MULTI - TEMPERATURE COCLI NG SYSTEM BACKGROUND OF THE

| NVENTI ON [ 0001] The invention relates to cooling.
wopms/opant i cul arly, the invention relates to PCT/US2005/002106

mul ti-tenperature cooling systens. [0002]

Mul ti -t enper MULEFTEENMPERAITYRECOIING SYSTEM t he

art. Such systens cool nultiple locations to nmultiple

di fferent tenperatures. A separate evaporator may be

| ocated at eachpARGEROUND.GF THH BIVENQIOR, 065, 591

illustrates a nulti-tenperature system featuring
[00Qddv er Fhe byapiiasistates taedoling MagP padishlidysthe inGUNMARNAtEFto

1'I.'HE | NV%INTI orxllﬁ%ooqs%‘ One aspect of the invention
mul{HTOPFAIG OOMBE SVSIPS conpri si ng a conpressor havi ng

an inlet and an outlet and at least a first port
between the inlet and outlet. A condenser has an inl et

[00@2dup| Meplti-tereprsatursinoling systant #eknown ie s are Such systems cool
muh[g lfe{I%ﬁ%gl?ﬂ]{ourﬁ'{iﬂgﬂf%ft?%n%éﬁlﬁg;atm’és.fﬁi %e%tara?e\é ?Y%%B?attgrrmg}?ge located at

coupl e e condenser rec

each Btatidpe UaSitPaggid Noas,085,50 Uilhstrates uphd-té@pétatire system featuring
conpressor inlet, A second evaporator has an inlet

SeVEE FOIIHeSERrs PRE 2 SBIRRFAIWENSCH receive refrigerant and
has an outlet coupled to the conpressor first port to
return refrigerant to the conpressor, bypassing a
conpressi on pat h $IeMMARY! OF THIERYN €EDAIONI et and

irst_port. [0004] hi_.various inplenentations, the
IOOJ:"&mpr obe a%Peﬁégﬁqg%lna(e%?wolaﬁs ALIRAPANYS SREIRIEVRE R EBpTessor
havifik ah @R arANB RERE 2RI G NAROS FirsiBYrt BXGRRA Y Bﬁﬁlﬁ?é b¥Bt. A condenser
refrigerant discharged by the condenser to refrigerant

has e sddtapyeldd tythacompressorandeidd redeavef iefrsgeram dnd beommoutlet. A first
evaporator.s. A first heat exchanger. may..exchan heat

evaF R PR et SIS MG YEET Y e B E AR 8 s o outle

coupled fd 16 cempredicr GMBY. desbchivd &MPotatdras 8N AN Rupled S theondenser to
second heat exchanger may exchange heat refrigerant

recefvegnititiesanh andyeas apyoutlsecapiaddn Sy compressbr figse parto return refrigerant
di scharged, by t.he second .evapor,at or. donor conduj t
to e B FRHT oYPASHEE o S RAEH PR Pheben R S SlesRog g and first port

donor conduit of the second heat exchanger along a

refri ]%er ant fl owpath portion extending
[0004] various implementations, the compressor may be a screw- or scroll-type

compressor. At least one heat exchanger may exchange heat from refrigerant discharged by
the condenser to refrigerant discharged by at least one of the first and second evaporators. A
first heat exchanger may exchange heat from refrigerant discharged by the condenser to
refrigerant discharged by the first evaporator and a second heat exchanger may exchange heat
refrigerant from discharged by the condenser to refrigerant discharged by the second
evaporator. A donor conduit of the first heat exchanger may be downstream of a donor
conduit of the second heat exchanger along a refrigerant flowpath portion extending
downstream from the condenser. A refrigerant flowpath portion may extend downstream
from the condenser and branch into: a first branch through a donor conduit of the first heat
exchanger, the first evaporator, and a recipient conduit of the first heat exchanger; and a
second branch through a donor conduit of the second heat exchanger, the second evaporator,

and a recipient conduit of the second heat exchanger. An economizer may have a flowpath



