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ECONOM ZER HEAT EXCHANGER BACKGROUND OF THE | NVENTI ON

[0001] The invention relates to refrigeration. Mire
w@asmsiosub@ar |y, the invention relates to econonP@EUSI®aN62726

exchangers in a transport refrigeration system [0002]

As a natural and environnentally benign refrigerant,

CO (R 744) is attracting significant attention as a

refrigerant. Pot ential applications include transport

refrigeration oxes. trailers,
cargo cont ai ner 5@9@@%@%&&%@5’%% re broad
capabilities. A given unit configuration my be nmade

manuf act ured f or rrultiﬁ]l\]e olﬁerators with different
needs. Many op&A&HSROVND OREE INYENTAQY to, at

[omﬂ']f f eflﬁaﬂﬁvénh&?x%latéﬁ@re%@kd{@ﬁ Maﬂetpaftfemaﬁw Qiﬁbslﬁ%nhoﬁfelates to
frozen goods and non-frozen perishabl es. exenpl ary

ecofqnyz heg euehanganiparternsnod TPIEIZemEN SYSEWOF or | ess and an
[oo@gemﬁa HatBAnldQARRRRP Béi@énerei‘rfg@ﬁ‘ﬁ{ Ry e m@) iS#hiracting

e operator w || predeternine appropriate
signifgaplertiantinnensfageirigereit. Reftentinbappligstinuieeindirdnsport igfrigeratiph

c C ’

uthE getwcﬁz;tméésgﬁalfeg &ﬁ’% éo?lﬂurﬁ% seﬁﬁpde¢{§¥ﬂa%hllch&%% vidAg
capwetreaub gvenmyit mﬁembh@ammr ber regflei masmrEatused(fer multiplgeperators
Wlﬂfé%%&lﬁ{e\éd uls()gaqmg P{)eé{l:tglﬁ gﬁ%l géve tﬁ nc{%g %: )ahdll“fgrgrgt%imes rhsg td]%wen unit
for '(rmsmrooﬁ &cmes poads angbhdn- ﬂxmnvperlssﬂimmf emnpmﬁ filob&AEIIPHON
temLeOrotg)JrJ 158 a({ It 212)9[2(3%/}3 1eR ané ex%'m%? oﬁ(ynr Fro%eﬂ\égns\ﬁ%cie %mperature is 34-
3 8°E.omeropsmtmr wﬂAplhdmmmr&J @pxtopm:te ttmmeraexe Foamgpdrof il® two modes.

. downst r eam of refri er ant.
ST e Rt P T S
tempﬁeummthemmmor@mawme besadérangrematd (g | dnex piplagrgrerall

o?%ﬁ@‘f lé A heat absorption heat exchanger is
R B of the expansion device al ong the primary
[0063]0WoRL the A (B4 NS Bf268noheat heX GXCARRRFs (ESonbRIZGRER wche
heat rejection heat exchanger and the expansi on device
“dfong the primary flowpath. The econonizer heat

exchanger i ncl udggvaARY OF POFEINORNTEORi gured to
ovi de heat transfer fromthe grlmary flowpath to a

l00$41r st OBEBREFHOL Bie disPlopatonolveyreteBtgsHEAT s¥stenh dhg system includes
a o TERRIR MehiIEle Do RERANY lmxtnls@&np&nﬁé Mp@as&mong a

provide heat transfer fromthe primary flowath to a
refrigeraghprimary flowpath. An expansion device is downstream of the heat rejection heat

exchanger along the primary flowpath. A heat absorption heat exchanger is downstream of
the expansion device along the primary flowpath. An economizer heat exchanger is between
the heat rejection heat exchanger and the expansion device along the primary flowpath. The
economizer heat exchanger includes a first portion configured to provide heat transfer from
the primary flowpath to a first economizer flowpath. The economizer heat exchanger includes
a second portion configured to provide heat transfer from the primary flowpath to a second
economizer flowpath.

[0005] In various implementations, the compressor may have first, second, and third
cylinders. The first economizer flowpath may branch from the primary flowpath between the
economizer heat exchanger and the expansion device and return to the primary flowpath
between the first and second cylinders. The second economizer flowpath may branch from

the primary flowpath between the economizer heat exchanger and the expansion device and
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econom zer flowpath. [0005] In various

i npl enment ati ons, the conpressor may have first,
wa@ewsfsk4oeand third cylinders. The first economP@BUS2006/062726

fl owpath may branch fromthe primary fl owpath between

the econom zer heat exchanger and the expansion device

and return to the primary fl owpath between the first

and second cyI i nders. The second econoni zer fI ovvpath

e
reuﬁﬁontg rr?lgl ery OWpaeE) cH‘ge e gp %Cﬁ) 34 ¢ \q’g‘%%&aﬁ‘gﬁ% V@ﬁt ralg?/t?o@é"eat
exchmgee The first ecdnbﬁuzﬁf ﬂdimra}h thiyospait hrbegheeBortdrRpasioa device and
at r ection heat exch

| i nder .and e an The .
the e SROReER. TRF Strgh bRy P A GG e ind
expaRP@nGivive, televmemazeﬂsemﬁ pRRTALANAZIRS thirdl EFindBOAldherge offhe

