27 SEP 2004 ECONOM ZER Cl RCU T ENHANCEMENT BACKGROUND OF THE | NVENTI ON 5
This invention relates to locating the economi zer valve close to thg7 SEP 2004
econon zer heat exchanger or otherw se increasing the volune of the

econom zer circuit line in a refrigeration cycle. Econom zer circuits are

utilized in refriger ECONONIZFERCIRCIT ENHANCEMENT ng or heating

capacity. As is known, a refrigeration cycle passes a 10 refrigerant

bet ween a conpressor, whekg s - fnss,nrMOndensor, where it
is typically exposed to amf.%d]i@ﬁw 1 £ , the refrigerant
passes through a primary expansion device and then to an evaporator. An
envi ronngnt to bdhibdhemtion mdweedoblocatier rtbé racgeomizer pased nfpsehtoOulh t he
evaporator. The refrigerant returns fromthe evaporator back to the
CONPr essor, ecdhondfé HEAAY eRdn ﬁ%&r'ﬁﬁé&ﬂ@nﬁséﬂﬁ}éaﬁﬂ%ttﬂé %fu!rﬁengf %Véc%ﬁoﬁgﬁf he
way. An econom zer circuit IS sonetinmes I ncorprated jus ownstre of the
condensor . Esseni.i alﬂlné’ g.gportion f the refrigerant |eaving the condensor
is tapped FFEM {Re"haif 459N Y&l%and passed through an econoni zer

expansi on device. An econom zer heat exchanger or flash tank receives the
fluid | eaving th&cpiomeenoriicuis ecpamidizah idevirefeigemtidnf uptlbertior ¢eeiies t he
main flow of refrigerant fromthe condensor before it enters the primary
expansi on_ deyirgaed Godlaslt halthe 2WhcigN ERNGIES h e, bot h
known ways of transfernr%i ng hea Elgdtc\ll\gen@gv\o Ib\%vrPﬁ eé.@o&geﬁﬁ’%s ésseas of
this application, the term"econom zer heat exchanger" should be

under st g@)d { %t!”igﬁ’@lnh&ﬁ“’fﬁ?f'l‘? SORBLESSUIy ARG At 1% FURRTCETSH; #Ryl 305 aneendepwrveen
the two lines through pipes, or a flash tank. Both are heat exchangers
used in ecomdrieiris eymtadly, expostdoiot dmbiert &noviomThe condemsor’, ahe nefiriggaint heat
exchanger" as utilized in this application and clains should thus 1

passes through a primary expansion device and then to an evaporator. An

environment to be cooled is cooled by the refrigerant passing through the
evaporator. The refrigerant returns from the evaporator back to the compressor,
15 and may pass through a suction throttling device on the way.

An economizer circuit is sometimes incorporated just downstream of the
condensor. Essentially, a portion of the refrigerant leaving the condensor is
tapped from the main flow line and passed through an economizer expansion
device. An economizer heat exchanger or flash tank receives the fluid Jeaving the

20  economizer expansion device, and further receives the rﬁain flow of refrigerant
from the condensor before it enters the primary expansion device. A flash tank and
an economizer heat exchanger are both known ways of transferring heat between
two flow lines. For purposes of this application, the term “economizer heat
exchanger” should be understood to include both a heat exchanger transferring

25 heat between the two lines through pipes, or a flash tank. Both are heat
exchangers used in economizer cycles, and both are known. The term

“economizer heat exchanger” as utilized in this application and claims should thus