downstream fromthe condenser. A refrigerant flowpath
portion may extend downstream fromthe condenser and
whe@sosdnt o: a first branch through a donor cpPemMus1008602106
the first heat exchanger, the first evaporator, and a
segimerdifisine npsteegmanfithe Gfst ahd sddond evipezatorsie Hawpgreanneftthasecond
evaso?gtgm branch through a donor conduit of the second
eal ‘exchanger, the second evaporator, and a recipient
conduit of the second heat exchanger. An econom zer
may have a fl owpat hsegnent from upstream of the first
[0005h0 sAaeihar EPapeH dkvinyentipndpyplyes @pgpparatisfompsissrgimeans for
. - Lnvent i
cor B BRL At R s SR BB 8L ol PUEE B oty am
intemmddiite poet abmi intanticd Bitelocsiga £615d the cpmpteskioh peRNThe baratus also
and outlet ports and an internedjate port at_an )
has p gerdenaqriand dirst 3ad spemd gV aprgatore The Appacaius glso bag meanstfer coupling
; a
the RS apd R AT S p 0 GRSkl o AP orgso as o
opetatecthe ffir€ eyappustbest, a fustitehmpieenture dhdtiee seosridsevaporacteras @ kecond

and first d second evaporators.so.as, to operate the
tempqratyge, i‘{)*é%gﬂa&’t %P %éftt teppgrpiyge. &‘éﬁﬂé‘?“ét@?@%ﬁ%ﬁe{oﬁé the msaps for
com?_i@ﬁﬁg a9 cofbistesSE AN of@_@ﬂ%feaéonﬂ{_g?essbﬁwer than the

irst tenperature. In variods I ement ati ons, the
nmeans for conpressing nay consist essentially of a

ingle c ressor... [.0006] Anot.her aspect. of t.he
100Gt} e P tnc aioaam T S0P T oaling et and second
locafi6fs) A0reliPEspdrit @Eompressell i ifhed @Hhpressof RANRAE S 6/ piis$ibn Bath between
conpressor having a conpression path between an inl et

an ijefrporband asrpuglet pert. Thercompressed sipgasan deiconsieniede Adirst pogtion of

c . A fir rtion ef .the condensed
the GARRRS Feetabt s ShRPUbA T Rt iReEROLT IR ppergporg o ool the
firstflodasibnt £ BEDhApaftiont of th®@edndehsedfrbfiipbrdnzadvhpitated i 8 GEIMAA
portion of the condensed refrigerant is evaporated in

eVaRPT AL A ceUMIEMREHIIg highe e figshiranparafpes, theagh de second

-han ' t s , .
oca 004 R lp PRSIy ISy tor o e e o
of theaoutpnesdorl A®leaktrepditios bf theapigatat istretutdvd frdth éfie $2061d evaporator
toa%f t he ,con‘pr&ssor. At least a portion of the

&t PPHeieRrciiate tae COMBSION diet e vdebrtsalensdha compregsion path.

In v&idus'i ioh§ 8B Lol

BBl B A Lo OB SRl b o

bypasspt leas phavf thedirstamdsecmdravagoraes.t i on of t he
refrigerant nmay be diverted to

[0007]  The details of one or more embodiments of the invention are set forth in the
accompanying drawings and the description below. Other features, objects, and advantages of

the invention will be apparent from the description and drawings, and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008] FIG. 1 is a schematic view of a prior art system.
[0009] FIG. 2 is a schematic view of a first system according to principles of the
invention.
[0010] FIG. 3 is a schematic view of a second system according to principles of the

invention.



