Transport Refrigeration System and Method of Operation
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[0004] Unlike conventional refrigeration systems used in stationary

applications, transport refrigeration systems, such as those used in trucks/trailers and

refrigerated containers, operate in very unpredictable and changing environments.

In operation, transport refrigeration units may be exposed to ambient temperature

and humidity conditions that vary widely over the course of a day and over different

seasons throughout the year and in different geographical locations and climates.

Also, the nature of the product stored in the temperature controlled cargo space

associated with the refrigeration system may vary dramatically and unpredictably.

For example, on one trip, the product being shipped in the cargo space may be deep



For exanple, on one trip, the product being shipped in
the cargo space may be deepfrozen seafood, and on the
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downstream of the refrigerant heat rejection heat exchanger and upstream of the
economizer, an economizer refrigerant line establishing refrigerant flow
communication between the economizer and an intermediate pressure stage of the
compression device, and a refrigerant flow control valve disposed in the economizer

refrigerant line. In an embodiment, the economizer comprises a flash tank. In an

embodiment, the economizer comprises a refrigerant-to-refrigerant heat exchanger.
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continuous run node in the pull down , ,
capacity mode; operating the refrigerant compressor in a continuous run, variable

speed mode in a first portion of the part load mode; and operating the refrigerant
compressor in a power on/off cycling run, fixed speed mode in a second portion of

the part load mode.



node; operating the refrigerant conpressor in a power
on/of f cycling node in the capacity node; operating
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in a transport refrigeration application for
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[0019] The refrigerant vapor compression system 10 is particularly suited

for, but not limited to, operation in a transcritical cycle with a low critical
temperature refrigerant, such as for example, but not limited to, carbon dioxide.
However, it is to be understood that the refrigerant vapor compression system 10
may also be operated in a subcritical cycle with a higher critical temperature
refrigerant such as conventional hydrochlorofluorocarbon and hydrofluorocarbon
refrigerants.

[0020] The refrigerant vapor compression system 10 includes a compression
device 20 driven by a motor 25 operatively associated therewith, a refrigerant heat
rejecting heat exchanger 40, a refrigerant heat absorbing heat exchanger 50, also
referred to herein as an evaporator, and a primary expansion device 55 disposed

downstream with respect to refrigerant flow of the refrigerant heat rejection heat
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[0022] The motor 25 operatively associated with the compression device 20
for driving the compression device 20 may be a variable speed motor powered by an
alternating current (AC) power source 90 either directly or through a variable speed

drive 80, such as an inverter drive. When operating on line frequency current

supplied directly from the AC power source 90, the motor 25 drives the compression
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he'sfrisern eeanilenging baat cxshansen §upusovE ot highepressurg refegerant
CORbWs &R Ine GNP IEHpE AU B ¥BY £ 1P heald E)gzlﬂange

pressure réefrigerant vapor discharging fromthe
c okpptiesssipontidewioteg Redipade eandemse Weaefrigriaharageng therethrough
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re rlgera t vapor pas ng ther'ethrou
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V agx@hank6r, theduzh %[o@f&(piﬂd&uteﬁlgefdﬁt hdva3SR@Ersed the expansion
refrigeration systemapplicatjons, the coollgggnedlum

i sdavirpiSé /RS akER sxthangerelgenshin withragisating Hud. rigreby the

refrigerant is vaporized and typically superheated. The heating fluid passed in heat
exchange relationship with the refrigerant in the evaporator 50 may be air passed
through the evaporator 50 by means of fan(s) 54 operatively associated with the
evaporator 50, to be cooled and commonly also dehumidified, and thence supplied

to the temperature controlled cargo space 200 associated with the transport



exchanger 40 in heat exchange relationship with the

refrigerant by neans of fan(s) 44 operatively
wae®oosmoed with the heat exchanger 40. [0024]PaneEs2008/082461

evaporator 50 constitutes a refrigerant evaporating

heat exchanger, such as a conventional finned tube

heat exchanger, such as for exanple a fin and round

t UlfidaRabn %genang\eh&&h b p%sh@bl&ﬁfbdﬁ'& ckubh R fbf?ébéﬁﬁbiél flat
t ube heat exchafg hr ou expanded
A
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fluid, whereby the re erant is vaporized
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or SRR =B ol A BT e 1 S B eSO ©

f o@thnhingdiEon bateedn aOrapsrgq@etcalif @, sepsationtBanbed whthinghe flash

transport 0025] In the enbodi nent depi cted
AR GeonaiizpAl L8R BHTIEs S MES S GBS PIPET Y mdecton
t asthefRicOramniap@intd Mk ihldEn RIREORERNY sLXPBNGHE BFinpradsion peless
is disposed in refrigerant |ine 4 of the primary

