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A Heat Transfer System and Method FI ELD OF | NVENTI ON
The present invention relates broadly to a heat

WO 208285184 system and to a net hod of heat trandidySG2608/000143
mai ntai ning or controlling a tenperature of a device
under test wth heat generaging capability. BACKGROUND
Typi cally, high-performance el ectroni c devices are
subjected to-a 100% functional test prior to being
shi pped by a manufacturer. For exanple, high power
m cropr ocessd¥ HeatiTransfeeSystemang Methadtt ed to a
classification test to determne an effective
operating speed of the devices. During the

FIELD®OF INVENTION test, it is inportant to keep a
tenperature of a die of the m croprocessor device at a
single prescribed tenperature while the power of the

deviTae préserarinshtibh om;aéyabtoa@%dtw aakhextt tra{3fd0 @jstérheand to a
a 1 Nn._a etermn test . se
el R TRk AT ol AR e RIS 1 [P ReGUEGY! ¢ device under

test with hedtaeaeratiag capabilitgnge bet ween the devi ce and t he
heat transfer nedium such that the die tenperature of
the device can be subjected to a prescribed thernal

BASKGBOUNI: heating process of the device can be
achieved by installing heaters within-the TCU. For the

cooling process, the TCU is coupled to a closed | oop
sysfmmeﬂﬁgiypeffonemcet elastbric devidasmaren gubjgictedf ¢o na i $00%

fungﬁdrjay ¢ brioh & Lb%lh Q’ﬁ%pe QUD)I Q FaAR4EuREaEod @%@é ﬁgpypower

devi ces such M Cr opr ocessors.
migteRsPeesgopAerieessare ttymcaﬂbévbjeetaﬁé¢ @rd?f-"é!ﬁcaﬁ*ﬁncf@ﬁt t@queé@rmme an

effé‘dﬂ@é" %be@tlﬁd E’;Sﬂe@ df 'ﬂ?bsé’e\ﬁtres aDLN\ﬁIﬁQ Q:‘Fa%sﬁ&éﬁﬂn G(é’é? G {sl iRBortant to

he si ng hase fl ow renoves heat %e or ced
keecpoﬁvf@eme&ﬁurw ehautie Hathgi Migraprreeseost devine #ha siagle prescribed

terﬂpreaé“tﬁ.feeﬁhn@&ﬁé BENMYF R dhRetigWarRidafmn BbaV0% B Ibb&NMD8S: &F the
hase ch ange of state fromliquid to vapour to renove

ei?t"lgdf‘@ HYMNEGUPHISREUEGE | at ent heat of

vapori zation. For better cooling efficiency, the ‘

o ko TRl 5 B 0 T i hnveen
thepieomatand g'\dﬁlmt transfer medium such that the die temperature of the device can
be subjected to a prescribed thermal cycle. The heating process of the device can be
achieved by installing heaters within the TCU. For the cooling process, the TCU is
coupled to a closed loop system whereby a heat transfer medium in fluid form is
delivered through the TCU to remoVev heat generated by the devices such as the

MiCroprocessors.

During the cooling process, the heat transfer medium can exist in either a single
phase or a two-phase flow condition. The single phase flow removes heat by forced
convection without changing the state of the heat transfer medium while the two-phase
flow experiences a phase change of state from liquid to vapour to remove heat largely by
acquiring the latent heat of vaporization. For better cooling efﬁciehcy, the latter heat

removal process is desired.
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transfer is a vapour-conpression system This system

is wdely used in the existing refrigeration system A
WO b@posssat | ¢ expansi on val ve is positioned upBtT/earnngHoo143

the evaporator to reduce the condensing pressure to

the evaporating pressure ofy the fluid. The

t hernostati c expansi on val ve operates its flow

regul at i n(ﬂ@ unction by sensing the superheat

t enfpeysiann gt isrwidely kpevn fopRlpy Phasechangfodiiiid i prerppting heat
trar{sfé‘? |§‘é%‘ﬁbé‘|t<9§mpré_§§fb% sy (TR SyRinis wfdel‘}eﬁﬁedalhstﬁé lwtitmg

by the evaporator varies, thethrrmstat q
refrighralien (SySieBy s (hAEOPEHG KB URKR R POSHIPRE UaREFapY Of the
ev. Qr%forri‘@?ed"u@é @5 8drideMsii§ipRdsaine ta tiskeavapethting rnnesrsatwefethefﬂuid

heat source at the evapo. f
The, BRIPETSts S PRES o U SPRIESITS D1 aabiRing ifclipn 2 Seh8hS tne
supfheaf Rinfepsturelst the rlemgwadebytHendMnstrémpcﬁrthe Leveporator. Thus,

i B LBl B areg Py e ety e PR B prpansion

‘valaoreptoassstae re@mtabeupéry\estttambelsatw@ bubMasohotmecsq;geu maintain a

des\\j'gé Jﬁ?ﬁpeg% ggli Jtesbu r%lf]g% &ggéér?{bb 'ﬁ{é‘?éfore accurate control of

thedﬂefrfpe(amre off thaomeat rqwscsl fylag nod her echieleda &f—yﬁtlénwldew known,
|
G 2, P B EREoBlad Bl B
val¥de iec @sualli eathevgd avnaleag(g:omrqg,s@\,.e@gera by, eshart-stopnegninel or ‘speed
varﬁgg‘r‘ SRR E MR S i&%n{) tlmrv%&r%me%%kn Q08&teRf ad d&cribed, it is
ve-nentioned pro I n accordance with a
difficilt &t ncidppessitig te mEovisieea aistemnGARRIiSHYY efhasingle; compressor yet

.ha\}gﬁoggqf.pg@? TeUGR ihdiRBsd emparsiurecheb! dTebéd #C0i ng or

( ing a tenperature of a device under test (DUT)
with heat generating capability, the heat transfer

SYSHERReC R k% ﬁ&on bRIVIR! Phdkt Gafsiat syeteniwhich G@&Rd) tofaaltiress
t her mal couBI [ nl% o0 the , the TCU arranged for flow

at Iggst gngaiipe @ @?t'c’r’i‘ﬁﬂlp er et hr ough; an aut omatic
expansi on val ve di sposed upstream of the TCU;, a

f egul ati ng val ve di sposed downstream of the TCU,
Sumgc_ontrol | er coupled to the TCU for receiving an

i nput signal representative of a tenperature of the

DUTIn amerdannetvhth & Grst mepéat of e presemtanverdiopl theret i prondded a

he?t: t%\ﬁs el gil;t%%r! Vﬁ'ityiﬁ’lné%r Eg'ﬁl%ﬂﬂg 4 tEJnB&\Faﬂfrg ?f QfdeL'BS under test
(DUT) with heat generatlng capability, the heat transfer system comprising a
temperature control unit (TCU) for thermal coupling to the DUT, the TCU arranged
for flow of a heat transfer medium therethrough; an automatic expansion valve
disposed upstream of the TCU; a flow-regulating valve disposed downstream of the
TCU; and a controller coupled to the TCU for receiving an input signal
representative of a temperature of the DUT; wherein the controller is further coupled
to the flow-regulating valve to change a flow area of the flow-regulating valve based

on the signal representative of the temperature of the DUT.
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on the signal representative of the tenperature of the
DUT. A predeterm ned downstream pressure of the