bypass at |east one of the first and second
evaporators. [0007] The details of one or nore
wepdstd4rent s of the invention are set forth i nP@NES2005/002106
acconpanyi ng drawi ngs and the description bel ow. O her
[0011 & at 165 4 ippjehenmtic yirtv afly thindssystsnodccotding tevshicindes of the
1nv9% be apparent fromthe description and draw ngs,
Hﬁlfron1the claims. BRI EF DESCRI PTI ON OF THE
[001RRAVESIEGS i§ 888 natit Giewl of & fourhysteRt dceondir®o qfnnalpwsl othe
art system [0009] FIG 2 is a schematic view of
inventiqus t system according to principles of the |nvent|on
[0010] FIG 3 is a schematic view of a second system
according to principles of the invention.[0011] FIG 4
[0018F a Isikbesfatchee Mirgber bndddsignatiosyiattbevatne deiwiggs Pdicate like
principles of the invention. [0012] FIG 5 is a
elemgg¥enati ¢ view of a fourth system according to
principles of the invention. [0013] Like reference
nunbers and designations in the various draw ngs
indicate |ike el ements. DETAI LED DESCRI PTI ON [ 0014]
FIG 1 shows a prior art system 20 for cooling first
and second | ocations (spaces/volunes) 22 and 24.
Exenpl ary first and second | ocations are higher and
| ower tenperature conpartnents of a refrigerated
cont ai ner 26. An exenplary container may be a truck
trailer or may be on a truck trailer. In the exenplary
system first and second evaporators 30 and 32 are
respectively located within the conpartnents. To
provide refrigerant to the evaporators, a single
conpressor 34 receives refrigerant through a suction
(inlet) port 36 and discharges the refrigerant through
a discharge (outlet) port.-38. Fromthe discharge port,
the refrigerant passes to a condenser 40. Fromthe
condenser, the refrigerant output branches to split
bet ween the evaporators. A first branch 42 extends
through a first



expansi on valve 43, the first evaporator 30, and a
throttle valve 44. A second branch 45 runs through a

W@ emongidexpansi on val ve 46 and the second evapPCHUS2003®2106
before joining the first branch to return to the
suction port 36. RefDEHAHAD DBIGRIFGIONe | ow

100} fle” < it bt P Prasp ) Sorcodine Pt MieeRig foptchs
(spéc‘é%@lhﬁ{eb'{)ﬂ SERDFRERD]a3P iR 88E Secolid Wedhodd e hfggsf drl®lower

val ve 44 before returning to the suction port

temppratuae cogpartments pHhaitigenated cantamsr 26.nn exempplantcontad@r may be a

o R b4 5308 o, TR AU
evaparatol190 ¥l YPard4edpebiit i Focated v thil thartobpaitRRAtst 6 pfivade

pressures. The throttling process associated with the )
refrigerans tarthecgpinasaters; 8 simgle eairessprdtieceivenmpbigarant thpugh a suction
. Sho n_al e .em r.copling the.locati
nif B4 5038 RIS KRRk SO RSP R, b o e

dischdfdel poit, &itcteft gerhapgeedora condénsendd. Fgoehé Sori@nser, the refrigerant
npr essi on ﬁath t her ebet ween. At _an internedi ate

co
outpyy branches tq|spHpbatweerhasyanosaters. Hdimt branch toeiendsdbrough a first
LNE i [ f I y.aefant
xppf o 0fSe 85 O RGP, R0 kha F o HEWaLASLAN sepond branch 45 runs
throughdeaseid dxPamsivh valved@indtine sécond elvagoraton B2 béfeee joining the first

br anches. first branch_6_1 passes through a first
brapehijaReHBHOa¢ HeligD pﬁﬁ:}éaRﬁﬁ@ﬁP@é ﬁ?ﬁgp&&ﬁlg%églggg@g% gvaporator 32

ma;ﬁfhu@ &liteetty td ﬁetsﬂﬁid.nﬂﬁo?f SRRl Sor AR kit -théh%ﬁ&q&gxperature

ranch 65 passes through an expansi on val ve 66 "and
evaparator 8fpassas threughvthp thrattiervaB® 4t foretretnmsng t» theeuction port. By

suction rt. 54. The location of the internedjate.port
opeRiig g R gk B £ parHor 20 EBuls e EatERL e
temPEAARY bEd Alesduld ThaR@bés the 1dwGUHBSRAE edaPotdi B The F8lve 44
outl et pressure of the high tenperature evaporator.

