Capacity Boosting During Pulldown Technical Field [0001] This invention

rel ates generally to transport refrigeration systens and, nore

parti cul awbypiwsemonet hod for boosting conpressor capacipCy/usaenong7opsil | down
operating conditions. Background of the Invention [0002] In transcritical
refrigeration systens as for exanple when using CO2 as the refrigerant, the
capacity at high evaporating tenperatures is limted conpared to nore

conventional subcritical reéﬁﬂ&ﬁ%%@&ﬁin%%ﬂr%fﬁdiﬁo@vher modynam ¢ properties
of the fluid in use. Pulldo e process of starting the systemat a high

evaporating tenperature and pulling heat out of the area to be
refrigeratedypelhidu fldd | €@l phase which requires high capacity and
acconplishnment 1n a reasonable tinme. Disclosure of the Invention [0003] In
accor dance wi@81bne asﬁmvmwnrﬁéawsrwemlﬂ)om traggpoitnefripeniiadystohs oper at i on of
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conpr essor cause erate I n paral conpressor to
tenporaril y buihk)twntdperaumdmyns)f the system [0004] In accordance with
anot her aspect of the invention, a two-stage conpressor arrangenent has a
plurality of valves that are operated in such a way as to cause the

t wo- st ages t Backp@baicofithe ppveatibiel rather than in series operation to

her oina tor MOREFT boa. 15 gn il BTRUBRR A LBt BTG var ous

ot her nodifi eatt efsgeai, B ¢HEABa€highBSPOHGHS Qﬂﬁoeﬁ&ﬁesbehlﬁﬁ&ﬁco&rﬁﬁfeat 0 Wit hout
departing fromthe scope of the inyention. Brief Description of the
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refrigerati Ofe fluid in use. Pulldown, the process of starting the system at a high evaporating
temperature and pulling heat out of the area to be refrigerated, is a critical phase

which requires high capacity and accomplishment in a reasonable time.

Disclosure of the Invention

[0003] In accordance with one aspect of the invention, during periods of
operation of a transcritical refrigeration system in a pulldown mode, a second
compressor is caused to operate in parallel with the primary compressor to
temporarily boost the capacity of the system.

[0004] In accordance with another aspect of the invention, a two-stage
compressor arrangement has a plurality of valves that are operated in such a way as
to cause the two-stages to operate in parallel rather than in series operation to
thereby boost the capacity of the system.

[0005] In the drawings as hereinafter described, a preferred embodiment is
depicted; however, various other modifications and alternate constructions can be

made thereto without departing from the scope of the invention.

Brief Description of the Drawings
[0006] FIG. 1 is a schematic illustration of a transcritical refrigeration
system with the present invention incorporated therein.

[0007] FIG. 2 is a schematic illustration of one embodiment thereof.



systemwi th the present invention incorporated therein. [0007] FIG 2 is a
schematic illustration of one enbodi nent thereof.[0008] FIGS. 3 and 4 are a
schemat i cwOI20w8B3680i ons of anot her enbodi ment t hereof. PeTAiSk@d/oB®wsEri ption
of the Invention [0009] Shown in FIG 1, is a CO2 refrigerant vapor
conpressi on system whi ch includes a primary conpression device 11 driven by
a notor 12 operatively associated therewith, a refrigerant heat rejecting

heat exchangﬁmoé}? andias! Bidd 86 aheheal iIBRSA6RI didnhisatenyginanger 14, also
referred to herein as an evaporator, all connected in a closed |oop

refrigerant &€f®hit in series refrigerant flow arrangement by various
refrigerant |lines 16, 17 and 18. Additionally, the refrigerant vapor
conpression system 10 includes a filter drier 19 and a flash tank receiver
2 1 di sposedDetaileédDesayiptiontof thedaventionf the refrigerant circuit downstream

