CAPACI TY AND PRESSURE CONTROL | N A TRANSPORT REFRI GERATI ON SYSTEM

CROSS- REFERENCE TO RELATED APPLI CATI ON [ 0001] Thi s application clains
priority wWo218129povi si onal Patent Application Serial ROT/US20130173390
entitled "Capacity and Pressure Control in a Transport Refrigeration
Systent filed on March 8, 2010, the content of which is incorporated herein
by reference in its entirety. FIELD OF THE | NVENTI ON [ 0002] Thi s di scl osure

rel ates genen@AMTY ANSPREISURLICOINTGL 80P AVANSPORE REIPREGERSRIDNY, toO
SYSTEM

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to U.S. Provisional Patent Application Serial No.
61/311,590 entitled “Capacity and Pressure Control in a Transport Refrigeration System”
filed on March 8, 2010, the content of which is incorporated herein by reference in its

entirety.

FIELD OF THE INVENTION

[0002] This disclosure relates generally to refrigeration systems and, more specifically, to

methods and apparatus for controlling a refrigerant vapor compression system.
BACKGROUND OF THE INVENTION

[0003] Conventional vapor compression systems typically include a compressor, a heat
rejection heat exchanger, a heat absorption heat exchanger, and an expansion device disposed
upstream of the heat absorption heat exchanger. Some systems further include a second
expansion device downstream of the heat rejection heat exchanger, such as a suction
modulation valve. These basic system components are interconnected by working fluid lines

in a closed circuit.

[0004] Depending upon the characteristics of the working fluid in use in a particular
application, a vapor compression system may be operated in either a subcritical mode or a
transcritical mode. In vapor compression systems operating in a subcritical cycle, both the
vapor heat rejection heat exchanger and the heat absorption heat exchanger operate at
pressures below the critical pressure of the working fluid. Thus, in the subcritical mode, the
vapor heat rejection heat exchanger functions as a working fluid condenser and the heat

absorption heat exchanger functions as a working fluid evaporator.

[0005] However, in refrigerant vapor compression systems operating in a transcritical
cycle, the vapor heat rejection heat exchanger operates at a refrigerant temperature and
pressure in excess of the refrigerant’s critical pressure, while the heat absorption heat

exchanger operates at a refrigerant temperature and pressure in the subcritical range. Thus, in
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R404A, and R407C, typically operate in the subcritical mode. “Natural” refrigerants, such as

carbon dioxide, are also used in refrigerant vapor compression systems instead of HCEFC or
HIC refrigerants. Because carbon dioxide has a low critical temperature, most refrigerant
vapor compression systems charged with carbon dioxide as the refrigerant are designed for

operation in the transcritical mode.

[0007] Refrigerant vapor compression systems are commonly used for conditioning air to
be supplied to a climate controlled comfort zone within a residence, office building, hospital,
school, restaurant or other facility. Refrigerant vapor compression system are also commonly
used for refrigerating air supplied to display cases, merchandisers, freezer cabinets, cold
rooms or other perishable/frozen product storage areas in commercial establishments.
Refrigerant vapor compression systems are also commonly used in transport refrigeration
systems for refrigerating air supplied to a temperature controlled cargo space of a truck,
trailer, container or the like for transporting perishable/frozen items by truck, rail, ship or

intermodal.

[0008] Refrigerant vapor compression systems used in connection with transport
refrigeration systems are generally subject to more stringent operating conditions than in air
conditioning or commercial refrigeration applications due to the wide range of operating load
conditions and the wide range of outdoor ambient conditions over which the refrigerant vapor
compression system must operate to maintain product within the cargo space at a desired
temperature. The desired temperature at which the cargo needs to be controlled can also vary
over a wide range depending on the nature of cargo to be preserved. The refrigerant vapor
compression system must not only have sufficient capacity to rapidly pull down the
temperature of product loaded into the cargo space at ambient temperature, but also operate

efficiently at low load when maintaining a stable product temperature during transport.
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absorption heat exchanger to the suction port of the compressor, and an expansion device
operatively coupled upstream of the refrigerant heat absorption heat exchanger and
downstream of the refrigerant heat rejection heat exchanger. The refrigerant vapor
compression system further includes a controller in communication with components of the
transport refrigeration unit. The controller is configured to operate the refrigerant vapor
compression system to control at least one expansion device to control compressor discharge
pressure to modulate the transport refrigeration unit cooling capacity or compressor discharge

temperature.

[00011] In one aspect of the disclosure, components of the transport refrigeration system

can be less robust or reduced in size or removed.

[00012] In one aspect of the disclosure, the system further includes a second expansion

valve upstream of the refrigerant heat absorption heat exchanger and a refrigerant reservoir.

[00013] In one aspect of the disclosure, operating the refrigerant vapor compression
system in a first mode modulates the transport refrigeration unit cooling capacity using the
SMYV, in a second mode modulates the transport refrigeration unit cooling capacity using a

second expansion valve upstream of the refrigerant heat absorption heat exchanger and a
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refrigerant circuit downstream of said refrigerant heat rejection heat exchanger and upstream

of said refrigerant heat absorption heat exchanger; an auxiliary expansion device disposed in

the refrigerant flow path, the auxiliary expansion device inserted in said refrigerant circuit

downstream of the refrigerant heat rejection heat exchanger and upstream of the refrigerant

heat absorption heat exchanger; and a controller for controlling operation of the refrigeration

vapor compression system, the controller operative to modulate a discharge pressure of the

refrigerant compression device to control a cooling capacity of the transport refrigerant vapor

compression system.

[00017] In another embodiment, a refrigerant vapor compression system can include a
primary refrigerant circuit including a refrigerant compression device having a first
compression stage and a second compression stage, a refrigerant heat rejection heat

exchanger operatively coupled downstream of a discharge port of the device, a refrigerant
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[00018] In yet another embodiment, in a refrigerant vapor compression system can include
a compressor, a refrigerant heat rejection heat exchanger operatively coupled to the
compressor, a refrigerant heat absorption heat exchanger downstream of said refrigerant heat
rejection heat exchanger operatively coupled upstream of an inlet port of the compressor, a
primary expansion device operatively coupled downstream of said refrigerant heat rejection
heat exchanger and upstream of said refrigerant heat absorption heat exchanger, a method for
operating the refrigerant vapor compression system comprising determining a cooling load of
the refrigerant vapor compression system; modulating a cooling capacity to match the
determined cooling load; modulating a discharge pressure of the compressor to control the
cooling capacity of the refrigerant vapor compression system or a discharge temperature of

the compressor.
BRIEF DESCRIPTION OF THE DRAWINGS

[00019] For a further understanding of the invention, reference will be made to the
following detailed description of the invention which is to be read in connection with the

accompanying drawing, wherein:

[00020] FIG. 1 schematically illustrates an embodiment of a refrigerant vapor compression

system according to the application;

[00021]  FIG. 2 schematically illustrates an exemplary embodiment of the transport

refrigeration unit of FIG. 1;



[ 00016] In one enbodi ment, a transport refrigerant vapor conpression system
can include a primary refrigerant circuit including a refrigerant

conpr essiwQ 20avitg®ohavi ng at | east one conpressi on st ag@CTAISR@Ef2T3e? ant

heat rejection heat exchanger operatively coupled downstream of a di scharge
port of the device, a refrigerant heat absorption heat exchanger downstream
of said refrigerant heat rejection heat exchanger operatively coupled
upstreami@jo2an iHIGES sdaOhkticafly HRQrLQNRERSSHAY HBYIiERAL F R ddXBio¥t expansi on
device disposed in the refrigerant circuit downstream of said refrigerant
heat rej defiEgAiNemt dkthdhger and upstream of said refrigerant heat
absorption heat exchanger; an auxiliary expansion device disposed in the
refrigerando2]| owigal Brapiifilyatistrhiead Kre%&aaﬂ&ia% dERYAne GolitiateRemplarysai d
refrigerant circuit downstream of the refrigerant heat rejection heat
exchangerthaRadPERTERISLENt VRIS Of BFFTIgfENA NRPOREANPISHEESHH B Heat exchanger ;
and a controller for controlling operation of the refrigeration vapor

conpr essijgm28y Streq 5 LiashiCORtN@rhes a pRreuALdntRIpy @idyRaui ke gtntixsaplaryge
pressure of the refrigerant conpression device to control a ¢ooling
capacityt%¥mPﬁ%mF#ﬁﬁ§§%¥@t%@Fﬁf@éﬁ%ﬁ¥m05ﬁﬁ?C@Bﬁ%ﬁé@§V%ﬁ“§9§¥%ﬁﬁ“T%OOl?] In
anot her eBe@hidRs heaphlafibgler ant vapor conpression system can include a
primary refrigerant circuit including a refrigerant conpression device
having a first conpression stgﬁf and a second conpression stage, a

refriger&#ﬂyﬂégpl? EHPTEN RE; léﬁgﬁ%mﬁgpqoperatively coupl ed downstream of

a discharge port of the device, a refrigerant heat absorption heat
exchangerno@e¥NstReamOh 136! fl arahibhaanapsr BeptesdiGl §StmOmiedtugxsehanger
operatively coupl ed upstreamof an inlet port of the conpression device, a
pri mary éRpunBirdAseevincaitdi oppis anenelpwd sedce vdinamtong@ince b Thdownst ream of
said ref rcb&%ﬁéﬂ”@ m a {eﬁilp&%h@&nl}@ﬁéd SHEHANAL sudnd ,a\d[ﬁ%% heap pf said
refrigerant heat absorption heat exchanger; an auxiliary expansi on device
di sposed réfrigerhied trafsppry apekntraifdr oncquéaiter, ar haisalay ichscamgrckandaers fresredevi ce
inserted | ' ri.ger o ' - igerant heat
rejectioﬁhﬂggﬁkga%ﬁ%ﬁgggwgﬂ%m%%%%¢%%ﬂggﬁﬂ§%%%%g?%%aéggﬁ%ﬁ%é%? absor ption
heat exchkangehmeana aclioartqoolrdlexd chmforcant withiniargsidgnes, atficepuidding.he

refri g_er tOIS&JCI)tE]].l, \S/CEH(D)&I‘ re%t%%ﬁteos %{h%p fa%%ig[. %ﬂ]thetcﬂsec%o%g éxlﬁr%lﬂaiee{he(r) S%ea}glit\\//g otro r e.duce
a refrigerant "conpression device di“'scharge tenpérature using the auxiliary
expansi oronersien gssmasieds tha typhatikiatloh gdrigarited trawppatrickand sactn ine

fri | in the refri t circuit, [00018] | t
ot her - altoalarpr R cirapon 8 RO BEHA Y piplERe st LR Ehrdn e ude

conpr essenyircuntedf witlge fi@nbnth@at6.r ej ecti on heat exchanger operatively coupl ed
to the conpressor, a refrigerant heat absorption heat exchanger downstream

of saidr gera eat rejection heat exchanger.operatjvely coupl ed

opst ream SIZARC TR 1o Bk e Bt R R Rl R ESAT RHGE fRRE A o BB  ce
oper at i vel Yoeual @d udapns kareginih vl kdndyaldoibg efcanicd eaie of ajoacdideant heat
exchanger, and upstream of said refrigerant heat absorption heat exchanger
5 et hod USPIBHEE b e CHEORBER SRRERD § ApBiPoRsHDPReL RS § SR conpr | 91 ng
det er m ninR@nid eObihglg covageral Allagati@fly,iagaigRNtanRPQETGORAREESS ORapsSt em
nodul ating a cooling capacity to match the determ ned cooling | oad;

nodul at i AgPUateditet Aafle ¢ caaines 69F mulplearioreseaes Pehinsned ConkEcE ool i ng

capaci ty 1of thit@oft ?Jfﬁéegﬁ[o%rﬂffnitWaﬂﬁéallg%ﬁ&ﬁt%§§)i iRAKSHSHAMQlterfpedt S AAI @
tenperature of the coqgressor. BRI EF DESCRI PTI ON OF THE W NGS [ 00019]
By

For a furckimept aifritl @ SAOBGHIMREraBIC-tIRENE Ayl e, the e¥hay AlE &0 the UsPefade to the
f ol | ow ngeded:ad drffhi AR EHe Rl B8 Rin hOfBYE A nQR WY Elsgof L QigBG S EAf | N

connection Wwth the acconpanyi ng draw ng, whereln:
4 1s utilized to warm the air in the container 6. In another embodiment, the exhaust air from
the transport refrigeration unit 4 will be cooler than the intake air such that the transport

refrigeration unit 4 is utilized to cool the air in the container 6.