provideha sfep down pplavesn thestsiogiressiygse Tenifprttdingarecess tespeiated with the
1be Aproad freedoFfaet.o optim ze the exact |ocation of the
vayenz% el}e%ea?lgfénﬁ’g CIice potentially configure the

conpressor so that one or nore of several |ocations
be selected during or after installation. Wth

nma
[0015§Zi pFdeat shey scmmbicmatoyystent Heiargpelingtic decatigay 22 pn24. The
. | . : .
sy UL EoP 2 ik B R B8R Pang 56 derming o
confirésiongfatil iherebtd@es. Avih inrmbdiarotaiopratdrgihe ordpRbsi®@tpath, the

i nternedj ate pressure. . . .
compressor includes an intermediate port 58. Refrigerant discharged from the discharge port
56 passes through a condenser 60 and, therefrom, is split along two branches. A first branch
61 passes through a first expansion valve 62 and a high temperature evaporator 64 and
returns to the intermediate port 58. A second branch 65 passes through an expansion valve 66
and a low temperature evaporator 68 and returns to the suction port 54. The location of the
intermediate port 58 along the compression path is chosen so that the pressure at this port will
correspond to the desired outlet pressure of the high temperature evaporator. With screw-type
and scroll-type compressors, there may be broad freedom to optimize the exact location of
the intermediate port and potentially configure the compressor so that one or more of several
locations may be selected during or after installation. With reciprocating compressors, the

intermediate port may conveniently be located in the interstage of a multistage

4



[0016] FIG 3 shows an alternate system 100 having a
conpressor 102 with suction, discharge, and
WO niosogmdi at e ports 104, 106, and 108. The conPEnEs82005/002106
110 has an output conduit with a trunk 112 and
impleraentdtien. Insnchadithdtton, Tessites gifi thestages atayrbe chepeanrtsipoovide a desired
. ,valye 118 and high tenperature evaporator 120 are
IntPedpe P ¢S  *he branch 114 and the | ow t enperat ure
expansi on valve 122 and | ow tenperature evaporator 124
are located in the branch 116. hi the exenplary ]
[006ibodiFHen shoysran; adiesnatd systemn 19Qhaving 2 cempressor A with suction,

i SRR AR5 0% 18 169105 BBt IR oy

con@iig Ratha ek 1181 fad bPareheyws14 £idsl lieN ThBighQerh&hture expansion valve
exenpl ary heat exchangers 126 and 128 incl udi ng heat

118ddvigh ismperabure evanesator Lifkare dorgtadiin dhgibuasel 1 Mearidghe taw

I : ' iLvel
e SR e S 07 A Rt ARG o BB
brantbst e BiNthe Exémglageanbstiment, pexiohaofthe thaB 117 be: inésht exchange
exchangers are crossflow, parallel flow, or

relagignihiie Mith pRriea o Siechanhes & 1l BLO ddvgirenm of Seirasgociated
- |
Ve 2 g\ri%p%(s}#rdnon: y lhgﬁe%fb?l% O?Ef( %}lﬁgerjat [ Eﬁ’g@%ﬁe&%ﬁﬁd 128
incluéihgihgatrdnbolengths béthe twinklvohdwigarsliodat oreigient dengtiesod thebranch
t he conpressor, or with poorly jnsul ated suction l.ines
congfiLiTRSPRCIED. cHOPE BRIk copflahe it Rt criaptrr 49ds Epsiream of the
secildBal BEhERPEr ﬁQS‘.nﬁ{bthéaf‘é)&rI]léﬁlg‘éré:é}@ lerssefibw OFhral g ﬂUw?fM &&linterflow

back to the conpressor. This reduces the density o
heat ¢xshaugets avd agaboentiléusinaty exhmplasof tigsisloo-santion kdah exchiahgers

ressor delivers a.fixed volune flo result.s in a .
(LSFRTRAERR Hesprmely prdinof Feahiipl avsistes th reffigh i sveidins with
lon$ ¥&ctiBAlindd bk e the ddenpredsof iSkith pOdrly RShlafe@@hLEtRE lines or in a hot