WQea00MBtSh£ expansi on val ve may be adj ust abl e bBCT/SG2008/000143
adj usting a pressure differential across the automatic
expansi on val ve for changinmg a range of a cooling
capacity adjustnent of the heat transfer system The
system may further co i se ceiv r eser.voi

A RSP CONTETRETA RIS 6 B EHEATe APagHpoalve may be

adJLﬁﬁiélﬁlﬁ%lyrﬂdil&tlﬁg ayhedsund blm’el'ehhé:)mbes’lﬂ\emmaﬁ@exmsmamlve
(0] t he aut onat anS on v ve S t
for RSN e rangg i Acort CaPar ausGient SEnREF ffRer system.

connection with one aSSOC|ated upstream aut omati c

Thq F)&%‘rﬁgﬁ% éﬁlhﬁre c@ﬁgvgenae {%a%%‘%&%e?gﬂg ﬁﬁ“%rcét é?gg?g the automatlc

expaasioablab/esfoe mhnmtamp'rges sobstantailyetamstané ptnasmeoumsilreans of the

coupl ed t a of the TCUs and to each of the
»aut?msag ?)éogaﬁlo% %T've

ating val ves for changing the flow areas of
the respective fI ow egul ati ng val ves based on signals
Thé_gggtgﬁeﬁgﬂcb?ﬁ%n ;E\Eratl abur SéchfrCUeﬁPrﬁﬁcﬁ ¥ Bnd bR - with
Sys urt nprlse an accumnul ator 1n
onef | amcemwematr@amm alformatih expansient |valysr el s@nengassociated .
dow‘/r@t?é%ﬁ ﬂBw‘?g%ulé‘tﬂtg eﬂ(/etfh% PEOYMEPI to anéingie \H?i%ble speed

npr essor eat transfer medi um at_an out
cor@premf wherainthe: eantrofley 'Sd‘@l‘é‘l?@pqc’l 9Nt e TGS 3 gﬁ paAgh of
theVﬁ%\N $§gJ|étFH§1 LBGe£ ABP RS thaefdw Hresd Iop rthgabésbééttvbeﬂow-

coup o the accunu a or for receivin g
regH@Eiﬁ@é!é'H?%P?%%d 8 signglederigsentative ﬁfsthséeml?ﬁ?%wsﬁ 0 gﬁ?ect'"e
putre controller is further coupled to the conpressor

for adjusting a speed of the conpressor based on the
signal representative of the pressure in the
Thé1§9$t€m| mbprfurtrﬁae:oﬁwkemmufnmatbern fuidonsection with each of

thecrﬂ%g{-[eﬁ%% r H]é (\)/%Ie{ﬁf FEFF lﬂrﬂ,gglp}euécic];qéﬁﬁ%%rﬂépggétﬂaet éoa}rqarfeggor for
theSdat mhsfer adiditst aean output of tre actunsdator) for deecqupiing tiog flow-

tr y change the flow area of the
- regf“rgﬂp?@b' f{ﬂ“nﬁ §{1/1PEJessggsed on a conparison of the

'signal representative of the tenperature of the DUT:
Thg%gn{rgl?ersrﬁgyp%mer be coupled to the accumulator for receiving a signal

representative of a pressure in the accumulator, and the controller is further coupled
to the compressor for adjusting a speed of the compressor based on the signal

representative of the pressure in the accumulator.

The system may further comprise a condenser for dissipating heat from the heat

transfer medium.

The controller may further comprise a set-point adjustment unit for adjusting a set-
point of the DUT.
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In an active operation node, the set-point may be
changed whereby a cooling capacity of the heat

WO ea@n®fss4 system i s changed as a result of saiBICT/SG2008/000143
conmparison, resulting in a change of the tenperature
of the DUT. In accordance wyth a second aspect of the
present invention there is provided a nmethod of heat

transfer for maintaining or ntrollin t enper at
ThesPorTaley ey GRAEF e 0P (150 o A% AOWER AL AT gocecf on @
corfHRBh lof the sighal repicsentatienpf iheitempelaturstafiise BIUT and the set-

thermal ly coupling a tenperature control unit (TCU) to

POifthe DUT, "the TCU arranged for flow of a heat transfer
madi um t heret hrough; di sposing an automatic expansion

upst eam of the T S [ [
n $8 SRR RPet "Pircsetiagh OBELIY ofadd bR RS daing
capaeity ©f ¢ing aataat/aramsffeasysimmelsad;hangedfast agepulrof gag comparison,

resB@ gl%gh%iloq%@ ?‘ﬁpe%tu?&gf [‘uE%f egul ating val ve

Si gna representative of the tenperature
of the DUT. A predeterm ned downstream pressure of the

In S‘&:‘o%%tcb%ﬁmﬁb%oﬂ& g}agteofr% Hes@sll iHvdbnbinerdisusioviiad a

ressure di across the automatic expansi on
meth@ld\m Heat transfagfon @aywtalawg ©r epntgplling tqﬁr@oquﬁgccpfﬁ,dewce under

tes?@lﬁﬁmﬁ 'ﬂ%a%en@%n& eabatiif2 Bed REthSY ShRptisi ?"ﬁher@éd%(ld thigphally

coyplies SPEPRRINTE CRATEN U hG Ghik 8,8 P e WA GG How of

a HOR HERSRRdmERInE QRBYetHTSUGH: oarepbsmg %nprlfoMat“byeiﬁanEBHSvalve
each TCU in fluid connection associ
upstiegitt e&ﬁﬁeﬁ&hﬂsp&smp%ﬁ@worﬁgmar% Valva %Vé"%@ega‘c PhiNgy TCU:

recBRMISAH PR §lbﬁéﬂ"r56@lébﬁfatlw oV altetaperatuiplof tige DLA; A6tichanging

a single varjable ressor, wherej

2 1B ied) Fehe, longisaHiEBas 3 BaRTs oty of e TeDE! BRIFEDygef the

tenfperdttie of trevBURQUl ating val ves for changing the flow
areas of the respective flowegulating valves based on
signals representative of the tenperatures of

A ;Br@d@teﬂmnéd dvTstrERinEireDESERIf e Gt@RatRHEXDRWYINGIve may be

adjg t&gqaga%cr F%ﬂn f %FEGSS V&l Raldrbs d;’ﬁebﬁﬁtbﬁrfﬁt|i:'ré3§5ﬁée¥9@a|ve

0 one of ordi nar
forahangmg) Eramge éfca tanling gamcplmasiwsﬂegetrqf;igeﬁ baat Epsignpysiem.

