 405, 505) has an overall dimension of no greater than 1.75 inches.
28



9. The turbomachi nery system (200) of Caim7, further
conprising: a transition duct (240) arranged
WO niogossdl at e sai d heat exchanger (230) and sardI/U$1083/037738
(345) for funneling the air flow from sai d heat
exchanger (230) to said turbomachine (300, 405, 505).
10. The turbgmachi nery e 200). of Claim.9, .
190 eTER RIBBPERGHSPEFENCIRL T C50) 1 CUBFs i tybgpaghine
OM5Y 885)( i Qi Ghsldn's8ftatRBr(19P4plithdidhsa first
(30p1 %Q/%vl’ g?%?ég‘%‘)égyé%ﬂér recsei Vi n% drri vefé‘ilapali r f,rsom sai d
heat exchanger (230) having a plurality of coolin

20.f i n$he DB avhiherasystooPd0RafCl2088) Whietein @tls@t@mﬁjogsaiﬁ/\heat B
rea ( for .di scharagi jxen air to sai.d .
oxPhnigs 2 el raburenpet s 240 dts Mt ado i bimgingaugpture
corfifidifl AdeRPohd 8RNl (95@\WRY havifban addudiic ddndiss thaageristic.
omsaid first flow area (956) to said second fl ow

area (960); and 27 WO 2004/ 054342 PCT/ US2003/ 037738
21.a plhe airberpadhinery ewstess RAODPL Elavg 20gwhyroly sa acoysliqdamping

i nt | _cavj,t 9 f | '
s DPn ket SR ol TR0 B8 o0 DnE RS b
bulkl28¥6rBE:q@92)260) . 11. The turbomachinery system (200)

of Aaim9, further conprising: an expansion turbine
(350) driven hy said no . d arrange

22y oXPEdgraoRgstanery syien @@bﬁ@m@p a‘%berrﬂﬁ %?ﬁep%f"éﬁwsurface

" Sodel of j ihfepd® §@iafl and said acoustic

(9$ﬁ3%3ﬁ%%ﬁ{%§ﬁ%§d%?‘%%%f@§§§§?ﬁ?§93§%e tur bomachj nery

dampsigenli 26:0)Ybarf(9OQ)aiommises afr lehst one offpricdymeriqante dibgrglass
t ur bomachi ne (410) arranged for parallel air flowwth

maletid} t ur bomachi ne (300, 405, 505), wherein said
transition duct (415) is arranged for funneling the

23ai 1 Thi QWbbmAERind Akt @200 ¢E Thiaes, whetd) sdid ostdétd355) further
tur bomachi ne (300, 405, 505) and said second

compngrsimachi ne (410) in parallel. 13. The turbomachinery
system (200) of Claim12, wherein the air flow from

a nj)%%lg ogﬁ%%ﬁ%ﬁgﬁggxg%@éogggﬁgﬁr dRtS@ue) foy CRPARRBIafdidnd @ (445)

t ur borrachi ne (410) provides
forgsrovidialgerdecandary tamhimg thribyg#56ai d t ur bomachi ne (300,
405, 505) and said second turbomachi ne (410).

24.  The turbomachinery system (200) of Claim 1, further comprising:

a soft starter (365) for controlling start up of said turbomachine (300, 405,' 505) for
preventing power surges at said turbomachine (300, 405, 505) during start up.

25.  The turbomachinery system (200) of Claim 7, further comprising:

an air particle ionizer arranged upstream of said heat exchanger (230) for ionizing the
air particles prior to entering said heat exchanger (230) and said turbomachine (300,

405, 505) for preventing particulate fouling of the turbomachinery system (200); and

an air particle de-ionizer arranged downstream of said outlet (355) for neutralizing the

electrical charge of the discharging air particles.
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14. The turbomachi nery system (200) of C aim?9,
wherein said at |east one high power density device
W@ 20d)p543mz| udes an integrated circuit. 15. ThePCT/US2003/037738

turbomachi nery system (200) of Claim6, wherein said

not or (312) conpri ses magnetic bearings. 16. The

tur i_ner stem ( ) Caiml, wherein said

¢ orrpbﬁ{ﬁ diho m(aﬁ%ﬁﬁlx' SX%FFBr&@@sﬁgﬁalp’e%sfﬂﬁ@iéoﬁlﬂmﬁﬁgax| al
conpressor (344) and a centrifugal conpressor (341).

a dlésedNoep trefripermBioni sty (SY?t 6enfedBQ) tPEo s%idT;atl‘iseast one hlgh

wherein said co%ressor conprises at |east

poger densityflexiogHal), &mﬁmam ftoaw@g irasald amaduoopmﬁegerauon
, e turh t 200
RPN S o R i BRI BBl 5! “20%)

has an overall dinension of no greater than 1.75
saidreohmpsess@G 53, 2004/ 054342 PCT/ US2003/ 037738 19. The
turbonachinery system (200) of Claim1, wherein said
bonmaghi (300, 405, 505) has an overall dinension
ac?ﬂﬁﬁ l15 | U appl i cations. 20. The turbonachinery
system (200) of Caim9, wherein at | east one of said
anRkepdndeepsobpnger (230) and said transition duct (240)
has an acoustic danping structure conprising at | east
one material (990, 992) having an acoustic danping
an elanoaieR(cR8)} saupledq saitiablenstone ghttiomer ylersjty tdevicé PIID); and

of Claim 20, wherein said acoustic danping structure

f 990 d
o R e b a0 B35 B or ber (902 - 22 The

- turbonmachi nery system (200) of C aim 21, wherein said

27porahshsbmhaﬁmuﬁyQﬁmincnwpbféhmnabiﬁﬁﬁﬁcdﬁﬁhﬁﬁga
ceranic and a sintered nmetal, and said acoustic

o A B AT S5, 80
frobliE410 m@vﬁﬁirés%ry(%ﬂﬁhﬁﬂntﬁ@Q@ﬁlg@rfanﬁhtald% %res\é\lﬁ}g ffé‘c? ?1 4%1;1%

outl et (355) furt onprises nozzl ut
(G40 the iy ed pidggrgntdieingideltverqdoopid crmpmssoni FH0N gor increasing

the s $dty tﬂd’ugﬁ %éiﬁ)compressor (530).