capacity essentially equivalent to the heat transfer

envirgnmenthhem il eerhdal wansterHom ihagnyirenment intp thp gool suction gas

expansi on, val ve from.t.he condenser .is.qften.at a .
lorfBAR Bhnd Sinihedo? D e RARE A Do i il o entoring the
confiR&dsbghdfinédhe chinfitdssorieli®érs hdix@f volungflbW ereSNdN Siréduction of

niR i
val ve and evaporator represents increased cooling

mass floxcof rpfrigera éhreygh bmsystere. TiopikarBisinst xenelt pf lgsi epoling capacity
esse%ﬁtaﬁg Elﬂgvlﬂﬁﬁ t§ ﬁPeﬁ?:%{ Mot @' i¥t% Ry szc"ti%ﬁ ?ifng.rfﬂe”l@cg{i‘c? éﬁtenh;% the
energy "to e suction gas Teaving the evaporator. S
expwasiorsvAlVefrsmahé Ovhdgaser ivofidpdt aasipanturd BighbisthawthelkavRonment and
is Jlittle. or no additional heat transfer as the gas
any cooling of this liquid prior to entering the expansion valve and evaporator represents
increased cooling capacity in the system. The LSHX cools the liquid entering the expansion
valve by transferring heat energy to the suction gas leaving the evaporator. This warms the
suction gas to near-ambient levels so there is little or no additional heat transfer as the gas
travels back to the compressor. The cooler liquid entering the expansion valve and evaporator
result in a net increase in cooling capacity. The cooling ability of the suction gas leaving the
evaporator is thus harnessed to boost system capacity instead of being lost in the suction line
on the way back to the compressor. This results in improved system efficiency (this all takes
place with no additional compressor power) and allows for a smaller (e.g., less expensive)

system to carry the cooling load.



travel s back to the conpressor. The cooler liquid
entering the expansion val ve and evaporator result in
W@200809440CT ease in cooling capacity. The cool i PQI/US2005/002106
ability of the suction gas |eaving the evaporator is
[00tHus FEGresmed & systeonsio kavingacanprgsior 52 Méﬂa@adti@f discharge, and

e 0P 15528 SpAda R pisorfopin i B il B eteitalf rose of

FIG( 8 Hfshainld 16w K&ﬁp&h@?@eﬂﬁdaﬁﬁoﬁ ealagsiws 133 726N B St Aors 170 and
power) and allows for smal ler (e.g., |ess expensive)

1749@}@(@%{ bosigular {o thhes TG, Agn tbaayqtmiﬁ? Iow@vey heafewehange is
bet iR Sr A s 18RRAT 150 todatmiinh RoRdSik T oeme,

valv%/eﬁ)@ fdﬁsebmbﬁﬁtmﬁu ﬁlhlearw;ch@ag%rgn%adndtmt hose of FIG
I gh and | ow t enper ature expansi on val ves 168 and

172 and evaporators 170 and 174 also nmay be simlar to

[OOHJOS eA?lflOIé \%1 f{s molalﬁclaﬁ sy b B ahgﬁlontbcf\gﬁg f mo?%%éonoguzers FIG. 5

change ions of t branc

showb @ sygish 208 /vensn dmmmﬁraam 202 lidsgoxta 204/ mapmt msnwmch may be
conbi nations in heat exchangers 176 and 178,

gengialy g it thoseBHi kG Za Siarya the qopdensgyi? 19, élrgfbanddﬁw tgmperature

F
o B 24Pl 45 it ich BN BBl RO L ISR T B 218 may
be snm;laxb @hg eystera 20§ irmiludek an ed:cmotrtimxé)ypﬁss lebluiR230 extending from the
hlglg’gl gagam Iﬁar ﬁ’b&%ﬂ% g@gg%gpezﬁgh%l@h t Qﬁﬁgeﬂevlggévrafo&wﬁr y l1'Ir{teermed1ate

porfl BTBABHI tirfk 2342 PN RbRMizér Head BELAASer DAY cBRtafisH ﬂe@f recipient length
The system 200 i ncludes an econom zer bypass conduit