[00020] FIG 1 schematically illustrates an enbodi nent of a refrigerant
vapor conpression system according to the application; [00021] FIG 2
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refrigeration unit of FIG 1; [00022] FIG 3 schematically illustrates an
exenpl ary enbodi nent of the transport refrigeration unit of FIG 1; [00023]
FIG 4 graphically illustrates a pressure enthal py di agram show ng an
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[00029]  Referring to FIG. 2 of the drawings, an exemplary embodiment of a refrigerant
vapor compression system 200 designed for operation in a transcritical cycle with a low
critical point refrigerant is shown. The low critical point refrigerant may be carbon dioxide
and refrigerant mixtures containing carbon dioxide, for example. However, it is to be
understood that the refrigerant vapor compression system 200 may also be operated in a
subcritical cycle with a higher critical point refrigerant such as conventional hydro

chlorofluorocarbon and hydro fluorocarbon refrigerants.

[00030]  The refrigerant vapor compression system 200 is particularly suitable for use in a
transport refrigeration system for refrigerating the air or other gaseous atmosphere within the
temperature controlled enclosed volume such as a cargo space of a truck, trailer, container, or
the like for transporting perishable/frozen goods. The refrigerant vapor compression system
200 is also suitable for use in conditioning air to be supplied to a climate controlled comfort
zone within a residence, office building, hospital, school, restaurant, or other facility. The
refrigerant vapor compression system 200 could also be employed in refrigerating air
supplied to display cases, merchandisers, freezer cabinets, cold rooms or other

perishable/frozen product storage areas in commercial establishments.

[00031]  The refrigerant vapor compression system 200 can include a multi-stage

compressor 212, wherein the refrigerant is compressed to a higher temperature and pressure.



[00026] In FIG 1, the transport refrigeration unit 4 is nounted at one end
of the container 6. However, the transport refrigeration unit 4 nmay al so be
nount ed twoaenH/des0aore sides of the container 6. |n onePErsSdIItdA372 a
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[ 00027] Isndmié cambodiahpewer striige.tapgrispol powee Eeniegeipatysem wwah tis Batrfaynd ncl ude
one or . ef r 10 continuously or repeatedly nonitor the
return g?i“ﬁ’%%%%r%%%%ﬁ%%@?gf{htg%lggsuppl y air tenperature. As shown in FIG
1, a supply air tenperature sensor (STS) 8 of the transport refrigeration
unit 4 ma§003Ebvildéhetibestgiag pinhodimppethatenpesnd?13 is esingla maitiple ssagoer at ur e
sensor ( rt o r I ion. uni k. . i .1 he
erurn ¢ rksrdlBanky b ARRRRE L SAMEBPIMETUN it TRk RLR AR IF,

Al t er nat iaué haying higrssapppirassibe rpgr 2Le il asedortdhempetssiomstegriiep.ather iestmay be

det er m nedy URLRELA STRLS, SENS 0TSk 0907 Sl Al b IRR AN ARAE GATRE essi on
syst em 2 “hay Provi ge e “Ww R Cont ol 84t Empetat urg, A dPt Y or'f and

speci es cefriganttri@ivingnhd finkccoaprasion asgd 1Ch parkiag dindrely eo hasgond s st ored such

as in container 6. T refrigerant vapor , conpression syste i s capabl e of
Sont ol | hEPESt st T2t B e s R R S sl PR 2R e

envi r onnesinghiseRafad BE iRlesendbit Bompre @bfse@3 PO 11gb rcdn@esd M dchicaregiRait deal of
variety of car?os and under all types of anbient canditions. [00029]
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refri ger @ﬁ%hé@’@&fﬂe@@iﬂﬂf@&sﬁ@ﬂboﬁﬁpﬁésmﬂmnQﬁﬁg&ﬂﬁ@oWonﬂﬂﬁfc@ﬁémitﬁ th a
transcritical cycle with a lowcritical point refrigerant is shown. The | ow

critical 'Heinert (f-6¢ Hegustiondniphpribel Batasom’ Wrpxists 2afd TP ingrepaet mi xt ur es
contai ni '&Qm?éésl%i?&ngédﬁ%érﬁ,eche £ Rpr&XGEPY £y antiOBYBhy bd fecibRchiheREmPRAGEST 00d
that the refrigerant vapor conpression system 2>(,).0 may al sO be operated in a
subcri ti gaRryepeIPEsiry Ar anytiilighsipe of ¢anigessonssia gempiappdngéaantucBuch as

convent i anab YAl In BIAHBIMKA RERINGATRNG, Y dliflodrddl QL REBLAARIA 11 gerant s,

[ 00030] The refrigerant vapor conpression syste%n 20071 s particularly

sui t abl e sysem @8kincinde athyams poe 214 mhriilige patiiigrras yoweansdage fropfardisgbargt i ng t he

air or ot hﬁ&lé’%‘ﬁ%ﬁ%ﬁt&*@&?@&r o (%olrﬂ{.&gﬁ(s%ori'%}% ﬁ{%ﬁ& ﬁ%gﬁgﬁioﬁ%& LPlted enclosed

vol une sdc as a cargo space of a t ntalrner, or the like
for transpeptessog peonlsitbbie/X1R dieosed todis byphkelineeflHinggbantlecaiaplgr conpr essi on

system 200 .;.s al.so suitable for.use.in caonditionin ir to be. s lied to a
ol it e OSSR FERPEVLTB AL e A R R M Brs BB if drho,

hospi t al ,an& e hlosdd, posiesh amurtact refrierant fiev tHraghlthet bypaskhiae 2&f & ipg@ndnt vapor

conpr essi on, s%]st em 2&0 could also be enployed in refrigerating air supplied
to displ &S S e handi sers, freezer cabinets, cold roons or other

peri shabl e/ frozen product storage areas in comrercial establishnents.
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212 along a compressor discharge line 222. In a refrigerant vapor compression system
operating in a transcritical cycle, such as systems utilizing carbon dioxide refrigerants, for
example, the refrigerant heat rejection heat exchanger 220 is commonly referred to as a gas

cooler. The supercritical refrigerant (gas) passes in heat exchange relationship with a cooling



The conpressor 212 may be powered by single phase electric power, three
phase el ectrical power, and/or a diesel engine and can, for exanple,
oper at e awoaotdngioant speed or operate with a vari abl e PcEqisenaep2wrt ve. The
conpressor 212 may be a scroll conpressor, a rotary conpressor, a

reci procal conpressor, or the |like. The transport refrigeration unit 204
requires electrical power from and can be connected to, a power supply
uni t  ( notmea@AYikh a¥&hbvias gas SlIRNMAARE Y. GROFREEH Alor PAWRIe. I8 b YdrfLorar@Ra¥t er nal
power generation system such as that found shi pboard, a di esel generator,

or the | CREPrePRGOBIFMIORCHRHRE Ny SHECt“rUﬁ%lééld@rﬁﬁﬁmsr?éﬁ%mS vigingdherasader 212 is a
single nu&hgabﬁsﬁﬁ%Qﬁmﬂ@R&hﬂﬁ@éﬁhﬂﬁﬁhﬁk9§§9kmx&ahngﬁéaﬁhﬁmﬁmﬁﬁﬁpreSSOf

di sposed in"the primary refrigerant cirtcuit and having a first “‘conpression
st age 212¢femgftiods 8 eonsiapses oTi‘;@rC@gcéqn@m n¥py agpdude pPTigaTARL chpdessing it second

conpr essi r.a.:di i tionship,
wth theeQ ﬁ%ggﬁgl 5%U?ﬁg§§ﬂ%é¥?@§%h§o#%Sé@g%%%a§%§%%%§%%§£ﬁass|ng

di rect | y relatigniap sedelmocoobmpmedisinend stcagdenti2ba figeidf ur t her conpr essi on.

Al ternatively, the conpressor 212 may conprise a pair of independent
conpress CE?}(%BZﬂ' 2 a ?&né&%ﬁ ’heéﬁQ %I‘l ﬁgat 'e£‘ch§ ek 8% llil%t 5dng§f Tﬁmflédot%e heat
relationship in t I mary r |gerant CI “CuT t efrigerant |1ne
connecti ﬁgcllahgerchuslc#saarfgeanduwrelttuqﬁdretat wfhanpecdi] eratfinpodprisischannc fl@xgulien
refriger 3%pag tioR. W J uction inlet
port) of %tg %{gushg}év t co lm‘ri%s s% ?h g\%a%gpa%% t@h@ﬁ Sn%eltltm(3 ot Q%%%glre %s sor
enbodlnemkdmngsebomphes&dramﬂ@ﬁahaddg@m@bmmmgmﬁwh@%ﬂ@h&@@tthgwamﬂpressors
rotary conpres ot h e Q or a onb natlon of any
such conp?ggghhsjianﬁhmr ﬁ%nl“%%n 3ép|c%‘npﬁaééﬂ§fmﬁowﬁﬁé re?rlgerant
vapor con@thﬁm&nmﬂmsgaﬂ&ﬁﬂmemﬁﬁgudehaar@ymaﬁhakenﬁmﬂiﬁzﬁr0M1dmngna
refrigerant flow passa a di schar ort 21 er medi te port 260
of ¢ he- cafyadtiSTsoRAND gk ik b et e BB e R n D SBEHRE ° A lnt oad
val ve 218&nmicspaseshpeiankde bypass |ine 214 may be sel ectively positioned in
an open position in which refrigerant flow passes through the bypass line

214 and t|o in which refrigerant ro t hr ough e bypass |ine
214 o panBSP Ty B hira abPhs POl Gy AR BBy opligt REREREREN . Y hpor
conpr essiopérasyesyt @mpoREDddwihktrda@r oﬂ thmﬂeﬂike&nahdaefejeb@(ﬁf leat exbeager@pawhp an heat

exchanger 0 operativel ou toth dISC ort 216 of the
conpressGPméf%ﬂﬁpgﬁﬁxdnfﬁﬁg ﬁ@@%héfﬁ@eW W&lf SigeTap (g 8p #¥ i ger ant
vapor Co%lﬁ]%bieﬁh@ Rp&}iSdne. NMnPe reﬁztrhﬂl@ thdYe@eitcr aBPR hiffabic@hk fY&V& haGHER as
systens utilizing carbon dioxide refrigerants, for exanple, the refrigerant

heat rej SERAHIRNN “%%%h%hﬁ%@ﬁﬁﬁﬁ“?§1%%hﬁ%hﬁ?mﬁémﬁﬁﬂ%ﬂk¥6”§§m8n§Q§ecooler
The SUpe%Qﬁﬁ&bﬁ%hmﬁ&§Emﬂ@ﬁ@@ﬁmﬁﬁ@ﬁ9v?@ﬁ&ﬁ@aﬂ@m@ﬁﬁheﬁ%ﬁ&@&gﬁa&%hﬁﬁ@PnShlp
with a cooling nedi um such as anbi en as or liquid ( % air or water)
for examghenber abeye tetliquykietiigerapade ﬁhec?éhlﬁlalés@@ ESHIgYRRt Bien %ﬂl&ﬂdﬁ €PN a
subcr i ti GalnEY¥O) RofriHnDeds S RI¥BrakilHehd Iéfeagmfﬂem&aﬁﬂgé}%o fiefddeger ants for
exanpl e, the refrigerant heat rejection heat exchanger 220 i's commonly