W th respect 1dogo TEfr'Qﬁ%®H%aF(9W’Qf(kﬂ§e g&g?ggggpgﬁ@§$+m{§% &tlng heat

exchanger 13 and upstreamw th respect to°re ow-of the
evapor at or 14muammmahsepam@wabmmﬁem@aﬁwueﬂldewndewaﬁwnobbmanmvéVy

associ ated w,t h c? e aR tﬁr aIIePI*%’erant heanf P?ﬁs elal? ex{clﬁfntgélglgg %1%[21 re{(ng rant

domnstrean1mn?ﬂmres ect 1o re era receiver 2 1
and upstreanhmnahwﬂeapﬁmtm&hn@ﬁﬂMLgeraﬁmeﬂMGWHmﬁaihswemamonanor 14. [0010]

The primary sion device .11 functians to and circulate CO2
Tofr i gerant ERPBIGRTAEFokPS Gardmt Erpi ser riPRRYT bR A S glett or
mul ti-stage epIEIRS sPrigesait in@slo, fbﬁmegammhemnﬁwsmeeﬁhgﬁmﬁwmessor or a

reci procatin ressor n e c e of | t e stage npressor, both
conpr essi on g@ﬁ@%@“ﬁéﬁ?ﬂnﬂé”ﬁL1 %% ﬁ??ﬁéfgﬁhﬁP%Vmgfﬂggerativer
associ ated i alsg@sb&mwrfgeﬂaamh@nsfbifﬂle%ﬁlgeralhelr&ﬁmm@ﬁ@éa(ﬁnwmﬁelgpda't @m of the
conpr essor [0011] The CO2 refrigerant vapor conpression systemis

designed to fﬁﬁegeé%réﬂpw o4 the efEiperRptdSft reigeing he#ﬁﬁ%lﬂﬂ%%& PRt ¥SHe BNt heat
rej ecting heglihexphandRlrigtAnl o668 PEHotaRr IEhALE e@DoRidr 8 fahdek ant

condensi ng heat exchanger t hrough whi ch hot,
device 22, operatively associated with the evaporator 14, disposed in refrigerant line
17 downstream with respect to refrigerant flow of the flash tank receiver 21 and
upstream with respect to refrigerant flow of the evaporator 14.
[0010] The primary compression device 11 functions to compress and
circulate CO; refrigerant through the refrigerant circuit, and may be a single or a
multi-stage compressor such as, for example, a scroll compressor or a reciprocating
compressor. In the case of a multiple stage compressor, both compression stages
would be driven by the single motor 12 operatively associated in driving relationship
with the compression mechanism of the compressor 11.
[0011] The CO; refrigerant vapor compression system is designed to operate
in a subcritical cycle. Thus, the refrigerant heat rejecting heat exchanger 13 is
designed to operate as a refrigerant condensing heat exchanger through which hot,
high pressure refrigerant vapor discharge from the compression device 11 passes in
heat exchange relationship with a cooling medium to condense the refrigerant
passing therethrough from a refrigerant vapor to refrigerant liquid. The refrigerant
heat rejecting heat exchanger 13, which may also be referred to herein as a gas
cooler or a condenser, may comprise a finned tube heat exchanger, such as, for

example, a fin and round tube heat exchange coil or a fin and flat mini-channel tube



hi gh pressure refrigerant vapor discharge fromthe conpression device 11
passes in heat exchange relationship with a cooling nediumto condense the
refriger awO 2pees653g t her et hrough froma refrigerant vap®cTius2eoefosioger ant
liquid. The refrigerant heat rejecting heat exchanger 13, which may al so be
referred to herein as a gas cooler or a condenser, may conprise a finned
tube heat exchanger, such as, for exanple, a fin and round tube heat
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transport refrigeration system applications he typi cal coollng mediumi s
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with the refgj Qﬁ)h wﬁutﬁaq@fﬁgergﬁt ty @i ofFarks CREBhIVE) ¥ssB3RQFWAL €d Wi th the

condenser 13. The evaporator 14 constitutes a refrigerant
evapor ati ng H@&pn@m@ﬁéﬁger which, in one form may be a conventional finned