The method fnay further cofnprise maintaining a substantially constant pressure

upstream of the automatic expansion valve.

The method may comprise providing a plurality of TCUs, each TCU in fluid

connection with one associated upstream automatic _'expansion valve and one
associated downstream flow-regulating valve, coupling the TCUs to a single variable
speed compressor, wherein the controller is coupled to each of the TCUs and to
each of the flow-regulating valves for changing the flow areas of the respective flow-
regulating valves based on signals representative of the temperatures of respective
DUTs.
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exanple only, and in conjunction with the drawings, in
which: Figure 1 shows a schematic diagram of a single
wo b@posisecontrol unit (TCU) system Figure 2 sPOWNSGZ08/000143
schematic diagramof a nulti-TCU system Figure 3
shows a flowchart illustrating a nethod of heat
transfer for maintaining or controlling the
tenperature of a _device U'S%? test (DUT), wth heat
BRE@%E%@R@“%@EWHE DRAW %i ng to an exanpl e
enbodi ment. DETAI LED DESCRI PTI ON Figure 1 shows a

schematic di agram of a si le thermal control_ _uni |
(Tbaetn ol ghe vRetn Wi 8 epReEent el spparent
to SFRPSUSHFRAPEKIS M Gie aptsramthaviibvimpiveten slesafptianphayeay of

' h i i t . Th I ngl
exarly 85 o 0GOPEPee ) 5t Bl PR NBEREY cscor 108 for

driving a heat transfer mediumin fluid form a

condense 04 for .dissipali te; t ;

r e&g?‘{)’& { ,S%?‘%? aeicg}%?az:’c cﬁéérgg‘ngfsosﬁ r@%??é?rg%dcog trok apit (TCU)
systerransfer device in the formof a thermal control unit

(TCU) 106 which absorbs heat froma heat generating

devi ce, thus performng the function of an evaporator.

TheFigite 219®wsesy sdhenstic\diagsamiaf adnglfidiCdhsystRei gns and

configurations, but generally includes a thermally

conducting mai.n body which is in thermal caontact Wltﬁh

gr for

a dagiree 3upbrws tdlow-ehary illustating awmyethed PthBsat Japser
REfting bRRESARINEE theUiSidemitirOoft ATRVRE @Hder @dst NDUF), with heat
ma‘g‘?@ﬁ%égés prtgc\g/ilﬁggd_ei n tdﬁe TCUo 106. The ends o;mt he
genstatiog gapadjlith Acearding ta AN expmpleemBeAiMER- t o an aut omati ¢
expansi on val ve 108 and a flowregul ating val ve 110,
respectivel The automatic expansion valve 108 is

DEEA%QES&%FEE)NIDSI ream of the TCU 106. The automatic

expansi on val ve 108 creates the pressure difference

e ot SRR oL 8 S gRBELBlE D rcu)
systhe 160. The effigleaTC 1 gystadnvi©0 1< 8 vapoutlicoppsssionsystéra, which makes
s 3P PLAE ey COg o h iy desb el TPH Sl felitytem 100
firsthOorhprises ptaspressor H62 domdtingea heatdtransier trediwo il dridderm, a
coridAsdr 105 T4P l:lﬁgpét%gt 3t 3 LN r&seRIORART 8mYR! e diifonment,
and a heat transfer device in the form of a thermal control unit (TCU) 106 which absorbs
heat from a heat generating device, thus performing the function of an evaporator. The
TCU 106 may be provided in different designs and configurations, but generally includes
a thermally conducting main body which is in thermal contact with a device under test
(DUT) (not shown), and having the heat transfer medium flowing through one or more

passages provided in the TCU 106.

The ends of the passage(s) of the TCU 106 are coupled to an automatic
expansion valve 108 and a flow-regulating valve 110, respectively. The automatic
expansion valve 108 is disposed at the upstream of the TCU 106. The automatic
expansion valve 108 creates the pressure difference required to set the conditions for
heat absorption at the TCU 106 and heat discharge at the condenser 104. The flow-
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to forma closed | oop system A controller 112 is

coupled to the TCU 106 and the flow egul ating val ve
WQ2®9/034364 control | er 112 controls the fl ow r egRCEBG2YS/000143

val ve 110 through feedbacks from TCU. During a steady

operation node, the TCU 106 absorbs a certain anount

of heat generated by a device under test (not shown)

and di t the h '
regléj@tmgé;@gélr Q%ﬁsusﬁdﬁgﬁﬁw%ﬂ %b’{ %3{)@ -|hhf8§9l eémStmg
valvEei 1t @i &ﬁJpﬂadeoemé)/coHMsaf @62 amecn’odmmf,psbo 182 settoupled to the

congérpesgg l%(ri{e)gr% Wec{qgaéq%ﬁfaiéf %icgtuggg ?&f{?naﬁj&s artgamgglfé (?ﬂvalve 108
to fere lebtsé@ loR)s BestemOA coatrulier 103 s tdupledrtesisaiTEUUDStanddhe ﬂow—
can pe ea
B A g R
feemrasémm Tokessure downstreamat the TCU 106. The
vaI m'rlulg%tos S?cﬁlz pgg 10n%c§c%ame0fCL? HBs fab&%g g S&Hhém 'aﬂﬁ)unt of heat

SIStS alnlng const ant
geqaraecsw 2 device trder st (nobshawrg ang dissinates the hagstortoeengepnment

throggﬁ él% ci#d%ﬁs%v L8k i é{ﬁéﬁ{&lc]%@aﬁélérpvm e Bitaths a steady flow

ow area for enabling a steady flow across
aret laecar@og 10 8. seT hresswrasiffesensecacrsstthe adieTialie exprngionyvalye 108.