r ef er r ed throughsangugibadenpasion Thlse ¢¥ndéwsexilipnyxpansion delva236e1my perr ant
condensi - ger ant
vapor paggggﬁgﬁm eatﬁ%%gﬁdkgéﬂﬂg@gﬁﬁ%hgﬁFQJ%FQ%QH%R&&%§*#ﬁﬁhﬁég umand is
condense@nmamauhnqmadﬂwﬁ&@madknwhgmﬁﬁﬁmsganammohhandnémgnmn@mih@am
exchange a finned;tube he e such a o& f|n and
round t ubTéle%‘ s e b§6’\‘<’)‘?‘3|“‘“” 4 & PR Conofofntafﬁlf xﬁﬁa} R R EBls e at
exchangenhe baer p&)xtamﬁfehe fRslh rank escainer 33898 the tréfrigergh vagr pelidcisnie tﬁewlpﬁa 224 in

heat exchan rel at i onshj i t nt air ra ough the heat
exchangor o895 By IBRESS bt ises v erftbiny pEE R g R alhe et an' 226

al | ows heatigéronthguideiine 2edlofKeemht: Reris@ddt c@e aftdrei rcul ating within the
refrigerant heat rejection heat exchanger 220. An anbient air tenperature
sensor ( 28 may, be positioned up am of .the fan 22 ense

b ent - 0030 E ol R S RRG e SRR PTG r s B SBRa ERER sy ot em
200 nmay ian¢hyyoeated plemeing efiot A&vmoper ati vel y di sposed downstream of the
refrigerant heat rejection heat exchanger 220 al ong a condenser discharge
line 232 to provide storage for excess liquid refrigerant (e.g., |ow
tenperature operation). In one exanple, the receiver 230 is a flash tank
recei ver having a separation chanber 234 where refrigerant in the liquid
state collects in a |lower portion of the separation chamber and refrigerant
in the vapor state collects in the portion of the separation chanber above
the liquid refrigerant. In the exanple, the refrigerant is carbon dioxide
(CR2). As the CO2 refrigerant |eaves the refrigerant heat rejection heat
exchanger 220 |t passes through an aUX|I|ary expan5|on valve 236 The
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[ 00036] I n another enbodi nent, the receiver 230 may include a water-cool ed
condenser and associ ated pl unbi ng (not shown). [00037] Wet her the

refri ger amod 20HpIAL5000NPr essi on system 200 i s operating i RCI/US2@NHLTITL i cal
cycle or a subcritical cycle, the systemfurther includes a refrigerant

heat absorption heat exchanger 242, also referred to herein as an
evaporat or, operatively coupled between the refrigerant heat rejection heat
exchangerno@20 arWh@hes%trbﬁge@maap&%n@fesmesﬁ@mo@ssswerazi_i@mal n the heat
absorption heat exchanger 242, refrigerant |iquid or a m xture of

ref ri ger ARpScrifieph cyrlagic \rhgsical @clselfe Btenhiufbetindydena rddesr @l B¢dtonship with a
fluid to,pesRAnes exfRAter SOITIRD dfte@ld to nEBVMR ah CIPLARE, dpRIHIAE BodpReat e
container 6. In one exanple, the refrigerant heat absorption heat exchanger
242 conphegwesn defr¢fpiprantihed aeiprsian heat ekeharger 22U dtaspelingoriidie R thef r i ger ant
passes i QS hi i I : - dto
the refr ?8@?%%%’5%?3?? g‘%n%?é a%E 9 onmeegtoe\ﬁ%%g(g 23\2/’;%% ataI(l)tpR]Pléﬁ;s} qilﬁllgttuw e finned
t ube heatrefegaheidigeid agd 8apvais reswpin wet extlnge sedatiohehip with & Auidrielbe caoled. t ube

heat exc i fi n 1.0l - i e changer. The
evapor at E%Q?%n Igéf@' %fﬁbwél f?%@% de ugﬁﬁgg%gﬁggggalggaéas}%#ge %ﬁqu%hel’ gliée the air

cont ai nedefvig¢rntrheithbsacpivhdiemexciangdr 34D oen@ivbodiimed tybethh@ cechapgrrddo@r fan 248

directs the streamof air _acros he. surface af the fi.nned. tube, heat

o cranoer i VRSPl pl Sisab Rl dRnfith AfaSlp MIE ai bRORGL a5 0

t enper at wétarnad to thSrefiy@rutgl doatalnat €ty v diinforé Hapeok amed48 orherfmned wbhe
container 6 tq lower the tenperature of the encl psed vol upe. [00038] A

o ary bt g L B s S h bt oar DRES ast e Hise KO0p 1 nl ot

| i ne 250 rhehwash-chinRUilA wibedbatteRehah @I THEEAPSraloe il 248 nRAGbE MRabB@atd exchanger
220 and an input of the refrigerant heat absorption heat exchanger 242. In

t he di ;cIdB%té‘Hs‘bar?ﬁ%ﬂiF‘iﬁ%‘i the Pﬁémﬁ‘f“fl%‘?"gﬁ_ﬁ%@ﬁéﬁ%t?@ﬁr Qje[%}ioé‘éem'%odéfﬁelé’lt Ctronic
expansi ORyMRANE: (2P248 RrebB R stbdIf of 8 4dr @S HRNLrid-QMIR %ind&d dube RAL Nt AI N A
desired | evel of superheat in the refrigerant vapor |eaving the evaporator
or heat &BSYPHPYoh UEdy reReviRmipar fromshe app andehap EHYGGACIRIAIETC 2535 Both be an
adi abat i ¢;8XRENFAERA VAR RNDIR & R oRRFHF 6 (J 1BREr A ehdpBUbfl bSHPT ESENt i n
the refrigerant |eaving the heat absorption heat exchanger 242. The | ow
pr essur e epdpsefl geluamt vapor | eaving the evaporator 242 returns to the
suction port 244 of the first conpression stage or first conpressor 212a.

[ 00039] IigngRE %mq-r%%&nsi%ﬂ@e\ﬁ&fﬁb%@%l@tcoﬁﬁ&gﬁ a1|%ﬁgm{h S25br0r BYF ligN 2

further includes a sucCtion nodul ation val ve 254. the 1l lustrated
exanpl e, 20hketygen angrutnw alliha raliageraps hepe repsyon eaperehangendd 2afl emgrat &wles i on

inlet i @@fri%é@nt%@ﬁt%ﬁﬂgtwﬂ% ché&&ﬁhgé?fzd.hﬁ hEGEIGEE @@B diGatk, tﬁ??ﬁ)ﬁlﬁ‘gi on heat
exchanger 242 and the tee For the  conpressor unl oa ypass ne 214. The
suct i on mrpAnkiat donceva kv de@iiceapansen aalvadialoandia texpargsiaonlaesd ssdo and be
used for Lty t The, s i l.ati o I y
conpri se I%%g% g gxweg?%gfnﬁﬁlﬁfegqe&lgg% %ﬁ%ie%ﬂvé%g@e%ﬁgotngg% éntpoggéhe?gwm]
Addi t i onabdoyptiontheatreeflrangpe 2dht Theappansoorvpive 851 cm teys hidiabaRic payansine| ude an

economni zer, circuit. establishing.refri rant vapor fl ow al on n _injection
0555 it it kSRRl O MBS LT EARL e BRE IRt Reaf R Blb B oLt e
conpr ess teat2iéhanddn @42 Cchirdow pesssute febrikickant Rpotdedn@the € Capoeiir2e? raaus ©e 262

and an econom. zer sol enoid valve 264 to control the refrigerant flow
ot woan. CRecBkBrm Sa 0T Bevint SogsSitatde Sl Sunt St tn st por t

[00039] In one embodiment, the refrigerant vapor compression system 2 further includes a
suction modulation valve 254, In the illustrated example, the suction modulation valve 254 is
positioned along a suction inlet line 256 between the outlet of the refrigerant heat absorption
heat exchanger 242 and the tee for the compressor unload bypass line 214. The suction

modulation valve 254 can be an adiabatic expansion device and be used for capacity

10



In the illustrated enbodi nent, the econom zer device 262 is the flash tank
recei ver 230, and the econom zer solenoid valve 264 is disposed in
oper at i vewageuacitaiooon wi th and downstream of the econonmPg@USe@ntiogs7262. The
econom zer solenoid valve 264 may be a high pressure el ectronic expansion
val ve, for exanple. The vapor injection |line 258 connects the upper portion
of the separation chanber 234 of the flash tank receiver 230 to the
i nt er nedipgfaglatibn. €theREton28RuBtioh hAvEDMILSDRIpriddlZpul{QP@thlhodigedr ef ri ger ant
vapor conpression system 2 al so includes a contro? system operatively
associ at etleRtié ey mipne e¥agdnt rol 1 i ng operation of the refrigerant vapor
conpression system The control systemcan include a controller 266 that
can det enoooe] t NRIERIAINE theTOFiGeRh VARRTBEnpRBsidT s BN nd PinRGS A € t he
refrigerant vapor conpression system 2 based upon consideration of
ref ri ger &EPROMI1CH SlicuitegabisbingAeiaceraryprptlopeNean AR eCion dng 29 Rrtkccadhfs ed
syst em opgLfki 1) RaLRRIBESiate ifledfd8 28D SEh S6HpREBPSIMBRE ecdnbBfiiLPNt r Ol | er
266 includes a m croprocessor board 268 that contains a m croprocessor 270
and its &9S8tingltdas apeprciniZZY devicgr? o ApdidYy AR (SPIEpgid falxe S0P gontighi ch
| ncl udes y@toRRekAnhPodh Ll oYL RLicd 262 I LRNRERI ERohRAMERAL ur €

r €s e

i nputs and pressure 1 nputs fromvarious points in system AC current

i nput s, DCtheulyserated pmpedimentytbe ecagemizapdeyse 3ndlis tinflagh tapk kepgigbr 330pands. The
memory 24 Qhndiflg SOMMGIBLLE 220 aGAR S AL AL IPREIALIN W SNBSIBLAR Sl ect ed.
desired values Tor various operating paraneters w NIt he sys?en1

i ncl udi n@f thewtonvotizer devicecth2t dhe t@npeizat sofepoidetlvpBbhingy box highpreswse | ocat i ons
Wi thin t rf]:ﬁ:(:ts X Slct: gxm r%sié)nr atl Q:efocr: g{gma ilf:nelcheG’ (prriegcsulil)r %né: bgg to%hec(f\s% égnter limts,
engi ne spesd 1§ AEE A “any VA et v of POt e 8e8f red 0peratt i par anet er s
or |im t pomiohlof thagegiysive thatnbel P34addie filaah fank nqauivéA1B0pel the hoemed2idnienc| udes
drive circuié@ §%>relq¥s %ﬂjCh receive signals or current fromthe
cont rol | &P 3BE O RGO APESP eont rol  vari ous external or peripheral devices
in the system 2, such as the expansion valve 252, for exanple. [00042]
Anong t he0&pgeri flihe rddpsan sapmdomp@sssahsgaes 2rvoiitadudes a bynttoheyseont r ol | er 266

are the return.air t rature sensor (RAT). 2 and. supply air tenperature
sensor( SRHifor R R B ehetamn SR S st cor ol ng o

t he evapebapretsidredybtem. dihe céreopgisaiiag inciid alcb@rdlepPdofthatictn d@dmedeahdr e,
respectiveL%; t he Pnbient,aiﬁ teqferatﬂre ﬁAAT) sensor 228 can ipput into
the ni cr SpHTEE¥YE P! Pritipn it high ogrPgiafignt B geEAhMRCEFRMBIFPSSIOP SHYEY At ur e 1 ead
in front vafedtupen ékiib@essttretigaht srebaLk@RNREA! ant{ & 3@RIonE 2R vaRioGONMPr eSSOr
suction tenperature ( sensor 278; that can_input to the m croprocessor