r eV P4l 87 asemplished; by injfeden offhs Sriserat YapgsiRta %’F@fﬂgerﬁnt

t h&@ﬁﬁ%ﬁ&h RO pRYsidH dtadel@a 11 fhe &AM Lo hrOWoRABSE DG
rou

the primary refrigerant circuit traverses the

éhrofawr@ﬁlﬁa ﬁ%\il@fr@ov an (s eaphpdingene MhsgRriggrapiflay canfel valve

IO I 6 ?df%?arfﬁﬁg ath QRS EENBRLBIWARe PESWMalife GBRbPeh dofitiOn e
flash tank. I'n this enbodi nent, the refrigerant vapor

i nflese potidn, may Mln@gdlamsq:@hé@ng@ﬁntlhgeﬂéh@twmrvw economizer
Comaltﬁeago'r@ asngltl WESIL B AR gh (%’]nﬂger%élehag valve 60 is 08%1

separation er Wthint t'ank ‘econom zer
antdfr@arainma@mrm@bi s ethsqugly eefogerart én@ b‘hﬁomsm @nnmlwéﬁso the

! nljn%%necﬁaﬁe a%e o%‘ftlgel c%ﬁ%)%nglor\l/ ?I%QCSS bu 190t hgn [he e o %?t e

pressure s essi’on process
acm@mpidimfvemhxymutnpbmmmsnuoﬁ t he ref ri ger ant vapor

coMBitcs; on 1 EERPomBRiEY E ut A8, ol tishibizagogy depicied

st z&@&eﬂi@aa@tﬁtotrckfﬁg@mémﬁn@n Ghakis edbamentNthe Béddomizer
nbodi nent, the refri eranﬁfaflow contrgl val ve Gg f or

e

exSFERGIfedd s A0 &7 SBIUNBT & URIcHa of Begyoneuvsehg0 an

0 P&diend 9 thkduigh Pheadéhomni £dr BEL @xdMasdel 6O B op@ﬁyn Dad flow

interdisposed in refrigerant |line 14 between the

e cCOHBMN@on with the intermediate pressure port 26 of the scroll compressor 20.
When the economizer is in operation, the portion of the refrigerant passing through
refrigerant line 14 passes through the economizer 60 in heat exchange relationship
with the remainder of the refrigerant passing through refrigerant line 4. In this
embodiment, the secondary expansion valve 65 is disposed in upstream refrigerant
line 14 upstream of the economizer heat exchanger 60 and only the diverted portion

of the refrigerant flow traverses the secondary expansion device 65 wherein it is



60 and the conpression device 20. Wen the econom zer

sol enoi d val ve 66 is open, refrigerant vapor may pass
WO k0oetso4 ef ri gerant line 14 fromthe econom zRCT/682008/082461

the internedi ate stage of the conpression process, but

not when the econom zer solenoid valve 66 is inits

cl osed position. [0026] In the enbodi nent depicted in

Fl Gpamied (L1086 PRLELZAN BBhPefande Plibilt& PasdiBg & heat exchange

refrigerant-to refrigerant econom zer. In this .

entsBEPEIR With e MepdiyneiZeirigpianthagdieante thiopgh the eqonpaizer
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and extends through the econom Zzer heat exchanger 60

t othesyeln the gcdrogiizer HO.passebiravah ttdownstigamteg ¢fgefrigerant line 14
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pas®i Idgastihusoagh i BiG. Rg@riatie downeredm ld¢goftréfrigerant line 14 as

e odid”rent, t he secondary expansion valve 65 is

di §pd¥ed in upstreamrefrigerant line 14 upstream of

t h®@0ZEgonom 7aé refiegkane xgloaogegreSidnandero nd ylsé meludésvwer t ed

portio the refrigerant flqw traverses t o

D ettty O bk retio asrps TP art PeepebTpahaiarissy
a deRORH sREDS fitiiBetald d ThEFMBHArU0E nidhiték tHeYaRAKSEMGrsi N
heat exchange rel ationship with the main flow of

r ePREFagEsIY ﬁ%s"?}é@% Fhﬁﬁwlltﬁt igclpging o fmReHETe &@ﬁ%_rﬁ'o% &9t spping the
f r@mﬁé@&lw A ledvifthd evapbiRtd 30 anriefintiff ol (BkeleAPtrature
which is heated as it passes through the econom zer
60onpalkslepacerPBugiirehie hatsihatiheettporaigr sfurp air fangeragtye, and
|1 DRmbératufe RBsdr ML 8hsinBHRUSpdr tErel PR GH bR AP Fhe26
into an internedi ate pressure point of the conpression
presoasiierilfo map alse mehitoryenpis@sesiwnsaesrs ard R@perptpretshilsors

e ' , ' f .