24228 theesondnid 23 afd o ireatidondi lghgth @i of dieurumki?3dn A ee@omizer
b 214
exo R T 20 TP BRS i 250 AR <3 e 1RAEt 237 apg g umction

with8ttrek eBa e e?afd@n%ekad)mﬁg cphast ofrreﬁ-i%@ta@mvhi&lriguhzerted through
242 of the condU|t 230 and aheat donor 1ength 244 of

econdrpizey Wsmdumwmﬂﬁ@dﬁq providesddtional cmlmg tothe nilag,n liquid flow
thro}sh TRchedofk 20T RNOHch nfafR AN URRR A0S c PR cCaHRr 0K, provides
incregxel 'cﬂ@lnfg-?t&@amtw Tot vasdriih ge Bphssdoinatit 2S0,dihiel ised an intermediate

throua@ econonm zer bypass conduit 230 is used to
presspxsiigher S the tavatemisertine g veReraion 2 piesiure ds eptymeghio the

1ntehﬂécﬂﬁllg %rés?lgte:cﬁﬂl%(es éjr iUSSanﬁ(}QAo%ﬂ) g%la&] ad fr)aﬁ'Wof t‘g[g ffn flow.

ocee e evap ators. provi i NcY ease
Becaml dnhga paﬂabctdnypreéﬁlit&l i¢ apated] me tiieernymalsnyredion podd required

for mllr(l:cr}eallscsed gsrapao?atérnct:a%;g?ydlls %tnley a part of the compression power that would be
needed if a conventional circuit was used. Thus use of the economizer circuit provides
increased system capacity with a less than proportional increase in power and improved
overall efficiency. In a refrigeration cycle, this improvement can be quite large (e.g., ten to
thirty percent or more). Alternatively, the economizer can permit a given or more moderately
increased capacity to be achieved with a smaller system or can otherwise balance capacity,

efficiency and size.

[0019] One or more embodiments of the present invention have been described.
Nevertheless, it will be understood that various modifications may be made without departing
from the spirit and scope of the invention. For example, the principles may be applied as

6



pressure higher than the | ow tenperature evaporator
218 pressure, is returned to the internedi ate pressure
w@ovpoersor port 208 and reconpressed as part PET/UR®05/002106
main fl ow. Because only a partial conpression is
modifieatenhs of Meriouscaxestipgtoa lyetetorhpr deysioped gicstemns. Vélgpn ingderhented as a

he increased.evaporator capaci.ty is [ ) art of
mog GBI BIST R BOREA BRI T st dRatest f3ipartoutar
imptaRMRRIdn0 AR ordinh iothepRfbY&RebntsTAY SvitheethRfscditeof the following
econom zer circul't provides increased system capacity

claigist h a | ess than proportional increase in power and
i mproved overall efficiency. In a refrigeration cycle,
this inprovenment can be quite large (e.g., ten to
thirty percent or nore). Alternatively, the econom zer
can permt -a given or nore noderately increased
capacity to be achieved with a smaller system or can
ot herwi se bal ance capacity, efficiency and size.
[0019] One or nore enbodi nents of the present
i nvention have been described. Nevertheless, it wll
be understood that various nodifications may be nade
wi t hout departing fromthe spirit and scope of the
i nvention. For exanple, the principles may be applied
asnodi fications of various existing or yet-to-be
devel oped systens. Wien inplenented as a nodification,
details of the original systemmay influence details
of any particular inplenentation. Accordingly, other
enbodi nents are within the scope of the foll ow ng
clainms. CLAIMS What is clained is: 1. An apparatus (50;
100; 150; 200) conprising: a conpressor (52; 102; 152;
202) having an inlet (54; 104; 154; 204) and an outl et
(56; 106; 156; 206) and at |least a first port (58;
108; 158; 208) between the inlet and outlet; and a
condenser (60; 110; 160; 210) having an inlet coupled
to the conpressor outlet (56; 106; 156; 206) to
recei ve refrigerant and having an outlet; and a first
evaporator (68; 124; 174; 218) having an inlet coupled
to the condenser (60;