CST) | |
270 a vartp &/sieakretagng puprigensc Bubaigosed embadipshinihe seuiollE 246 on

t enper at yh@udeRa ARTHHBE&SQL b&ird SORMAE oh @R @ MAtMpRcdsSdI D0 aRNSOLs2fba that can
input to the m croprocessor 270 a val ue according to the conpressor

di schar génamipfZa iy @ulyquspug /@ heaglolré. which eludespraaalsg o daird cawersrapor at or
qutlet ! ompehithtitEM Pl RRNS Rl AR e kBRtnreRTrdrl Ditlout Roihi@ L GoaRS OCessor
270 a val ue accoyd%ng %%]?he oﬁ%fet r%npefg%uré.qg tﬁeﬁ?efrige&%nt’heat
absor pt i g hreent israhdNgerrrepyiputs,eltegsrpmuesad hugidtyilon! pressliten¢Gsp)
transducep, 818&&% i CAB chiPkaid O dFloGh r@g%%&%&’,rde&%ﬁ Gy ge or voltage
according to the conpressor suction value of the conpressor o1 ; the

conpr essorridisspbratigepapmass s wehih GRysttm@nsdudieg, bE8G:t litiited toc@mpemput t o t he
m croprocessor 270 a voltage according to the c ressor di.scharge val ue of
the compradegps Bt Bl fAS TS Sl maro yResB AR fattey iR 2httur “288

t hat can linigLdngine spded limicy @p oL eskor of dier desited d@geing peamdiensgriimikhe out | et
pressure of the refyigerant heat absorption heat exchanger 242: a direct
Purrent - 28iebi o5 L AERLRRE, AR ERL Bl ok sR UG FAE i

respect i v&lepk signdls 6fcurepifiont e lcBfrdlie £2650MA ¢e®SOEonZd10 adiowsadxteaddll er vol t age

val ues corres ding.to the current drawn by the stem 2. [00043] The
controlIé?n@§gga?ﬂﬁg§kéﬁs¥ﬁﬁlgé?ﬂlﬁé%ﬁﬁygﬁ“%ﬂﬁﬂF@E 197 AY0% sensors and
controls operation of the conpressor 212, operation of the fan(s) 226
associ at goooart h Athéngried spegiéit askorb et ranghects inthitheaby excbangrRr 2620
operation of the evaporator f 48, operation of the e ion val ve
252, and WpErat ?lbﬁmBETaE“FFeSGE%PE?ﬁ%i} %@d‘ﬂ}ﬂ alm‘%ﬁvnmvawga@wwﬁﬁéﬂﬁﬁt he FIG 2
enbodi ment, the controller 266 may al so control the positioning of the

unl oad val ve 218 to selectively open the unload valve to bypass refrigerant
froman intermedi ate pressure stage ofllthe conpressor 212 through the
bypass |ine 214 back to the suction side of the conpressor 212 when it is
desired to unload the first stage of the conpressor. [00044] In the

enbodi ment depicted in FIG 2, the refrigerant vapor conpression system 2
may further include a refrigerant liquid injection Iine 294. The

.. o . o,



conpressor 212. Aliquid injection flow control device 296 may be di sposed
inthe liquid injection line 294. The liquid injection flow control device
296 may cwopoiiga2mof| ow control val ve sel ectively positipcmaisk@1io2t3feen an
open position, wherein refrigerant liquid flow nmay pass through the |iquid
injection line 294, and a cl osed position wherein refrigerant liquid flow
through the refrigerant liquid injection |line 294 is reduced or blocked. In
an enmbodiifRftintotthemlckdped dssbM R Valk abé R E ANhé SlapSatk Eeurd 96 «GIeRIIrses a

t wo- posi tion sol enoid val ve of the type selectively positionable between a
first opafd pEsrRAGHT @ﬁ@er&t%é%ﬁ%?tlewlb;stgﬁarﬂ@émttairéﬁﬁpe[f@%%ﬂﬁr%sqs@ﬁS roll er
266 may absRpGARb R michHrResbi 2 AN RY allordiEroakXihbial ¥irSXRARLE Rl @ VE 236,

t he econom zer sol enoid val ve 264, and/or the liquid injection flow control
devi ce 29®nt afttke whraeraol haat refegBombppt grekangeiciR0t heonzisssorispeipnéxpReridion val ve
236 resp A {: t e exit of the
refrigergggtﬁgg%Q?gﬁggfF%HH@gg?&gggﬁgﬁgg%gﬁg@?§¥%gggg%§%gr?e? 266 may al so
control therdgosiothoeinmgessdr su¢t@nacoproatrinzer camirengidbchrabyenpediura((3EDect i vel y
permt r i ant v r f e ' ' t hrough the
o oct i o TP ReoBh FERMLL LR Rt o SRR AGhe PO Ehun%eal " 260 of

t he conprdesboge @hReraSrenmdide thy doméef bordmmpedser21266 avayorabsaitlposi ti on t he

liquid injection contr devi ce 6.in.an open iti.on for,.

bt vy B SRR R L e Pyt SRS BT kS el 230

t hr ough tuéhelobgtitdnperyuge bi A rdftifean? Bdat hiskorpitioh @itk uhahdek 043; tee sucti on port
244 of the conpressor 212. 046] . FI 3.is a.diagramthat illustrates an
exenpl ar §°‘é‘ﬁ%@?? PHEHED BIFSSPWéEgEh'F@%‘?}}CF&Séf ‘ththéP PR RipicropFoceyses f}i’.a As
shown i n vEluGor vltaghace¥@mgl @ty cempRiomrtionalde dffiaGpPidssdrefi2imer ati on

system 300 can include a conPressor 320, a heat rejection heat exchanger
330 i ncl GEMAYSEr disthares pressive (dRdransuess 284 cammput tg hydBErogISE 9t | on heat
exchangen784Qoldde hitbkdith @ 1§ dmpaddorAnNehAsSQGicratt boapfsdor 344 tmeand an
evaporator thermal expansion valve (TXV) 350 connected in a conventi onal
manner byViReFrHergeHelprespyrp @5V GDrangiygery§d tnoean iApu (¢ B PHGerasssF PO circui t .
The conpreRsRnLcRRnE ANhdEuR: ]%@é%hfér()@ SRUL A eGATRAEDRPt R hedt EHAbdr 242;
conpressor, single-stage or two-stage; however, the particular type of
conpr essardiggstrren seispr 396 andpltdrpatiop deeent seneer 202 (T angl CTD OB} VERE r i ger ant
i ne 302 ol . i ri gerant
flom/conﬁﬁ%?gg |gﬁ&gﬁ?ﬂb@ﬁQQ%%?g?y%%ﬁ%ﬁg%ﬁggﬁmﬁgFg%%%%ﬁhﬁgé?mggg%§%ger coi
332, ref drayartarthe $yiswer 304 connects the outlet of the coil 332 in
refrigerant flow communication with the inlet to the heat absorption heat
exchangern ; ri |41 - et of the
cor 132 (1RRDL A cofffter Rl h a8l @hihe LRty FATTRE SokT e e of the
conpr essa@pnBROopetation ebie canprevi NG, oveation Of thg éman 226 hooeiged wih the As

depi cted j h [ i L1 ust rated | a
refriger5%?5%%§;§%§§§%ggﬁfﬁ?%gﬁ#%%Q%ng&ggﬁ(gﬁgggmggﬁgﬁgys égincluded in

t he ref r iogemaot offtheoaxpansionuiatve 262, apdsiraigntoli dhelsigion dhadefariorgerl aenSMpassi ng

t hrough refriger | ine 304 |.n heat. exchan rel ationship with. the vapor
o v ger aat BAB I, 2ehPURRT, P e g R B RER R Brk oMb ot o
nodul at i enloudbale: BiKAp sdedivieln Operetkip anisadovaiveab Bepasdefrigarahi froreandri er 316, and
a receiver 318 may be incl dinthe refrigerant circuit jn refrigerant

i e 306 e ovee POkt B sretries AR Eihatn RS 4P e De

t enper at WnRio &S OF thd 9didpkeQor SENSheNGt it h&sirb@ el Wieridfsidgber @br returning to
t he heat absorption heat exchanger fromthe container and a tenperature
sensor 397PPE°I'sensing a tenperature of the air being supplied to the
cont ai ner. Sensors (not shown) may al so be provided for nonitoring

adgi th [ ongd)ommpdilh lh@@ﬁlb&d&ﬁfént&;&pfc&ﬁ iEKENR| @e aafhgiem v ey ld&ﬁpre@id’n splﬁémer ature
an umdity. [00048] The refrigeration unit also includes an electronic
control | é?ayi%*;q @Cbﬂgﬁé‘%}ﬂg%rﬂ& liling A psiop hP‘”e#?“i- @Fé"’cf%‘“ﬂa‘ﬂﬁ‘ﬂt‘ld?}ﬂ@“‘toéi mai nt ai n
a predet gnppoechntd}SiniBhe RAYIFANAR 1M 140ia0a 1RSI RNRWASRAMVT it BeeiRr 9., @

box, wherein the product is stored. The electronic contraoller 390 can

nai nt ai n 28HanprRsdert i hedP2eiRn Yebisrieaendores dite dicispeiop PeBrt4 8f e ng t he
operation of the conpressor 320, the fan(s) 334 associated with the heat

rej ection heat exchanger coil 332, the fan(s) 344 associated with the heat
absorption heat exchanger coil 342, and the suction nodul ati on val ve 312.
For exanpl e, when cooling of the envifdénment within the box is required,
the electronic controller 390 provides electrical power to activate the
conpressor 320, the fan 334 and the fan 344. Additionally, the electronic
controller 390 adjusts the position of the suction nodul ation valve 312 to
i ncrease or decrease the flow of refrigerant supplied to the conpressor 320

- o T Ly, o



[ 00049] Capacity nodul ati on can be considered the process of controlling
the cooling capacity provided by a refrigeration systemto a desired val ue.
The cool iw@ 20apaeioty can be controlled to match the coolPCagish@a®2sf2t he
transport refrigeration system For exanple, in transport refrigeration
applications, the cooling capacity can be controlled to achi eve and/ or

mai ntain a set point tenperature in the cooled space or in the cargo (e.g.
cont ai nercofpresdeb ait, e&lharla i @R8E by ORI i@LidOV6InthyDeliBHBRN the Tighia T ger at i on
system can use refrigerant flow rate to a conpressor. For exanple, related
art capadiigSfopBaePYt i i lnidinectiop fowroptrelsisviges &)6may commsise wilenicari%bn val ve
(SW) 254a&9s&&ﬁk&%%o&hﬁmﬁk@kh&@nEH&&ﬁ?BﬁuﬁﬁQmﬁéﬂﬁéﬁ&gﬁmﬁﬂﬁkhﬂﬂvﬁ&?“/rate
to the conpressor 2. \Wen the SW 25 artially closed, a pressure
drop i s epedhiedginbe liewd ingeetipelingg}os dnsl aradgsed g@rtatntwltr@alt reértﬁ&nph%dt heat
exchangery,, ion port 244).
The reduéégﬂﬁﬁgg?gﬁﬂﬁtggéﬁﬁ&dg &xﬁ@ﬁﬁé??ﬁ?%ﬁ%%ﬁg¥bg%%%|%ﬁ%&enSIty whi ch
inturn @&Wowedmc@emhedeQQOﬁMQwcpmméddebt%ﬁh@dmbymmhwomowmmeykmpwz12 A

| ower I | t

rorri gor anivonr o bk St Bl e £ R PR EARAE S Lot o,
control metihad using the SW 254 is that t he pressure ratio across t he
conpressor 212 can increase. The increased pressure ratio can cause the
conpr ess char able imt
and r eduigo h]:: Ihtr% 35 t%o(ﬁ ah{‘ o C%m!rr(gglgo@o §1‘?10£8%‘8f<t%§ %é%%%%’?%%ﬁsﬁg rigeration
appl i cat ivalvs 236, ml@reeamem:lzqmrselsmud ealva264oa1¢1an tiedcpsbinieati@ f((ev g)ntrobmmcbe
reduced ntro a_hot .gas, b ass_ (HGBP can

short - ci %%r Jt[“n eg((%:llgerag%gls POt nS[ a%/ué‘glafyoe’éj neswevvﬁﬁlgrzégtesmns &{” and t her eby
reduce th@nmmamsun@pmamnnn@mmemauiMemnﬁmnﬁeesamgmﬁﬂﬂﬂaﬁheaﬁmaeﬂrngly, t he
related art ca i ty nodul at | w th SW | ous sadvant ages