o R R OBl AN GRRER] o A e
14paragetirk,|sugt asaf@adxamplE| bt n@ lingted tq rafhgeradn wirsion earpefagge,

of refrigerant lLine 14 W1 1 T :
R e T R T

a esntuepdrdaefrig@@ntanapovaci catst tsepsans. Tpatoatrollee 1§0 also

Do R AR pots FRRa b e SP e e SodFte.
sesnparstonaReicats vel the asangioatiedng bhewsonbmizenefrigdianofl@y
t enper at rre senﬁo [

RSP IROr 02, L0 SSnEL0. e, LEPELLMLE of
t elRRRER bl &y refrigerant circuit and the economizer refrigerant circuit.
[0028] The controller 100 also controls operation of the fans 44 and 54
associated, respectively, with the refrigerant heat rejection heat exchanger 40 and the
evaporator 50, as well as the operation of the compression device 20 and operation
of the variable speed drive 80 to control the speed of the motor 25 driving the
compression device 20, over a wide range of ambient temperature and box

temperature, that is the temperature of the return air supply to the evaporator from

the temperature controlled environment. The controller 100 also controls switching



control |l ed space 200, referred to herein as the
evaporator return air tenperature, and a tenperature

wW3E 2090618004 for sensing the tenperature of thePEIOEMNY/082461
air. The controller 100 may al so nonitor various
pressure sensors and tenperature sensors (not shown)
associated with the primary refrigerant circuit for

S €5TShd @R PRI I5R B ec R AEGIPB! &iTlfe cOWG B the ACHoR¥AIRIE 90
but not limted to, refrigerant suction tenperature,

r et RicgRtHhfreqigRe teﬁﬂm 8 sofnRressiapfdeyige P2 (PR 4pegd mode

t e&ﬁ%ﬁﬁﬁl&' beurfef frdd BleaQfiatild s?}ﬁ&?('irg&% b\ ﬁecﬁlﬁncmlqch may be
refri ger ant evaporator out let t enper at ure.

cofetecioyeleyaripd @ ¢ive gheaoepntpreskian dgreceaifan atvareﬂblecﬁﬂ)eqdﬁéode
PT o3y exp% én‘a[h g;%‘{hega‘?ntﬁ ?é}g;eIa*ﬂﬁe §&Ptﬂ?g(%{r¥d bo

expanS|on dev ning or closing of the
ectomperatzes; thee?fqoqsgmvam cmllngmnodmtOf operatginfer t@ﬁrefmgeratlon

S %y‘é‘t%ﬁl' V&l m”ﬁ%ﬂ 1%@1\9 OlaQhNGEM §6n SARLE Oi ca %Qc‘%‘tyfn'lo%‘é" Rl a
rePrigerant through primary refrigeran Pt and
t hpartelommxiez the r:elftroillgteIwrmll deteguing Wh{t@ﬁZ@]}peﬁlethe

}r ra e @%% Cﬁ Lohs opectaatct oﬁ ot he -flan(f 44{3
8 B gg%vg 4t ™ 4PaL SRuE o8ty Cakith MeAs o B gkt g
he(&fpeﬂdﬁjgefﬁi th@ferﬂpexaturceo@nkrang@nreﬁﬁntan @hé $etepmMaplcallpstarted
50, as | as th rati on of the. conpr L on device
o dlgleatiagts A C PR 9 Sl aP T OB g0 Pgher
C oinp&htutdBarsie achired tehiperafid. O (RS mddé, iet@mpdi@ure within the

conpreSS| on device 20, over a w de range of anbient
t eSAREP W@P@eéﬁﬂp%‘%eﬂ%@ﬁl 4ot © the desireq tempfature, generally as

t eppialyak Yofivk. Duli8e e M6, B mag HRRN Yodifg %5}%01%V1§P®ﬁﬁ§@r

fromthe tenperature cont rol I ed environment.
c oHteresPasRizer 8 mgy 96 e p APtrhs|usedsdiiring Hiinggede. tiﬁ@n‘é‘iﬂg Qiethe

n%&/rer drawbgh \e%%@lt}areaﬁipe%e)’lt Hnd éd?@pr&%%ﬁ QB¥icd J00 Pk Q@ntf%@er

power source at a constant frequency to drive the

c oififrean sithen rueld eompp@sion daVl@eo?zﬁ)sﬁtt fined sppeseds itpeteatedrin HIG. 3,
20t G TR ARE AT, S0aPA bt AR At
t hwuce P |t<et$ts wmabtbe?werdeir@@ 80 nndavamthle éﬂstl@nSp@ethﬂﬂtste
04k EREALS L 15U L SIRSLAL S AN
nodnehng)denmné kiamgnpullfdomntstage raeilrustgz&ecﬂmm@ ésyHtee:mltroller 100