t ube heat ex er, : [ ube heat
exchange coiﬁﬁgﬂpa fin §%33%¥%§gﬁwg§gﬁR%£”Bﬁ$ %H“ﬁggﬂ&ﬂ%qﬁanger t hr ough
whi ch expandexthpeger wgiehanope foawi mgy bamws@dnaltﬁlan@b«pmmamXCMeme 22,
passes in hegf, h%écfhlaex%gfeea'l Fﬁ%@d}% fdly QXCE g% L0 or_lah n% a Jaer eby the

refrigerant i's vaporize yesupe eating fluid
passed in heamaneedcfhatmgeharaebaha@ns Ittlrmgmw}hcltdrx@aﬂdeﬂ rafggaramthawmgt he evapor at or
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comonl y dehuﬁmﬂgﬂuﬂdwhaﬂgmhaﬁmqgn&uQphyﬁdedmuay@bﬂnahgx&gnﬂrqhéed
envi r onnent ich

. y de a perishabl e cargg, such as, for exanple,
refrigerated ﬁwngﬁg@éﬁ Hﬂl ng%F%E@H?? ﬁgg?Sﬁgégmfﬁﬁ@eaSSOC|ated Wi th
a transport e@fpbia@grnahiagbe s %ﬁs@éﬂ thf QA Bk eVhRrLxPans AndeMhge 22, which is
normal |y an el ectroni c expansion valve, operates to control the flow of

refrigerant CPFHIGH atSWélaFeéf"YlPhg‘B‘? SHPOTRIOR &%, 3(319% eroladend olap epBpoyY 14 in

response to HQﬁmﬁ@E&dgﬁdﬁﬁ&m% 1@ § QIRES @ntbBe@Nir8SSWheh $Rpsed by the
sensors (not shown) on the suction side of the conpression device 11. A

bypass val veipludp g pems@@l?lel@@g@ sudgsploeprantle, Frérigeasied ydrogen fopdl 89W%-hr ough t he

placed in a storage zone associated with a transport refrigeration system.

[0013] The expansion device 22, which is normally an electronic expansion
valve, operates to control the flow of refrigerant through the refrigerant line 33 to the
evaporator 14 in response to the refrigerant suction temperature and pressure sensed
by the sensors (not shown) on the suction side of the compression device 11. A
bypass valve 27 is provided to supplement the refrigerant flow through the
expansion device 22 when higher mass flow is required by the refrigeration system.
During normal operation, the primary compression device 11 is sufficient to meet
the capacity requirements of the system.

[0014] A control logic diagram is shown in Fig. 2 to illustrate this operation.
[0015] During normal operation, which is indicated in block 33, the
controller 28 causes the motor 11 to drive the primary compression device 11 only.
When operation is desired in the pulldown mode, the controller 28 moves to block
36 so as to then operate the motor 29 to drive the booster compressor 31, in parallel
with and in addition to the primary compression device 11. When the pulldown
mode operation is completed, the control 28 then proceeds to block 33 for normal

operation.



expansi on device 22 when higher mass flowis required by the refrigeration
system During nornmal operation, the prinmary conpression device 11 is

suf fi ci erwoORo1mBei40t he capacity requirenents of the sysPEemuUSP@OD&]06H
control logic diagramis shown in Fig. 2 to illustrate this operation.