second econom ze th . may extend through a third

refiigerant @y, ﬁora%“ﬁeélé{easct ﬁ@y"g%yo‘ﬁ%ﬁhtzcé’fb%m portion, and
[0006}e t iThé étoﬁymizeld@ﬁy C(?ﬁl}f’lb@i gﬁgl@ Etaémef hefek 188 5@ Platd¥R¥fining a

fe at ast 50% carbon di oxi de
Pl‘l[a@gp a tqiﬁét“b"c‘g‘ﬁ‘éﬁi‘%é ?ndnssgpnéénﬁfﬁﬁ Je firss ?R‘i‘ﬁ?sén%’tpé@ﬂd%‘f series
of ﬁh@é:lltel Eﬁﬁ&ﬁﬂ@?ﬁmﬁy HoRpardef HRE Eigup"oipthé‘ §Rbhd éf)a&fs may rovide a

alternatin i rst spaces and second spaces. i rst

serighafoesal %lygsmfdb@ st %omwélomatbaéx &¢d0aq etoap 9f Tbﬁ sqchied spaces
map [)ig/om%)é sEﬂé%WﬁErQHel"l\egg 'of @k S&B &oﬁ{mfzgﬁﬂ ﬁln‘fjlges&@ﬁcﬁﬁmer

provi de a series of para egs of
may eIARIHE 2Singtel howpiag having andeleves agqn@@hﬁ roimarn ’éoml@ pdfirst conduit

ma BRGRELFAY Ble@¥hd Qo:%gﬁé i #Bncﬁfﬁ%@rl flopat heﬂSsec%Bd EORuit may

second econom zer he econom zer

extensiipionglethg heusing dorggbsicaendreaeiamzea floivn t\tbrT}@recmonn@r it
cor&LﬂsQ@ st E!n@ %ﬁ%{ﬁe pﬁﬁltnlf ithw ﬁfﬂ'}tﬂh’ 'sécoﬁ'@?{ndq:?il&(? Qoqmtr%ﬁgcxggy along

housi ng along™t FiTet econom zer
thedisy gerhonwasd ﬂDWpftthyn(mct@ﬂd:CQﬂcpnmeg Rowpah thnssmgtna:lyo ng
The econom zer may
oveg\gﬁ ?Iﬁg g&kg ?C?S%E{’)I{Hcpo%ﬁ Onél %ﬁggf E(émlp rimary flowpath and
[009’é]c on afhanxstenfuina}dba:@iglnsere@aﬁcnaeengmebyn@d)fmrtgsdline sfstehshaving
s ara%rﬁ)rggang C n econd econom zer flowpath and
PrESpeet v aT f/’ ngﬁrc}feﬁ SRANGES-and second portions of

[00D8]e f ifhs fetaBidf oné 600 eﬁb@hmmﬁi eftheriyeiRdnafgieRah adthas

a_reengi heering ,0 havi
soeP b i S T e o b RS P B b g 6y entages of
the Thv@ntited willl e apfaaraneroﬁrthérmersen@nsh Qfd oRRifs, Qtfnd tﬁlagl the claims,
I nventi on ar onpan I N raw ngs
and the descr?%fé}‘o‘?!g%}élpg O}gﬂ%eﬁﬂ? Obj ects,
[00891d aBI@MNtiagecheatid hi@wloﬁh/Bﬁblhrw}efﬁlgkﬂau&ﬁsy@@ﬁlar ent from
and fromthe cl ai ns.

descri ptiqn and draw ngs,
W%&u £ o SR BFERIOHCT AES SRR Restsm.
[0011]  FIG. 3 is a view of a first heat exchanger for the revised system of FIG. 2.

[0012]  FIG. 4 is a sectional view of the heat exchanger of FIG. 3, taken along line 4-4.
[0013]  FIG. 5 is a sectional view of the heat exchanger of FIG. 3, taken along line 5-5.
[0014] FIG. 6 is a view of a refrigerated transport unit.

[0015] FIG. 7 is a cutaway view of a second heat exchanger.

[0016] FIG. 8 is a cutaway view of a third heat exchanger.

[0017] FIG. 9 is a view of a fourth heat exchanger.

[0018] Like reference numbers and designations in the various drawings indicate like

elements.
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[0009] FIG 1 is a schematic view of a baseline

refrigeration system [0010] FIG 2 is a schematic
wo@s/08f408 revi sed system [0011] FIG 3 is a RCBPUSTING/E62726

first heat exchanger for the revised systemof FIG 2.

[0012] FIG 4 is a sectional view of the heat

exchanger of FIG 3, taken along line 4-4. [0013] FIG

5 is a sectional view of the heat exchanger of FIG 3,

taken along line 5 s a view of a
refrigerated trans&%ﬂ@ﬁﬁ%Emgfc’&I G 7is a

[0089§t AWBLG. MisBYWOdn @eﬁ@ﬁ%ﬁéﬁ@ﬁho@%@féﬁf@ﬁhﬂwﬂﬁ@l%mﬁ’eﬁor B.
is a cuti vi ew of t hird heat_ exchanger.