i nclu ) mstart-
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system 10 in a, pul |. down node, node
paf et 6‘%‘%?@&8‘1 R Pt ﬁ&mﬁﬁtl%}éﬁ{%ﬁﬁz\dﬁ & S%‘f?t%rodﬁmugh
I egel iR Sd dFVE 88.Y BhcRiBnirSlid: YO £1ay hiYo Sdedlkid ®dichitg UbBCce
pul | down node where the tenperature controll ed space
20t5ite cyle the ReryPrEtsion device 20 between power on and power off.
[0030] The controller 100 operates the refrigeration system 10 in the
capacity mode of operation when the temperature control required for the particular
product stored in the temperature controlled cargo space 200 is not extremely tight.
In this mode, the controller 100 will cycle, i.e. switch, the compression device 20

between a power-on status and power-off state based on the box temperature control

range. In the capacity mode of operation, when the compression device 20 is on, it is
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tenperature than the desired tenperature. In this
node, the tenperature within the controll ed space
W@ epesoure is pulled down to the desired tenPer/H82008082461

generally as rapidly as possible. During this node,

t he maxi mum cool i ng capacity is required. The

econom zer 60 may or may not be used during this node,

defsRdéd® o8R8k RONRAp QIR PTHciERY G ihtofdRHlHr CREBIUnd

of the congressn on deV| ce 20. The controller 100 can
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90 directly to the motor 25, or can apply the power
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controller 00 may al so use he S hi n 105
Pl & rHORe A aturai 5801 e S bEoUBaA e e on

anﬂa;ﬂﬁh\ﬁﬁlrcoﬂlﬁofesso[r O830] OpdteridHan tHeQPatt @bad Hddle @DS[Se@ettﬁﬁ ntalye,e

refrlgeratlon system 10 in the cap aC|t¥ande of

o plFtAsTidhHASHHRIA AcRRIUSHT MRS eI Mgy linednerer deithe or

t h@nBAidub flshAE nRIde deEra ttéﬂﬁ%ﬂltdré‘ cdidl BﬁH@&ﬁgJ S%@e is
control |l ed car%o space 200 is not extrenely tight. In

t hieguirpd g, thip Ko eéliaﬁ qopirplisr 19@empipyy the yasjable speed drigg8Q ton,

t h&nGOINRE §R54BR ofl @Y R e ABPES WRER @ eROWR the Ege%& of s
and power-off state based on the box ‘tenperature

c orestssipm Agidce A0rharply adliystied thy cordide cmaC@penmt obe when
t hl%fngQfEH&‘? %{eﬁpl (%Yﬁo(f@g,%g%%; mgt?h tﬂe aftq(gja%Scl ﬁlﬂ%c e}ngnd If the

tal™ nmaxi‘mum capaci t ICcier ncy wit onom'zer
CI needmgs Oénv:hpspe?c |s'ﬁppd:y gIpeageagre leqanque“d)rri the temperature sensor

MQ are &tl | o ﬁzo]r a1n C%r €ec1ff A4 IT%F%? l\f;\% F ]%(ﬁl%ntth{:no cl:oln rollerqgo will

SW t Ch
t eﬂiltpeieatetal&re&hd ﬁecjnelho@wf tieadadé speed dmrego slbenjoe/haltdj re by
a certain to m n
o RS e e i ety Th S 5 B ae s ookt
t h@pm@atphedsmm @frigertibs S}atmyﬂ) tfheccdﬁﬁllérado &all g@unue to

enper a certain v lue, the controll il
vﬁ‘i“Eﬂ“E‘ %&S’ %é%gfeé‘hmd PRanes §y Hifreaging gy ‘i’“ﬁ’feaffl{%ﬁ fie speed