28.  The turbomachinery system (200) of Claim 27, further comprising:l

a second turbomachine (510) configured to deliver high flux air across said evaporator
(520) to deliver cooled air to said at least one high power density device (220) and to
deliver high flux air across said condensor (515) to transport heated air to ambient,
said second turbomachine (510) including a second motor (555), a fan (550) driven by
said second motor (555) and a housing (560) for directing the flow path of the high

 flux air.
29.  The turbomachinery system (200) of Claim 26, wherein:
the refrigerant flows from said evaporator (520) to said turbine (540), then to said

motor (535), and then to said compressor (530).
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for providing a secondary cooling air flow (450). 24.

The turbomachi nery system (200) of Caim1l, further
w@owpossing: a soft starter (365) for control | PETyUS1083/037738

up of said turbomachi ne (300, 405, 505) for

preventing power surges at said turbomachi ne (300,

405, ri.ng start 25. . The_t ur bomachj nery
303ystTé“%q§%885%°ng9féﬂ ¥l p), B LT 2 e R G dasander (520)
copfibéschexpaisictevalas (sappged upstream of sai d heat -

exchanger (230) for ionizing the air particles prior

to entering sai d heat exchanger (230) and said
31t ur HésdEkrRecingy systews2080el) Clain 365 whersin smjd expansion valve -

rdj f ' f. ur bonachi ner ystem
(Pl sl Mndisich b 48 SR e g stem 200
furttemosmpasen of said outlet (355) for neutralizing the

el ectrical charge of the discharging air particles. 29

VO 2004/0%4342 P /USZOO% %3%;38 26. The
an PESHAL KK pnEols fysting 4 cengphing, the (pressure drop of the
refBQBRAT &tkd\ said abHRSEGuhGAPvAISE (37pration cireul! (525)

configured to cool said at | east’one high power

density device (220), the refrigerant flowng in said
32¢| odégturtberpachatary gustemi(09) of Clami 29, (B2f)n sadicompressor (530)
: - refrigeration circuit (525) conpri sing:

' agléé}%ggogﬁg%g%osm 'res(sglfSO); a condensor (515); an expander

(520); an evaporator (520) coupled to said at |east
33.0ne Ahfugionprehizk (8@NSIOSY SR fbEeliverRy a h@#ﬂﬂu)@c&dlfn%' Mé&ium to

540) driven by said notor (535). 27. The

2 OPIFHSABPRFRET y system (200) of Claim 26, further
conprising: an ejector (545) arranged for receiving

aniét @l ng the refrigerant at high pressure from said
conpressor (530) and the refrigerant at | ow pressure
fromsaid turbine (540), the m xed refrigerant being

a cgrapreyr Q) siriyan &y seidpmetss (1 0) 38Wonfpoessingahe hiphrinx ddoting

fl ow t hrough said conpressor (530). 28. The

turBomachi nery system (200) of C aim 27, further
conprising: a second turbomachine (510) configured to

a holesing/@05heagiifibput Rbst oae LS SRit6H (SVARAGALAcon{ppd9r (890),

.deliver oled air to said at | east one high power
Sal(ggﬂgﬁr{g)ﬁ gé\gregd{@@as% fpigthe high flux cooling medium;

an inlet (345) at a first end of said housing (305) for accepting the high flux cooling

medium; and

an outlet (355) at a second end of said housing (305) for the discharging high flux -

cooling medium.

34.  The turbomachine (300, 405, 505) of Claim 33, wherein the cooling medium

is at least one of air and a refrigerant.

35. The turbomachine (300, 405, 505) of Claim 33, wherein said turbomachine
(300, 405, 505) has an overall dimension of no greater than 1.75 inches.
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deliver high flux air across said condensor (515) to
transport heated air to anbient, said second

wao eoobosisehi ne (510) including a second notor (BGBVS2083/037738
fan (550) driven by said second notor (555) and a
housi ng (560) for directing the flow path of the high

36. 26, arrEREhing PR F el gh et LIS roRTeR: W Brbomidhie
(30@%4{%@?50}@% &ﬁg\g%al% ﬁin%bi@n*sul&emwﬁ)r(l Licdthge, to said

en to said conpressor (530). 30 WO
2004/ 054342 PCT/ US2003/ 037738 30. The turbonachi ner

37. sy sTrentufi@@nychafe (308 40263050 T €laim s3I, dvhexgiaridisk megop 10)
conpri ses an expansi on valve (575). 31. The
COTyRg}S %‘Tﬁt‘ﬁg’fe?“&ist em (200) of C aim 30, wherein said
expansion valve (575) conprises an active expansion
- 38.val M@ @fdniRhie (300 a0BRIVSNSf Claiyt SB LWhér@iBhid douipressor (340)
conpri ses: an expansi on val ve cogntrol syster éSSQ} for
congpuises ot ldapigonenef pp il compresporof34tth and rae?an‘“gi]?é glngompressor
(34 cross said active expansion valve (575). 32. The
rbomachi nery system (200) of Caim 29, wherein said
conpressor (530) is a variable speed conpressor. 33.
390.A t TEdemRehkichie (300 40808)5) 606)aih 38, whbreinesaitheprapragsgh(340)

flux cooling nmediumito a_device, conpsis{ng, a .Qr
compisgy - at Jeasniiee §E G SO YVIEFY GRRPISFSS a{?’é 8*76‘%8 r? (rglti)%jwmel
pessing the high flux cooling medium a
Cm&@%%@ﬁgﬂ(SOS) contai ning at |east one of said notor
(310) and said conpressor (340), said housing (305)