et ud! ng HERE o n e B b u AL PG RO g ot ik aNO g« he

conpr ess @6leﬁhl;& ctﬂa% y® b eétp@lwatg lpéﬁrlnt ﬂeﬁfgreﬁﬁisgdpgr folpassaesipihe %&Qllblm(ﬂifes eéhadege |

t enper at ur eyond a, prescri reduci n sor Lifetime an

add ng - or2oS BER g NP T G HE AR VR (e e SHLab

refriger @bmgﬁss%ygtze NRifnBary, thelcBRrcIMV2@Neay ztmrpo@m@ﬁmeetqu@ dﬁe&mﬂq&mby pass

val ve). [00051] Enbodi nents of apparatus transport refrigeration units, and
net hods feeptral Hewsea%é g ahoRsad@PEE N %r SQRFEV Y REMERS E?ﬁ%geé%g&‘ilfl P RYul ati on

di sadvantpgede GRESED30Yn BN Htﬂ@ﬁcﬁ&@injécgoﬂﬂ?e @@Q&Qhﬁe&’udﬁqt% iRt u@bnWokth SW
(e.g., nmass flow rate nod %atlon to the conpressor). In one enbodi nent, a
met hod of246pethaepmpesot ¢ldnsport refrigeration unit can nodul ate the

di scharge pressure of the conpressor to control the cooling capacity of the
transporémkﬂﬁflQ@Gaik@ﬂh@ﬁéﬁ@thﬁ&&aﬁ&ﬁ@ﬂﬁﬁﬂa BodifBnt©&P MleiAgspoPACI ty 1S
to be reduced, the controller 266 can reduce the conpressor discharge
pressure refipgrationci of EHiide AtBowR Bl g3 cagaenplyrywinbRéioen| ff@reagiofng t he
COMPr €5 QLB ASHHA ol 3b) Qaﬁtclﬁ&tr%oegfatm%é CNRLOE L RRIRLALUL G erl30g ONe

enbodi nment di'scharge pressure be or nust” be actrvely controll ed.
For ex ar’rpIIlCéudlwzét ¢oile’38 and asodciasethfahe) Hdhi beag absosptian hedt exchprpei 34expansi on

val ve (E I Jvalve) in
par al 1 ol i PR3 LR FARLY B B SRl Horng BRI 2 V%) ke,
or an or I(TKH%S(Evan@:x@rmhaomentmmndalmnbb)dnefr@atana]h@e 3021304 egldOben that t he
UL W T RO e U S AR AR R SRR L el
nanagenen? =t pl & di S\ charge "preéssure ¢ ? HBGUTati‘on' can conbi ne
char ge n&nmg&amnmm@Eea@serhhema;ihMﬂaeeﬂmqgﬂmaMtwmamsnnmmmheukmansport
refrlger%tron S steqkp 9 be reduced to prevent or reduce flooding; for
exanpl e, St HBOEUAN é&%t“% Uf$et. In one enmbodinent, the concurrent charge
managenent can be inpl enented by adding a refrigerant receiver to the

t ranspor 00087 i dgefideramnlisyXPemmsus Iuheahsclhutge natet bf the t@uprtvoB20iigui d

receiver, suc on accunu at or ess recei,ver 52] In one
Crbont moiedS SRS i R byif e RR SRR b e Sl o P2 ol g
val ve) t eftib@antninesoecinat@s it age:t of thé bal T3P ks gvsint (10% comhibhicfiont wieh

conpress can address concurreni char

control | ﬂ%ﬂer %@‘t begt %’GBFPP%IFF& e"icf‘f&]&?foc ﬁgﬁgaaﬁ?%ﬂ%ertlﬁ?‘%ﬁé(’@io&%?‘r‘“ttﬁ‘“nk and
control ling/passing additional vapor refrigerant to the conpressor. In

anot her enbodi nent, suction accunul at or operably coupled to the heat
absorption heat exchanger (e.g., evapdfator) can address concurrent charge
managenent by controlling/trapping additional liquid refrigerant in the
suction accunul ator and controlling/passing additional vapor refrigerant to
the conpressor. Optionally in conbination, unload val ve can be operated in
conbrnatron mnth the vapor fIOM/Irne or suctron accunulator to address

S o, o -,



[ 00053] Enbodi nents of the application can be applicable to CO2 transport
refrigeration systens because CO2 vapor conpression refrigeration systens
tend to MaOeotlygksoeonpressor di scharge tenperatures. FuPCRAIS20111027372
additional increase in the conpressor pressure ratio caused by an SW can
be problematic for conponents |ike the conpressor in CO2 systens. Further,
CO2 transport refrigeration systens have at |east one EXV, which is

sui t abl e of@t ofl ihe CBARBYLINRERS SHKE WA UnicaiSRH R IR Hon i AErdr@Rr at i on system
i npl enenting 2- stazoge transport refrigeration units already have or require

2 expansicOHPEET 3¥k theyghy cpmplsting fhe eahiigerapt floy SEerir o JsPisedut @econt r ol .

Ther ef or gy B¥sd @ELERLNRL 1RARAL FBAES] %Q%%Qhﬁlgotr&n%élﬁnt%ﬁ)ﬂhé fation can
actively control nodul ating the cooling capacit transport

refriger &W@ngegﬁé@@mb@mgludedmntthmafngaﬁayt %d’ditltquesrﬁmpa&setmpbﬁbmd cost). [00054]
I n one enhg i
gérgiﬁ%gss ;%‘%n% eﬂIgteﬁm e%rog‘%l RLESRHE e&‘@aL E\E%Gzﬁﬂﬁﬁz' ‘Bﬁg%ful At on

nodul ati on rel ated net od 0 acity

with SW. refﬁwammamgehronﬁereﬁ‘@@bnhm Bap rddditionpaiul aer mfrdu(mwg valve&RAZ,cool i ng
capacity n_an [ h acity
moddal at | o pB R R RSl RERRLOR LT PRl % SR

capacity rdugﬁamiIc;rcmﬂﬂ/rdngasrem:umedO@msrmome/nntlmersct(ce @hq syhtems30f) o:luuais;o

smal | er er val ves 055] FIG 4
To e ai aghaE RSO w8 Fored R ot e B el fgReRghe ¢y
nmodul at i ansotrﬂstro@mgdn e&ndn@pﬁroaitheamtalﬁr@ad 5ten@e1auﬁe agsanpIhet sakiaya a vapor

corrpressmnc cle th coolin Clt m) | ation through dj scharge
o1 ebsur o (CURETGF of P OGEENE RAPLFY G 0 VEIFES e T ) T e Py

refri ger gkdvred GyGhéni©ang mltdﬁswohmaans@tm@ fanex@hbRAnvRAL oddiodr b refri ger ant
vapor conpression sg/st em2 with reference to an exenplary Pressure-Ent hal py
di agr am tpreratysiapd hymidithe refri gerant enters the conpressor 212 at the
suction port 244 and is punped to a higher tenperature and pressure,

exi ting tbmigpnormes&agerdion up@ aBo incidies Sedendnisicagtlief 3906 op@RP RSSO ) .
Refrigerant vapor fromthe yapor injection |ine 258 can be mxed wth the
refriger é‘ﬁPSPBW‘ffPﬁ‘ﬁat&)nf‘inF&tlo & %GétaB}f a PRt dwap epEonieat WilHB WS but

still exich8odehoRRRPE 558, Fhdrelthd RBdE SGRADEhPAEIroditRonSIRWWI(BIana PO Nt
B. Frompoint Bto a point C, the refrigerant passes through the

refri ger AMHNNB e Dredersamingheragpment Oharlgdivey sonpiingghe ereraiionivb e at a

constant BhLBRSWF 820, [1@9%3)1331@%0&%& LWAR IR Head b Rkt eQQdaﬁ%ergmﬂ@?.ﬁ Rg to
point Dis adi abat i cal | y 'expanded across the ‘expansi on valve 252. From

poi nt D tfen(a 3gopsspcipted wHb thedieptj ageqrpiin hsalexelangdycou g, eadthe sgqtivger ant  heat
absor pti of1&fby %& Qgﬁére 1@%&}%& Df Hl%aehv ?dnﬁ]%ﬂ alg?hg%?%sur e. From

point E to pol nt e re er ant pas es through an abat’i ¢ expansi on
devi ce, swllreéshetﬁ@tmmcpomwllﬁow@lmwudm cleainvd pRE4r tOtaotl\dttedpe tompesssur e at

essenti al:by fonstant, ARt AALRY Qg EMeGdelOhit D& BANPIB 3Rk mbhe.
t t 1 t ts th
t her rmdyr?agh c cyté? éﬁSCI’I ged [ nllﬂ“% ‘can be renpeagp%6 ?n sinmplified FIG
4, a fir pbsisdragehofuctitremodnipioeysloe 312 foenaense bi decyeaexipaiior ofretlexraoe 236, or
the flas h ; (’i‘ieg to tﬁe (:omperesrg(())rt 32% rf!l(s)\sfl\fg'p’roprialte to control and stabilize the temperature within
the box at the set point temperature, which corresponds to the desired product storage

temperature for the particular product stored within the box.

[00049]  Capacity modulation can be considered the process of controlling the cooling
capacity provided by a refrigeration system to a desired value. The cooling capacity can be
controlled to match the cooling load of the transport refrigeration system. For example, in
transport refrigeration applications, the cooling capacity can be controlled to achieve and/or
maintain a set point temperature in the cooled space or in the cargo (e.g., container 6).

Related art capacity modulation in a transport refrigeration system can use refrigerant flow
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[ 00058] As shown in FIG 4, a thernodynam c cycle EFCDE is exenplary of
operations when the SW/ valve is absent or in a closed portion. As shown in
FIG 4, awohervmespaam c cycle EGHCDE i s exenpl ary of op@cattiseng/ontsen t he
SW valve is partially open and a thernodynanm ¢ cycle EABCDE i s exenplary
of operations when the SW valve is fully open. [00059] In contrast to FIG
4, according to enbodi nents of the application, cooling capacity nodul ation
t hrough Qi eNBE@BrREQRS $UF &afPRt felied@tapRuY hfodltiéh UG REmieARaLat ur e

di fference between refrigerant and heat sink (e.g., air), which causes the
speci fi c Segwninpfuicipmel Yo SMY )det feesaol hy tystienprstsarstandiience theaie i r ough t he
system ( &1oQ rate@8 tHRREMPR&or 51TV hIthO VRS BUTPE @y 1488 U GRG0 aRp &S SO

di scharge pressure can result in a reduction of the systemcoolin

capaci t y cre@sd deneen prlesofithogingeraptipdat dverpy9n heahexghrigar22ang pe gde o

di scharg n - chy i e controller
260 01 oy R e B o 2 TS R el 5

t her nody nawdreuipe ldensity JKEC s teempiednae thf mapdloatrhenslivihaibydlol | ng capacity
i s nodul [ u rolli ro{ o di. arge pressure
of the c%&r%gggsgé?fﬂé%gvregl}ﬁﬁ%qﬂév %%%oljgpl Frgln lg%g v E% %g%il&égﬁll%on, cool i ng
capaci t y refoderh@in systems iAngddinenad effpnt eSého rapdeigchadujeiop cegsl nethod nsibg

trolled i tivel troll ed I . efri t
B AT A T ORI S A,

capaci t y prmslut aiib 0in tisibdfle tdigpreQomlibsQ¢E telipsnae @endieR6 Slixeecdahe be

control |l ed between int F_(Pdi scharge un-nodul ated, Tdi scharge .