1



2 7 SEP 2004 be understood to include both. The refrigerant |eaving the
econom zer, circuit expansion device cools the refrigerant in the maigEp 2004
flowline prior to it reaching the primary expansion device. Thus, “the
refrigerant reaching the primary expansion device has been additionally
pre-cool ed, and greater cooling capacity of the 5 evaporator is achieved.
The tapped mef fij | e ' i Lee. p

t hrough t he ecoﬁgﬁ$§§%ti2§¥ﬁ%§2ﬂghggﬁggﬁgﬁéi&Fggur 3%?8&?ﬁgﬁ%gﬁ%$§§§or. To
control cooling or heating,unit capacity, it is_desirable to have the
capabi ity SFP%ES&RW%‘@C% I8 AEFEEANT & fheuminglew fing pror tehib geackingribie - of f
econom zer valve is 10 typically positioned adjacent to the conpressor. An
econoni zer |primgarycrxpention tenise. Shub - tief refragerantbresdhing tehgrigeonexpaagibn heat
exchanger. A further portion of the econom zer |ine extends through the

short di st anegickr f4M tbﬁé] %99%‘8%15@ :pré-\?\g%lén?f fand VEVeYGr Fc%ofi%aﬁ%gga{yg%i loti}g od

During operation of the conpres n the onom zZer

15 the egonom zer portion of the |ine dead ends at the valve. Thus
conpressad EVBPYIRWEIRAN§YEdpunped back and forth between the closed val ve
and the conpressor in the dead end portion of the econom zer line. This

has sonetines resIHe epped refripdesi riapligg tthonLobadhizer rek?&ﬁlsidh UBECEGRABRET zer
line. Due to the high tenperatures, expensive shut-off val ves capabl e of

wi t hst andi nghé?m ' : hav n required. The present
I nvention is di Egt}b %zé c?%o(?%%m&gfe%ﬁ Sp%}é%i‘ irgtrlllprg ttc'h L CEYHER L er 10
shut -of f val ve, which has previously been positioned adjacent the

conpr essor, C6RUBL FRAlNESY Berding PaldeRparinait 1§ slesimblaréa Wewn theneapability @ sor
and shut-off valve. 2 2 7 S E P 2004

turning .the economizer circuit on or off. Thus, a shut-off economizer valve is
10 typically positioned adjacent to the compressor. An economizer line connects this
shut-off valve back to the economizer heat exchanger. A further portion of the
economizer line extends through the short distance from the economizer shut-off
valve to the compressor.
During operation of the compressor, when the economizer valve is closed,
15 the economizer portion of the line dead ends at the valve. Thus compressed
refrigerant is pumped back and forth between the closed valve and the compressor
in the dead end portion of the economizer line. This has sometimes resulted in
undesirable  temperature rise in the economizer line. Due to the high
temperatures, expensive shut-off valves capable of Qithsl:anding the high
20  temperatures may have been required.
The present invention is directed to optimizing the position of the
economizer shut-off valve, which has previously been positioned adjacent the

compressor, or otherwise adding additional volume between the compressor and

shut-off valve.



SUMVARY OF THE | NVENTION In a disclosed enbodi ment of this invention
econom zer shut-off valve is positioned closer to the econom zer heatSEP 2004
exchanger than it is to the conpressor spaced fromthe conpressor or
additional volune is otherw se added into the 5 econom zer |ine. Thus,
there is a relatively long or |arge volunme econom zer dead end portion
bet ween the shut-off val ve SUMMARY QFHTEESDNVENFIONe shut-off valve is
closed. In a nost preferred enbodi nent, the shut-off valve is positioned
directly adjacept 5t [ s o T oy ferred
that the 10 econ’ﬁtlomsz}siectrl&%?t%frl %B??ﬁ eég \f/gﬁ ggem%}égg?:}gggaon%%erngh[hﬁg?%%‘joeof t he
econom zer |ine closest to the econom zer heat exchanger. It is nost
preferred tHapoOsitiRned PSR Bie econemizer heatAxghangsr ghedi it ivivedicicompnessen ne

wi thin 20% of the econom zer heat exchanger in enbodi ments wherein the

economni zer spugtd ordbmVeneVeorieROS iok | AlARbnafl MNTHE eaBRIrwideaRieanary agr heat
exchanger. Stated anot her vvay additional 15 volune is added to the portion