C agFachbpessidMidaving 20 i SaiRdethe EV@oMedt bpplyniSe@pela@id Wighin a

80 can be bypassed or stay in the systemto deliver a

d e@sgwamg}qsyt point temperature for the particular product within the
temperature controlled cargo space 200.
[0032] When the capacity requirement is less than even the lowest speed of
the compressor capacity, for example, low ambient temperature with perishable
cargo, the controller 100 will start to cycle, that is alternating power on and power

off, the compression device 20in order to reduce the cooling capacity output of the

refrigeration system 10 to meet the low cooling demand. In this case, the controller
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[0031] In the part |oad node of operation, the
conpression device 20 is operated at a sel ected
w@owbioeigoL£apacity that is | ess than its nmaxi nuPCTUS10081082461
capacity by reducing the conpressor speed to a
sel ected speed | ess than the maxi num conpressor speed.
Qperation in the part | oad node of operation may be
f urdohen eHipiydRdyaiable sgecd @Rtd SU40WSntFH R idoMBAS r@f e a
cycling node. In the continuous running node, accurate
t eTPpEIERbigR devdesmOrag P B MU AeSPess tg sy prateBrTge ANt Basifloado 2| n
t hllnﬁlirﬁﬁg ,%vheﬁ Hl% chﬂBﬁeEs%d (ﬁ:Rlicl Q@ is%ﬂleﬂe}ﬂ_%n.t 6? cHitld, azm:r?the
speed drive 80 to control the operation of the drive
motopIPrsion deviesl 20ds pepedred offthere o sgfeiectangfmashdow through the
C | A .
R R G S L L
prostewelOys rae.ch the part | oad cooling demand. If the
readiigs of ly.ajr. 1 tur | ved
romihe tenBEPaRlPLe o upbtyh G hATBRLTOHES hFBSLH
pr @vgpecofficgdingangéatioh thekrigatiopeystey cdoliegicapacityrcohtrarare

100 will, .fi d the f f th i abl.
ot e e B bR e OB Pest e R LT
I ecbuirg3gion &f airtd 64dedohtrotaas ufih@iiranline el e duithgtthepull down

cool.ing capagity output of the refrigeration stem .
ke S RO o aPTBH: oy AL et S0 g SRR S firve
I e§0r da@ ® akdigRd 5HSh SfalieR thdiets Mmmmeihg Byst hCvORIBZT@WeS loss
decreasi ng the speed of conpression device 20 to
medUsttayHi }?ép%e@aigw Ayl d§WB ﬁP@/C*’&F“Pth%‘P{jﬁé PEInsFaEon R Hien

a HesbirBElyIRREBaN sgebEaBRpoRet BlbofhGURAGIh Uh& pdrPload MBdes
particular product within the tenperature controlled

c atigperspercamd2dowing GR3TE oivhe FOMAESLRYLEPICYY Megaias Bivsirted
' Sian@g%?e L"E@é’kiﬁgv(ﬁ rt’het(J%ﬁlpl@@%@l?‘&ev?o@%%@fbetr%c&pmn%?lgfng

capacity, for exanple, |ow anbient tenperature w
peing el seeaslatugog pulhéovoo Abereforethe pgoloed rid ogpagtty nrodes of
cy . L. . .t he
38 Pusk Wty M LA I0 UONL: ADBP GO s b
c afpace 9. Butcpelingef thelvempesiogdavaei20m gy sipeatyliDodeofreet
the |ow coolin nd.. ln this h -
cofter i SR PFEERrish bl GRSt Bumtingbiv et
t of0034it r ol Thetemdinolog bsetl bereimis fdreheqpunpae sisdeseription,inoe

R e e e T R

ONintefPre €O AN 18RILinydANMEIBE a6 BRI S fhclingdaiéiskiBle @ thSart to
powered of f, the
t

A A R e e
Cafhawh hiyd @idtimed vah rklRnEEbihadgeMplaBembodiments as illustrated in
the drawing, it will be recognized by those skilled in the art that various
modifications may be made without departing from the spirit and scope of the
invention. Those skilled in the art will also recognize the equivalents that may be

substituted for elements described with reference to the exemplary embodiments

disclosed herein without departing from the scope of the present invention.
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system 10 is zero. [0033] These sequences of
conpressi on device speed control and poweron/

w@omeneisdd cycling in relation to refrigerati oPCEYS10081082461

cool ing capacity control are illustrated in the Figure
3 and 4. In the case of only applying variable speed
drive conpression to part |oad control and using

dipesd) | i ne TRGWRYe, €YY inf@ﬁdécﬂﬁat@l‘}@ ﬂreééﬁﬁ’&ﬁscﬁﬁﬁlre(h@p&cﬁrhlyed to
nodes of operatlon as illustrated in Figure

vaihe ayfienlasabadigentis dgglosedmsgat fasthy ﬁ@@low%wﬂklﬁﬂmieearﬂ

th@ﬁ@ﬁ%n&ﬁ&&ﬂkghﬂﬁm%&§&o&ﬂﬂ%ﬁ¥£iQmﬂgcﬂﬁﬁﬁr | oss due to
vari abl e speed ™ drive at pul domn and capacity nodes