By bg\f@d 2% g)@?g@@hpﬁeaﬁ\ Hlstﬁé aqﬁfﬂd%@‘éxbﬁmrﬁ\}ér foedtrel prgssure

St ea erati on node. The user-define
upstreamesant b @a$l rapigigined RaRsiast ands, fusgbe ﬁHw”ﬁS'Fueﬁaa%?w“ valve
10% |§"ﬁ§|eem rRARGRAL BOBorERHe, presdiire Vd&:%sﬁrél#n hetathegBOBI 20&dThe

devi ce under_ test increase

accuuietarda0 ORWEHEAAISBY APUTRBHAI S EVBAJ] EBoGRIar 1 Beptaing

a cIFﬁarﬁttE‘ngns%gr?éa?tL t?gcr‘g%éim 1d8VdnG€chLL|B’ldteﬂ1et'H}lJ 106. Tres fom-esgyulating
Nnsor

i oA s & Pt aw Sl abiis F ARy Rogs the TOU

108/0 |T1th€9|€mﬁéramté I'ot Ithe tdevicE aindenteso Iréreami ]:ﬁnsté’ﬂrteat a user-defined
contro

hen sends an t
oGR8 81 g SRy PERSD dhache B cis e defab it e aieo
kndwiead 4 eavpogul ati ng val ve 110, resul ting in a larger
flow rate across the TCU 106. At the same tine, the
pressure at the downstream of the automatic expansion
val Derirfg08 trdesiemtapesation meodeu e @nwhe thedbeat geperatagl Ryethe sipvice

un%eéq%&a&t?%asegstthra }é’a%r fdrebe InRE qgrﬁﬁertahu?e bt @1‘é’ de@tc@ u(ljwder test.

I C expansl] on val ve

The tersparatereacf thhaledicanistertest isfdeterted by éﬁﬁmpéraéﬁﬁéﬁ‘@ﬁ%ne g-a

thermocouple 113, which sends an electrical signal 114 in the form of voltage or current
to the controller 112. The controller 112 then sends an output signal 116 to the flow-
regulating valve 110 to increase the flow area at the flow-regulating valve 110, resulting
in a larger flow rate across the TCU 106. At the same time, the pressure at the
downstream of the automatic expansion valve 108 decreases. The automatic expansion
valve 108 increases its flow area to increase the flow rate across the automatic
expansion valve 108. The fluid pressure at the downstream of the automatic expansion
valve 108 returns to the initial pressure corresponding to the initial set pressure
difference across the automatic expansion valve 108. The combined action of the flow
regulating valve 110 and the automatic expansion valve 108 results in an increased flow
rate of the heat transfer medium across the TCU 106 and this sequence of event also
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valve 108 returns to the initial pressure

corresponding to the initial set pressure difference
wa@emessisthe aut omati c expansi on val ve 108. ThePCDaG2008000143

action of the flow regulating valve 110 and the '

aut omati c expansion valve 108 results in an increased

flow rate of the heat transfer nedium across the TCU

106 and this sequence of event al soincreases the
increasssi thg thfm: capacy of the TCU 105 .Thupuan agditiaorli amamslof heat

gengg?ém%y %@i@% LHEIREQLE R ed ?ﬁd HRVerPetdide of #RSdevice under

tenperature of the device under test
testusthuhw"ﬁﬁhm aithegetemointhe set-point. Wien there is a

decrease in heat generated by the device under test,
t he opposite happens. The flow areas at 't

f 1 obere dharatis iy doerase mlbeadrﬁfn@f?éeda@votnat#ee"csxmﬁsﬂ the

opp\'ﬂﬁ{ev ﬁaﬂfﬁﬁs afie HGH YA, atltRS Hbivdréglidting aalv@Wero érhd)YMer &ltématic
of heat transfer nedlun1across the TCU z%

xpRRSRIE .va'geﬂt@é B druRgdc EsHing Y 8t 'opRke SeiFtEd Dy Het transfer

medi@hNidéds theeTte nmr Al Feiutihg tthe cotinigCeapabitie bf tresTCHt 106 to

t he set-poin t f
b e SRS AR e SR HEL ERNP BT SHBOLD st om 100 15

to maintain the tenperature of the device under test

Toa SR dRsoenueie Sas L aggatal I ANE R of the

systeanpdleisitd neintaio thenfehpeehire ahthaectevice unggaestfcooptanlaatitm user- -

sy R S8, 130 ' 0o Pt ERLARS S

additionalhenpiasities tol numemerasan actmz)tygei obgperatianreglg. §mﬁmga"y cause

'van? Cr{; i ¥h W{Lb %t!?%rogf e g}hrdg?fe@t Shr ERGnSIE e ‘?eliéﬁﬂg of the

O a su ndroplnte erature c
devive umieeast gm0§e|d by thismekshockgysudheasswierpaipatticglar syéace of the

dev%%vdrﬁi‘é fR's {edfte SL%GQN ahptif t&ﬂHé%tLﬁ'@ %arﬁj %é lifvedtigated by
of

ecrease I n nperature
deose;asmdhﬁsetmolrtt ﬁé’thééiewé% Ufﬂﬁﬁﬂ égst faskenqugh |t<b&ﬁ+~°-§dh%§¢§ﬂf§d aate of

dec?éjdsgﬁhqﬁé‘tterﬁﬂ)&%% WHEH tHRXPbiRt Bt tHeUdevidedtwder 144, is idWeered
system 100 responds in a manner sinilar to tha

usingan aduement glememelor BRI PYIPY signat Hib, H@ﬁvaee"hi%oeﬁespmds in

a nfaffér éll"f’IHQQI) et Qe an GRFSdsk e theab@pératura of MlesRyice neder test is
t he cool |n(glb8$pTc ty of the TCU |Bcrea es and

detetath 7% Ffs We i iORSSERTE: 1185 1 CARUY e%@ac'fvaﬁf dig, TCU
incrle@ses #Ad tﬁb@erhb‘éfam@é:w the dewceiinder tése demrbasshapkdly to simulate the
there is a change in the flow rate

occfeRstoiadBEme SHer e um

Further, although there is a change in the flow rate of the heat transfer medium
during the transient operation mode, the temperature of the heat transfer medium which
also affects the cooling capacity of the TCU 106 remains unaltered by using the
automatic expansion valve 108 disposed upstream of the TCU 106. Therefore, the