Thyqompraysqrda WEW%‘PSGE%% o The Fremp a@%‘é’ﬁ‘%ﬁéﬁ‘f ingl vﬂ%& g} electric
{elrE@ AEEBhBRBECOMPIRSHSs fRPipARHGNApRRSor wheflEthY B

e rawi ngs i gd%ﬁcat e Li kreS el elrIr)enté DETAI LE[r) DESCRI PTI CS]%Iﬂg

def{nemgl]mmy@f cylindepsnEachreylndsrpreamynofues augssosiatespiggns Esepplary

muRcyliAgdr 6k lr A oRONPRAS 3 in Jee; -ﬂi@hd‘rﬁﬂﬁﬁﬂ*}s §osd¥@BhPexemplary
housi ng assenbly 24. The exe conpressor includes

congpyessprapglyges thigg ‘é)’rth@S 303 1e3pd 4 Faac oEharpylinslersringludega suction
1oc£tfoal(9 ?09 ?&ch&g &‘P%rs%éﬁd?lrplé‘iﬁlﬁf) 8. r34t he Elaavédngges@&fshﬂl@ﬁ

['ura I'i nders. 'Each cyli hder accormodates a

inc §§c¢c¢l@b@ﬁe chsﬂiqn% Bkei¥plindhs/exemblary wyleinthe first cylinder
corﬁ‘&@sfs of g&@%ﬂ@m 'cé“raléjcfjtg 'theI s@cdnh @ghnd&es%c &glgcd?%h '3g g@é,aelsl Y

npr es hel
sha@ﬁlnlqmdem @@@pla&ireﬁmmnsg C(Eabahetbf the cylinders

[()()b‘?]]CI u'i"ﬁec‘ enu 1h§gdés%§9§tésrg Bud 81‘,1 E)catlo%/c%ﬂc? {1619 5o, @19 e e;?‘ rr;/(ﬁary

ction ressor” si m
systens thigtie st the slicsiom mcg@nl/cwumwtow &Bhe ﬁrit cyB8der] A rd:fhgerant primary

h [
o FRETRS s LA 8o e L DA O SE le pfe
cylindera0i aodl i34 treugh. the sesoml liadeed! ol genemjfhe pruasay| flaswpath 52

o5 B3 S BT 0L R g s

exit the ostlee oPthapys dykt/eddeiiset. The prirdiry flo@psit SR ipfteeds downstream

. L.ocation/c d|t|on330ftef| st cylinde A,

S PO f S e ARPYEoF PO RS RSB S iy S ey fwpeth

theh pRIIEddD Bownigitard thrb@had Je@ihd GEdHiiZeP Reab Bxchhiget @ Thb Brimary
first @@Ilnder 30 and tqf;n t hr ough the secgond cyl 1 nder

flownath 2 Qigp progeeds ARWRNEHE { oqahawaéaaﬁm deyicsPe e Brimary
floRPMI§1 theaPlokedd HenstleSm kit e aQbcodd hbdt Skeifed: (@«)&5&&69 & to

(gas_cool er/condenser) 56 to exit the outlet of the
ret‘ﬂ“ﬁ?@%éqcé‘??%%ﬁ&%@%‘?aﬂoq'ﬂé prinmary flowpath 52 proceeds

[003PMNS Tif £AdFnal operating condition, a recirculating flow of refrigerant passes along

the primary flowpath 52, being compressed in the first and second cylinders 30 and 31. The
compressed refrigerant is cooled in the gas cooler/condenser 56, expanded in the first
expansion device 62, and then heated in the evaporator 64. In an exemplary implementation,
the gas cooler/condenser 56 and evaporator 64 are refrigerant-air heat exchangers with
associated fan-forced air flows. The evaporator 64 may be in the refrigerated space or its
airflow may pass through the refrigerated space. Similarly, the gas cooler/condenser 56 or its
airflow may be external to the refrigerated space.

[0022]  The exemplary system 20 includes a first economizer flowpath 70. The first
economizer flowpath 70 branches from the primary flowpath at a location/condition 72
between the gas cooler/condenser outlet and first economizer inlet. The exemplary first

economizer flowpath 70 returns to the primary refrigerant flowpath at a location/condition 74
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simlarly through a first econom zer heat exchanger

(econom zer) 58. The primary flowpath then proceeds
walownsseam t hrough a second econom zer heat eRCHHRIPE6/062726

60. The primary flowpath 524 t hen proceeds downstream

t hrough an expansi on device 62. The primary fl owpath

52 then proceeds downstreamthrough a second heat

exchanger (evaporator) 64 to return to the suction

condi tion/ | ocation.50. %OOZl In a nor operatin
betwgndhs firshandgeqond cY g Ayt e ek %ﬁiﬂgb
1nléi!/‘s1§7d?19n E&}ﬁnmxmaatvonéj WP BlsPeRRomBE ﬂb@vpﬁfh%rp@@‘éﬁﬁqhéhtfhm}e

first d second cylinders 30 and 31, The conpressed

threugh @usg@pé\ prEpapsiondrylas 6; e the figph ecopemizer 7% @H’d@ﬁ% pyalyg7s. A
leg 3 I%@{Hé ?ﬂ'st Ieébnm%zer- ﬂ&%aﬂ?’/‘@ﬁ‘ﬂﬁé e &sﬂdncagerﬁs% is At th8fFer

heat ed he evaporator 64. In an exenplary
relgtiop Meth@d@a@ @frihe prigary; élgwp@b |5%Wﬁthmﬁhpeﬁr§@comlaﬁcﬁ8

po [

S e e S e Sy
secbred ¢oanethigernfoimpr@A0branghesfinethe prlm@ls' flowpRtbd atly  pass
cotdHRHANLIE BRL LIRS RPEhaIBRARE pooRbAR! o scb i) IBbmizer

cOo con nser Its alrflow may be external to
ﬂowp:eth %ferturg@noaheaﬂirwaﬂewpzitm 02 2fa chhditienbrptioardyd bstreer fhezecond

cylg{é léjlda% i f I rc?otler% gé;e%r@o 587 s%@@%&n@%iezeg ﬁrﬁg‘%{rﬂ; §6 proceeds

