WO 20051094401 PCT/ US2005/ 002106 MJLTI - TEMPERATURE COOLI NG SYSTEM
BACKGROUND OF THE | NVENTI ON [ 0001] The invention relates to cooling. Mre
particularly, the invention relates to nulti-tenperature cooling systens.

[ 0002] Ml twebteuspedsat ure cool ing systens are known in therarseosBeas syst ens
cool multiple locations to nmultiple different tenperatures. A separate
evapor at or maybe | ocat ed MULTEAEMHERAEEURIA CODIGNGRBYEHEMNo. 5, 065, 591
illustrates a nmulti-tenperature systemfeaturing several conpressors and a
si ngl e condenser. SUMVARY OF THE | NVENTI ON [ 0003] One aspect of the

i nvention invol ves an appar BACKGROUNDSOR THE RO/ENEERer  having an i nlet and
an outl et and at ast a. first ort beﬁwen the inlet and out]et.

condenser (0484 anT Hingentiog Jpke QQPOE’-H% gﬁﬁ%@@? Ydbe PjéantiQ?rP]éJEﬁéFQ/e
refriger a%uﬁ@@m@@rﬁtuﬁ@cd&ﬁhé%steﬁs first evaporator has an inlet coupled to
t he condenser to receive refrigerant and has an outlet coupled to the
conpressor inlet. A second evaporator has an inlet coupled to the condenser

to receiv fri ed.,t e.conpressor first
port to retod ?ﬁ{hg n?rﬁfque%%?lﬁgs% "lrgérgg{glwh B’gﬁtrﬁ y%glﬁf)?%ogsi on path
bet }Neen t hmmtmbmsﬁsr tolmlhlﬁf;leamerént Iteiﬁpemllifes A $cpaird evla?clu‘dﬁi' by Be located at

i mpl enent ati ons ressor e.a screw Qr scroll-t conpr essor.

At | east offgh FP@%‘FODeici e ﬁa@»{)@@éﬂwaﬁéafn@i’ &Wﬁeéﬁwed‘é@tétﬁt eitfihar ged by

the condeng@brat Quippéstdrd shd@Rtindletoh@nagd by at |east 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 secon Iﬂﬁﬁ%ﬁ@@?aﬁ% hange heat refrigerant
from di scharged by the conde%ser o refri geran? ﬁesscharged by the second
evapor at or [0083]donOne aspechuftheihvértion taviodies hlea;ipafmwrmmmmgmwoh@redmmst ream of
a donor conduit .of the second heat e anger, al ong . nt ro ath
portion exPAVHE Fagnle 0?" W@Bﬁﬁtﬁéﬁ% H’gg’ﬁ%fmﬂ%&@ d;%’?'ﬁ q"P@%ﬁ
portion Meyas@X iRRtoSeIu il the 8dhpreisaPbitReto RIS figepitd al] RRGH obfMtOA fstf | r st

branch through a donor, conduit of the first heat
evaporator has an inlet coupled to the condenser to receive refrigerant and has an outlet

coupled to the compressor inlet. A second evaporator has an inlet coupled to the condenser to
receive refrigerant and has an ouflet coupled to the compressor first port o return refrigerant

to the compressor, bypassing a compression path between the compressor inlet and first port.

[0004]  In various implementations, the compressor may be a screw- or scroll-typé
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 beat 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



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 exchangaeeosesscononi zer nmay have a flowpath 1 WO POOASSRZHE0106

PCT/ US2005/ 002106 segnent from upstream of the first and second evaporators
to downst reegmentfromepsiieys qf thedirslfod second eyaporbys WflovHskean phtbhe sesond he

i nvention JoayalMes an apparatus conprising nmeans for conpressing a
refrigerant ‘having a conpression path between inlet and outlet ports and an
I nternmedi ate port at an internediate | ocation along the conpressi on path.