40.pr okncissegbly (993 egrepfissrg:t he hi gh fl ux cool i ng medi um
an inlet (345) at a first end of said housing (305)

for .acgept | .he_high flux cooling medium and an
a“!%‘PP‘é%ﬁi“%B%@q%i’ agdsecond end of said housing (305) for
the di scharging high flux cooling nedium

a plurality of turbomachinery systems (200) of Claim 9 mounted adjacent one another
within said mounting fixture (110).
41.  An assembly (100) comprising:

a mounting fixture (110); and

a plurality of turbomachinery systems (200) of Claim 26 mounted adjacent one

another within said mounting fixture (110).

42. A turbomachinery module (665) for attaching to a surface (210) and used for

cooling high power density devices, comprising:
a module surface (655);

a turbomachine (300, 405, 505) configured to deliver high flux air, said turbomachine
(300, 405, 505) including a motor (310), a compressor (340) driven by said motor
(310) for compressing the high flux air, and a housing (305);
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34. The turbomachi ne (300, 405, 505) of C aim 33,

wherein the cooling nedium is at |east one of air and
w@200e0543ger ant . 35. The turbomachi ne (300, 405PCBH0S3009637738

Cl aim 33, wherein said turbomachine (300, 405, 505)

has an overall dinension of no greater than 1.75

inches. WD 2004/ 054342 PCT/ US2003/ 037738 _36. The
Sa&du%rqg‘gl%ﬁéﬁﬁ}??e“ ngz?gg?asé%tse) Oﬁﬁal toh @30) opeb paidl pomgregsor

(&ug@h@g?gm?ggafﬁggg3ﬁﬁgﬁik§@5) has an overal |l di nmension

suita U applications. 37. The turbomachi ne
(300, 405, 505) of C aim 33, wherein said notor (310) :
said opsing E205hinpheding amédet (4. at 3dirstTind fouadveptirghain@ow and an
0] i m 33, .wherein said conpressor
Ou?%igis’%g@n%% Sgé%l%;ﬁn%:@% lfélg};%n%?lrgﬂwaxi al conpressor
(344) and a centrifugal conpressor (341). 39. The
a lteat trarrangeir ((23()308 thetially 268plingf toGlndi BoBBg AMIEH Soies Bbibity
Gon2$?§SOE g§40) conprises _at |east one of a Single
deyifie 420057k dabemaghing(300nd08 2R theinghdewnstisampfremswid heat
exélﬁﬂ?ﬁr-(zf(?- arﬁg‘ assenmbly (100) conprising: a mounting
fixture (110); and a plurality of turbomachinery

systenms (200) of Caim9 nounted adjacent one another
a tnstiion dust d2#)uatranggd fintetmediatg 1) heatlexcAmnges Y2BM) and said

0) . coppri ShOQ. untj.ng fixture (110); and a
rorb e o DS BRI i Bhalopatiop biid dea pichenger
(230p undatitudsindsBite (30 403Nsysher Wi thin said nmounting
fixture (110). 42. A turbonachi nery nodul e (665) for

atta higag to a surface ééélO) and used for cooling

i ghhp ikem ry ynageila G68) otelpmiddi wierein sepdi irbomachinery
=T A ; chin 00, 405, . 505

o cor?f(?gﬁrhég%?éve glll?ivﬂﬁéérh% gh ™ %ﬁé(a§%i an g?ﬁ chgfﬁ)' bomachi ne
(300, 405, 505) including a notor (310), a conpressor

44.( 340he trbaeachinyery aiadlutents65) of Claim 42, wherein said turbomachinery

module (665) has an overall dimension suitable for 1U applications.

45.  The turbomachinery module (665) of Claim 42, wherein said motor (310, 535)

comprises magnetic bearings.

46.  The turbomachinery module (665) of Claim 42, wherein said compressor
(340) comprises at least one of an axial compressor (344) and a centrifugal

compressor (341).

47.  The turbomachinery module (665) of Claim 46, wherein said compfessor
+(340) comprises at least one of a single wheel compressor (340) and a multi-wheel

compressor (344).

48. A method (700, 705, 720) for cooling a high power density device (220),

comprising:

drawing air over a heat exchanger (230) using a turbomachine (300, 405, 505), said
heat exchanger (230) being thermally coupled to a high power density device (220)
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(310) for conpressing the high flux air, and a housing
(305); 32 WD 2004/ 054342 PCT/ US2003/037738 said

whomgiosg4y 305) contai ning at | east one of sai dPEDUS003/037738
(310) and said conmpressor (340) and providing a
passage for air flow said housing (305) including an

inlet (345) at .a first end for accepting ai | qw and
resuling (Y B35 5 IOPPUEIEe SRS BIRICT Oy dbe brd Efpeer
Q3@}r flow, a heat exchanger (230) for thermally

dupling to and cooling a high power density device

(220), said turbomachine (300, 405, 505) bein
contoesssigr A theoin dai urtnsampressahdribe rurbtzw)h,mea?ﬁ@oa%i 505)