' overall range of the cooling capacity which the TCU 106 is capable of operating as a

result of the control of the flow-regulating valve 110 can be changed by selecting a
different fluid pressure downstream of the automatic expansion valve 108 by selecting a
corresponding pressure difference across the automatic expansion valve 108. In other
words, by pre-selecting the pressure downstream of the automatic expansion valve 108,
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during the transient operation node, the tenperature

of the heat transfer nediumwhich also affects the
weombisgecapaci ty of the TCU 106 renains unal t BCEEGHNS/000143

usi ng the automati c expansi on val ve 108 di sposed

upstream of the TCU 106. Therefore, the overal |l range

of the cooling capacity which the TCU 106 is capable

of operating as a result of the control of the
whi¢h typicalyginvelvésmmealigleadiustneni el e autrifrjisxpynsien walvg 1P, the
absanufa Ja‘l@ésedﬁheféol(u.&%@gp%émmmmhm@mr@e agraeream &R Edhtrol

ansion val ve sel ect | nfg a correspondi ng
of ﬂpﬁ traulating valve A4 ca P%ééluﬁfﬁé QUeHRRe E‘Oé'iaséfﬁm BFange from
10 ek Y&20 0B, Ik @hhebr YPNndR to oo Wae- sel ecting the

pressure downstream of the automatic expansion val ve

108, whi ch typically involves a manual adjustment of -

t herr@%y@m 100 %ﬂfé@b@@le@bVGes’l@&e dfleentedl 9P khe @olind telmacity
cool.in n.the var ’

at o T T OB WK Ol e Bemeleaniat S AL ISP PR el the
afatm@ oﬂi?jélg%\ﬁdé udr test wmeeemmmgmbomeat) raad gesifigle mutput
0

o < Jovetted somad L S AR Fns oLt et Epihiers.

Actioé vahstionasd Idoﬂlgwgcm:ac:tlég/cat bé¢ hdvahGlidet0fy asthieed yn¢hanging the

set-lpggxtJ 8{ tgﬁtdg{ms:lg/ gﬁgﬁr t?#pjl"lge g h@g jhljfr %ysﬁ?'n ?g mania(’géaoilsl)a allows a

 testingsrocesstth be eondyites em’ewdmieedﬂv)ceam@na oge tigiee Ibistnetad that for

thesé rgq/g ITC,(U tﬁﬁste?‘nl o) atrhga rﬁ‘ng;gégs% 19§ rlhgf bfeI %rét@g uétaé 'd&ﬁstant

ive variation
Optmzﬂd spgedagm@em sesasdarbek@pa!de @ﬁhargﬁtmén%/raasﬁu%ﬂ@as 59"tf0||ed
t t ive Tt
ooy BEPNOR S GURRG eRR Bo, Bind B ARSHGE UAIBREH Sale T2 in the
exanpie esbodimente conduct ed on a single device at any one
tinme. It is noted that for the single TCU system 100,
the conpressor 102 may be operated at_a constant '
opt fFefi battar gwseaw'%hlbs%weé%reséhatoseaera& EEHBW@H&E ermployed in a
sm@@%lﬂ E]H:utt R8vihG B EBnpressbioay £ EdHdeRtdraithuise B4pbabliify of achieving

lndl\yg;o.l%\ll-eé g gft |ﬁ2 iglgx Réﬂ%ngi%ﬁgblit ?@%ﬁ%ﬂ@ tabgtﬁe éﬁvan?ageously

-moaiﬁ@dimcdém'uttmcutsystémpreferred that several TCUs can be

enployed in a single main circuit having a conpressor
~and a condenser with the capability of achieving
i ndFigudu2lshowsta sthepfiatzadibgra®lof dmeulsiTEY eystet) 209 sTleermulti-

TC@J%&ft%m cobrr?pr%gg %”rtec"%‘&\‘?eoruzﬂz}’ arr{r%gél.]‘nluﬁgto} 9(519 n?ulttl'Bl'é tI'bUTIRLés 206, a
condenser 208 and a variable speed compressor 210. Each TCU line 206 comprises an
automatic expansion valve 212, a TCU 214 and a flow-regulating valve 216. The ends of
the TCU 214 are coupled to the automatic expansion valve 212 and the flow-regulating
valve 216 respectively. The automatic expansion valve 212 is disposed at the upstream
of the TCU 214 and the flow-regulating valve 216 is disposed at the downstream of the
TCU 214. Each TCU line 206 is coupled to the receiver 202 and the accumulator 204.
The receiver 202 is disposed at the upstream of each TCU line 206 and the accumulator
204 is disposed at the downstream of each TCU line 206. The accumulator 204 is a
reservoir for the heat transfer medium flowing through each TCU 214. The accumulator
204 is coupled to the compressor 210, the compressor coupled to the condenser 208
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Figure 2 shows a schematic diagramof a nulti-TCU

system 200. The multi- TCU system conpri ses a receiver
wQ@om/osaseaccunul ator 204, multiple TCU |ines 2P61/SG2008/000143

condenser 208 and a vari abl e speed conpressor 210.

Each TCU line 206 conpriseg an automatic expansi on

valve 212, a TCU 214 and a flowregul ating val ve 216

The ends of the TCU 214 are coupled to_the autonat
andetp gnsdasseneupled 2a theareeivai0R] dworedfar &t govelpd & ti'feTCUS

214r P AGH- 'ré’g‘%ﬁa\l.’ln%-ogﬁeé‘gﬁ@qﬁé'a‘éc@ﬁtﬁl%ﬁ oA tﬁé"c\éﬁdéh%gr Pe8 and the
di sposed "at the upstream of the TCU 214 a

CcoMRreseor éH |T§p|p|rﬁjsgrg| aj thepaggumulagnr geﬂ) §eraora{orqcﬂléy the controller 218

to &QM\@%FF@@W Rhw éfhﬁfr@_&bhtaﬂl%ugﬁéﬁih TcW2higne 206 is
coupled to the receiver 202 and the accunul at or 204.

The receiver 202 is disposed at the upstream of each

TCUNhEM theH2Bt Qﬁ%rﬂeﬁﬁbyaﬁ?wbﬂtr@ﬁ(ﬂﬂ@) 24 idtrepsse thedflow areas
at t%he downst ream of

O4HE T BORTRANTT SPNVERG B [PolRSPEr ™ TR Spansion
val\fésmm@'etlhﬁr@aﬂéh esalbing Cla lnfbrea'Ela én mecﬂnm rate of tHEOHest dransfer

d to th '
e o PR S5 SORAE Skt
medleﬁ'ﬁﬂdvsmg idd2he Acauondator 204¢ wﬁlcll gesuits umxplher@asealntthe pressige in

o 3Em{ S0 SRABH P s PAER E B s i

a tpamdwe?ﬁt e.dhea guieagrakecdricoor ;_res:st;vg pisasUre rteansgycar heand the