Sriom et ranc rom

sequbmmﬁat}homx aa\hﬁcbmamm doivd D6 |tbense€<21dbaedmmézert6h,a wie 98, and
copl erLcondenser . outl et . and f

e n St ey Ot B S ol onRRROR ™ ety fbonpgizer

60 i hedt iramuter reledoni voier alet; 102 oﬁmhapthay ﬂawpath 52 Wlthm the

| ocatign/condition 74between the first and second
CCRPPYAY g ‘s (e.g., at their respective outlet/discharge
[0024F | Mdatiosalaydtan coapshichts ambfulthaaystan sarlatiﬁhgaré pmtble

econoni zer fl owpath 70 pass e tially rou
(0BSE o g SRamRLATS ORI PR ASHES OF TRriteRE o b e GRS devices,
thepBomadhgnit IR EoRrolRl éRpahiSion devi®E, 0B Gys@im-tdifrofled &lpansion devices.

econom zer flaowpafh 70 in the first econom.zer 58 i
For grapgles H’tvra‘a‘ﬁ‘é“fl@PIeP@Pﬁf‘P‘&?nﬂ\WﬁfSﬁ R ﬁé?tpomc
exﬁdng’lw A1be RAnYIddy Joﬂ@olfs'y&&h 186 YRR &S falsd Bontt A OgetdtiohNE the

exenpl ary system 20 al so i ncludes a second econom zer
compissRoR OHeDplverhians apdbihe like diie ATDRBYON deyigss Y hagly/ 6 may be similar

or Qﬁ? RS Jrffﬁé@ I'\ﬁ’t@rn@ﬁ\l'éi@% debrunat beaRertal @(panswn valyes with

condition/locati on 92 Between the first and second
cogtrad vl enprepriatphemewieshi thecysten Bepplary s Sgnd Pemay By

sm&;ﬁ Brhgff% LR ENctfdn WE& %ﬁecﬂs e E&%l §y's@ﬂf jipcation 94

t ween t e secon cy I n gas
[026b| erlh opsreinste 1156 ewnh@l@eﬂ@mﬂel(btmhbezmeramd&mh«t Yelgy/8 to

rmglglg ‘ﬁfsﬁ S e Rade dﬂ? 43 L¥r kb g'ﬂheaar{/ gin&gﬂg é‘{?af]ﬂé@é‘s H8YbEGed to

e second econom zer
provide further economizer function.

[0027] The provision of multiple economizer heat exchangers may bring manufacturing
cost and packaging space problems. Accordingly, the two heat exchangers may
advantageously be combined to save cost and/or space. FIG. 2 shows a system 20' revised
from the baseline system 20 of FIG. 1. A composite heat exchanger 57 includes portions 58'
and 60' in lieu of the separate heat exchangers 58 and 60. In the FIG. 2 example, the
economizer flowpaths 70' and 90' replace the flowpaths 70 and 90. These flowpaths 70' and
90' initially branch in parallel from a location 120 between the heat exchanger 57 and

expansion device 62. The exemplary heat exchanger 57 thus has a warm refrigerant inlet 130
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the cylinder 32. A leg 100 of the second econom zer

flowpath 90 in the second econom zer 60 is in heat
woe@ns8ans rel ation with a leg 102 of the pri naP@T/US2006/062726

flowpath 52 within the econmom zer 60. [0024]

Addi ti onal system conponents and further system

vari ations are possible. [0025] The exenpl ary

expansion devi ces 62, 76, and 96 may be fi xed

ansi pn devi nechan cal
e B Bk R R 2 R TR e Pe o Y8 b exgpeer 57
mchidw doRErefrigeraneiMRIPIORNd | Icﬂldvﬁhgé}gﬁi oluﬂ@ll&ﬂ@ltﬁh@fhle @MSpath1O'. The
e .an el ecitroni.c

heabSiSREE bR AL BO I Ca BT BRY F4hsod g 0l Aytiggent o

14@mb@$m@ﬂ&MQM§mycontrol operation of the conpressor,
Wﬂﬁéher val ves, fans,_ and the like. The expansion

vi cE%8- Sa%%He%wﬂwh% adyaed platedieatpyghapger20Q sdich may be

use@bs he GO exdbahRF BAIAEEIdIhgly BirideMIndRE ABYsel ffd&ﬁrfme inlets
expansi on  val ves with control bul bs appropriately

andﬁbldﬁf@ Eeprish A Wamsrgligerant fove ey enteys the woem refgeessng m@% 13@gnd
exifd @hesvbm @fr%@faﬁ’tf Jutl¥al39 €phe r@t*ri%&raﬁ%\xpﬁd of tl‘fe%gﬁdﬁlx&&?l %%th