transiti .duct. (240) arrapged J.nternediate said heat
haVé%&%ﬁ’a%"ﬁEﬁ“&‘%ﬁiloéﬁﬁnéE’ie&ter ﬁ’%’rlgo7r?aﬁ8ﬁ?eﬁea”(‘jsoo, 405, 505)
for funneling the air flow from said heat exchanger

exhed (V25)38é Bediedf homReitiag. (300, 405, 505). 43. The
turbomachi nery nodul e (665) of Claim42, wherein said

turbonachinerg nmodul e (6%5),has an overal |l dinmension
49.0f 'Her Hebad 4700 WARIAMAS, WREIREE. 44. The tur bonmchi nery

nodul e (665) of O aim42, wherein said turbonachinery

i i i |airOlic SR R8 1ASt GtdidfaRleRteb @il atbient
Sa‘%g%ﬂ“ﬁ%@?iﬁ&%@?% s gﬁlgﬂéél;f?%e%éé&rmqm e (665) of
ext@nal ton the strudterediousingitie high powes densitg3®yice ¢ rand @g internal

iAo e B e Rusid teohfeh Seber e ofieiagoh 868
at |l east one of an axial conpressor (344) and a

sai@ @maﬁxgtﬁrt@g%) HeWRALES & CofhBides extalistili thethented maab anleast one
modul e (665)° of Claim46, wherein sald conpr esaor, : )
of gBepyrnelcmphirfcaxternal te the sty plarehousing the highygear density device

ARG i b it S e

ded@@pby device (220), conprising: drawing air over a
heat exchanger (230) using a turbormachine (300, 405,

20w OB DA e SR B i v

density device (220), said method comprising:

compressing (730) a refrigerant at a turbocompressor having an overall dimension of

no greater than 1.75 inches;
condensing (740) the refrigerant by removing heat from the refrigerant;

expanding and evaporating (745) the refrigerant to create a cold surface for cooling

the high power density device (220); and

| returning (750) the expanded refrigerant to the turbocompressor to repeat the closed-

loop cycle.

51.  The method (700) of Claim 50, further comprising a method for delivering

low temperature air to cool a high temperature device, said method comprising:
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33 WD 2004/ 054342 PCT/ US2003/ 037738 resulting in an
increase in air tenperature as the air passes over the
woeat/ossehanger (230); conpressing (725) the BCT/USI003037738

turboconpressor of the turbonmachi ne (300, 405, 505)
havi ng an overall dinmension of no greater than 1.75
Lnches:; d exhaustin 725) the heated air to
seh BR8] R a3lorhEiS{ 7obye i eindemonds Ssieg aturbofen
(55@td drawing (705) air conprises drawing air from at
| east one of an external anmbient external to the
structure housing the hi gh power density device (220)
tragpfgrring (T9beheal fromntbic anfrigerane todhe fiosttaielost (365) wising a heat
exagﬁg&ng the high power density device (220); and said -
exhausting (725) the heated air conprises exhausting
the heated air to at |east one of an external anbient
exkattsing @15 5) thetteated thrstairdo® (BOR)bAGbIdE hi gh power
density device (220) and an internal anbient interna
to the uct ure_houysi ng the_ hi gh power density
SN (7(%95@) secgpd a}&ﬁﬁ’é& Haeps(thowpld surtags| ofvbeisvaperator ¢620)
usﬁlg%ﬁ%fw@5 ’di umto a high power density device
(220), said nmethod conprising: conpressing (730) a
refrigerant at a turboconpressor having an overal
tragsfprsingi (GA0Oheat diony theaseeondt #isfiovl 17 e evahexator (SPO)aussigg heat
7 i refrigerant by renoving heat fromthe
exémﬁg%géggnt; expandi ng and evaporating (745) the
refrigerant to create a cold surface for cooling the
exliugtingd (160) thbehiill ddyseeind G102 A0F) tAeb] HRIMER tddhet AR device
tge expanded refrigerant to the turboconpressor to
(Z%O'peat the cl osed- | oop cycle. 51. The nethod (700) of
G aim50, further conprising a nethod for delivering
5210 t 1 (F1, ' t enper ature devi ce,
ol R e I D I8 b s a2
. PCT/ US2003/ 037738 generating (755) a first airflow
diredmg) (Bé) o Portien obnbenstigetdt Sfroms theg campressodf GB0) to the

condensor (515) and another portion from the compressor (530) to an ejector (545)

located upstream to the compressor (530);

mixing (750) at the ejector (545) high pressure refrigerant from the compressor (530)

with low pressure refrigerant from the evaporator (520); and
delivering (750) the mixed refrigerant to the compressor (530).

53. The method (700) of Claim 50, wherein said returning (750) the expanded

‘refrigerant to the turbocompressor further comprises:
returning (750) the expanded refrigerant via a motor (312, 535) for cooling the motor.