'con‘%r%P1 4 94d es% & Jass@l‘?%etg %e%uf' cpat cérhﬁ‘é’ségr 210 to drive the

eran thro 14. \VWhen t he heat

: commrssmuem b Jastary I'tﬁmee omqm@eaag(agyfeglmedlwar Bad@wn pyeof the

accféjh-%%t@rr E@AE Al thDSrE&FBES rdRufd WHHE FBbRhIAST \2@11\4§Srestored

e respective autonati c expanS| on val ves
CodigspondinglsaBete he@slamsmgtqdnabweu ¢RopeRssE 208 Fhiher 'P%ﬁx/ Hansfer

mebBikf cﬁénr{ehi%g heat oft BRNSEMPrelEsH P10 akdressest hat iinieanthat the
us, there 1s a lar

acqurrwj?é?fe%o“n%/?{)tﬁg?%% Fygids & ytuak BEE?EBHE? B?W*é%ﬁk'?at'"g valves
218MAbfedc®SiH dirscti fluicBorhmGRieatRM with theecopipeessor 210, Mvatibiton of the

o U Gongsed SO 8 R b ol o

theaTOU§m4e| Fhl, | the Gccuragla®r 1204 mrtﬁesdasenberdaemin@erembodlment

| | d '
oo a5 PSS 2”00 e O b ot him e
flovi-afutating Ivlelneezmmlnea foabdr rodifstien ohtbdiembodignaint alvewrointFigure
2, G bl EH g ABeIE L GREhAE 0B 2 plR oo -
fanhemseedicf the sendeaserd depending oo tkesnssd tnesraa@ble ﬁéeeniemmpressor
21(5 Eérﬁ‘\fﬂgrr the control of the controller 218.

The increased heat transfer medium eventually flows into the receiver 202, which
is subsequently supplied to the respective TCUs 214. The additional heat generated by
the device(s) under test is removed and the temperature of the device(s) under test is
maintained at the set-point. The cooling capacity of each TCU 214 is indepéndently
controlled by the combined action of the flow-regulating valve 216 and the automatic

expansion valve 218 as described above. Also, as described above, the absolute range

of the cooling capacity in the respective TCUs 214 can be adjusted by selecting the
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medi um channel | i ng out of the conpressor 210
increases. It is noted that the accumul ator 204
wa@eaaansEgeous! y avoi ds a situation where, if tPEI/SG2008/000143
flowregul ating val ves 216 were each in direct fluid
conmuni cation with the conmggessor 210, variation of
- the drive speed of the conpressor 2 10 would affect
the heat transfer mediumflow in each of the TCUs 214,
desifér,ipressure dewostreaa obineZespective; ardomaticeXraagioR YaiNpt %12 Thus,

eveﬁrﬁjg@lﬂé?@tng&d\‘@ﬁ"é?ﬁsﬂuﬂeyovﬁmCrbhgzé'i& @%hr@b cibgcftyﬁ‘for each TCU

he conpressor

canfbedngiyigigally a@lﬁﬁgd \/ﬁ‘l’%dﬂ 6f other ‘l:alelsmntth%?ntH% aYSrt?'Eat i on
of the enbodi nent shown in Figure 2, the controller 2
18 may further be coupled to the condenser 208,

o W there B, 2 dedinp i RegLaRRORTISE (Y AR e Eraore of R TCU(S)

214d%i@bundgfbp%ﬁﬁ ‘ﬁﬁe?ﬁv 4rags mtaﬂheabé@cmwl«mw -Egoptieg salves2216
e contr
anci i SR AU SRETTEPTBPR A VB ey PRI 3 pger fow

ratet Bﬁtl’feeﬁ&tvcﬁnsié@%ed&dnh (‘ah:rcbss thel beleqam nT(]:ly(s}s @pp) Tieas, tthere is a
smaﬂlﬁr ypqggrﬁéﬁ%ggt(t ncﬁ ﬂ?wmil drg Q Lmnlg?oﬁ' %@2 & éﬂ leeQUlts

in & de@esasy i theopretdiee de the a(:cm)nulaioi‘e204 e'E’te decreaseninaprassyre is

oo e Ry 2 SR B o BPE LA o o
drivehtiee Edropresseg sloatr. sy héat drapsfer raﬁdiumhsedmmpf the accumulator

204 éRé‘nﬂ?ﬁ%O@e %Ib\éﬁ gn%gsﬁé @g@gré&%ﬁ'auﬁa@&"?m%%sm%d Thus, the

scri e ab ute range o he cool i ng
temperaiige bl therdevine(sy s tast isanattaiseg @thé aAt-pRintadj ust ed by
sel ecting thedesired pressure downstream of the
respective automatic expansion valves 212. Thus,

i n EhegnuiGiTE heyistam 20Qadypsiagrpushhrowges @Pﬁpﬁfﬁ’ﬁ@tec%fm' ofot each
TCG29h 1 Tk &é%oél‘(%i brésd pé s@taﬁd'ht-ggﬁe%@uﬂﬂﬁlatdﬁ dioy |n¢Béﬂls lttyat one does

sel ected, 1ndependent of other TCUs in the en
notsyeedetn PRYRiFRllY HapRitarsand qertol fhe iRaIRCIAW Sfcdt 6? gﬁ"ﬂ?/s are

aut@fﬂéftldéﬂ)? nfide B hsOie thBeprddd(cppratind cobdifongp proadditon, the control
happens. The f| ow areas at

AAGPTGR T 830N RIS FRere sl P EATE B Bl the ndivicual
evapbialirBfiie &vepansiuprdy Thiseadahfagassly edvied, condeldtiitngf the

BB A Lo ok e 09 M mc o e
maisngivcliie Ho aBDhate tofcol‘rea’qborﬁrvatmscfoetrolrrﬁdlne,l imdividwal FigUilines Further,
thets:;{gteﬁf %@ﬂ‘u | Zt anfaﬁgb%M cto eo%g tz% fl &@Jfﬂ@&{:o? Zfz%gbﬂ lines as
prepsugs Sluctiatisnsdet ¢t e\dg:uramiatot hﬁe Iesenhheb'l toe be 2affectagnby irdividual
chasﬁggg A e THIR Y& \AHoGs SRiRALF AFRF&GR SPEscABY tifermal conditions

required at each TCU of the multi-TCU system 200 can be advantageously provided.
The multi-TCU system 200 is simple and relfiable and can be effective for all kinds of
cooling processes.