of operation. In the case of appl yi ng vari abl e speed
drive power to both pull down and part |oad nodes of
operation and allow ng cycling of the conpressor at
capacity node, as illustrated in Figure 4, the size of
t he conpressi on device 20 may be reduced when appl yi ng
maxi mum speed during pull down. Therefore the part

| oad and capacity nodes of operation, efficiency wll
be inproved due to the smaller size of the conpression
device 20. The cycling of the conpression device 20 in
t he capacity node of operation will provide better
efficiency than vari able speed control in this node.
[0034] The term nol ogy used herein is for the purpose
of description, not limtation. Specific structura

and functional details disclosed herein are not to be
interpreted as limting, but nmerely as basis for
teaching one skilled in the art to enploy the present
invention. Wiile the present invention has been
particularly shown and described with reference to the
exenpl ary enbodinents as illustrated in the draw ng,

it will be recognized by those skilled in the art that
various nodifications may be nmade w t hout departing
fromthe spirit and scope of the invention. Those
skilled in the art will also recogni ze the equivalents
that may be substituted for elenents described with
reference to the exenplary enbodi nents di scl osed
herein wi thout departing fromthe scope of the present
i nvention.[0035] Therefore, it is intended that the
present disclosure not be limted to the particul ar
enbodi nent (s) di sclosed as, but that the disclosure
will include all enbodinents falling within the scope
of the appended clains.W Claim 1. A refrigeration
system for a transport refrigeration unit for cooling
a
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tenperature controlled cargo space, said refrigeration
systemconprising: a primary refrigerant circuit

WO pwbieisng a refrigerant conpression device, aPCT/US2008/082461
refrigerant heat rejection heat exchanger downstream
of said conpression device, a refrigerant heat
absor pti on heat exchanger downstream of said
r efyei @8Nt heat rejection heat exchanger, and a
pri mary expansion devi ce di sposed downstream of said
ref ri gdr ant AHeHizerEPRYBICBHOhR BRNSBNE FPARgFEYiop HBIt {5 SPRlBg M
Of (e 8B Fruledonir SRIRM 0 RERE, BRSOLRLLGSh BN Bxphanger. a
not or operatively associated with sai'd conpression
devi ce afrsrmagy feffigerpns eif it depyshinessiciigeriatigopmresgioy devietbi e
SPeffbefinl N I%%@&(g;ﬂegﬁéxxhﬁga%mgtfeqmmfgmd S8 e ORE Qv 01
varying the speed of operation of sald conpression
derefrigeranglredt zbserpnon lisfal exchanger dowinytedayn efssidc¢faigaantlieath
saj rd.ab e riv ald ' '
R e e
r efaid ig@igatancheasigstem Hoyt exelhapgdriaue bystrean of oilid refrigetaneheat
speed of sa{d onpression device in a first continuous
r Uty B 7 %‘65?% '"on and by sel ectively powering on
and powanétoigopefativdfhdodmap vab Said bordgredsa devicafok drigihg said
cyclin .rmge .of operation. 2. Arefrigeration system
ascPRLEPTRYT el ai m 1 wherein said controller includes
a SW t Ghiaflgbl€ kesditilivef Perafi @d1 @ 6dsbM @by waMA i€ Moftd for varying the
operation of said conpressor between a fixed speed
opWeet Tt vgertRolaAld campssioyiesicei®dd operati ng node. 3.
A 1 ef r i g8h@dlie® Bpe M E Ms@%iale@Githafidivarifdi@ipaddiveeng kdid
said controller matches the cooling capacity of the
r efIpRspiaR focedpstaBiPiling a ceAiBE icrrciPedid heirchissEtion s Xstpm by
W LR liNGy GREERinG BRGBecR 8 SaidcSRBE&i o de APEMALA QR ohRBUErun
maxl mumcool i ng”capacity associated with tenperature
punpdegwnerption 4nd by selepsivelypoweting en and powenmecddbaichg
C Y2 i.ated W 1 e mai ntenance in
L R S AR
refrigeration systemas recited in claim1 wherein
sai d tor Gonpr.i variabl.e fr ncy..cont.r ol |
motor 2 PoPiesBR%, ARl TS AR e ER R Py
whiacledas asaiitdhia@opruesad solectilelyi swtchiagppdrsem ol sad cahpressor

c Obrng(/eee%Sa%rxéd speed operating mode and a variable speed operating mode.

3. A refrigeration system as recited in claim 1 wherein said controller
matches the cooling capacity of the refrigeration system to a cooling demand
associated with the cargo space over a range of operation from a maximum cooling
capacity associated with temperature pull down in the cargo space to a minimum
cooling capacity associated with temperature maintenance in the cargo space at part

load operation.