>4. A micro turbocompressor (300) for delivering a high flux cooling medium to a

device, comprising:
amotor (312);
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(550); transferring (755) heat fromthe refrigerant to
the first airflow (565) using a heat exchanger;

wezwanssing (755) the heated first airflow (6029T/U82003/037738
anbi ent; generating (760) a second airflow across the
cold surface of the evaporator (520) wusing the

t ur bof an (550 760 t. f
o SSERRR N Eooeeb e Bt B bR LhRBr LBy e
exchanger; and exhausting (760) the chilled second

a se%bﬁd étgg\é &@&ékoﬁ]ﬁ% SRP(343 als?b@h at BRRAKcleHd Of S8Y infofor (312).
52. The t hod of daimb51, further

corrpr|S| ng: dlrectlng 735) a portion of the
55.1 ef Fheymicinttubpomprigsor 6139) 66 §4aimy( FBoyhargnispid first and second

d
e gRsreeaB T on o ARtk HeeAr M SET SAREII Lpsi v cam

to the conpressor (530); mixing (750) at the ejector
56.( 54Bie hi@h trbessressoeB00 et Glaim b4 dirthéreconpaipings s or
(530) with |low pressure refri gerant fromthe

cootag s SO PgSeh e 6 AL S GHce B st Stk o LT 3R said
COOQI%g Qi)na A0y e} emiég oM ERELN Sl rﬁ@t‘bi" (2P thé2her %ﬁ@ of said

re rigerant to the turboconpressor further
motorPid)s esld fiirst strgd mgerg X‘@ﬁl)prQSh@ @)@@hﬁﬂ@l@gedetﬂ rdrg@raahbetween

sicioBo G b s SB7 sty Ty FOBPIRT A GRrleg

dra%h&@e&??dl&%dl Qinsg%(l)ce conprising: a ert Of
(312); 35 WO 2004 054342 PCT/ US2003/ 037738 a first

~ stage micro conpressor (342) disposed at one end
5750, dheption t@iegzggmpraﬁar %Qbe%%ngtSégwh?ﬁe@rsaldc@ﬁﬁflg§§6 (380)

exténgl %x%) dL50e%e g tnb&mo 3'19 “%3%%5“5%@ é@atl@ mdil@12) in a

m cro ocorrp es I'm 54,
norYlh@ﬁﬁarrhn%amdntfl rst and second stage micro conpressors
(342, 343) are integral with said notor (312).

58. A micro turbocompressor (300) for delivering a high flux cooling medium to a

device, comprising:
at least one motor; and

a plurality of micro compressors (342, 343) disposed at opposite ends of said at least
one motor (312), said plurality of micro compressors (342, 343) arranged to drive air

across the outer surface of at least one stator of said at least one motor (312).

59.  The micro turbocompressor (300) of Claim 58, wherein said at least one motor

(312) further comprises:

cooling fins (380) disposed on the outer surface of at least one stator of said at least
one motor (312), said cooling fins (380) extending from one end of said at least one
motor (312) to the other end of said at least one motor (312) in a nonlinear

arrangement.
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56. The mcro turboconpressor (300) of C aimb54,

further conprising: cooling fins (380) disposed on the
woeienssuy f ace of the stator of said notor (312QT/USH0E037738

cooling fins (380) extending fromone end of said

notor (312) to the other end of said notor (312),

said first stage mcrQ conpressor (342 rranged .to
60. i | beligdt ronBBRNERE 23 Dot ROONErG Hehor BB AR GOUEF 4220
“>45%ﬁ§§ stage mcro conpressor (343) arranged to draw

I r between said cooling fins (380). 57. The mcro

tur boconpressor (300) of Caimb56, wherein said o

a baso(780) fbi niserfi@B)couplng e heas raxchangen W) teathd hish power

(312) to, the other end of said motor (312) in a
dﬂﬁﬁﬁﬁ?ﬂ@%gﬂgkﬁﬁ gement. 58. A micro turboconpressor

(300) for delivering a high flux cooling mediumto a
a pRENLG BF pHANTBY dodliRg find{7955 afhn@deeidhdiculad rdsad base (780) for
pIuraI!Py of mcro conpressors (342, 343),dis§osed at
recoypresiriven aids ons ensh(785kand) digchargingbe dpv et air ahthy oppogitg end

urality o ] : ranged to
(scB) 58 ghing haf LR BB PR of e BOPLE S0
stator of said at |east one notor (312). 59. The micro_
61t ur bodedrpeasasger (300) faf calaigm F8gh woeveei density dlewice (220),
| east one nmotor (312). further conprises: cooling fins
corpgHRe-di sposed on the outer surface of at |east one
stator of said at |east one notor (312), said cooling

D78 R8R: BYLeMY ARipfih® MO Meatetthaiges qs0)ato tiRabigh qnever
aﬁrég?g(? (%5312) to the ~otphe$ end of sai dgaf( | east one.
demsittyalevic8 (220)j n a nonl i near arrangement. 36 WO

2004/ 054342 PCT/ US2003/ 037738 60. A heat exchanger

23 f.or Lin [ ' j !
o gt e T B P e R A8 Kb PR bR TS0) fo
reddR Ao @XEMAROR onk 230)795Pathéistliagding theatriven eirsi the ogpusitseend
(220%; and a plurality of parallel cooling fins (785)
(8Wrandged perpendicul ar to said base (780) for

receiving driven air at one end (795) and di schargi ng

a 15&%29({ i:cyoqﬁg%éioﬁES 1ol gt ARPORE (B0FBAA between said cooling fins (785)

for providing a local region of increased surface area for enhanced heat transfer.