Figure 3 shows a flow-chart 300 illustrating a method of heat transfer for
maintaining or- controlling a temperature of a device under test (DUT) with heat
generating capability, according to an example embodiment. At step 302, a thermal
control unit (TCU) is thermally coupled to the DUT, the TCU arranged for flow of a
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drive the conpressor slower. Less heat transfer nmedi um

is drawn out of the accunul ator 204 and the prescribed
wee@smsnses i N t he accunul ator 204 is restored. ACIISG2008@00143

tenperature of the device(s) under test is nmintained

at the set-point. The multiTCU system 200

advant ageousl y provi des i ndependent control of each

TCU 214. The use of a pressure set-point at the
heatdtansfer anegiupOtherethraugh.hal stepa30do @8 Fematieaxpansion valve is
dISB(.l)Bé%I Gitelnd B 'tﬂeoﬁ'C@nthCQQf: 6, tahﬁovﬁ?ég'ﬂjlétin@w/él\l'é ‘IBJUIsposed

as ch anges are aut omat |caaQ% made to ensure the
|

dowspsgrea m thondiGd.oné SR 8RR BNOMPUE RO NtePeFseTtative of a

ten?a Df'et Sk DIEPRY réc@rvapAﬁﬁféBtM@S atflow §t‘é@tdeI|1e ﬂBwtrBQulatlng
low circuit and the |nd|V|duaI eva ora the?ﬁfr

valyg is @ﬁﬁ@%ﬁ)b%ﬁ?d oFHing SiNRhIRPERRSOIANG oh Bgfa e o

~controllability of the-individual TCUs 214 with

accuracy and short response tine, a a de to
£ heTHaFAmETeg: 1oetldorBPIAETS e 85 B afSL i e Sxample
emB&ditERE dekscrided ébbdé\élrd éRhilab@Ustahderd .cofrpohéres., Févin@omponents

arenttErd ot heemerPenee L SPE 71 eiodt (TardaLpycles of
diffeleat aatimobad O advdntsgRolislk epryvitied. b€uethérecthed db_ylgps of the
emb?éj rp\éptgg?arlepggﬁé]% bgﬁltcptgaeva %Héo& A a\@g liP'd3s L# ri&*g}{ﬂegn%?é the

her cBndi 11°0ns req
embadiinet€lintot tédh bamdi¢rtsys€EUThy stnbndlmotscan bb@dvantageously used
advant a y provided. The multi-TCU system 200 is
in cgomﬂaeo sigagldﬁéel i abl e and can be effective for all kinds
of cooling processes. Figure 3 shows a flowchart 300

Iolrl fgﬁ] ;%%I r&lﬂ&{ Bﬁ% Pérsgr?gkig%& ‘?ﬁ"?ﬁee brtftRat AEhétbad Rhfdtions

devi ce under test
anqlmpdmathnhm o madattpribe eEsapt investiongscehimiy the specific

emﬁ&‘ﬂmhﬁ \ﬁmg'dgﬁél'&mg Aorms tHePsphitZor §’cotp€et5fniﬂb |ﬁ\§€hh6|ﬁ>|as broadly

coupled to

 desgribesh @e Tesent PORDGMeRlcae. DPEIRS?.dp bR gret 1 al Fspects to

befll'ﬂ@tfﬁﬂr@%ﬁ&’g&reﬁﬁctﬁ/bep 304, an autonatic expansion
valve is disposed upstreamof the TCU. At step 306, a

flowregul ating valve is disposed downstream of the
TCU. At step 308, an input signal representative of a
tenperature of the DUT is received. At step 310, a
flow area of the flowregul ating valve i s changed
based on the signal representative of the tenperature
of the DUT. The conponents used to inplenent the
control of the TCU(s) in the exanple
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enbodi nents descri bed above are avail abl e standard
conponents. Few conponents are required for the
WOl ¥ednt s. | ndi vi dual control of different PCHSGIHNS/000143
cycles of different heat |oads is advantageously
provi ded. Further, the designs of the enbodi nents are
conpact, which advantageously nmakes it easy to
|ntegrate the enmbodinents into a test handl er system
Sembodi ments can be advant ageously used in cooling

appllcatlons It wll be appreciated by a person

killed in the art that numerous variations and/or

1. nodﬁfheeatr?aﬁgr fesjerpdonmaiataining precqstralinga tempeisiure At g device
um?ala QY t([?]wrr)tmn r%;éﬁ@érférétmg @Bﬁébln’lﬁ l’dﬁéhé’!tftr’téﬁ%fér ﬁ@w C@?@.smg
rom e spliri or Sco e I nventi on as
deseﬁ?rseara?urﬁéomr@'sw Pf&'rﬁ far therme 8?‘&"”9#8#@?& tfy*% TCcu
arr@fg o6 fisle e d heht t@édsféreﬁétﬁ@m&hér@trb@ugﬂ lustrative and
not restrictive eat ransfzh i&g}en1for
ot 7 St SXEAERIEN VS AP iR ur AT e T Gavi ve
EndeIﬂOWQ'sglfJIéW\)aIW dubpdm'dtdogmsereamlcﬁghe:mwbahdt y, t he
eat tr er e SN ate ratuecont
Lot coh T B3 e e REB T idving bR fepfSyiatie of
a tempemagee of the DUBw of a heat transfer medi um-
t he ro t i I i
L SWRERI 400 oot RTRIHE: URBRR! O 1 R ALBRARE ave to
chatwgerss fove amaodf thé oW-Cehulaling \alvolbased| drethe signall expresentdtive of

the kSt g,g{urégptﬁbpmg an input signal representative of a
t e

erature DUT; wherein the controller is
further coupled to the flowregul ating valve to change

2. 4 fJfﬁ’%N ?ét%?h o} &Qﬁeﬁhﬂ"\’fléxﬁﬂ"ﬂl MR Vé"p}’é?de?éﬁﬁﬁeooeo&/n&ream

epr esentati ve O enper ature of
pressurenes thesaamalc expansien Nﬁ'Vél lalaﬁlqsta%éweawuatmg a pressure

diffefpeal £ratd e slavmatic BRPBNRIPSHENETRIchbR§ng Y RMBEISE a cooling
expansion valve is adjustable by adjusting a pressure

capficity afiwptment °§€}ed§§tfrﬂés SWV@FP&H c expansion val ve-for
changi ng a range of a cool i ng capaC| ty adjustnent of

t he_heat transf
3. The system as c?almeg in clalm 2, further comprising a receiver reservoir

upstream from the automatic expansion valve for maintaining a substantially

constant pressure upstream of the automatic expansion valve.