The appar al s s._a copdenser..and first a nd.evaporators. The
appar at usa[g?j@é hagn?@%nagp?cg? @'S&Bfleﬂwal mY?%EeSi at%ﬂag{}‘?g‘a‘i‘g? '?%ﬁ?fls%%e?lﬁtfgrr medi at e
ports, coRdepsRsing andriférusithafing aSRepLEsicn pih bakees irdd aaé otk peResia t he
first evaporatoyr at a first tenperatyre _and the second eva{g}grator at. a

np
second  t dgERediale BTt plRdRicpmethate incafion lens BRFIPBICHHR Patln Thgappagaus also
| ! TNt dals §Undehl? aAPANP alcdecorf MR GEDI Il BRI R a8 ARAR foLoupliRE. 2

singl e conpressor. [0006] Another aspect o I nvention 1 nvol ves™a fet hod
for cool i rihe inlet.sutleh andimiomedialepos,icondenses, andifirsigad aeronil svapomiore ssastoni t h a

conpressor__havi a ressi 0 th bet n_inl rt ,and an outl et
port. - The <2gis B8 B EPBLTEE 8 Brhes ik A e ool sBo oo e 37eed T
condensed tempérutyey; fiwer tsmehvafat Rinperatude. dn Virick iraplamentatieds, i nieahs fost
tenperature to cool the ,first |ocation, A second portion of the condensed
ref ri ger arfOPESSEIDE BYY SPRtSt eirentially ﬁ&mgmm%ﬁ%r at a second tenperature,

hi gher than the first tenperature, to cool the second |ocation. At |east a
portion of refrigerant is returned fromthe first evaporator to the inlet
port of t[A80&onpAnetherraspent of tha sventigponvelves aghethedfor eeelingdirsirand iseconét ur ned

fromthe %gﬁaﬁ]@gﬁ ENCEERE cohagaﬁeassti Witk a Q&Q%Flssélgﬁaﬁlw d&r?% g?sltsg:gl path Betweer '

inlet and por ong e conpress
i mpl ement adniinletportdndep@ncded poal Thocdmsrassed refifigerant isdogderaed. Arfinst partioh werted to

bypass at | east, on f, the first and second evaporators. [0007] The details
o Pone or HorIEHBLBIHETIE ibFvopE o1y BACT GHESHERdE S P FPiR oo e

first location. A second portion of the condensed refrigerant is evaporated in a second

evaporator at a second temperature, higher than the first temperature, to cool the second
location. At least a portion of refrigerant is returned from the first evaporator to the inlet port
of the compressor. At least a portion of the refrigerant is returned from the second evaporator
to a first port, intermediate the compressor inlet and outlet ports along the compression path.
In various implementations, an economizer portion of the refrigerant may be diverted to

bypass at least one of the first and second evaporators.

[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.



acconpanyi ng drawi ngs and the description below Oher features, objects,
and advantages of the invention will be apparent fromthe description and
drawi ngs, and fromthe clains. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0008]

FIG 1 is avecdwomisorc view of a prior art system [0009JpCENG2008002%06a
schematic view of _a first systemaccording to principles of the invention.
[0010] FI @0013] s HGsdieheohrmatic wawof a thinlsysien asoardiagmiqpirniplesef the princi pl es
of the inyeRkion. 2 WO 2005/094401 PCT/ US2005/002106 [0011] FIG 4 is a
schematic view of a third systemaccording to principles of the invention.
[0012] FI @013]i s HGs 6 eemsthematic dew of a foufritusystemspearding daprimcdplespfite pri nci pl es
of the invenﬁi on. [0013] Like reference nunbers and designations in the
various d ﬂ% indicate like elenents. 3 WO 2005/094401 PCT/ US2005/ 002106
DETAI LED DESCRI PTION [0014] FIG 1 shows a prior art system 20 for cooling
first and second | ocations (spaces/volunes) 22 and 24. Exenplary first and
second | od0813bns ldkereiergnremumbgrs 2 designatomsdn Ma yasioppiawmsesintdiepilikey
refrigeratggd gantainer 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 di scharges the ,
refrigerant through a discharge (outlet) port 38. Fromthe discharge port,
the refrigerant passes to a condenser 40. Fromthe condenser, the
refrigerant



out put branches to split between the evaporators. A first branch 42 extends
through a first expansion valve 43, the first evaporator 30, and a throttle
val ve 44. A second branch 45 runs through a second expansi on val ve 46 and
t he second woapevm@isr 32 before joining the first branakctyoszesstogiwst o t he
suction port 36. Refrigerant exiting the |ow tenperature evaporator 32 may
thus return directly to the sucDEPAREDDBSCRRIIONger ant exiting the higher

t t t t t he,.t | A bef
revarn ng 10Ehe” 18t anohLRtED a8 et b B el ndelPat e o, 1 e
evapor at or (shdcesiiioptihcs) 22and 2k Eaahplaty fxstinghedond lesariensaire highanfld fsvagsur e t han

does the |l ower tenperature evaporator 32. The _valve 44 _ provides a step down
bet ween t h&SORGGAEELCURpETEniTAEA Feigsrated ?P@t%?eﬁgésé“ grergUay captaifet Way Bea val ve