[ 0015] During normal operation, which is indicated in block 33, the
controller 28 causes the notor 11 to drive the primry conpression device

11 only. Wepppagper at i Qffayvirs (6Sibe@ thelifVehiish iRWhé foMAs BRFGisidiRocont rol I er 28
noves to block 36 so as to then operate the notor 29 to drive the booster

conpr essor 31ePafaff GORIDEISHET, appthey eatbadimeniiereefiipshopsd in Higspyander y conpr essi on

device 11. V\%Qreinhaesu%'é 'txg@\é\t@gé‘&%r&%r%ﬂe%dlﬁ s&%ﬂhﬁﬁl&das § p&grg@ntrol 28
t hen proceeds to bl 33 for normal operation.[0016] FBV|ng descri bed the

i nvention i napnpaif Jreemaswoneiaing g rawdlckepar at e conpressors, anot her
enbodi ment tgtﬁ)‘(')?]of IS §how. s{ag . & esséléﬂ%wﬁée}{\zﬂﬁ;ﬁdtﬁsﬁnﬂ riSes a t}/vo stage

conpr essor perated I n suc nner as t ormas a palr
conpressors Gpestagd ?r?ganﬂrasgapmébﬂang [@@aﬂve]42rﬂadlspmd§t6w@etwemﬁDMOr is shown

general Ly at IR A04.SOIRAL 585, & L LhafaildeI0,008 50000 phage 41 A

valve 42 is re ween. r|n nor e valve 42 is
open and theatmmws@aghmmeﬂgeemmm&m@ﬁ @b@meemda&vﬂvaoﬁMmﬂMﬂgmmﬂntmo st age

conpressor. Al so V|de valves 43 and 44, mhlch are arranged in

T Tor o1 o1 AteraaBiih e el Bt R s 308 ikl Bed 6 41 T e et vel v,
Wien t he operapdéctingl. meﬁme@paamhndeh@dre STI hfgﬁ&aﬁpdclt&saﬁre required,
such as at pulldqﬁqggperatlgg condi tions, .the valve 42 S clgsed and the

val ves 43 an&fi44c Gpardov, %peé?t’fné&mq”éontgoth‘f)l"aéﬁee“tlﬁé OFSfgn lﬂﬁges 39 and 4

1 in parall ekhalv@l Btan@ns Biefopaseds Maverfichiskb flacékht Bvd figikcebyadseenperarily boost
capacity of the system [0018] Wen operating in the above manner, wth

ei ther the FPgalle r%%twmﬁlgp a%’ShQWBétﬂflﬁeﬁosther%PystﬁlﬁP‘Prérrﬂyr‘?ﬁ?sr‘i BB Adkor s

al l owed to bgywused for normal operating

[0018] When operating in the above manner, with either the Fig. 1 or Fig. 3
embodiments, a smaller main compressor is allowed to be used for normal operating
conditions, which is desirable in terms of overall power consumption.

[0019] Operating in parallel stages will increase the system mass flow and
thereby improve capacity of the system. The multi-stages compressor can be turned
into a regular compressor when the pulldown is achieved or almost achieved, or
when the distance between the suction and discharge pressures are too high and
causing overheating of the discharge gas.

[0020] While the present invention has been particularly shown and
described with reference to the preferred mode as illustrated in the drawing, it will
be understood by one skilled in the art that various changes in detail may be effected
therein without departing from the spirit and scope of the invention as defined by the

claims.



conditions, which is desirable in terns of overall power consunption.
[0019] Operating in parallel stages will increase the system mass fl ow and
t her eby iwprowascapacity of the system The nulti - st age®PCTarspiesdsSmwss can be
turned into a regul ar conpressor when the pulldown is achieved or al nost
achi eved, or when the distance between the suction and di scharge pressures
are too high and causi ng overheating of the discharge gas. [0020] Wiile the
present inveryd epihias been particularly shown and described with reference
to the preferred node as illustrated in the drawing, it will be understood
by one skilled inlthe amethodat oresting g 4rapivan GEELG TRy HEh OhBY tHE ef f ect ed
therein w t hquli, degasd O hdePM, LBRpsRhd ik s gscope of the invention as
defined by the clains. W Caim 1. A nmethod of operating a transport
refrigeration systwhmgopropdhepargiss, ¢ranirerginCOR refgigeraet ip dfersygjem &pthe conpri si ng
t he steps OfmeHkthoﬁ,5@?&c8@,&Eﬁ%ﬂﬂﬁt&&ﬁprESSi”9 the refrigerant in the
system by the operation of on g a first conpression unit; and only during
oper ati on under poily dowg cpendot wgkspulldpen atidigns cperonda gompk essor unit in
parallel wth id firs ressian. uni -t her Lhncre he system
Tase 10w ang”TsRauuieh T R AT by B RS b GRS Yy
forth in cl asysein mhsrtkwmnanganprobe ths bvaelhpapessitbereefnit is a single stage
conpressor. 3. A nethod as set forth in claim1l wherein said second
conpression unit is a single stage conpressor. 4. A nethod as set forth in
claim1l wherein said fA ngthoaagdses aednal cladnp hbs®inaai duttsticem@esdéd wex first and
second stages of two stage conpressor, and further wherein valving is
provi ded to &l BT IECFOURGSY t he two stages to operate either in series or
paral |l el rel ationship.