4. The system as claimed in any one of claims 1 to 3, comprising a plurality of
TCUs, each TCU in fluid connection with one associated upstream automatic
expansion valve and one associated downstream flow-regulating valve, the TCUs
coupled to a single variable speed compressor, wherein the controller is coupled to
each of the TCUs and to each of the flow-regulating valves for changing the flow
areas of the respective flow-regulating valves based on signals representative of the
temperatures of respective DUTs. '

5. The system as claimed in claim 4, further comprising an accumulator in fluid

connection with each of the flow-regulating valves at an input of the accumulator,
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3. The systemas clained in claim?2, further

conprising a receiver reservoir upstreamfromthe
waeohEsedc expansi on val ve for maintaining a PCT/SG2008/000143

substantially constant pressure upstream of the

automatic expansion valve. 4 The systemas clained in

any one of clains 1 to 3, conprising a plurality of

TCUs, each TCU in fluid connection wth one associated
and festhe sempaeasontearitee beafdransiag madive ahaa ovtret gkthedcsueylator,
for ee%%ﬁmfﬂbwegegﬂﬁ@wv& Héth¥Ke cohigrelsds coupled to

a single variablé speed conpressor, wherein the

controller is coupled to each of the TCUs and to each

6. Of tThe slitam he BHimbENG JAM¥es or sy, whaen! he &d}ﬁromépvg further
areas of the respective flowre ulatin valves

ed
COW%TogtHﬁI@CV@HPBgé?ﬁ PRI G SIgnl reRiRpRMalyF @i Bfessure in the
acdUpslaeE, iang tM&ntr&lerT&ﬁrﬁﬁéSb@ﬁbl@@tcﬁh@l dﬁhﬁbréﬁbdﬂf@ﬂ ﬂdijéstmg a

further conprisi cunul ator _in
e L N A G A
acdufrulatecunul at or, and to the conpressor for the heat
transfer medium at an output of the accurul ator, for
de-coupling the flowregul ating valves fromthe
7. conPhiesystem a6 .clalined &y ahyeonesf the arenedingrelaimai fusthér comprising
[ f to the
2 BRI e et SsPaihg Beadftom Dot SRbrEPHROER 01 Ve of
pressure in the accunulator and the controller is
fur hy f
8. 'hgbe sygtgﬁvggggcrlr%r?leeésgr @m@%sogﬁﬁterﬁéc@dﬁiﬁ%ﬁduﬂg @herein the
con’tmbeeﬁenlveatcbmen%ﬁs alset-priot gdiustment iumé fat: edivsting grset-point of
meﬁpersysten1as claimed in any one of the preceding -
I ms, further conprising a condenser for dissipating
heat fromthe heat transfer nedium 8. The system as

9. cl aTlﬁ@g¥étEmaé§’cI@Wﬁed3fn Ehfn B SFRMAIAGhE cahiSliler WABhGEd the flow
t he con further co rlses a set - pol nt

aregqjofis thee rflovaieouiating  dayiert Parpda Yeta ‘Eﬁ’ﬂﬁ?ar@P”t RE thar. signal

repPesehbiftive Yo§ tRemperdtdieBithd DUT] a’ﬁdrth8sewmﬁtel n the
- controller changes the flow area of the -

flowregul ating device based on a conparison of the
10.Si gmgd S)VSi@'ﬁe!semzhl&teld\m ctfimtd) evieesip einadruactivefopehatiobUode, the
set—poclintt lgechsa%tge whereby a cooling capacity of the heat transfer system is
changed as a result of said comparison, resulting in a change of the temperature of

the DUT.

11. A method of heat transfer for maintaining or'controlling a temperature of a
device under test (DUT) with heat generating capability, the method comprising the
steps of:

thermally coupling a temperature control unit (TCU) to the DUT, the TCU
arranged for flow of a heat transfer medium therethrough;

disposing an automatic expansion valve upstream of the TCU;

disposing a flow-regulating valve downstream of the TCU;

receiving an input signal representative of a temperature of the DUT; and
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10. The systemas clained in claim9, wherein, in an

active operation node, the set-point is changed
WO/eet/ed§o4a cool i ng capacity of the heat transfR&T/SGRAQSANN143
-is changed as a result of said conparison, resulting

in a change of the tenperatyye of the DUT. 11. A

nmet hod of heat transfer for maintaini ng or controlling

a tenperature of a device under test )bWIth heat

gen@r@aginggaclipmmreat 9f tﬁ%@OWé?EB@t'%ﬁﬁNes Ased 1B Heegignal
rep%fsenﬁﬁ@éGﬁiﬂe}f%lﬁﬁéiﬁ{dré‘&tﬁebﬂmef ature control unit

to the the TCU arranged for flow of a heat
transfer medi um t her et hrough; di sposing an automatic

12. exmh@ﬂwddabyelawﬁéa rre@muﬁh 1t Réneféib); a dréﬂéié‘ﬂmﬂadadownstream
flow re%ul ati ng val ve ovvns ream receivin

Preg?HE npfuies PYRRIRYIE ¢pPRERAL a‘fﬁ%'%?glé's{eé'nﬁ%raﬂﬁ'ﬁ 94t AFEue

dlﬁ%tlawa"w:ﬁsl%athgldﬂ@rﬁaﬁd @;vpaa:rsm wiivd foe chatying @gahgé ohg cooling
val ve bas resentative of the

. h
: Caﬂaé%a?la% eé‘t 8$thtfaﬁ’§a E%'::ersy ' nethod as clained in

claim1l, wherein a pr edet erm ned downstream pressure
a matic,e nsj a el d

1320y UK g i SihBRaR BBty fa el el fegniaining =
substarmaﬁy crmstmit peeskore gisinegmef the aatogetiofexpamsion va1ge ‘

capacity adjustnent of the heat transfer system 13.

The nethod as clained in claim12, further conprising
14.mai Theamatheg as claibeddnanuiong of slagnaiitl opil @sermprisingskroeiding a
plu Ilg/t BPJ@*USO r@atchCT@ﬁp?'nnﬁPBncé(rﬁl \fﬁon Jv\ﬁth Eh@ 4RbHed2Spstream

In‘any one o ai ns 3, r|S|n9
autpm@tm GXPRNsiorp Vel andyonst amgsateféai@wnwrn om-iggglating valve,
colpfiRG 86 TelIsWb LWsiRGIe vaRamei spked c'éﬁﬁés%%m\@ﬁgrglmhé ©ontrolier is

expansi on val ve _and one associ at ed downst r eam
Coqﬂ%wpr@g‘ﬂ]l Aithey &'C\P&I and to&ﬁﬂﬂl C?frﬁ@e flon-ragylgting,valvas fﬁ@ Fhanging

thevzﬂbwatglr@ass PEE Ghe& OFBRPEERR ,floWRiGaIafing healvedt baddderon Ssignals
| ed t? each of the TCUs an o_each of the

repfass 3tg a @@.tﬁ@peatwsgofﬁﬁspeﬁa'ﬁ WESthe f1ow areas of
the respective flowregul ating val ves based on signals
representative of the tenperatures of respective DUTs.