44 1 epr esenksk ahildr3eay bk 8 g)fruc% 9%11&] I‘Fh%é&m% ¥t R0 JaoRa SY St em 50

for cooling the locations 22 and 24. system’ ncl'udes a conpressor 52
havi ng sucevaporaiend 3Qiand b rgaespestivelytlacatedawitien def qompatmantschmproeslsi on pat h

t her ebet weel,. ' la { ressio ath, the
compr essor THER S d WaRHESIEEh o SR RhE 32 R I PP LSRR B3 om t he
d: schar ge Eﬁﬂdt) pﬁ@mﬂ?ﬁmhm’gﬁsuhgfeﬁag@md&ma :ﬁﬁ\:lﬁrgé,éoﬁtt?nﬁﬁfmwxﬁﬂﬁpl it

al ong two branches. i st branc 61 passes.through a first expansi on

val ve 62 A W@ﬁﬁ Ea ek dp 6 PGS 0 e e ecidgaser e igerant

i nt er medi alyRipRPbhndBs tospEERRREhaBeRoRRr 25 SRS bilaREPA ki ls Brbashs] Bt val ve
66 and a |ow tenperature evaporator 68 and returns to the suction port 54.

The | ocat i ¢Kpaspion iyalve #htthe fstieeaperapy B0, 8@ athuotily valve 4o Apeearsl boanch 46 furiss
h ' 4 t.Q. L red
cutter pr et diEoRiEpldorR iUl thd sclbld cvabBitoP 3 BE Binbdiin BR | OO

scrol | - t ypéranohir reaswtosthe sirgior posh $6. Refligaant ekitiag teriotvacmpdratitezeapdratorXhct

| ocation of the internedi ate port an entially.configure the conpressor.
so that on&¥ r‘&?&?@%‘ﬁuﬁ?ﬂv g‘f E‘F’ Suﬁ%ﬂ@?&éﬁgé?ﬁﬁerﬁg %@11’62{‘%1%5%‘3 EFRRFIHICaf t er
instal | ati @Rapolitér BRI Hﬂ@@%ﬂ {RIERITDYASS M Eefofef}@mnﬁﬁ% @rtﬁ@ﬁicﬁbﬁg&ﬂlﬂy may
conveniently be located in the interstage of a nultistage 4 WD 2005//094401
PCT/ US2005 operatimsat aihigliee tepperaturethe evaperaton 38 outprrisaefrigerant sie highees of t he

stages may t&r‘fpe?ﬂ&%%ﬂd b&sﬁ&@ﬂaﬁl ot tﬂ@l%iwrepgmperamre evaporator 32. The Q’alve 44
provides a step down between the two pressures. The throttling process associated with the

valve 44 represents an inefficiency.

[0015]  FIG. 2 shows an alternate system 50 for cooling the locations 22 and 24. The
system includes a compressor 52 having suction and discharge ports 54 and 56 defining a
compresgion path therebetween. At an intermediate location along the compression path, the
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



I nternmedi ate pressure. 100161 FIG 3 shows an alternate system 100 having a
conpressor 102 with suction, discharge, and internediate ports 104, 106,
and 108. The condenser 110 has an output conduit with a trunk 112 and
branches 11woaneb/0dd61 The hi gh tenperature expansi on valmeEustidoands hi gh
tenperature evaporator 120 are located in the branch 114 and the | ow

t enper at ur énplrpanisiion hvaich @ sitpdioantie sizvs ofdhpsages may bewhpende provikiz4 desiced

| ocated in, 16. In the exenplary enbodi nent, portions of the
trunk 112 a'ﬁrtgei%lleﬁgﬁgj} ‘J‘gleu;l?change relati onship with portions of the branches
114 and 116 downstream of their associated evaporators. FIG 3 shows this

in the formof_ ex I eat _exchangers 6 .and 128 including heat donor

| engt hs of Ti}“r:'r 1ty %6%3@ Urinafesy emé@&ﬁ%%ﬁ%a%tﬁaﬁ%ﬂ 4“ WH‘BSW&HCI’]