S rbon e 295%?1@%& TR e lis o ¥R e bOng SRR YERkie ¢ %FSE?‘FIE&HF“—'%% he

econom zer ansi on deV| ce Further, in yet another enbodi nment, !, be
econom zer é pogiosrbetueancise skut-gfHvalveand dmmmpwssoommltmeedm&n& \Lﬂivd i zed
not only as the expansion device but also as a shut-off valve. Wth each
of the abovegrgbsgussed enbodi nents, the | ength and/or volune of the dead
end portion of the econom zer line is greatly i ncreased conpared to the
prior art. Wil e,one_m ght_expect at_s oni ng coul d .res
decreased 25 ef f AR AeMEY %rrefe&q:ﬁaeaﬂacgdunew ;{g%f;ﬁmf‘ﬁi ]lé’SelF d’%sfﬁ‘age‘gfi%fé true.
Tests show that with 3 1_ 1 %

adjacent to the economlzer heat exchanger Thus, it is preferred that the

10 economizer shut-off valve be positioned within the 50% of the economizer line
closest to the economizer heat exchanger. It is most preferred that the economizer
shut-off valve be positioned in the line within 20% of the economizer heat
exchanger in embodiments wherein the economizer shut-off valve is positioned
downstream of the economizer heat exchanger. Stated another way, additional

15 volume is added to the portion of the economizer line extending toward the
COIMPIESSOI.

In other embodiments, the economizer shut-off valve is positioned upstream
of the economizer expansion device.
Further, in yet another embodiment, the economizer expansion device is

20  electronically controlled and utilized not only as the expansion device but also as a
shut-off valve.

With each of the above-discussed embodiments, the length endlor volume
of the dead end portion of the economizer line is greatly increased compared to the
prior art. While one might expect that such a positioning could result in decreased

25  efficiency or capacity, in fact, the reverse has proven true. Tests show that with
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the positioning of the econom zer shut-off valve closer to the econom zer
heat exchanger, both conpressor efficiency and capacity are increased.
Further, because the efficiency of the conpression process is increased,
the discharge tenperature of the refrigerant |eaving the conpressor is
al so reduced by a few 5 degrees. The tenperature in the dead end portion
of the econtheizeitidninge of she scgmirfizeasidiyoff edlve edoser oot ¢@abmideheat
tenperature was reduced froma high of 310c'F to 2000F. This allows the

use of ) eoSeRApS] Yot Mo or Atesne heLNESH Ol anlybhe 1 o

mnimzed. |f the econom zer shut-off valve is positioned upstream of the
expansi on eREgREe they gHEIGHRNCY 0NN CORPPTESHPD PToeRs ishincraased, dthpodisehargeof t he

refrigerant. The liquid lines are smaller in dianmeter than vapor lines and
are easier fempefmbre MR, reffigeraiiekaliQg SheXBRPSENEr VR hME @dicedehhi felzed, as
a valve to seal liquid can be snmaller 15 and | ess expensive than a vapor

l'ine valsve.d'l%]]ge%e and ot her features of the present invention can be best
under st 6od “F¥ 6 t he fol | ow ng specification and drawi ngs, the foll ow ng of
which is a brief description. BRI EF DESCRI PTION OF THE DRAWNGS 20 Figure
| shows a first Eh®oemperauigs in Hhe deadesnd qortion gofr ¢he eshramizer deoisd
enbodi ment. Figure 3 shows a third enbodinment. Figure 4 shows a fourth

embodi nent . significintBEROEH: Andsteereh, SROEMRrA0R Wabmadied MGArL hahl oof the
above enbodi nents can be considered in conjunction with the use of a

by-pass val ¥fo “'FlEI t%%%°9?t1‘1%$ 2116»059 the use of less expensive shut-off valves, which need

not withstand the high temperatures of the prior art. Further, fire hazards, etc.,
10 are minimized.