3. A method as set forth in claim 1 wherein said second compression

unit is a single stage compressor.

4. A method as set forth in claim 1 wherein said first and second
compression units comprise first and second stages of a two stage compressor, and
further wherein valving is provided to selectively cause the two stages to operate

either in series or parallel relationship.

5. A method as set forth in claim 4 wherein said valving includes a
valve between the first and second stage, and a valve connected in parallel across

each of said stages.

6. A method as set forth in claim 5 wherein, during normal operation,
the valve between the two stages is open and other valves are closed, and during
pulldown operation, the valve between the two stages are closed, and the other two

valves are open.



5. A nmethod as set forth in claim4 wherein said valving includes a val ve
between the first and second stage, and a val ve connected in parall el
across eawb20fo/sed4d stages. 6. A nmethod as set forth i nPCraiSa005/0%1ves ei n,
during normal operation, the valve between the two stages is open and ot her
val ves are closed, and during pulldown operation, the valve between the two
stages are closed, and the other two valves are open.7. A transport
refrigeration sysyem cQiRdshsi RErigefatloBRMerk Bft on systemincluding a
conpression unit, a condenser, an expansion device and an evaporator
connected in serthaPPé‘quillg@ﬁs@ﬂlsb%‘Pm inslding la£PMBTFs T Nln & cadaseednt o oper at e
with O as thenisf a%&%raﬂ@an o 3Pbihof OORLESPh A Nirie BEI QA 10 Stage

conpr essor I nclu val vi hg appar atus capabl e”of being sel ectively
oper at ed sucrﬁlati@aﬁhlld@ndadgptﬁbiorﬁ@?rat@p@lﬂla@@mi; theweslrigeran;ger ant flows through
the two stages |nyseldfieShahi QIR RvARe dUBLAGOPEIIiRASIAT vARREat fon T
whi ch greater capaam t| sesalreﬂlgi‘ esli r‘(’gd the Fe?ﬂ)gepant ' 1§ Bro gh the two
st ages i n panpakrasis qapdbdﬂ wfdnslglsriecttryelwr@@ﬂew stphalsat diteg mmalmptl}atlmi t he
system 8. Ay ra0f stem set . f noclaim 7 wherein
sai d val vi ngthgﬁpaggrg Itljtsﬂal A¢ u%ﬁ tﬁe rstova 151es rgltéttl?/\r}gﬁl %dm}n\ﬁ% erl(t)cgtsges and
second and t hi ograriah weshiclo preact @@amtu&s[awrcwsﬂr@il they\iefﬂgetdneﬂomqhﬂmghﬂe st ages,
such that for normal tion said first valve is.o e nd said second
and third varvesestr o SR ORePR & el he D b Raet P RERR R gher
capacities are desired said first valve is closed and said second and third
valves are OpenedS. A transport refrigerant system as set forth in claim 7 wherein said
valving apparatus includes a first valve between the two stages and second and third
valves connected in parallel with the respective stages, such that for normal
operation said first valve is opened and said second and third valves are closed
wherein during periods in which higher capacities are desired said first valve is

closed and said second and third valves are opened.