the control” system 110 I'n ogeratlon t he
70' et dh inlet 140 a@d@@tsﬁhemltww% ‘élrmbelm ertfiigeranh8ow 30§ of the

ecoh&nles’lnﬂ&ﬂﬁthf 90‘ &fte #854 1@@ Eléciséuf'ﬁlbe' ot él% m%eﬁ gla{erh%at

art. Simlarl e va e use
exchanigetleas aB@,roﬁmmgmps f)ﬁfr'lféft and ﬁecof@ RS d‘Eﬁeeqrewaeg IpblltﬁS@f a plate

stad?ﬂfﬁt# EIIS§S T aA Y %?fhe I?@WZO? gaﬂlgaesreislesn&%algﬁ%ﬁ%% A first group

manuf act ari ng c packagri ng space
of the grsput] spgtey 212 PRSS thﬁLﬂOWe%i)ﬂ Axeoah gens ofithy second spaces 214 pass
.meggé?% ageously be conbined to save cost and/or space.
shows a system 20' revised fromthe baseline
[002%]st eI O sbdwid Efrigbrated transgoosinitésyveart) 22 mthnfpen o5

i nel t s b8, a 0 .in lieu of the se at e
T TR T T
a catOmivog 924 ddfmmgah Iitﬂer?@/cgﬂpdﬂ%t ZijGE gl(r)l&qﬂlpfnhﬁ cholhﬁﬂ@ZZSh S

s. 70’ initia )
moyitedBis Rt LIPS P24 R o e I By eppEb Herindiyling an
engh@®30 Qe(g héieg®randn ﬁ@drl@mgf;ﬁdtrodm ﬂﬁ@ﬂaﬁﬁal@zcoufﬂé@ to the engine to

eat . exchanger us has .a
be ‘fré‘iﬁg%& fh lé?raﬁ%*b%ﬁfama?%&a ¢ elfscfm@aélw SAP L fo thsy gepgrptor
232ab @dtgive RRcBiEAlFBH¥r. ThOMRAsHBioP#nd ikNEsoRR f@rf(lﬁgyaﬁkgﬁfsﬁﬁkd in or

i n¢l ydes cold refrigerant inlet 140 and col
otheragse;in herp! compppication yv ik thiePrEETerABat h 70' . The

[00B@at BT TARERS o Ribe-Ti-tibd Rdat ¥xch MRS AdndiPhlle 304 passes the
refrlgerant inlet 144 and a cold refrigerant outl et

Wariryf)@frége% P|Mand qleémﬁsaq 1p1a1g@1ousn!gﬂf21m hemq gzghangers300. Along the
ecoﬁﬁtﬁﬁ@i‘aﬂdv@ﬁiﬂe’w S, ResPloAFEHLR R6Bnd 8H ex86ARADIET A8 the
main tube 304.

[0031] FIG. 8 shows a shell-and-tube heat exchanger 400. The heat exchanger 400 has a
shell/housing 404 passing the warm refrigerant flow and containing manifold tube arrays 406
and 408 passing the economizer flows.

[0032] FIG. 9 shows a tube-on-tube or coil-on-tube heat exchanger 500. A main tube 502
passes the warm refrigerant flow whereas first and second tubes 504 and 506 pass the tube
economizer flows. To this extent, the heat exchanger 500 is regarded as a single unit because
the structure of the tube 502 is a continuous convolution across its engagement with the two

other tubes rather than being discontinuous.
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used as the heat exchanger 57. Accordingly, simlar
nunbers are used to identify the inlets and outlets
wQ@ posiguos A warm refrigerant flow 202 enters tPET/MB2I0N6/062726
refrigerant inlet 130 and exits the warmrefrigerant
outlet 132. The refrigerant flow 204 of the econom zer
flowpath 70" enters the inlet 140 and exits the outl et
142. Simlarly, the refrigerant flow 206 of the
onom zer flo ath 90 enters.the. jnlet 144 apd exit
008fje" bR fetneg Bion, s S Sizes Piub Msacriing of S Gambind

ecoﬁbﬁiﬁéﬂ'ﬂﬁy Bk R a%néty bSpurfdies. FEEQAthpRPHER Maf B siRn
bet ween pl at es of pl ate stack._ The first spaces 210

viey 9der 3R wﬂb%h%.gmp%ne@ts to ppiimize efficisacyn Fanagitya and fle like. For

exah@%s dn e)éérﬁmerr,s Ifee%ﬁ’ééﬂné’f)re@ s FRCRADrERACIRS bidipBdsitat he
A second group of the second spaces 214 pass

exctlﬁ@% P@wwzle@.lecmd@gq exphangerdf 8 haspding systen ayie ope geonomizer (a
smélé ?ﬁﬁ B nlortifabyor 65y bk eddfondisbrd. MecoRfullt Eﬁnu@atlon and/or

rigerated trailer. The trailer may be pulled by a
haréwe gEReTipmRRts MRy alelsxming Prifyal relaivieand phselutedrizss af the two portions