If the economizer shut-off valve is positioned upstream of the expansion
device, the valve will typically seal the liquid portion of the refrigerant. The
liquid lines are smaller in diameter than vapor lines and are easier to seal, thus, an
even less expensive valve can be utilized, as a valve to seal liquid can be smaller

15  and less expensive than a vapor line valve.

These and other features of the present invention can be best understood
from the following specification and drawings, the following of which is a brief
description.

BRIEF DESCRIPTION OF THE DRAWINGS
20 Figure 1 shows a first embodiment of this invention.
Figure 2 shows a second embodiment.
Figure 3 shows a third embodiment.

Figure 4 shows a fourth embodiment.



econom zer and suction |ine. DETAI LED DESCRI PTI ON OF THE PREFERRED

EMBODI MENTS 5 A refrigeration cycle 20 is illustrated in Figure 1 h?\qi&@m;’
conpressor 22 incorporating conpressor punp unit 24, shown as a scrol
conpressor. As shown, vapor from an econom zer injection line 28 is

i njected through an econom zer injection port 26 into conpression chanbers
defined by the pigiretMitowdda coMTigu@BVMONh&B alll dfiBe AfoveSerlifddimests %4 gpdi ng
fromthe conpressor back toward the 10 econom zer heat exchanger, which
will be descri.hed.in greater detai| below A discharge i 30 | eaves from
conpr essor c?ﬂslaﬁrefj he Brw’ég. th?:ruﬁfh ‘%th% bygaTH é’ﬁE"Sr p@ﬁed;%ﬁ%et‘f“ the
refrigerant flow line 33 passes through an econom zer beat exchanger 34.
Agai n, the esonerorerand sustibnéiwehanger 34 can al so be provided by a flash
tank. An economizer tap 36 |eads through the heat exchanger 34. Again, the
15 econom zer pRTAR PDIHESERIPTFONIGH THEFERFERRID ENBODIMENPI NSt r eam
of the heat éXchanger 'S a primary expansion devlce , and an

evapor at.or 40. I s. known, an_envionnent, to . be cooled is cooled by
refri ge&ant eva rrgfr;gqbatg)ﬁdcyc?%zf%}l{ggﬁtgg Iﬁi:ig‘irﬁg} haying,a OMIPEISaE ¢ 40.

The present invention is preferably directed to refrigerated areas that
need to be incwperiting comyrdserryrmat umie24,, showntdse 260oll toémptessri ks tHowvmarea i s
a refrigerated transport unit. Wth such systens, the distance of

econon zer \Gobe idm iah &BhaniLR!iNie iR line FHOM tfEcted FRRAuBH O e
refrigerant Pay passa ba(fcb tLZrodg'ﬁ an Sg%i ong} llQu((::t(lyon t%r ott ?‘?’#8 evi ce 42,
and to a Iline.44 returning to the caonpressorsuction 68 . One of the

Appl i cant s lﬂifgﬂ?%@@mf‘{/ IR OFPEEion SRsther (Rfatcdi iy Hif BHPBAHRL Sﬁypags
devi ce connects the lines 28 and 25 44. However, the details of this
unl oader desconemeer Imep2f & definainetthnding fvemtthowonfprésdr BhckPt@00d tha
econom zer expansion device 46 is nmounted on the tap line 36. An

economger BHbmee! Al Bendfbel SwRRS WIPBEdetirhRE tih YerdaWNat bR BBRE. tAe heat

discharge line 30 leaves from compressor 22 to the condensor 32. From the
condensor 32 a main refrigerant ﬂow line 33 passes through an ecoﬁomizer heat
exchanger 34. Again, the economizer heat exchanger 34 can also be provided by a
flash tank. An economizer tap 36 leads through the heat exchanger 34. Again, the
15  economizer cycle will be described in greater detail below. Downstream of the
heat exchanger 34 is a primary expansion device 38, and an evaporator 40. As is
known, an environment 41 to be cooled is cooled by refrigerant evaporating and
further super heating in the evaporator 40. The present invention is preferably
directed to refrigerated areas that need to be cooled to low temperatures., In the
20  illustration the area is a refrigerated transport umit. With such systems, the
distance of economizer circuit is relatively great. From the evaporator 40, the
refrigerant may pass back through an optional suction throtiling device 42, and to a
line 44 returning to the compressorsuction 68 . One of the Applicants has recently
proposed a system wherein an unloader bypass device connects the lines 28 and