62. A heat exchanger (230) for cooling a high power density device (220),

comprising:

a base (780) for thermally coupling the heat exchanger (230) to the high power
density device (220);

| a plurality of parallel cooling fins (785) arranged perpendicular to said base (780) for
receiving driven air at one end (795) and discharging the driven air at the opposite end
~ (800); and

a vortex chamber (850) arranged between said cooling fins (785) for creating a vortex
like air flow as the air is driven between said cooling fins (785) and through said

vortex chamber (850).
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(800), said cooling fins (380) having a plurality of

concavities (805). 61. A heat exchanger (230) for
w@omhiosg4n hi gh power density device (220), PCT/US2003/037738

conprising: a base (780) for thermally coupling the

heat exchanger (230) to the high power density device

22 I 1.l el I f 785
arr sl eF danerdasay OF § T 62, aeeinues) Voex chamber (550
cohfpgigésyi ng driven air at one end (795) and discharging

the driven air at the opposite end (800); and a
| ocal i zed cooling region (810) at said base (780) and

rﬁi@m/ééfwnsiaﬁldfs €B, BHQY Having {17185 seband qude(85d, BEG)dot reeiving

[ reased surface area for enhanced heat
an??%ﬁ@?éﬁl %k heat exchanger (230) for cooling a
hi gh power denS|ty devi ce (220), conprising: a base

' said 7RE) s1da)(r858h1@rvmag,l lmence@ wipk (342) aﬁ@ngéaaﬁohqaf@mﬁg &l ffo%S@/bO),

density device (220); a pluralit

1308?1‘0“10‘%}1f!re sid %Fst @HEI Ggﬁ@ infexgal (%5()86%} being etiapengle od |p©snltlac-beta
“uﬁﬂggﬁkgt?ﬁgg%égﬁg) Egmo“;§§ﬁ|V|ng driven air at one

arglng e driven air at the
opposite end (800); and a vortex chanber (850)

saidr yeaonyksidb e(B@@s)elnavs@ thteroall mlmg (S04 airrar ) oblafue GOtk | Ialﬁgﬂow
he ai |s driven betwee

k
Dy R vl 4 Relopreni B tredalibs Ve rina ahcin angle of

negdip@liRta WBRRspect fo O dZ8AMAFH34%WCT/ US2003/ 037738
63. The heat exchanger (230) of ‘aim 62, wherein said

vortex chanmber (850 conprises: first and second
64si ddge hegigexchamer 19§ Glpins 63 awblersiscsaiti fiss dsie((858l) internal
: f I SC [ ai r
ribf Ry B8 8 i e 00D PREHTAR PPaore amafide Fiabto me
airdloiwi (f98).t o the air flow (790), a portion of said

fi rst side (858) internal ribs (862) being at an angle

si,tive- h respect to the direction of air
652 \%ﬁ Aiﬁat exc anger (%OS of Clalen 63, wherein the first ends (854) of said
flo
first and second sides (858, 860) have rounded edges (872) to reduce entry pressure

losses at said vortex chamber (850).

66.  The heat exchanger (230) of Claim 63, wherein said first and second sides
(858, 860) further comprise first and second edges (866, 868), said first and second
edges (866, 868) being closed and said first edge (866) being thermally coupled to
said base (780). |

67.  The heat exchanger (230) of Claim 63, wherein said first and second sides
. (858, 860) further comprise first and second edges (866, 868), said first edges (866)
being open, second edges (868) being closed, and said first edges (866) arranged

proximate to said base (780).

68.  The heat exchanger (230) of Claim 63, wherein said first and second sides
(858, 860) are integral with said plurality of parallel cooling fins (785) and further

comprise concavities (805) at their side walls.
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said second side (860) having internal ribs (864)
arranged oblique to the air flow (790), a portion of
w@ 200d/0sB8ennd side (860) internal ribs (864) bePemyUst003087738
angle of negative-beta wth respect to the direction
of air flow 64. The heat exchanger (230) of C aim 63,

N
~ ﬁbsggsggg%%ddigﬂ(og%ggﬁ%r} 5%1& be e%lgd’l &%ok AWafef W ot 30NR S@@bnd

nger aim erein the first ends
equiaBRAJr leds thari abouf 126 tegrens witltmaplect talesd 6858 sBEEF6Nanternal
. rounded edges (872) to reduce entry pressure | osses
rib4868hi d vortex chanber (850). 66. The heat exchanger

(230) of Caim63, wherein said first and second sides

(8581 BER dex i 3GPEPCIaSE Bl (hbreashi® Be@NEAgRAg@Gual to or
~70(866},1e 868)?( saléél}e(?i ?};t ar?d second edges (86%, 8638)

grebtet thgn ebog 8 aad dqealitelof iesssthagleyait 68degregsei ng t hermal |y
coupled to said base (780). 67. The heat exchanger
(23 f Claim63 i [ j : d Si

714 22bhe Sk L UL EIE R, Sabidp i dBagonng bt o

greb®f than 868t 405l dqhdl 6 br Reglan (IBGH 0 dbgieeg open, second
edges (868) being closed, and said first edges (866)

arranged proximte to said base (780)..68 The heat
72exchandert qxgb@)gebﬁﬁés é%frfﬂé@,‘ b]&h@’}‘é"iew %aéﬁl ge?a]- ?“sg?e gn%’out 45
de ?&pnd sides (858, 860) are integral with said
%ufality of parallel cooling fins (785) and further
conprise concavities (805) at their side walls. 38 WD
732004/ hEA34XhPERr U200 31087018% aslugh maves edansisx dexies er220),
23Q) of claim63, wherein said first side (858)
. COMPPEREal  ribs (862) are disposed at an angle of equa
to or greater than about 30 degrees and equal to or
a bR 78MAroraherially 2 uehtigs eks heatt bxdhesgreaR30)otes dhedhigh power
second side (860) internal ribs (864). 70. The heat
dewsiyiienige(22030) of O ai m 63, wherein said beta angle
is equal to or greater than about 20 and equal to or

a IJ(@%@S); %}?&amp Hol 8 RTS8 urahded %g?eﬁlﬁéﬂar&& ghidn@es (780) for

alm 70,” wherei'n sard a angle is equal to
re@iving driven air at one end (795) and discharging the driven air at the opposite end