condui t, r@ﬁ@lﬁ&%é !ﬁ‘diﬁterﬁb&iﬁﬁpbhﬁl@i 4ok, a@ﬁ'l@S“’Fhecbﬁ&’enﬁérﬁ%bhﬁ@ﬁ{onﬁfﬁﬁhanger 126
IS upstream of second héat exchanger 128. The heat exchangers are

crossfl ow, Gmuetlvﬁﬁlawl&/\llz@ﬂd@mﬂh@rlﬂﬂw llrﬁefﬂle b@ﬁmn@ma@mm&m
|IIustrate [ whi ch are
comonl y use%l I n g%f [ "e}ahﬂgﬁgar?topatéﬁ%b tﬂf’n et r| gerati el(r)l% aélélsﬂ?% with |ong
suct ion | i renspebnie ekpanbﬂo& vaberﬂmmb]bmempmrhﬂurwepdwtor m%k:atlmﬂteﬂmtheon li nes

in a ho n there will be heat ansf rom e e Vi ronment
"hto the cBBRcb LIS BbRe FumbIR Rt imentiportons AbbE GpE 414 BE T heht exohdRc o0t he
density of rdii@nsks Wiihofifshs PR LrABhds 14 26Q TS ESoRreAN OF thelrNSRclah@
conpressor delivers a fixed volune flow, results in a reduction of nass

flow of repydngeterntFIGh? shngts thisen edormme! epemplanyheat pechargers K26 and 138 | ost
cooling ca Ak

cucti on |1 Rl heaRERE il oFAY A Sty nd S RERec IRRRLOF Hehe 10
often at acomiujicregieatieeliiAjhng ﬂlbhmnkbbtaiu&nme fiosh breai excnadgerd ¢ iswgpstreangofthe t hi s

liquid prior t enterln a n val ve and,evapor r represents

i ncr eased E‘EfBPﬁ?h gggrﬁ]{eﬁ’g a@ﬁ?rs W@ﬂ%@c‘%{ﬁ@ ﬁ'ﬁ‘g ?r'caﬂ‘?tar%ﬁ't ering
the expans h@ﬂexaﬁhg@smddsrsmﬁﬁmsuﬁee esRITRIGEM-toGubtif HedfddcRihpgRS | eavi ng
the evaporator. This warns the suction gas to near-anbient |evels _so there

is little 6-SHE) whighacsrommontypsed inrefngsrati syFieme; 48 reftigadeamsyBIEER Vi t he
conpr essor 1onye§§ctfo%%%£ backdd bt BitpfsbdOr Wik lpg Bfdd @éﬁbﬁ J%Efoﬁm fator

result in I Nncrease in coolrng capacl e coo Ing ability o t he
suct i on gasntiemwient) thehewill be heat transfer from the environment into the cool suction gas

-

flowing back to the compressor. This reduces the density of the suction gas entering the
compressor and, since the compressor delivers a fixed volume flow, results in a reduction of
mass flow of refrigerant through the system. This has the net result of lost cooling capacity
essentially equivalent to the heat transfer into the suction line. The liquid entering the
expansion valve from the condenser is often at a temperature higher than the environment and
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 encrgy to the suction gas leaving the evaporator. This warms the
suction gas fo 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 cofnpressor. 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.



evaporator is thus harnessed to boost system capacity instead of being | ost
In the suction line on the way back to the conpressor. This results in

i nproved systemefficiency (this all takes place with no additional
conpressor wowmspdamd al l ows for a snmaller (e.g., |ess @pamssioge)2iosystemto
carry the cooling |oad. 5 WO 2005/ 094401 PCT/ US2005/002106 [0017] FIG 4
shows a syHW&mh 1581GAshewys & syetemrléQ saving & compressos L33 with suction.odischatge, aadd