25  44. However, the details of this unloader device are separate from this invention.
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exchanger 34. \Wen the valve 48 is closed, the line 28 dead ends at the

val ve and the dead end portion of line 28 is relatively |ong conpar Elp
the prior art. It is 5 preferred that the shut-off valve 48 is not 277 SEP1004
positioned in the closest half of the dead end portion of line 28 toward
the conpressor 22. More preferably, the shut-off valve 48 is positioned in

line 28 within 2QHabnimiediaiaasien ddaum 164: inedl aeine IpAlnehanger 34
relative to the total distance between the heat exchanger 34 and the

conpr essor The present i.nventi.on thus provides a very long length to
Che 10 dead ENHEF HIGRoBg VATt dfchistionel KRBT Rt o s Mo,
During operation, when no econom zer operation is desired, the valve 48 is

cl osed by &xchanger gft, Rerniwalvahdiss closea, dealine?tidgdrandoat B8 vabeeindes
fluid fromthe conpressor punp unit 24. During econom zed operation, the

val ve 48 i shopRAd endrii@f b OFS 28tis irSlaliIFqb 47 DIERSOr
punp unit 24 throgghﬁé?ula l'ine 1% lszéaatléi gﬁreﬁgcshgév% t%ghigggﬁgﬁgég(%i ment

xpans! on VR GAghaiFE sh € VSR g i RGO oredan s v Bl S0 thease

utilized as the valve will typically be sealing a liquid, rather than a
vapor. A vaindeperéiahiofdirei 2fuiavard thecampresbgr 220 Moexpefesible, dre dmpdii ed t o
a valve that is sealing a vapor. In a third enbodi mrent shown in Figure 3,

the econom gt 2¥RERSHABNACN KR 28 Svitdh borbf ﬁl@id(fstﬁf&l?%hgﬂe \éﬁﬂ)ﬁ’ ‘é%r t hat
e the shuf-

is electronically controlled such that it can also provi of f
el i m pation of

the.ext a viRY BB ERgR T o8 1o TFghee bEruRIOME TR CIPARRTeSA Héon | on,
a volunme 62 is added into downstream portion of the line 28 to increase
ef f ecti venetds dompréssoudd. Tok mresedt ierediion thisnpro2Blesiaevery Howsg léngeh its thd osed
off. The volune 62 is an integral part of
10 dead end portion 28, and benefits as described above are achieved. During
operation, when no economizer operation is desired, the valve 48 is closed by a
control, as known. Thus, the dead end portion 28 receives fluid from the
compressor pu.mp unit 24, During economized operation, the valve 48 is open,
and refrigerant is injected back into the compressor pump unit 24 through the line
15 28,

Figure 2 shows the second embodiment wherein the shut-off valve is
positioned upstream of the economizer expansion valve 46. With this
embodiment, a low cost valve 50 can be utilized as the valve will typically be
sealing a liquid, rather than a vapor. A valve sealing liquid is relatively

20  inexpensive as compared to a valve that is sealing a vapor.