4. A refrigeration system as recited in claim 1 wherein said motor

comprises a variable frequency controlled motor.
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6. Arefrigeration systemas recited in claim1l
wherein said conpression device conprises a
worehovesoeage reci procati ng conpressor. 7. A PCT/US2008/082461
refrigeration systemas recited in claim wherein said
conpression device conprises a first conpressor and a
second conpressor disposed in series refrigerant fl ow
comuni cation with a discharge outlet of the first
conpressor in refrigerant flow comunication with a
suct i o i nl étreBizerafien SEEBMY recdfphnedaipy | wigereipsaid compression
rq&%kgggﬁﬁﬁQFa§M§ﬁg&%&@%oﬁ transport refrigeration

unit for cooling a tenperature controlled cargo space,
said refrigeration systemconprising: a prinmary
refrigefant xGlfifliatiod SetelsekiRd (11l Rin said i
conpr o5 on "G filiod RSIH: 0 (RO Mk saig coppregsion
exd&van genpiaona stuttegingeotcipafaiing oprppresssi.on devi ce, a
refrigerant heat absorption heat exchanger downstream
of said refrigerant heat rejection heat exchanger, and
a prinmaty expafgeanodgvicoesadecspd sedaiodwisteirean ainpsabidn
reérigerant hegt quection heat gxchan%er.and(y st ream
of SYKF GOPRYET JEFLRIMNRSPT WBS SFEPT SAHERP UxoikHgar S an
ecefriyetaneflow edrmmgecAioh withraliichargd@ltleclofibe ARt @OHGMGRIrAR "
di sposed in the primary refrigerant circuit downstream
of FEREL U4y Pejiipipaan i AsPEERTHR of Lt sSeed FARGER NG
upstream of said prinmary expansion device, a secondary
expansi on devi ce disposed in the primary refrjgerant
ci r cui t8 dowdsTEEBEIHieH SYStefoF %fri"l?sg%‘F %’Fﬁrﬂgef?é‘&fl upisfasepelpg 2
he@tp&X®Randeslcardroy @{?Jce,esam rOfig&alich s@@t@ﬁl@(ﬂn?ﬁ_ﬁng: an
econom zer refrigerant |ine establishing refrigerant
f 1 ow cOrRTnC e T SSFANbEIFNE R Iutined IEERREH LBIPTeEHan device, 2
| NEAIAR! R BreRE G Cxeh AGE: BlvnSifafh FAUTRLERSEQibn device, a
device, and a refrigerant flow control valve dispose
i nrefigeineleghahrprpen heaf exchpngardownstram f spidtrefrigerant heat
OP&[. eéﬁdn"l%hé’exéﬁa%g&{ QId%dpn%atr?e&ghﬂonC&é@RE aﬁgbs%@ Yeubdin of
for’ driving sald conpression device; a varlable speea
drsadarerjgeraat hieneiejecamdwat eatlmageniandh ussaiean wbsaad refrggerant heat
Vaﬁ%&”ﬁm¥ﬁ:té@ﬁ§%m9f operation of said conpression
devi Cce; anda controller operatively associated with
sai d vanieadyloenizp eddgetkinit viecudtroklsdnganceniprnd sgidispoctd wi he
for.controlling a.cpoling capacity of the . .
r RPTgRFLTrsi Sy Rl By am ERes s RS TS RE e
S peebhn@ér Saiugsteaiiprf €88 pimageypameion Aevace, h E&bnda@nédxipakehs
run . e d . . . N . .
evice disposed in the primary refrigerant circuit downstream of said refrigerant heat

rejection heat exchanger and upstream of said economizer, an economizer

refrigerant line establishing refrigerant flow communication between said

economizer and an intermediate pressure stage of said compression device, and a

refrigerant flow control valve disposed in said economizer refrigerant line;

a motor operatively associated with said compression device for driving said
compression device;
a variable speed drive operatively associated with said motor for varying the

speed of operation of said compression device; and
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node of operation and by sel ectively powering on and
powering off said conpression device in a first
w@eyobioeigosrode of operation. 9. A refrigerati onPGlESMAS/082461
as recited in claim8 wherein said econom zer
conprises a flash tank. 10. A refrigeration system as
recited in claim8 wherein said econom zer conprises a
ref ri gernfollePopiilve §akRfatcl 0ath 8XGRANIEpeeddriveAnd said
refrigeration systemas recited in claima8 wherein
s afUNRERSHIEP Bfviesror ¢aafrpiiag 2 sodife camrihyofche kefiigeratign system by
SelRetiveatohrSMing Gl sP&dQR SLi@L b RSt Qfon SRl HATTRLES IR uous run
bet ween "a fi xed speed operating node and a vari abl e
spedt o peeratidnigd by deectivoly pavedg ¢rpad @piveiingsafEtaedn as
" CqhiedsibhaBldl i g, whei sl foagbfogarbrol | er mtches the
cooling capacity of the Tefrigeration systemto a
cool i ng demand associated with the cargo space over a
range of Onarakiafbt QA MBI SA8! N6kGRRAS blokomizer
associ ated w t g;tenpera ure pu own 1n the cargo
s paoerisey adlash minkum cool i ng capacity associated with
tenperature nmai ntenance in the cargo space at part
| oad operation. 13. Arefrigeration systemas recited
in clailm 1 whefrigentibhesteaf &sirgeedin damY sheeeih 0€ E@hemizer