I nt er nedi . 4 e simlar
Lo those opterbfiib® pbrf1sfa%e BRHL MR IB0 AN AP b il (HGBSES 10
and evapor B BsHighGmd helv tetperatire expamgiob aalyen] 43:and 132 aindeepofatdet FO@&d I n t he
system 150 wever. heat exchan | bet ween lons _af the, branches 164
on 166 opLI REhe 5 B R RO FIG 1 Gk it D80, o B Ee g BRI e
heat exchabg®es pofiforod thktBanch@O63] and 166 0pgrexarand dswhRebain sfakd ons are the
addition of one or nore econom_.zers. FIG 5 _shows a system 200 wherein the

conpr essor Vapyevsnerales perabingtions iy heat gxrhangess 146284 Lidy be generally similar
to those of FIG 2. Simlarly, the condenser 210, high and | ow tenperature
expansi on val ves 212 and 216, and high and | ow tenperature evaporators 214
and 218 nufft18je . siAmidngvariTisanedification@® therddiiide of ane evwomccoaemibyp 6. 5

condui t 23Q extendin romth high te rature h bet ween .t he hi gh
t enper at ur 05’65163&%{{1%?6 y%ﬁre %elc"f'frﬁf‘rsé)a?@ﬁéas PSHY %8‘5298138%%ﬁ§“§1}%§3}’2]§4 An
econom zer gdenilly eEia fglbse 2t FIGON Sinilsly thamhdémed N0ghich bed Wihtempdrdngé t he

conduit 230 and a heat donqc;é | engt h. 244 of the trunk 234. An econom zer
expansi on YReggdonalves212 gpd 21, apd high apdlow ferprarspirg, aapaaiers Bt d 8 mays2 and

the juncti gmitid né MRt 50tKin2Rfes dn oA b9Pass LARNA2D R ERE B6i the Of

refrigerant which is diverted through econom zer bypass condurt 230 is used
t o provi dehightimtemtare brmeh 23ybetweerhibe highterpagaling evapnsator 2idoanghintetpaediateink
234. This | A | V. S | des
ncr cased PabrTS Tl P ARLOuAR AR Rl 080 SRR EOR S R ¢ o
an i nt er ne2d2adfahe ndeis 23@ati gt dédoafenpihe4i oftheanik 234 Ueesvopivent or 218

, t dta th I, di 208 and
D Al 50 Bt i i 520 bBees e BT e RoEor 208 2

with the trunk 234. In operation, the cooling capacity of refrigerant which is diverted through

economizer bypass conduit 230 is used to provide additional cooling to the'main liquid flow
through the trunk 234. This cooled main flow, which proceeds to the evaporators, provides
increased cooling capacity. The vapor in the bypass conduit 230, which is at an intermediate
pressure higher than the low temperature evaporator 218 pressure, is refurned to the
intermediate pressure compressor port 208 and recompressed as part of the main flow.
Because only a partial compression is needed, the incremental compression power required
for the increased evaporator capacity is only a part of the compression power that would be
needed if 2 conventional circuit was used. Thus use of the economiier 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
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Because only a partial conpression is needed, the increnental conpression
power required for the increased evaporator capacity is only a part of the
conpressi on power that would be needed if a conventional circuit was used.
Thus use ofwobe@segweion zer circuit provides increased PgItuseoosapas ty W th
a less than proportional increase in power and inproved overall efficiency.
I n a ref ri medifichtings ef various exising emycticebrdeveloped fystemsi Wheh nplem¢ntedjasa ten to

thirty per . %&_ i %ﬂ ] I: jt a given or
nor e nnder%@e ﬁB&Pg@%QQEE %@ﬁ cﬂféﬁ ong%%gg%ﬁeveg %ﬁ#ﬁﬁgp%ﬁépgtr system or
can ot her winsgerhedtativneAcapdioglyyotherednitiodineantsyarawithini the scop® 01 ik fédwving nor e
enbodinentﬁ_of the present invention have been described. Nevertheless, it
will be unt@™ ood that various nodifications may be nmade without departing
fromthe spirit and scope of the invention. For exanple, the principles may
be applied as 6 WD 2005/ 094401 PCT/ US2005/ 002106 nodifications of various
exi sting or yet-to-be devel oped systens. Wen inplenented as a

nodi fication, details of the original systemmy influence details of any
particular inplenentation. Accordingly, other enbodinents are within the
scope of the followwng claims. 7 WHAT IS CLAIMED I'S: 1. An apparat us
conprising: a conpressor having an inlet and an outlet and at |east a first
port between the inlet and outlet; a condenser having an inlet coupled to
the conpressor outlet to receive refrigerant and having an outlet; a first
evaporator having an inlet coupled to the condenser to receive refrigerant
and having an outlet coupled to the conpressor inlet; a second evaporator
having an inlet coupled to the condenser to receive refrigerant and havi ng
an outlet coupled to the conpressor first port to return refrigerant. to the
conpressor, bypassing a