58 Caﬁ&‘ B@" 10 ?ﬁe&ﬁﬁ’i&e s?y%émcg?ﬁdléﬂcy gI‘I@QwE@BRfoh f&ﬁ?@%ﬂe{%@&g or other

pment housi ng 228 to a
pr0p¢rée8b Bt;zr thhranmplmmhmera thisey invplye ddéfeeanbquantitiss of plates in

eachggénuggﬂgmggg %%sgd?’Qb()ﬁl SgctlonF“ esel) and an electric

ener a anically coupled to the engine to be
[0034]| veilh¢ praraion. of Thealvef 18 agé P8 udeend sy gteontz@led mad/arbigent

con%*tf:t‘)ﬁ% Qﬂdccﬁ’{ tilé{ m%@éé%%%era{t%nt llﬁ%n%?&gplalﬁ%&nbog’l%ne}lp thre%%]t% 376 and 96

ora assoc
dirdctlp rerm;pbseﬂqom bastd onesbnsad paranmteln ef thesgcle.Tht helvesld and 98

regul%ov\s a%?&rgm@ﬂon o%g'g cyﬁ% qudey ar t r%‘lag% ’tpe2 é(%)éroh% ltlﬁer 9 Begves 78

and3Berp aemabeyt 1h1@roma thweffefiancy elichmpao‘nlymﬂ/ﬂ&mglstdﬂ finae Sxﬁnp lary

ousji n X
RO e PG ReRe T R gB 85 EhRe erb Farbiddo mseen
ovealggdé?@& thx b@gﬁeslsﬁlt Thawvillek :118%1@ 38 fnhzg a[EE b8 képd BRsei0Mhen a low
e t ube heat exchanger
Capﬁﬂty is i%e@tg é‘f‘&lﬁ‘é‘f?g'el}‘gh irpthiemperaiyen olibey feﬁ@pa&eauch as in
an@ﬂﬁﬁhﬁgmhﬂﬁbm@&@bh@ﬁalgerant fl ow and contalnlng
nanlfolg,tube arrays 406 and 408 passi ng
e

[008210 n o e Betnerof Gk 2 Vo SR prghtde opensd ihan lmﬁgn%mat% tie (o2,
whé&t h&Rh¢ b&A vhsDBichEBIuEX AR sxveré%) or &h@ﬁlr@bl&ﬁp @uﬁtfé2

passes the marn1refrkgwrant | ow whereas first and
optERIgYIE cPpBdsatnnymay, diffstyptipe Beweridhe chnicedd Biebyil e fhe system

maf,| HOWRver bR chilti g“are@%ﬁ%{ectdm cPERmMIELY REARGR NP Bzd sad
regarded as a single unit because
cylinder/chamber size to increase the differentiation between the use of the two economizer

sections and their associated situations. Selection between the two may be made by the
controller responsive to a combination pf pre-programming, user-set parameters, sensed
parameters, and/or calculated parameters (e.g., current draws). Other factors that may
influence the particular combination include compressor balance or vibration control.

[0036] 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, when implemented in the
reengineering of an existing compressor configuration or remanufacturing of an existing

system, details of the baseline configuration may influence or dictate details of any particular



the structure of the tube 502 is a continuous
convolution across its engagenent with the two ot her

wo xwesset her than bei ng di sconti nuous. [ 0033] PET/US2006/062726
engi neering the system therrelative sizes of the two
portions of the conbined econom zer nmay be sel ected
for a variety of purposes. For exanple, they may be
sized in view of or along with other conponents to

. tim.ze efficiency, c city , and the like. F X

implSpepiAian. Agrornshp iy P et Has Wﬁ’gmﬁl?ee?sweféhet fRllowing

claig®npr essor, heat absorption heat exchanger, and heat
rej ection heat exchanger of a baseline system having
one econom zer (a single path econom zer) or two
separate econom zers. A conputer sinulation and/or
har dwar e experinents nay determ ne optinmal relative
and absol ute sizes of the two portions 58 and 60" to
maxi m ze system efficiency. The two portions may thus
differ in size or other properties. For the brazed
pl at e exchanger, this may involve different quantities
of plates in each section if simlar plates are used
in both sections. [0034] The operation of the valves
78 and 98 depend on the controlled and anbi ent
conditions and on the nodes of operation. In an
exenpl ary enbodi nent, the valves 76 and 96 directly
regul ate fl ow based on a sensed paraneter of the
cycle. The valves 78 and 98 regul ate the econom zati on
of the cycle under control of the controller. If
ei ther of valves 78 and 98 are open they inprove the
ef ficiency and capacity of the system In an exenplary
i npl enentation, the valves 78 and 98 nmay be kept
cl osed during systemstartup to prevent overl oadi ng of
the conpressor. The valves 78 and 98 nay al so be kept
cl osed when a | ow capacity is required (e.g., a
relatively high desired tenperature of the cool ed
space such as in a non-frozen perishabl e cargo node).
[0035] Only one of the valves 78 and 98 ni ght be
opened in an internedi ate state (e.g., where having
both open mght result in current overdraw or other
probl em). Subtle optim zati on considerations nay
differentiate between the choice of that valve. The
system may, however be configured via sel ection of
econom zer heat exchanger size and cylinder/chanber
size to increase the differentiation between the use
of the two econoni zer sections and their associ ated
situations. Selection between the two nmay be nade by
the controller responsive to a conbination pf
pre-programm ng, user-set paraneters, sensed
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paraneters, and/or calcul ated paraneters (e.g.,
current draws). Other factors that may influence the
w@aoosiogb&ar conbi nati on i nclude conpressor bal BOLESING/062726
vi bration control. [0036] Gnhe or nore enbodi nents of
the present invention have been descri bed.
Nevertheless, it will be understood that various
nodi ficati ons may be made w t hout departing fromthe
spirit and scope of the %ﬁé@&%'on. For exanpl e, when
I mpl emented in the reengi g of an existing
WhetRphessids: configuration or remanufacruring of an
exi sting system details of the baseline configuration
may influence or dictate details of any
1. parA kdHiRdtonRy RER Bb@prhisp: Accordingly, other
enbodi nents are within the scope of the foll ow ng
cl & SAEPEespTSihat is clainmed is: 1. A refrigeration