i rodul SESSaR08 TOMSRE TR I B SUHar S Totta I AbS oS LICEbdul at ed)
520 usi ngp@Aa@éiis] Melkde€ pRbSuR taglcanadevssila@ @.g,, cel BClen@Bl 6y)axpansinga val ve
(EXV) 236 or by an actively controlled valve (e.g., a solenoid valve) in
par al | el hebses REPasi(HEBY) é%b‘éﬁ@i%‘rﬁa‘@/g}‘\’}tec_“???}heéﬁ’éi‘l)@?so&%@@Fgeé?lfher efri gerant
char ge Mapagesiihlet M3 tRRPPRedice BRIpRLsule faflo BbkRs e cdnfiesbtat rej ection heat
exchanger (e.g., gas cool ér or condenser) does not have enough cooling
capacity (e.q., surface area, tenperature difference) to output liquid only
(e.g., péﬁSQPégb) Acdnehe eroned é%ﬁapaﬁfypla_?d“gﬂuﬁflﬂl@ﬁ@%#%‘%‘%d i qui d

accor di ng@ish@a8padhdTENASinbleadifleth@ BRhpré@bi BSthar® BB LihcrbAbide  BOSRREssor
refrigeration systens, the conpressor discharge tenperature is usually
linited tCBreePRarAualmiEasipnhing FORRBEAtS SGATe Hannes ar Payegd 8Preeaistr uct i on
of the compl &8Qhe cdifedsEf I @RL Qd@ltaddﬁ&?@r fcl€irifk he MREChef QlibiRIVAGA on of the
conpressor. The conpressor discharge tenperature can depend on the

oper at i ndhecennanar rohrgerfion yysteny (gys PorIMY and.ifgfexamplem kay sasdpassiyelvpk essur e
lift in the conpressor (or ratio of discharge to suction pressure), the
conpr essq@()(gfq | Gined@dnenf it ab @ QPIRE R3S efi gk AL Mils, Addhndae iR ale el 1 ng.
The pressure lift can have a nore significant inpact on the conpressor

di schar gean edfist o AeEomNaAriew sapasip medwgionslifilvneges cagicd by wpnbesBro cool i ng.
[ 00062] (e &b RAuflibn WRL BOR L0 LERUAGy tACHEMRIASS B HhSROBE0S)
tenperature I's to inject liquid refrigerant into the conpressor when the

di schar gene empahmenir emethedkeldpernnngd rowadrt eitigertion Thigcdn meduihte éfr i ger ant can
be inject i e i - pat.e | t 260) using a
liquid | rﬁlj%glédtrgéoﬁeitsp‘%é’? Wé&é&?ﬁﬁ%oa&%?gff%ﬁ dé%%“ﬁ%ﬁ?%p%éégzdé%e%?ﬁgﬁt| i qui d

i nj ect i omefcageratpan sysie@r ifpt dxempleowhahst@hhg cdpacitiisltd by reditcedy thd ®@ngolfeor m of
nternal 00kl gk RALOHSES. R B L Rl 00N LNG, GaRAGHLY. gener at ed by
the transport rerrigerati on sys em 16 6ol f}he conpr essor. S i njection
cool i ng afithblen@easpigelssminprdssirtasee raadvcasnirborciwhirggeampatird. yinwhi | e t he
PO O TR el A FATRROLE oo IRE AL O SYEHEERS 1880GRG. Y

active control can be achieved by an electronic expansion valve (EXV) or by an actively
controlled valve (e.g., a solenoid valve) in parallel to the main expansion valve, which may

be a TXV, a capillary tube, or an orifice. One exemplary method embodiment also can

require that the transport refrigeration system implement concurrent refrigerant charge
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i njection cooling can reduce the energy efficiency of the transport
refrigeration system Liquid injection can also require an additional
refrigeramo 2bivia2snd fl ow control device (e.g., |ine 292CTfUSoww1601302 ol
device 296) to carry and control the anmount of liquid flowinto the
conpressor. [00063] In one enbodi nent, a nethod of reducing the conpressor
di scharge tenperature according to the application can elimnate a

dedi cat eghan@fdnicae R bxdniph€ aRbikhrdd RWsERRAFaCly ABYIISRNcAn SdfitiRhd dtvred
construction of and/or reduce costs for a transport refrigeration unit.

[ 00064] IREREEANbICCRH detarty EIrgeiant Pesp i §e Fanspott FEBeraion v basdor |

embodi ment Sefdifed ) Pre3PR ok FALLAARY; FBECLERHRE al HEe 6&9{0?&%% Rismgharge
pressure of the transport refrigeration systen1un t he conpressor

di schar gembegipentathg cendqueiiehdnge mapreemertichrbe mmlfé@qm@ﬂd@y@ﬂdlag wwfngﬁzifmtl imt
The effe 11 Gl.enc t L tion

syst om i asiay AR FEMERERRKRIDh SRAch & h ot ALIROE BBl E: od
enbodi nemtd@ioaecondilaty. ¢rat midepresppk rsatvelon can require that the conpressor

di scharge pressure can be nodi fi ed depending on the desired or selected
compr ess%oo@bﬁchﬁ%ﬂ@%ﬁ R AGEah Cal a v gli)r S i\ C%&%hﬁé%??&leno o
exanpl e, conpressor di scharge pressure c e achl &ued or nost e fectively
achi eved vialvex théhetingrngpiote stagsfof ihgeoapicoser &y stletmf ity cogpicpped-aniaddressn

adj ust abl
eIectronfgmgbgﬁ%éfgéBBL%%E%Mﬁgﬁg%g?ﬂﬁ%ﬁﬁgﬁg%h&Hﬁ%@ggﬁgﬁ#éggﬁggﬁJ%ng to the
appl i cat iflash Mnlyarbie:oetsqﬂhng/msklyg sdditicadl fapor rAtZemysd drsonprasge. hmethesyst ens
o e htb R, SEPERS DAL BN G LU GARLE Bl SxBAR] On devi ce
var|abIe(m@emmphem$y$hemhapeommﬁ&uahmgeﬁmm@gm&hby@mﬁaﬂ@gmﬁmpmg00066] In one
enbodi nent aceﬁédln? o the ﬁ? | i.cation, the |sc r&e presiy can control
t he dlscﬁgpagl 4 Fefiigrrant gy thy piction dgspailaior and congalling/Ressing afdiiopal ¢ r anspor t
refri ger ahpd@eftipdrintse/ e cb@pdessor vmptﬁilalganrceﬁlbingm@hnlem aystembeaseradtc| ude an
auxi | iary expansion %eV|ce 6 and/or have a high pressure side and a | ow
pr essur e B FYRPIpAtiop jidt tﬂ?"a‘f?gffo& W R 4 S@%P&@F%lﬁméﬂﬂ‘?ftto a‘}ﬂé%% FUPPIGTSYT Mide

adj ust ment, @Br&ﬁﬁm§b§@§ﬁhgﬁnﬁﬁ@§5ure (e. g.. usi ng auxiliary expansion
devi ce 236§ does not necessarily result in a change of the superheat

control the tr ort refr| eration syste e. evapor at or super heat).
[00067] VAPaLs TavaRtated Tl R DROP SHaR: SRR O |

refriger aydu@is bdindss C@m@bdire&h SidnQbfr &@ﬁ@tgyagmg &ad&ﬂmeﬁfgﬁ chipnk@de | ncl ude
control i ng cool i ng capaclity tor a re rigerant vapor conpression syst em

Enbodi meitShESHC RS Rl the wlditiongl IGeRss BY (e enTEReN PAESSHE 801 | ng

capaci ty cheed By LeSNVAH BB brovRRAlIc £RIRNFHBhO MkSHS L6ibressdr AN YRG! ment
conpressor discharge pressure control can reduce the cooling Capacity

wi t hout  ifEheaEPnEANSPRI HIESFAESB BYslopIsdg ¥ tdeasane &X0f Whildidhaigelef@nper at ur e.
I'n one e'&%@ﬁa{rg@%%ssu@c%ﬁtﬁﬂr 86, ik n?&%'fe?ng‘e%%%té}ﬁﬂn@&%ﬁﬁgé@&ggoo' i ng

capacity 1 nde dently of sysStem conponent superheat. |n one enbodi nent,
di scharg érapmysﬁnger@mqﬂds alecady bovetor tiquiae ¢ oxmpnaesdaviads, sdihdrigevitablyér at ur e,

for examp} s%%alr eo%és"sﬂﬁ%'cﬁn@oef' M rBroke Eﬁ;?e{ﬂ{? &h&f%@%@%&ﬁ@aee&ﬂa n%'&f mgbodi ment,

conpr essor arge pressure control can i control an aUX|I|ary
expanS|ompmgmu@emdmgpaga@mmﬂmmmﬁﬂmggemamngMmMWmimC@mdmap@Ive refrigerant

charge | &Y rllgeratllon syster%f(g (Igg\?v{tﬁl(g]utt ar%} a(cféiﬂo%él component cost).

[00054] In one embodiment, methods of discharge pressure cooling capacity modulation
can be combined with the related method of capacity modulation with SMV. For example,
the combined capacity modulation (e.g., SMV cooling capacity modulation and compressor
discharge pressure cooling capacity modulation) can be controlled by controller 266 to
provide a better capacity control, and/or reduced component costs (e.g., less robust, smaller,

or cheaper valves) for the SMV or the HGBP valve.
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[ 00068] Exenplary system and net hod enbodi nents according to the
application can be inplenented using various configurations for a primry
refrigeramd 2boop2s0 a plurality of coupled refrigerant POePASs201fiOR73eXanpl e,
in the transport refrigeration unit. In one enbodinent, a bypass |ine and
unl oader service valve can be optional. In one enbodinent, a liquid
injection line and corresponding fl ow control device can be optional. In

one enbodqpiBsf . FAGVARAMidghin®Ghi POwh h &R BEMEBIRTRABdiRGodIlRWasRnRY r ol
device can be optional. I'n one enbodiment, the econom zer valve can be

i mpl errentr@tﬂlutrgprh@rwhw\f PRAFAOBNE FIO1 5 iferdiegsam ghae Fhoss ABPOTEBIPIERYRY ed to an

econom zer eXRANSHAR 1% ﬁmohtﬁat%%r%ﬂ%}{)ﬂkdi‘i@&% présdife MRRGY 1 njection line can
be configured to se Ively 1 nput into the conpressor md stage and/or the

corrpressor i nlet port [ 00069] Refrigerant vapor conpression systens are
conmonl y Y&l fdtﬁf%%tOtFlﬁﬁr%@ldai AN e MPETSTEHEICraian €3 acaR e faicEbebnt r ol | ed

confort Zone alhPbdimént bE e dQAEGant Uhfdr €EmPUldidH HeemPASR fefrkencS HRO!
restaurant or other facility. Refrigerant vapofr corrpressr on systemare al so

commonl y cugeRlany drespue-Hnhalydiagengi At asnopp 14, & relpieeRB sngys theewapressor
mer chandi$egSpe £Jcﬁ&%§(§n £A0LB8L R % odaﬁlg%ﬁf% nﬁf eraiD&5d éﬁgsfshéh&f}t rgftﬁé ozen
I shnents. rrgeran

product storage areas I n co CI est vapor
conpr essicomprsyst ehb(egr, ¢heseemdcgwroithy carmesspm. Refagepairvaperdfoni devaporon

systens f. N r e argo
shace of el ik 98 Gl iRl SRR P Bul YRS AP e bR F
per i shabl(edtfshozebui Sttldiremtsbo}ne tmmrmkssorza]rzlatthsrdtsphange pontt Bi6nshderh ate{plﬁﬁmi)] Wi | e
the present inv descri er ence nber of
spect 11 o mBRrERN S PR S st RN R oL e G ¢ s cope
of the i rydnhgoa2ehaldicshe hdetes mns@ok peeskyre Wi t h respect to clains that can
be supported by the present specificati on Further whil e in nunerous cases

herein WE&;O%% er Ofre eranq(illf]ulepﬁgoe}ﬁthsgagsm 01nt 8d1?11?]a%08 Se%r (!mt%leg as having

a certa enen der's yst ens,
appar at usessahdeipphdiadaleard2bgoprpact Daed ant B, themﬁngetrémapassdsehmﬁgt thened

certain n i cul ar .enbodi nents

e boenBer kg Rb R e s e v Sl e S B PR I5RR S {rat

have beempotheEes pdidA whd Rirfgef-ar @RS tircughanhdpBaticiespdndion eehiadli sma nt thean be
enbodi nent.. r exanpl e,

used with each re rticularly set fort

aspect s sHdie8 andéga \?%‘geozf% et ihe %‘r‘?/%treﬁsd?ﬂ%ﬁqu CHRYEP! £ p3h ¥Fn can be

speci fi cahledng Mt e6:6HRNGL AHRIMhGERBMARSL cycle described in FIG. 4 can be repeated. In
simplified FIG. 4, a first stage of the compressor, the auxiliary expansion device 236, or the

flash tank 230 are not shown.