(800);

a plurality of vortex chambers (874) arranged between said plurality of parallel
cooling fins (785) for receiving the driven air at one end (795) and discharging the
driven air at the opposite end (800), said plurality of vortex chambers (874)
configured to create a vortex like air flow as the air is driven from said one end (795)

_ to said opposite end (800);

said plurality of vortex chambers (874) having a plurality of first sides (858), said
plurality of first sides (858) having internal ribs (862) arranged oblique to the air flow,
a portion of the internal ribs (862) of said plurality of first sides (858) being at an

angle of positive-beta with respect to the direction of air flow;
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greater than about 40 and equal to or |ess than about

60 degrees. 72. The heat exchanger (230) of Caim71",
wobenes4sssai d beta angle i s about 45 degrees. PGBUSA03/037738

heat exchanger (230) for cooling a high power density

devi ce (220), conprising a base (780) for thermally

sofEB Y ok ied oy @7 e §oertitpar sedond sbioriegy said
plialisy 67RRdnPEHANGRM) RAVRE Rtk oYl fibs | %4? %@sg%as §1IQZ§93 the air

for ~ receiving drlven ait at one
flaw.scpeitign af thehetemail vibm (&04) ofitsait] tpéuramyqﬁi seeor@ingddes((86®)being -

I t vort.ex cha 874) rranged bet ween
ot B RSB bah B5- o83 i sebrial S ghikiohrot e Hords) ror
receiving the driven air at one end (795) and
saili sIohHt0 T st dbe secbiridveaies 2838, @BO)tﬂﬂﬁhé}%%ﬁdrfsﬁl uﬁaﬁgpaf first

said plurality of vortex chanber s (87 configure
and segenrd 5dgesr38% B6Re sairl rplprabiy af:, ﬁmeed@ﬁs (865) drdinge npen, said

PRSP arfoft ByRatsdeiloe LA by RS AREPG Sk o0

arphgedprokiymand tof daidshase (T88y; 4p858) , said plurality of
first sides (858) haV|ng |nternal ribs (862) arranged
portion of the interna

ﬁ’gl % 5%9 né;?ee%%i @lﬁb G é‘fufitfw%ﬁ&ob PEexigiatgespiq ghwglity of first
o0 0P or Hoviangl 100kl RERh IHRRRSS sl /4GS R Prinklbed hea

trapefer.US2003/ 037738 said plurality of vortex chambers
(874) having a plurality‘of second sides (860), said

pl urgl.i f 0), having internal ribs
74(86 ea}lltregtae%ae &ggﬁ%%lréﬁg %Pfi‘r %% | ow, a portion of

t he internal rlbs (864) of said plurality of second
saigl phealityB@0ardile] bgplingtfirsn(785)Hre ik ale@aﬁ Isaﬁagm{aﬁtyvuﬁﬂ}st and

re h irection of air f sai lurality
seggpd 4%§{§5§né16(§@g§ﬁé péyrality of ygeex Q@@)befﬂﬁgﬂﬁ)er
conprising a plurality of first and second edges

86
(7;;{) (:X m?g?)}ji fop l%tl?%rfélhtg ﬁilg'fﬂeéié g’gl’}] érecai%ra%%ég ?%%a? gJ((ﬁl%nger

) deteepolingidl h@m Wi demuytd;vme (3200, sdonmpiga: ( 866)
arranged proximate to said base (780); and

receiving driven air at a first end (795) of a plurality of cooling fins (785) of the heat

exchanger;

driving the air across the plurality of cooling fins (785) for transferring heat from the

high power density device (220) to ambient;

disturbing the air flow as it is driven across the plurality of cooling fins (785) by
employing at least one of a plurality of concavities (805) in the plurality of cooling
fins (785), a plurality of localized cooling regions (810) at the base (780) of the heat
exchanger (230) and between the plurality of cooling fins (785), and a plurality of
vortex chambers (850, 874) between the plurality of cooling fins (785) for creating a
vortex flow between the plurality of cooling fins (785); and

discharging the heated air at a second end (800) of the plurality of cooling fins (785).
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a localized cooling region (810) at said base (780)

proxi mate said plurality of first edges (866) for
w@eaniosidmy a | ocal region of increased surfacePEr/Es2hy037738

enhanced heat transfer. 74. The heat exchanger (230)

of G aim 73, wherein: sai d pI urality of parallel

i n 7 raI with said plurality
76.6 1 PHHE SO o€ LS s SHS0FeBTE f AOHG g §§her
© confifris¥@r t €x chanbers (874) 75 A method for enhancing
the heat transfer characteristic of a heat exchanger

(230) for cooling a hng‘r power density device (220),
cregimgprvosien glow et wieer the p plu of goqlingtfing (787)svhesein fiengaiality
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of plifi A5l gl Rih IR Mo R st B 0879
cooling fins (785) for transferrl ng heat fromthe

* 77.hi ghhepaeBod deakiihyrsdanineecd@@®ing:0 anbi ent; di st ur bi ng

the air flowas it is driven across the plurality of

| f 5 t f
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chaﬁﬁﬁfk)(S&ﬂ,OB?éeﬂo\aEmen ttlhmplptalumbf tooling fosdl/8Hgof crestify 8 5prtex
| mb 850, 874) bet
ﬂo‘f’ﬁ@”ﬁﬂe ur léf ]{%’8?{?51 n§ {7:%5?( 72[3)3 g or creat |) ngeavveen

vortex flow between the plurality of cooling fins

78.( 78§)t Ffen db&qbs0)dbNY i bemirateedsyatdm 81003 cdapeisigend
(8 )ragf trrl1e plqufogl ity of cooling }f%I nsez(725) ﬁ1?3@140 WO
2004/ 054342 PCT/ US2003/ 037738 . 76.. The nethod of Caim

a dye hoyging 953) baving edusitand §03¢) vith e firs ﬂ@w arep (958) for receiving