conpressi on path between the conpressor inlet and first port; a first heat
exchanger exchanging heat fromrefrigerant discharged by the condenser to
refrigerant discharged by the first evaporator; and a second heat exchanger
exchangi r| gerant di scharged by the condenser to refrigerant
di schar@gg%ﬁiﬁt%%‘&sec g evaporator, a donor conduit of the first heat
exchanger bei n downstream.of a donor conduit of the second heat exchanger
along a refri ggr“af’ﬁparﬁ MSGEEPHSYEr ti on  ext endi ng downstream from t he
condenser. 2. The apparatus of claim1 wherein: the conpressor is

SCr ew t FeNHBeRseIdsIe an iglet yrbarypilet andiat least & (a5t port bpivesesithe infei @nd %%es sor
Is a scroll-type conpressor. 4. The apparatus of claim1l wherein: the first
and secamndsrapoieving @ ialet cogdgkotthy edrypriessof bniddt tarntere comgemonpslrtarmgtas of
a contaiowdet; 5. An apparatus conprising: a conpressor having an inlet and
an outlet and at least a first port between the inlet and outlet; a

condens earﬁﬂﬁtaé(r'aﬁ&aﬁﬂ hh¥Ah§ bn $AERl R leHQo {HRQ oRHRESS S QeiRUE frBlerdr? aﬁcPHa?v‘uY an
refrigerantt ‘ﬁ)ﬂ le @Hiﬂ%gzoﬂ{bresg&tlh a first evaporator having an inle

coupled to t condenser to recelve refrlgerant and having an outl et
coupled to sar |nI ond evaporator havi pg an_ inlet.coupl ed
Lo the %ﬁieéf by Or ¥ Bading an it %qoaeﬁﬁﬁ? i e %?ﬁg e B | e
conpr ess?é‘F etrqoupled ko the qogrpressor first @art fogetusn refgerado SHPL OBPA5E8Eing a
conpr es SOBIPIgsEIOR Pad bebwernithe compisrws duet AAIBI PARY first port; a first heat
exchanger exchangi ng heat fromrefrigerant discharged by the condenser to
r ef r i geradinst hedi echangee dxdhanging htatrisim eafdpernoit dschamed b§ the serlondr tremfrigerant
exchangelischsgbdbg thedfileatapbacon igff ri ger ant di scharged by the condenser to
refrigerant discharged by the second evaporator, wherein:
a second heat exchanger exchanging heat from refrigerant discharged by the condenser to
refrigerant discharged by the second evaporator, a donor conduit of the first heat exchanger being
downstream of a donor conduit of the second heat exchanger along a refrigerant flowpath portion
extending downstream from the condenser.

-

2. The apparatus of claim 1 wherein:
the compressor is a screw-type compressor.
3. The apparatus of claim 1 wherein:
the compressor is a scroll-type compressor.
4. The apparatus of claim 1 wherein:
the first and second evaporators are respectively in first and second compartments of a container.
5. An apparatus comprising:
a compressor having an inlet and an outlet and at least a first port between the inlet and outlet;

a condenser having an inlet coupled to the compressor outlet to receive refrigerant and having an
outlet;

a first evaporator having an inlet coupled to the condenser to receive refrigerant and having an
outlet coupled to the compressor inlet;

a second evaporator having an inlet coupled to the condenser to receive refrigerant and having an
outlet coupled to the compressor first port to return refrigerant to the compressor, bypassing a
compression path between the compressor inlet and first port;

a first heat exchanger exchanging heat from refrigerant discharged by the condenser to refrigerant
discharged by the first evaporator; and



a refrigerant flowpath portion extendi ng downstream from the condenser
branches 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 : Feclpi Lt of .th econd
noat - ex il fed 2RbieE ARALTGL he PR B BHLRURRha 6O PPl Bhallfi §7°7C",
screw-t %ﬁg%s%dfsé’&w y%e SFHE ?)Vﬁg?r Oﬁs%?m@r aim5 wherein: the conpressor
is a scrol]-type conpressor. 8. The apparatus of claim5 wherein: the first
and secBrUTETAPIHANRAT Pation cylspdingidormsiream frpmdhe epndenses SHAChSHBRE t nent s of
a container. 9. An apparatus conprising: a conpressor having an inlet and
an out | efirsideangh threngh a dofidrrcendybef the Gtsibeat extlaniger, 8te fasievepedater, and a