[00058]  As shown in FIG. 4, a thermodynamic cycle EFCDE is exemplary of operations
when the SMV valve is absent or in a closed portion. As shown in FIG. 4, a thermodynamic
cycle EGHCDE is exemplary of operations when the SMV valve is partially open and a
thermodynamic cycle EABCDE is exemplary of operations when the SMV valve is fully

open.

[00059] In contrast to FIG. 4, according to embodiments of the application, cooling
capacity modulation through discharge pressure control can result in a reduced temperature
difference between refrigerant and heat sink (e.g., air), which causes the specific cooling
capacity to decrease. With constant mass flow through the system (e.g., an optional
simplifying assumption), reduced compressor discharge pressure can result in a reduction of

the system cooling capacity. Constant mass flow through the system during compressor
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WE CLAIM 1. Atransport refrigerant vapor conpression system conprising:
a refrigerant circuit including a refrigerant conpression device having at

| east onewoaeaEgRDoONn st age, a refrigerant heat rePETIUSON1I02T302
exchanger operatively coupled downstream of a di scharge port of the
conpr essi on devi ce, a refrigerant heat absorption heat exchanger

downstream of said refrigerant heat rejection heat exchanger operatively

coupl ed upShdr&apRfire@0nttdl et bdPRhfev@f ustlRRoREITBY BRBMOIRE Vbt system @ Pri mary
expansi on device disposed in the refrigerant circuit downstream of said

ref ri ger AANPPREAL COERWREGSN heat exchanger and upstream of said refrigerant
heat absorption heat exchanger;

[00060]  As shown in FIG. 5, a thermodynamic cycle EIJKE is exemplary of operations
when cooling capacity is modulated or reduced by controlling or reducing the discharge
pressure of the compressor. According to embodiments of the application, cooling capacity
modulation using the compressor discharge pressure can be controlled using an actively
controlled valve and concurrent refrigerant charge management. According to embodiments
of the application, cooling capacity modulation using the compressor discharge pressure can
be controlled between point I (Pdischarge un-modulated, Tdischarge un-modulated) 510 and
point I (Pdischarge modulated, Tdischarge modulated) 520 using an actively controlled valve
(e.g., electronic expansion valve (EXV) 236 or by an actively controlled valve (e.g., a
solenoid valve) in parallel to the primary expansion valve 252) and/or concurrent refrigerant
charge management. As shown at point J in FIG. 5, the heat rejection heat exchanger (e.g.,
gas cooler or condenser) does not have enough cooling capacity (e.g., surface area,
temperature difference) to output liquid only (e.g., point C), and therefore can output a

mixture of gas and liquid according to embodiments of the application.

[00061] In transport refrigeration systems, the compressor discharge temperature is usually
limited to a certain value, which depends on the materials of construction of the compressor,
the refrigerant, and the oil used for lubrication of the compressor. The compressor discharge
temperature can depend on the operating conditions of the transport refrigeration system, the
pressure lift in the compressor (or ratio of discharge to suction pressure), the compressor
efficiency, and the compressor internal and external cooling. The pressure lift can have a
more significant impact on the compressor discharge temperature than the compressor

efficiency or compressor cooling.

[00062]  One related art method to reduce the compressor discharge temperature is to inject
liquid refrigerant into the compressor when the discharge temperature exceeds an allowable
limit. The liquid refrigerant can be injected into the compressor (e.g., intermediate inlet port
260) using a liquid injection line (e.g., liquid injection line 294). The liquid injection can be
intermittent or constant. Liquid injection is a form of internal cooling that uses a portion of
the cooling capacity generated by the transport refrigeration system to cool the compressor.
Liquid injection cooling of the compressor therefore reduces the cooling capacity while the

power consumption of the transport refrigeration system is generally unaffected. Thus, liquid
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an auxiliary expansion device disposed in the refrigerant circuit, the
auxiliary expansion device inserted in said refrigerant circuit downstream
of the reaevpi2gawviapdooheat rejection heat exchanger and up®Craseeief21he
refrigerant heat absorption heat exchanger; and a controller for
controlling operation of the transport refrigerant vapor conpression
system the controller operative to nodul ate a di scharge pressure of the

refriger afbcion 0BG ThORIGRMhE el ERMICPbf e GRRXPLAGIEARALNYst@h. t he
transport refrigerant vapor conpression system 2. e transport

ref ri ger duid/mssHongiptsasyiugn a8 ydhitpalpirigPniing angHeweontrd deien (edh| er

oper at i veint 891pEu! Ah&o1liBRAb RS NALGS aRi ESRWI Be Dot ®f [ifidi HEEE AP theCOMPT €SSI 0N
device to control the cooling capaCity using both the auxiliary expansion

devi ce dicepowed®rin the refrigerant flow path and active refrigerant charge
|l evels in the refrigerant circuit. 3. The transport refrigerant vapor

conpr essijqesy St BhOimiddithdh, 2 mMES & récﬁ'l@in% thel dohnBFe¥s B YRANPIQBm AeM e
di sposed in a second refrigerant flow path, the second refrigerant flow
pat h i ns@Fgoading 19 Baanpligasiop cejeelmpipate p dedigateddelgeiantd imand flow sonte deviger ant

heat rej %Eihq Hfﬂe&hﬁﬁféﬁm\%ﬂo%qu&%é& ﬁﬁ@tﬂfl%p}oﬂgeﬁigérﬁtji&ﬁfnﬂm heat

absor ption at” exchanger, ere refrigerant ow aFways passes through the
refrigerant circuit. 4. The transport refrigerant vapor conpression system
of cl ai mi%06fLir tineadobinpciiag hgridraiiegerang aiaihe Cogesobmbphimerts edhe n sai d
refriger apty;Glididhh de dOND fecBARor 1REFRITdAGE 8the BERbor Fli&Edioqn heat

exchanger and upstream of the prinmary expansion device, where the auxiliary
expansi onydiay petd thesconmpaespar deschangestangerpeferip apeintrrasiikedithredioléhrser eam of t he

refriger gut; REA ik Che bR N §REnFEEAFUBR P th HPEALFAT R o k1O kRl 9T ant

reservoir.
is similar to the effect of liquid injection. Exemplary method embodiments according to the

application can require that the compressor discharge pressure can be modified depending on
the desired or selected compressor discharge temperature (e.g., at current conditions). For
example, compressor discharge pressure can be achieved or most effectively achieved if the
transport refrigeration system is equipped with an adjustable flow control device as the

expansion device, such as an electronic expansion valve.

[00065] Exemplary embodiments according to the application may be especially suited for
CO; systems, since these systems are likely to be equipped with an adjustable flow control
expansion device to control the heat rejection pressure, which is an independent system

variable when the system operates as a transcritical system.

[00066] In one embodiment according to the application, the discharge pressure can
control the discharge temperature of the compressor independently of the transport
refrigeration unit superheat. Two-stage refrigeration system can include an auxiliary
expansion device 236 and/or have a high pressure side and a low pressure side of the
transport refrigeration unit. Accordingly, the adjustment of the discharge pressure (e.g.,
using auxiliary expansion device 236) does not necessarily result in a change of the superheat

control of the transport refrigeration system (e. g., evaporator superheat).

[00067]  Various advantages that embodiments of apparatus, transport refrigeration units,
and methods for operating the same can provide include controlling cooling capacity for a

refrigerant vapor compression system. Embodiments can use discharge pressure control for
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5. The transport refrigerant vapor conpression systemof claim4, where the
controller controls the discharge pressure of the refrigerant conpression
devi ce uswagohatipsobhe refrigerant reservoir and the auxiPCIrAISg018XpENASI on
devi ce i ndependent of superheat of the transport refrigerant vapor
conpression system 6. The transport refrigerant vapor conpression system
of claimb5, where the controller controls the discharge pressure of the

refri ger 3fauRQAPERHE OIpallBVoE £ reiSieRGi PRoPcdiiReskBh ki @8N atont 8:686MALA, and t he
auxi |l i ary expansi on devi ce i ndependent of a refrigerant heat absorption

heat excfamgepsos diseirrsaresgie eontgt ¢angedusn the CopiResaricln WitbeHt sregtipe fiseat  of

the trangpehlesdof el AR A oMARRAreC RIEARRL. AR oY SHESHim &R i WASLE plelGire
refrigerant reservoir conprises a flash tank or a suction accunulator. 7.

The transpurd crefericgeireatoplingagorci omsperisitbrolsysere aeraponeiaiparkat.wier e t he
cont 1ol | Ghe L nQRELAL K RubOpRELEAMNG: bORRPPOS L SN digRE AN BRRR:,
conpr essi on system capac tg nodul ati on usi ng oth the auxtlia y expansi on
devi ce difgposaplei tn rerhn bebwiaglarshatd thinpuapat hn ervdenebotineat, cemipieger ant  char ge
levels i th%ﬁ'ag%e{ r];:srs{llg%BI?tP(;[l ol 1'%181&1& co%rgp&%k hﬂﬁéﬁ?%%%aﬂgor?‘dgv?gercfis%g{e rlllli a
conpr essi on ce pressure ratiro or a refrigerant conpression device

di schar gecfrieerpafmtvuraéh and@ctivElrefrigeransihangt lavelf iin gefrégetanvapoit. conpr essi on
system of claim7, an adi abatic expansi on device operatively coupled to a

suction i[&do%?]r! JEAL I[QQ?J SiemnNGia GRMLI AnbSdinmtfis ARGEAL i%ﬁ}eta% f?%[i{n?%a@b% .
transport re |geraH vgpor conpr essi on sysfen1ca acity Fodulati'on usi ng
t he adi abaplemesxpoaigy Gmiodkeaonfguratidhs forherinraansrigetant wbp bgeplardityvdpor

COnpr e85/ 8&‘@@&&%&%@‘?3{ 1881'%3?%0?‘ﬁ%amp"1‘4‘,% G LASLSORLG OL LS QRGN AL Y&, M, Jpdul ate

t he discﬁarge pr r e refrigerant conpréession device to reduce
r ef ri ger alypooiipe aslainbnddavivice valvs cdncregptidraiipiraat ambodilen, aligyé a t hr eshol d

value. 10. The transport refrigerant vapor conpression systemof claim?9,
wher e t hEURSOREPS “ELS BRI BRI camel adiCta BEPRIRE £7 80 SEMEPYT: devi co
(EEV), andpdrigedionlin®hldiortt®oh@didew th@rol aévidedan 80bpta@APesss on devi ce
di scharge tenperature when ahove the threshold value b
g embocrlriglent, the econom?zer valve can be ?mplemented us?ng other ﬂowx:ontrol devices such
as but not limited to an economizer expansion valve. In one embodiment, the vapor injection

line can be configured to selectively input into the compressor mid stage and/or the

compressor inlet port.

[00069]  Refrigerant vapor compression systems are commonly used for conditioning air to
be supplied to a climate controlled comfort zone within a residence, office building, hospital,
school, restaurant or other facility. Refrigerant vapor compression system are also commonly
used for refrigerating air supplied to display cases, merchandisers, freezer cabinets, cold
rooms or other perishable/frozen product storage areas in commercial establishments.
Refrigerant vapor compression systems are also commonly used in transport refrigeration
systems for refrigerating air supplied to a temperature controlled cargo space of a truck,
trailer, container or the like for transporting perishable/frozen items by truck, rail, ship or

intermodal.