TS LSS RO R i o
second ¢nd! (PHY) fvithsa (s&ﬁﬁl)i fAowe dred €T fowdish:hhﬂgmgoﬂnvai airyto a
RTINS N MM R
(96?&3&@%&&!1&}3' ol saldBrsh B8l £XL[PRIES s&&%@éon@yﬂ&& ateBq950);

times 1 n conparison to the sane heat exchanger
and 230) absent the plurality of vortex chanbers (850,
874) between the plurality of cooling fins (785) for

a p‘furrgl?tgflol}qlo%v \égrgt}oﬁ)%ms (964) within said internal cavity (962) configured to

manage the change in flow area from said first flow area (956) to said second flow
area (960).

79.  The transition duct (950) of Claim 78, wherein said plurality of flow control
fins (964) further comprises:

* a plurality of first ends (966) arranged proximate the plurality of cooling fins (785) of
the heat exchanger (230); and

a plurality of second ends (968) extending toward said second end (958) of said
transition duct (950), wherein at least one of said plurality of second ends (968) of
said flow contro] fins (964) does not extend to said second end (958) of said transition
duct (950).
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fl ow between the plurality of cooling fins (785). 78.
A transition duct (950) for a turbomachi nery system
W@ 200)p543¢Dnpri si ng: a duct housi ng (952) havi nBCHUB2003037738
end (954) wth a "first flow area (956) for receiving
driven air froma heat exchanger (230) having a
lurality of cooling fins (785). and a._ second

d :
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housi*ng Ining an intern cavity
exchidder t23@Nsi tions fromsaid first flow area (956) to

said second flow area (960); and a plurality of flow
trol fi 964) W thi i.d.int I it
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Jar e €l saidssetehdoflaw ateiat(§6®f compmwingont rol  fins (964)
further conprises: a plurality of first ends (966)

ar ranged. proxi mate the pl ity of.. ' 110S,: {7
recg T e A AR Haror A0y of iR e ) e it
flogeg@N@s6pds (968) extending toward said second end '
(958) of "said transition duct (950), wherein at | east
one of said plurality of second. epds (968) of said

segmhapiing e high Txrpsr floBAROREBATASGHT BV chammels RV BBty
nd )e.Qf id transition duct (950). 41 WO
of 58 £ BEHS OB Ushooss 037938 80, Tha 17ansition duct
(950) of daim79, wherein said plurality of flow
furtehiag te high fisx 619 G4fwean ¢heefipya ontrol Ameii244) tiom the fefrfinyy area

of cooling fin 785 t he, heat exchanger (230).
(953‘31Fowrﬁé‘%wam?dzﬂéwﬁﬁ(%q)o?ﬁdng hi gh fl ux gi r 1Sr om) a

region having a first flow area (956) to a region
diBNbRG tRe BRAGNE it SV @K@l &ROOPSYbRhe ians doldfict(330) having

flow area (956) is larger than said second flow area
thq @6@)d flovareai(8Mg: receiving the high flux air at a

first end (954) of a transition duct (950) having the

82f T o turﬁdn?%hﬂ{e?}asy(s%?@ 22'00) for cooling a high power density device (220),

comprising:
a surface (210) connectible to a high power density device (220); and

a turbomachine (300, 405, 505) in fluid communication with said surface (210)
and configured to deliver a high flux cooling medium, said turbomachine (300, 405,

505) having a motor (310) and a compressor (340) driven by said motor (310).

83.  The turbomachinery system (200) of Claim 82, wherein said surface (210)
comprises at least one of a heat exchanger (230) and a cold plate (610).

84.  The turbomachinery system (200) of Claim 83, further comprising a transition
duct (240) in fluid communication with said turbomachine (300, 405, 505) and said
heat exchanger (230).
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segnenting the high flux air flow into separate air
fl ow channel s between a plurality of flow contro
wo 2ovg/0§0621) ; funneling the high flux air betweR®T/UR®03/037738
flow control fins (964) fromthe first flow area
(956) toward the second flow area (960); and

d hi gh fl i d d (958)
5 he MR aePoPBatYs Sye) 08 g Tee Cheither | phnkinagaid
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hi gh power densi’ty device , conprising:
refsigefaate (210) connecti bl e to a hi gh power density
devi ce (220) and a turbomachi ne (300, 405, 505) in

fI at on r. f 210

365 onf 5 ER RS nieny gusfinh (ot it kgt hesaft firbamachine
(300 4bsEsh hacad $RPall didfensioR85ho BRMich thad 1MBEiAELds310) and

a conpressor (340) driven by said notor (310). 83. The

turbomachi nery system (200) of C aim 82, wherein said
surface (210) conprises at |east one of a heat
exchanger (230) and a cold plate (610). 84. The
turbomachi nery system (200) of Caim83, further
conprising a transition duct (240) in fluid

comuni cation with said turbomachi ne (300, 405, 505)
and said heat exchanger (230). 42 WD 2004/054342

PCT/ US2003/ 037738 85. The turbomachi nery system (200)
of Claim84, further wherein said turbonmachine (300,
405, 505) is configured to deliver at |east one of air
and refrigerant. 86. The turbonmachi nery system (200)
of Claim 85, wherein said turbomachine (300, 405,
505) has an overall dinmension of no greater than 1.75
i nches. 43
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