110; 160; 210) to receive refrigerant and having an

outl et coupled to the conpressor inlet (54; 104; 154;
WQ@ubp/09@abhar act eri zed by: a second evaporat or (BdT/USR03/002106

170; 214) having an inlet coupled to the condenser to

receive refrigerant and haWldgM®h outl et coupled to

the co essor first port (58; 108; 158; 208) to
WS SHAP

Bri gerant to the conpressor, bypassing a

1. CONRA aFsdris (5 Nobets0e 200y doenpeidtipf essor inl et and
first %%gt. g?tThe a argtus (50;. 100, 150; 200) of

Y . .
cl o eANIPTARREF 6123 102:nED 2 3pdrhayingrani inleh (3 ﬂ@%lt%pég“) and an outlet
CRRr 85, Th r (Rfd. 1300, , .0 :
SRR ISE R0t T PR35 R 198008 B ot and o
andconpressor. 4. The apparatus (100; 150) of claiml
further conprising: at |east one heat exchanger (126

128 conplgaser (s 1800100k gl Pchanmgansiplshroued tgdha pempressor outlet (56;
[ . : to refrigerant
10651 3606 Biredive P EARAE R B updt a0 178 and
secofitt (MapOratdrq63; K24apo4;a218) havihg ad hdetajoppled taithe(cdenser (60;

1 of claiml fyrther conprising; a first heat )
110g ig@a’ﬂa}ew re49 e r@ﬁ?@ﬂ)ﬂ@ﬁéﬂiﬁ&ﬁa@n [ogHet ‘TOPB{?firt%Bﬁ cgatPagssor inlet (54;
1049 5£harged by the condenser (110; 160) to refrigerant

di scharged by the first evaporator (124; 174); and a
chageteomed bgat exchanger (126; 176) exchangi ng heat from

ert e e e o Do BORRR BletorEini fie ghfenser t
recel?@ﬂeﬁ@gera—ﬂi%néﬂ%ﬁﬁh?tﬁg%%1_{13{]6%)1]%1@5 t& 1R SBhpravbsy ﬁ?ﬂsgg)orﬁ(SSS; 108; 158;

donor conduit of irst heat exchanger (128) i
208y tovwetirn eefiigeanttodhe oemprgssdni iypassingvecorapresstiorheath between the

exchanger 6) along a refrigerant flowpath portion (
Con?fezs)sore eéﬁlg‘l}ﬁbslag%st ream fromthe condenser. 7. The

apparatus (150) of claimb5 wherein:
2. The apparatus (50; 100; 150; 200) of claim 1 wherein:

the compressor is a screw-type compressor.

3. The apparatus (50; 100; 150; 200) of claim 1 wherein:

the compressor is a scroll-type compressor.

4. The apparatus (100; 150) of claim 1 further comprising:

at least one heat exchanger (126; 128; 176; 178) exchanging heat from refrigerant
discharged by the condenser (110; 160) to refrigerant discharged by at least one of the first
(124; 174) and second (120; 170) evaporators.

5. The apparatus (100; 150) of claim 1 further comprising:

a first heat exchanger (128; 178) exchanging heat from refrigerant discharged by the
condenser (110; 160) to refrigerant discharged by the first evaporator (124; 174); and

a second heat exchanger (126; 176) exchanging heat from refrigerant discharged by
the condenser (110; 160) to refrigerant discharged by the second evaporator (120; 170).



a refrigerant flowpath portion extendi ng downstream
fromthe condenser (160) branches into: a first branch
W@ 1@®6)p944br ough a donor conduit of the first heB€T/US2005/002106
exchanger (178), the first evaporator (174), and a
6. redhpiapparatitild)tofefaimfewhdéreit heat exchanger (178);
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the §cbéd head @Qc@ng&ccmsm&ng:@f@ﬁgémﬁfﬂd 11566:908 ("EYtextending

exchanger 8. The apparatus (200) of claim1l
dovwngiredne fropy ﬁpsdqmger an econom zer having a flowpath

segnent (230) fromupstreamof the first (218) and

second (214) evaporators to downstream of the second

7. evapRbaai(sd190)-ofaidis wh@amat us (50; 100; 150; 200)
conpri sing: means (52; 102; 152; 202) for conpressi

a raakfrigesana flowipath prgtion exerpsting dowhstisamHrora theeandenses ? 160)
wﬁ 1%04 154; 204) and outlet (56; 106; 156; 206)