[00070] While the present invention has been described with reference to a number of
specific embodiments, it will be understood that the true spirit and scope of the invention
should be determined only with respect to claims that can be supported by the present
specification. Further, while in numerous cases herein wherein systems and apparatuses and

methods are described as having a certain number of elements it will be understood that such
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decreasing the discharge pressure of the transport refrigerant vapor
conpression systemusing the adjustable flow control device (EEV), where
t he transwonpiwvEasonger ant vapor conpressi on system doesPABtUSROIGINEHE2 an

adi abati c expansi on device operatively coupled to a suction inlet line, a
liquid injection line or a hot gas bypass line. 11. The transport
refrigerant vapor conpression systemof claim2, conprising an econom zer

circuit QpRAAY, ayRkiuBSSRGhARRH oM bdpridi@ed Rfch FQRF Mk (e inicaHbled ceddn The
transport refrigerant vapor conpression systemof claim1ll, wherein the

econoni z @EMEETY glemeptic pigeshile amer plgfaricylar ambodingrehave heqn siefosbdhi ng t o
an i nt er gRfibahfcRIEATH: Feafil &0 d Apel B hab RV HESS QR ibI Whth Ser@Bfbedo bdchSt 1 ow
control valve disposed in the vapor refrigerant injection line. 13. The

t r anspor tragtistles gpehrodineny eandie vseshyitleeash eamaiying pariigyfiarlyl sqi ferth gmbedimpiti si ng a
liquid reff %&ﬁ{ BNhspbb SRHA Wb G e%%&iﬁ%%%o*@%ef&ifbéd He?réiﬁ@&n heat .
absor ption eat exghanger ané opening to an inlét Tine of the conpression
devi ce anpecaicgBy otrdcHahgnd oz opmbiotd.val ve di sposed in the liquid refrigerant
injection line. 14. The transport refrigerant vapor conpression system of
claim 1l conprising a refrigerant bypass line and third flow control valve
to provide a refrigerant fl ow passage from an internedi ate pressure stage
of the refrigerant conpression device back to an inlet line of the
conpressi on device. 15. The transport refrigerant vapor conpression system
of claiml1, wherein a refrigerant is at |east one of HCFC refrigerants, HFC
refrigerants, natural refrigerants, or carbon dioxide, and wherein the
transport refrigerant vapor conpression system operates in one of a
transcritical node or a sub critical node.
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WO 2011/ 112500PCT/ US2011/ 027372 16. A refrigerant vapor conpression
system conprising: a refrigerant circuit including a conpression device
havi ng a Woret1/1aesvpr essi on stage and a second conpressi @OTASa¢a/027372 a
refrigerant heat rejection heat exchanger operatively coupl ed downstream of
a discharge port of the conpression device, the refrigerant heat rejection
heat exchanger to operate in transcritical conditions, a refrigerant
heat absgypigienvheat exchanger downstream of said refrigerant heat
rejection heat exchanger operatively coupled upstreamof an inlet port of

t he conpression device, the refrigerant heat absorption heat exchanger to

operate in s uQQHnEﬂo%L:fr@@r@gﬂ \Iab&rb%mpression system, comprising:

a refrigerant circuit including

a refrigerant compression device having at least one compression stage,

a refrigerant heat rejection heat exchanger operatively coupled downstream of a
discharge port of the compression device,

a refrigerant heat absorption heat exchanger downstream of said refrigerant heat
rejection heat exchanger operatively coupled upstream of an inlet port of the compression
device,

a primary expansion device disposed in the refrigerant circuit downstream of said
refrigerant heat rejection heat exchanger and upstream of said refrigerant heat absorption heat
exchanger;

an auxiliary expansion device disposed in the refrigerant circuit, the auxiliary
expansion device inserted in said refrigerant circuit downstream of the refrigerant heat
rejection heat exchanger and upstream of the refrigerant heat absorption heat exchanger; and

a controller for controlling operation of the transport refrigerant vapor compression
system, the controller operative to modulate a discharge pressure of the refrigerant
compression device to control a cooling capacity of the transport refrigerant vapor

compression system.

2. The transport refrigerant vapor compression system of claim 1, where the controller
operative to modulate the discharge pressure of the refrigerant compression device to control
the cooling capacity using both the auxiliary expansion device disposed in the refrigerant

flow path and active refrigerant charge levels in the refrigerant circuit.

3. The transport refrigerant vapor compression system of claim 2, where the auxiliary
expansion device disposed in a second refrigerant flow path, the second refrigerant flow path
inserted in said refrigerant circuit downstream of the refrigerant heat rejection heat exchanger
and upstream of the refrigerant heat absorption heat exchanger, where refrigerant flow always

passes through the refrigerant circuit.

4. The transport refrigerant vapor compression system of claim 2, further comprising a

refrigerant reservoir inserted in said refrigerant circuit downstream of the refrigerant heat
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a primary expansion device disposed in the refrigerant circuit downstream
of said refrigerant heat rejection heat exchanger and upstream of said
refri ger amo 2hgzt12zbsor pti on heat exchanger; an auxiPCIrarsgo1aopsnsi on
devi ce disposed in the refrigerant flow path, the auxiliary expansion
device inserted in said refrigerant circuit downstream of the refrigerant
heat rejection heat exchanger and upstream of the refrigerant heat

absorpti Qge&@ﬁmeﬁémﬂg@ hid @3Feam of th@p ity ERpanebn liSiceC ARt HelabRi@agper ati on
of the refrigerant vapor conpression system the controller operative to

reduce a CKRASIORdeVagstis HePsddR st reiReiAnE Brqitslonattgamos thsaelaeeir e hgali ng t he

auxi | i ar Yo e ansd QRcHdRM: 6R1 Hs8PATEAN Redditinf RELL@erant flow path and active
refrigerant charge levels in the refrigerant circuit. 17. The refrigerant

vapor conpression systemof claim 16, wherein the transport refrigerant

) - a a T s- S of m 4, where -0 1 )
vapor COnpresg},ofl, R [1% %%g\é%m%ornﬁﬂcé 's%ﬁ‘ryas Hm 4 DBl tld dogeEiRpt vapor

conpr ession system ere the refrigerant vapor conpression
syst em deestraipthe dischagdepresnura diiht rdngdrane xpapsisom ddeie genoipeh tici vel y coupl ed

to as UCtréf%nergﬁlrgs%rvloqugd (h all)i(iﬂéij?’ gx . a'ﬁjsigg Elév?(% ilr}(ile@gl‘#ﬁgtrof 2y %eagc?ﬁheb ypass line.

19. In a refrigerant vapor conp Ion syste risi a conpressor, a

r ef ri ger amtspogat¢iripgpeotparomp@bsi@xyhamger operatively coupled to the

conpressor, a refrigerant heat absorption heat exchanger downstream of said

refrigerant heat rejection heat exchanger operatively coupl ed upstream of

an inl et eport Thé rifporCc@ifceMS Mpor @ nipréstidh yysexpaingaimr, davicde opesiati vel y

coupl ed domojtslile%m of said i gerant heat rejection heat %xchanger and
ar the

refri h
upst r eam“8fY PEFSCETS e ChbS TeILE YL SYPRSSHRALVIE% Bixnh MCq et hod for
oper at i ngeftif@ant@éskiveRaadthe \ianDiry COPHALISH Gvadt i6JPERINCAAREiSEAE heat

absorption heat exchanger superheat or a refrigerant compression device superheat of the
transport refrigerant vapor compression system, and where the refrigerant reservoir comprises

a flash tank or a suction accumulator.

7. The transport refrigerant vapor compression system of claim 2, where the controller is
operative to perform the transport refrigerant vapor compression system capacity modulation
using both the auxiliary expansion device disposed in the refrigerant flow path and active
refrigerant charge levels in the refrigerant circuit without increasing a refrigerant

compression device pressure ratio or a refrigerant compression device discharge temperature.

8. The transport refrigerant vapor compression system of claim 7, an adiabatic expansion
device operatively coupled to a suction inlet line, where the controller is operative to perform
a transport refrigerant vapor compression system capacity modulation using the adiabatic

expansion device.

9. The transport refrigerant vapor compression system of claim 1, where the controller
operative to modulate the discharge pressure of the refrigerant compression device to reduce

refrigerant compression device discharge temperature when above a threshold value.

10. The transport refrigerant vapor compression system of claim 9, where the primary
expansion device is an adjustable flow control device (EEV), and the controller to reduce the

refrigerant compression device discharge temperature when above the threshold value by
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determning a cooling |load of the refrigerant vapor conpression system
nodul ating a cooling capacity to nmatch the determ ned cooling | oad;

nodul at i gjoaodigeivar ge pressure of the conpressor to comCralS2eih®2wsovl i ng
capacity of the refrigerant vapor conpression systemor a discharge
tenperature of the conpressor. 20.The nethod of claim 19, where the

nodul ating the di scharge pressure of the conpressor conprises operating an

actively je@Bis(id] th&dl sl biedduYe EXRARGIsHIH BBWeRBt vapor compression system using
the adjustable flow control device (EEV), where the transport refrigerant vapor compression
system does not include an adiabatic expansion device operatively coupled to a suction inlet

line, a liquid injection line or a hot gas bypass line.

11. The transport refrigerant vapor compression system of claim 2, comprising an

economizer circuit operatively associated with the refrigerant circuit.

12. The transport refrigerant vapor compression system of claim 11, wherein the
economizer circuit includes a vapor refrigerant injection line opening to an intermediate
pressure stage of the compression device and a first flow control valve disposed in the vapor

refrigerant injection line.

13. The transport refrigerant vapor compression system of claim 11, comprising a liquid
refrigerant injection line upstream of the refrigerant heat absorption heat exchanger and
opening to an inlet line of the compression device and a second flow control valve disposed

in the liquid refrigerant injection line.

14. The transport refrigerant vapor compression system of claim 11 comprising a
refrigerant bypass line and third flow control valve to provide a refrigerant flow passage from
an intermediate pressure stage of the refrigerant compression device back to an inlet line of

the compression device.

15. The transport refrigerant vapor compression system of claim 1, wherein a refrigerant
is at least one of HCFC refrigerants, HFC refrigerants, natural refrigerants, or carbon dioxide,
and wherein the transport refrigerant vapor compression system operates in one of a

transcritical mode or a sub critical mode.
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16. A refrigerant vapor compression system, comprising:

a refrigerant circuit including

a compression device having a first compression stage and a second compression
stage,

a refrigerant heat rejection heat exchanger operatively coupled downstream of a
discharge port of the compression device, the refrigerant heat rejection heat exchanger to
operate in transcritical conditions,

a refrigerant heat absorption heat exchanger downstream of said refrigerant heat
rejection heat exchanger operatively coupled upstream of an inlet port of the compression
device, the refrigerant heat absorption heat exchanger to operate in subcritical conditions,

a primary expansion device disposed in the refrigerant circuit downstream of said
refrigerant heat rejection heat exchanger and upstream of said refrigerant heat absorption heat
exchanger;

an auxiliary expansion device disposed in the refrigerant flow path, the auxiliary
expansion device inserted in said refrigerant circuit downstream of the refrigerant heat
rejection heat exchanger and upstream of the refrigerant heat absorption heat exchanger; and

a controller for controlling operation of the refrigerant vapor compression system, the
controller operative to reduce a refrigerant compression device discharge temperature using
the auxiliary expansion device disposed in the refrigerant flow path and active refrigerant

charge levels in the refrigerant circuit.

17. The refrigerant vapor compression system of claim 16, wherein the transport

refrigerant vapor compression system uses CO; refrigerant.

18. The refrigerant vapor compression system of claim 16, where the refrigerant vapor
compression system does not include an additional expansion device operatively coupled to a

suction inlet line, a liquid injection line, or a hot gas bypass line.

19. In a refrigerant vapor compression system comprising a compressor, a refrigerant heat
rejection heat exchanger operatively coupled to the compressor, a refrigerant heat absorption
heat exchanger downstream of said refrigerant heat rejection heat exchanger operatively
coupled upstream of an inlet port of the compressor, a primary expansion device operatively

coupled downstream of said refrigerant heat rejection heat exchanger and upstream of said
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refrigerant heat absorption heat exchanger, a method for operating the refrigerant vapor
compression system comprising:

determining a cooling load of the refrigerant vapor compression system;

modulating a cooling capacity to match the determined cooling load;

modulating a discharge pressure of the compressor to control the cooling capacity of

the refrigerant vapor compression system or a discharge temperature of the compressor.

20. The method of claim 19, where the modulating the discharge pressure of the

compressor comprises operating an actively controlled auxiliary expansion device.
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