In a third embodiment sﬁown in Figure 3, the economizer expansion device

1s an electronic expansion valve 52 that is electronically controlled such that it can

also provide the shut-off function. Again, a low cost design is achieved due to the

elimination of the extra valve.



line 28 and in the sinplest case can be represented by a |ine whose
dianeter is 5 larger than that of line 28. The use of volune 62 bec?v%ﬁ 7
especially inportant when the I ength of the dead ending portion of“li g g%
is limted by the dinmensional envelope of the refrigeration cycle unit.
Figure 5 shows a configuration where a by-pass valve 64 is added to the

refrigeration cydhea fBhthtdishairave 61’71@1%“ﬂ?é‘ﬁtﬁm\’\w|v@11ﬁ1‘1e3%zaﬂpﬁd/deholr¥t is 10
configuration and the line 66 extendi ng to the by- pass val ve woul d al so be

consi dered f ch of the above di scussed
embodi rrents%?ﬁg{r%alﬁ tokhgn ? ﬁge \%g 2:$el fncr‘faﬁg S%SHB%eiserm thendsejah gleadq
portion 28 is grea i ncreased conpared to the prior art. Benefits
relating t oeﬁlfﬂgcli“@nz‘%/ whep shigiling is glogedipic h&hgeotusrepél &t ar uegral pdrt of5
achi eved. Mreover, since the valve is operating in a |ower tenperature

envi r onment line 1 ssd X PIRN Simipesy @hséeca@abe P&re@nteabhy a‘%ﬁﬁdwha-s@edlhfﬁ@(f'e?aﬁe‘j
vol unme of the dead end is preferably suffi'ci ent such that refrigerant

1 apped Sor gt g A B! b Bty o B S ™

t he conpr esso

capacity of 20 the conpressor. Mre pref erably, the volune is nore than 20%
of the vol uitenithe leagpnef g dead ending popiossddine ZBhie lismited hyf the ldemensimml 62,
which is preferably an enlarged space placed upon the fluid Iine 28 shoul d

be sized aceavelopgbyihe rérigRfdRhicyEkYinit0r i n combination, the valve should
be positioned far enough away fromthe conpressor that this volune is

[ ne. 25 bet ween THE Ronanaet BRoBBRSY huer afRLogs Bl e et ger

34. The distance may be five to ten feet. In such systens it is desirable
for the val & ’tgéraé@nsﬁﬁéléd Al ohet l&bﬂtﬁ)rﬂm@mcntbywauldl edot apply ftoothis St at ed
another way, the valve is preferably not in the first 10%to 20% of the
| engt h bt weenfigiration and the line 66 extending to the by-pass valve would also be
considered as part of the dead end volume.
In each of the above discussed embodiments, the length or the volume of
the economizer line dead end portion 28 is greatly increased compared to the prior
art. Benefits relating to efficiency, capacity, and discharge temperature are all
15 achieved. Moreover, since the valve is operating in a lower temperature
environment, a less expensive valve can be reliably used.
The increased volume of the dead end is preferably sufficient such that the
refrigerant trapped forwardly of the shut-off valve and between the shut-off valve
and the compressor is equal to at least 10% of the volumetric compressor capacity of
20  the compressor. More preferably, the volume is more than 20% of the volumetric
capacity of the compressor. The size of the space 62, which is preferably an
enlarged space placed upon the fluid line 28 should be sized accordingly.
Alternatively, or in combination, the valve should be positioned far enough away

from the compressor that this volume is achieved. A refrigeration transport unit

25  typically has a relatively long line 28 between the compressor 22 and the heat

7



conpressor and the heat exchanger. Mirre preferably, and as shown in Figure
1, the 5 valve is positioned quite close to the heat exchanger. Se ers'adf
enbodi ments of this invention have been disclosed, however, a workdr/ 2004
this art would recognize that nmany nodifications would cone within the
scope of this invention. For that reason, the follow ng clains should be
studied to g ! t.0 his invention.. 8 2 7 S
£ P 2004 vha es) 2F LA dhlaHge BGRORE AIENIER' 1ok bSiepR L hgapre