Sy S4 1R 1S RBEYY &h{achﬁgmmrﬁ%afeawxﬁe RupeRboraRhE tdiRfkrant
heat exc 2§§er (56) downstream of the conpressor al ong

Pﬁ@mWéPWP§% t primary flowpath (52); an expansion
devinC&pdlidh d%&f@?ﬁf &AMsREant HandRAL re%cgli&ﬂ:;éap&cﬂérﬁrﬁgr along the
h ry tl LI, ang

exchanger al ong e refrigerant pri owpal
refagerpah primyys Sloppitbrerdeat  exchanger (64) downstream of

th . : ) il
(| cuAPRRSEA S8V G RarBbtlD) doffis il SURY Aol R pone the
refid@oant pdoary S0@pathesndeen the heat rejection heat
o O AR e SEEHRRIE S, S5 168, PR g heapripion
heap exchangar {n88he expasianglervieclalbug the oaffigeah @etnatyr fovgfathranfir om

Cm%gﬁi rimary flowpath to a first econonizer flowpath
I%i and a second portion (60") configured to

pr ovi de aHesttpottioaiss’ peonfigaml tohwoyidé Inmt trarfsfeo foaitthe primay

second econam zer flowgath . 2. The system of

cl ai mPEAy égféqtﬁ?onpﬂlézeé Wﬁ?aééfégr))’ s a first cylinder
(30), aasemadgdotiph(G0dedon{igurdd to pRévddeshdatrdndfe€ Stbin At rimary
32) flowpath to a second economizer flowpath (90°).

2. The system of claim 1 wherein:
the compressor has; a first cylinder (30), a second cylinder (31), and a third cylinder
32);
the first economizer flowpath (70”) branches from the primary flowpath (52) between
the economizer heat exchanger and the expansion device and returns to the primary flowpath
between the first and second cylinders and extends through:
a second expansion device (76); and
the economizer first portion (58”);
the second economizer flowpath (90”) branches from the primary flowpath (52)
between the economizer heat exchanger and the expansion device and returns to the primary
flowpath between the second cylinder (31) and the heat rejection heat exchanger (56) and
extends through:
a third expansion device (96);
the economizer second portion (60°); and
the third cylinder (32).
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the first econom zer flowpath (70') branches fromthe
primary flowpath (52) between the econom zer heat
weohasyes and t he expansi on devi ce and ret ur nBCT/0S100€062726
primary flowpath between the first and second
cylinders and extends through: a second expansi on
device (76); and the econom zer first portion (58");
t he second econom zer flowpath (90') branches fromthe
primary flowpath (52) between the econom zer heat
exchanger and the expansion device and returns to the
3. PriTRIsystbh 0nQ@kd RRéBETehdErasQhRE ceiprisBeiReati3s508), baRebight,
the heat rejection heat exchanger (56) and ext ends
carbeiy Bereife- a third expansi on device (96); the economi zer
second portion (60"); and the third cylinder (32).3.
The systemof claim1l wherein a refrigerant charge
4. conpheisyeiem af clrignk whaenhthaspoprigencomprssson di oxi de. 4.
The, $¥s3d & ndt @kéﬂ‘aﬂ% \Ngﬁ{egkl@%ﬂleﬁ%e ﬁﬁﬁﬁgrﬂf %ﬁérnatmtg first spaces

conprises: a sin exchanger

(C1@k#ridrseergd apagesu? hit, i214), te figgtspacan@il @Dg)rwdlsg a 8q5186 eépa(reﬁbmegs
of 1‘81? gVI % 2 ALt ér&;;gof ﬂ%el rldtsﬁlgceg kfl 1‘391@&1?5& sggé'sqgf parallel

series 0 ar a egs o
legh bthp ﬁtshc:coaorﬁuzc@tovgxathu gndcf set:dmi gs@mf me§pamé spﬂ(cgsi(z)l 4)

profgldin | Al o%Pﬁ'Sﬁéﬁ%% %?th%%éc%hh géonmg\gz%r ﬁ&ﬁé e first

om ze secon rou t he second
spaces (214) prOV|d|ng a series of parallel |egs of

t he.second ono er. flowpath. 5. The system of claim
5'4 m%&”gﬂmnoﬁﬁamlygilemare brazed to each other. 6. The
sysmephﬁﬁmmmawmtmemﬁemhmn t he econom zer conprises: a
si ngl e housing (304; 404) having an interior along the
primary flowpath; a first conduit (306; 406) extending

6.thr@Mghmhh@fHﬁmsim@m@hﬂh@mmhenﬁ&ﬁﬁhmﬁﬁﬁnOﬁiZer

fl owpath: and a second .conduit. (308; 408 endj ng
¢ hr buIgHe horeing sfhes A BFRg o ieriob EgmE BooR apatt
f | owpat fonduit (306; 406) extending through the housing along the first economizer
flowpath; and
a second conduit (308; 408) extending through the housing along the second

economizer flowpath.