%nd an internediate port (58; 108; 158; 208) at
an | nt eraidt Bﬁaﬁcli (1056) t}mughl Eﬂitgloi‘ bﬁldndlim’rtﬁé;ﬁtsoheamakdihanger (178),
condenser (60 0; 160; 210); first (64;. 120; g
214he frg cxamoBHer Qléé) and3; reqpmnt congyit g @sé%&lwfsexc snger (178);
megpy for coupling the inlet, outlet, and internediate
port's, condenser, and first and second evaporators so
as t 0 opeseadmwd biancH (1164} theaephar duinor c«atduit dfi thcsstecond heat exchanger

rature and the se evapor.at or
{ oAl EoOT PO AT ke SpiDteB K e Foondrhet
ap@{g gf% glaim9 wherein: the nmeans for

conpres consists essentially of a single
conpressor 11. A nethod for coollng first (24) and

S 1 o HegeparsPiR of ime TBbB R, 550 302)
havainr&oﬁoxﬁ%pﬁm £AoRphth sbEhYREPBHTrdA gitrdaﬁféftﬁéﬁrst (218) and

104; 154; 204) and an outlet port (56; 1
second (214) evaporators to downstream of the second evaporator (214).

bran

9. An apparatus (50; 100; 150; 200) comprising:

means (52; 102; 152; 202) for compressing a refrigerant having a compression path
between inlet (54; 104; 154; 204) and outlet (56; 106; 156; 206) ports and an intermediate
port (58; 108; 158; 208) at an intermediate location along the compression path;

a condenser (60; 110; 160; 210);

first (64; 120; 170; 214) and second (68; 124; 174; 218) evaporators; and

means for coupling the inlet, outlet, and intermediate ports, condenser, and first and
second evaporators so as to operate the first evaporator at a first temperature and the second

evaporator at a second temperature, lower than the first temperature.

10.  The apparatus of claim 9 wherein:

the means for compressing consists essentially of a single compressor.

11. A method for cooling first (24) and second (22) locations comprising:



206); condensing the conpressed refrigerant;
evaporating a first portion of the condensed
w0 edosiogapant in a first evaporator (68; 124; 17dr/ul483/002106
at a first tenperature to cool the first |ocation
( 24pmpsessigraancingprant safonhedPmiyesson (52611 02,H$ 2c R drasing a
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206);enperature, to cool the second |ocation (22);
returning at least a portion of refrigerant fromthe
f i roondensipothgcompressd refiigeraptiq:  218) to the inlet port
(54; . : 0 I : d L . 194-
o e i O

17423690k atfst téfifératizdio cb6Othedird)lotation (B4 st port (58;

108; 158; 208), internediate the conpressor inlet (54,

104vapyatingg a§cond gorion ofthq epmdensgd refriggranbiwe segend gvaporator (64;
IZOa!lﬂ?,@lhf'gt ac&gpﬁfl%ﬁipggltlﬁ@,t Iﬁghe}%han-rtjﬂg ﬁ%ttgﬂgerglfuré: h@LdB1 Jcl%e second

furt’hér” conprisi ng: divertrng an econom zer portion o
locdtioa (2B ri gerant to bypass at |east one of the first

an dretsu%:igg gt lee\a/tsa’lc%(ioro?ttioonr gf refrigerant from the first evaporator (68; 124; 174; 218)
to the inlet port (54; 104; 154; 204) of the compressor; and

retuning at least a portion of the refrigerant from the second evaporator (64; 120; 170;

214) to a first port (58; 108; 158; 208), intermediate the compressor inlet (54; 104; 154; 204)

and outlet (56; 106; 156; 206) ports along the compression path.
12.  The method of claim 11 further comprising:

diverting an economizer portion of the refrigerant to bypass at least one of the first

and second evaporators.
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