in a transcritcial refrigeration cycle. 14. A

r SFPIRGER A F et eipanifiss e Ra nErcl ai m 13 wher ei n
the refrigerant is carbon dioxide.15. A nethod for
operating a refrigeration systemfor a transport

refri gérlat i SrfcligFRtipRIYSEHASIFicS it EHpet WhqgFia said controller
c qmmgésla%dzit@ﬁﬁg Sr®RA6elet MRy Sfilchid badrhdh of ¥l 8fthpressor
including a refrigerant conpression device and a notor
opEtEeenrdixpd speed epettg myide Angd pEarpbleppeed Sgtigepdee f or
driving the conpression device, said nethod conprising
the steps of: providing a variable speed drive for
cont r olI2i ng Athbigeptierisysfenoisaecated orrlam & Weergrpsad cengroller

S ellﬂgtgﬂés Yt?el c)()ol\ﬁ?fgr déég%gtg f ﬁl@?&ﬁg&gtl(;n%gft%rﬁft(g 5 g(ﬁ)rhﬁ? hean)(/i

conpressor; a ovi ding a“contr er operafive
assowiatdawitinihe bargascyeer alrnge sipaeditidn from,a is&iidum cooling

controller determ ning whether to rat L
Pl e B S0 R BB bl BREHE Sel? e i
noabeling caphciy ag@ciateld eadh tompkeatie nisgEroanseinttite deopei@tatupat

¢ olggc{ g}leration.

13. A refrigeration system as recited in claim 1 wherein the refrigeration

system operates in a transcritcial refrigeration cycle.

14. A refrigeration system as recited in claim 13 wherein the refrigerant

is carbon dioxide.
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requi renents and whether to operate the refrigerant
conpressor at a fixed speed or a variable speed to

woreqoel6®o£ 0ol i ng capacity of the refrigerati onPGlESMAS/082461
to a cooling demand associated with the cargo space in
each of the pull down node, the capacity node and the
part | oad node. 16. A nethod for operating a
refrigesat i anm&Usd BFbF$atng@irteideatidd A dA il &dhGFort
conprising operating the refrigerant conpressor at a.
f i leEtgeEHeRENi] for epding 3 franerajurprpeniroligdcargo spacen dig refgjgeration
OP&L@El iRGuding ik BRMALIIM 3R UER EfhdlaGfdtbiESetallval @l m
16 further conprising: operating the refrigerant

c orsprcessasiowith the gorgpratsiomdevise fou drivipgl theicampigesigndevicgand

m’;ﬂ@f Lol Akt e Hef ri gerant conpressor in a power
on OP? cyclj I'ng no I'n the capacity node; operating

t he refprovidingavarpdleppesisivive far cantodiimtg theigngsd efiaperation of the
var | e ' ' ' h art

! ShbBhs T RARE R el fibelenfR Al bR
a powerproidiog i cayollemgentivgly ddsuaaded wake shidroat@ablernpeed drive,

S es%?c{] cq)nggllietr Idgtre]m?lgin}; r\}v%eﬁgrrtg o{)e%?tg thréorgf%geration system in a pulldown

mode, in a capacity mode or in a part load mode in response to temperature control
requirements and whether to operate the refrigerant compressor at a fixed speed or a
variable speed to match a cooling capacity of the refrigeration system to a cooling
demand associated with the cargo space in each of the pull down mode, the capacity

mode and the part load mode.

16. A method for operating a refrigeration system as recited claim 15
further comprising operating the refrigerant compressor at a fixed speed in the

capacity mode.

17. A method for operating a refrigeration system as recited in claim 16
further comprising:

operating the refrigerant compressor in a continuous run mode in the pull
down mode;

operating the refrigerant compressor in a power on/off cycling mode in the
capacity mode;

operating the refrigerant compressor in a continuous run, variable speed
mode in a first portion of the part load mode; and

operating the refrigerant compressor in a power on/off cycling run, fixed

speed mode in a second portion of the part load mode.
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