7. The system of claim 1 wherein the economizer (500) comprises:

a first coil (502) along the primary flowpath;

a second coil (504) along the first economizer flowpath and overwrapping a first
portion of the first coil; and

a third coil (506) along the second economizer flowpath and overwrapping a second

portion of the first coil.
3. The system of claim 1 further comprising:
a transport container (224) having a compartment (226) positioned in thermal

communication with the heat absorption heat exchanger.

9. The system of claim 8 further comprising:
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7. The system of claimlwherein the econom zer (500)
conprises: a first coil (502) along the primary

wo baspsasbs a second coil (504) along the firstPCT/US2006/062726
econom zer fl owpath and ovaow apping a first portion
of the first coil; and a third coil (506) along the
second econom zer flowpath and overw appi hg a second
portion of the first coil. 8 The systemof claiml

ko STR S O PRSR B rAAL D S8

conqxﬁmnbpamrmdmﬁpkbsgdae heat absorption heat exchanger.
9. The system of claim8 further conprising: an
i nternal conbustion engi ne-powered generator (230,
10. 232)heGPstith 6fcldith § WRer&i@NPr essor to power the
conpressor. 10. The s¥stem of claim8 wherein:
r efarlieé’éP‘&H‘tChéllgaPﬁfée fstanhis g lpagt s carben dioids by wght
carbon di oxide by weight. 11. The systemof claim
Iwherein: a refrigerant charge of the systemis at
11| e alde sxtiom ebflHBn whessiide by wei ght. 12. A method for
r eeangfr@gﬁm dhGrg8 of BE gys%c Rl Rt ?M‘?tc@moﬁ kg B ki
from a baseline configuration to a revi
configuration (20'), the revised configuration being a
Sys I
D e R Pk DB Mo DL A SR fetine
Conﬁélﬂlﬁﬁl@{ZQHS'a)feVémd cotfigurpgion (AP’ p thetrpdsed Colfiguration bing akyseem
. paranmeter of the system 13.
accérmegqrréalt5 odpgl?é)ﬁ%m&éo%gﬁs ng'r ein the determning
c orstermmingdisfiferentiraiitivg sized @&thc/ﬁrsmmwm $89hnpihatesndportion
[ L n sai d econom zer
mﬁﬁa%@?&?ﬁ%ﬁ%&r& égat‘llﬁgltpa%tlﬁeqﬁogﬁ] eV o m 12 wherein the
basel i ne confi gur ation includes separ at e heat

an a a sin razed Iate
13, R DR B o0 b B it s s A e e
nungheondpiazarof hsiagle erehibpige heat bochalfe ad@id@dnsthiz& hehtxdAnger.
wherei n the baseline configuration includes separate

heat exchangers which are replaced by a single heat
14. ex Ci@ngetiodf clafhe 17 Riérsiadhiuedling Wb@igutiioR icfdbskeparate heat

exchangers which are replaced by a single brazed plate heat exchanger of the revised

configuration as said economizer heat exchanger.

15. The method of claim 12 wherein the baseline configuration includes separate heat
exchangers which are replaced by a single heat exchanger of the revised configuration as said

economizer heat exchanger.

16. A refrigeration system comprising:

a compressor (22);

a heat rejection heat exchanger (56) downstream of the compressor along a refrigerant
primary flowpath (52);

an expansion device (62) downstream of the heat rejection heat exchanger along the
refrigerant primary flowpath; and

a heat absorption heat exchanger (64) downstream of the expansion device along the

refrigerant primary flowpath; and
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econom zer heat exchanger. 16. A refrigeration system

conprising: a conpressor (22); a heat rejection heat
wexohasyes (56) downstream of the conpressor aPONYSH06/062726

refrigerant primary flowpatih (52); an expansi on device

(62) downstream of the heat rejection heat exchanger

along the refrigerant primary fl owpath; and a heat

absor pti on heat exchanger (64) downstream of the

expansi.on deyvice along. the refr;i Nt _primar
£ DR S bnegrehz: A ik b EoREk s Boy g hoggranster from
the BARaryAQNipathQO ) fit R cdnbMiLe il Vepalte@D’) ah @fosd EonldleBdRoklLr
prlm@r% | owpath to a first econom zer flowpath (70")
flovgdth ©87a second econoni zer flowpath (90'). 17. The
system of claim 16 wherein: the single heat exchanger
means (57) is a brazed plate heat exchanger. 18. The
17. sy skheygem of elpim ovhamither conprising: a transport
COnhALRAE héa? @bhaklRY inBhs 3570 NP0 5AB ke heafkniiRsi t 1 oned
in thermal communication with the heat absorption heat
exchanger. 19. The systemof claim 16 wherein a
18.7 efTHeaglan br G2A BFRARIRbMSSnAL | east 50% by weight,
car bon” di oxi de.
a transport container (224) having a compartment (226) positioned in thermal

communication with the heat absorption heat exchanger.

19.  The system of claim 16 wherein a refrigerant charge comprises at least 50%, by

weight, carbon dioxide.