condens eacifhenticogdwinofi the &itst beatplkelthnper; hik conpressor outlet to receive
refrigerant and having an outlet; a first evaporator having an inlet

coupl edzkgohA®r4eR ARBSEN a HOnrRERIMELStRE §dcBRd AEHt cREHANDAY iHRGe@thd RHpdribr, and
coupl ed,tQ:itibR SRNAF S5O kedolliBlat clRRgeNd evaporator “having an inlet coupled
to the condenser to receive refrigerant and having an outlet coupled to the

conpressor fir r 0 t.ur frigerant to the conpressor, bypassing a
conpr essi on E'aﬁ]e%g) %/\%%Snoﬁcﬁaél%c%w%grggl%r inlet and first port; and an

economi zhe‘}: having a fl owpath segnment from upstream of the first and second
evapor ati5rOmpPEesSeIfA SEERAYPE FORAESYEcond evaporator. 10. The apparatus of
claim9 wherein: the conpressor is a screwtype conpressor. 11. The
appar at us of 7cTld apnpgraiscafelaim & whereimnpr essor is a scrol | -type conpressor.
12. The apparatus of claim9 wherein:
the compressor is a scroll-type compressor.
8. The apparatus of claim 5 wherein:
the first and second evaporators are respectively in first and second compartments of a container.
9. An apparatus comprising:

a compressor having an inlet and an outlet and at least a first port between the inlet and outlet;

a condenser having an inlet coupled to the compressor outlet to receive refrigerant and having an
outlet;

a first evaporator having an inlet coupled to the condenser to receive refrigerant and having an
outlet coupled to the compressor inlet;

a second evaporator having an inlet coupled to the condenser to receive refrigerant and having an
outlet coupled to the compressor first port to return refrigerant to the compressor, bypassing a
compression path between the compressor inlet and first port; and

an economizer having a flowpath segment from upstream of the first and second evaporators to
downstream of the second evaporator.

10. The apparatus of claim 9 wherein:
the compressor is a screw-type compressor.

11. The apparatus of claim 9 wherein:
the compressor is a scroll-type compressor.

12. The apparatus of claim 9 wherein:

the first and second evaporators are respectively in first and second compartments of a container.



the first and second evaporators are respectively in first and second

conpartnents of a container. 9 13. A nethod for cooling first and second
| ocations conprising: conpressing a refrigerant with a conpressor having a
conpression path between an inlet port and an outlet port; condensing the

conpressed refrjgerants evaporating a finst .portion.of the condensed
refrigerant ﬁ’] ‘%g}%tl?’ogfoé\S%Qg%gﬁgtrangtse?wil?cs‘?lug?se%g?ré%‘e to cool the first
| ocation; evaporati ng a second portion of the condensetg‘ refrigerant in a(.:l
second EVAPGFARGH reftiSeaniowiding CONBIFS BRVIPE 2 CAMGHEFOR BAR hepgeenandplet port an

t enper afyPBetPEte ool the second location; returning at |east a portion of
refrigerant fromthe first evaporator to the inlet port of the conpressor;
r et ur ni nopdehsihg tietcosmppensed wifrigiranthe refri gerant fromthe second evaporator
to a first port, internediate the conpressor inlet and outlet ports al ong

t he conmpygosdiar afatiporantofihy esidensedrd rBRean® M Z ffst PeipotAer Afa firfiqempératugeer ant
to bypagscod tHeGastlo@ARnof the first and second evaporators. 14. The nethod
of claim 13 wherein: the first and second | ocations are respectively first

and sec Qpﬂaogacffﬁg%rste%ratfor%n 8¢ (W AS refri]ggrant in a second evaporator at a second

temperature, higher than the first temperature, to cool the second location;

returning at least a portion of refrigerant from the first evaporator to the inlet port of the
COmMpressor;

returning at least a portion of the refrigerant from the second evaporator to a first port,
intermediate the compressor inlet and outlet ports along the compression path; and

diverting an economizer portion of the refrigerant to bypass at least one of the first and second
gvaporators.

14. The method of claim 13 wherein:

the first and second locations are respectively first and second compartments of a container.
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