conpr essor Vin refriger in suction inlet and a discharge outl et;
a condensor q%ot#ﬁ%ﬁﬁ’gé?ibﬁﬁgeﬁegﬂé%it ERTERIREPH BY GLi{9as! onesigpl  Swtrdeansther
passing refrigerant to an econonizer tap, and to a main refrigerant flow
line, said Y& fHerelys epraferably oot ini the firsaldi®hgo 26%aopthentangth bepedsi tha
device, and said tap passing through an econom zer expansi on device; an

economi zer kempraxaiadglt hgnskéliapad MbreSeRrdbi, Rnk 28 \Whék A%, F%’%}J gam of
said primary expansion device, sald tap al so passing through said

econom zgr hrats 83&t Qﬁrﬁ#teﬁﬁa'sgtoeﬁgﬂgﬂeﬁgﬂan?%at exchanger being positioned
downstream of sald econom zer expansion deviFcé, said tap conmuni cating
with said main fISow 1 i g&aﬁgﬁt ream of said econonizer heat exchanger; an
evapor at or posi t i*6h€d § b this dnyension ey esepadiselosedd dhavever, and,
refrigerant passing fromsaid evaporator back to said conpressor via the
mai N suct i eerkerl istthisamdwenldeecomivezhat hamempd$khtions womdsdint WRBAGHE Zer
heat exchanger back to said conpressor via a line entirely separate for
the main sugédpemvfithisqhver®df. ‘?(ﬁhHit're?sfoB, YRl fﬁﬁo@@‘fg G 43l b d srmhg&v éOf
refrigerant through said econom zer [ine to sal conpressor, sai ut - of f

val ve bei ng ,spaced fromsaid c resso a dj stance
9 a3RA%RTe tﬂe e scope an?lrrr:%ntent otr thPsyinvention.



that is nore than 10% of the Il ength of said econom zer |ine between_ said
econom zer heat exchanger and said conpressor. 2. A refrigeration CZIEIS(EPEZW
set forth in claiml1l, wherein said shut-off valve is positioned upstream
of said econom zer heat exchanger. 3. A refrigeration cycle as recited in
claim2, wherein said shut-off valve is positioned upstreamof said
econom zer expansion valve. 4. Arefrigeration cycle as recited in claim 2,
wherei n sai (‘tonolm' ze, . expansion valve is controllable to shut conpletely
dv Hagiacdd,

such that it % d economizer shut-off valve. 9 2 7 S E P 2004 5.
A refrigeration cycle as recited in claim1, wherein said conpressor

I ncorporates a scroll punp unit. 6. Arefrigeration cycle as recited in
claim 1, whérein Zarefrigeratéensestlesimprisiigs  provi ded by sai d econoni zer |ine

having a non-constant cross-sectianal area Wth .an enlarged vol une being
provided by an | REPEPSGROVHT Ted UM mar SRPR iTIFGER i eeta AU o
recited in clai maGonléHset EhnMuMibiiigdesh SH@BRekarkSoutkt WhidieAdORosai d
econom zer line. 8. Arefrigeration cycle conprising: a conpressor having a

ref ri ger ant passing refrigerant t¢ an econamizen tap, shterageaiouwtfrigerant fowdingesadr

communi cating.w th sai dydi scharge outlet, said condensor assing

refriger ant P8R KTEEEAM, VEE‘Pe fég%,ng o Prgay W‘?’é%‘?%f’ﬁ%%‘%%ﬂm line, said
mai n refri gpasig thkaighlahReor@meé @ phikich MideRr y expansi on device, and said
tap passing through an economn zer expansion device; an econoni zer heat
exchanger positi @a&gonsymiger heaherchangeppesitioned @pSeidansin flow king wpspeamar y

Cxpanet o0 L b AR R SO B PR B e 2 o
heat exchanger, said economizer heat exchanger being positioned downstream of
said economizer expansion device, said tap communicating with said main flow
line upstream of said economizer heat exchanger;

an evaporator positioned downstream of said primary expansion device,
and, refrigerant passing from said evaporator back to said compressor via the main
suction inlet; and

an economizer line passing from said economizer heat exchanger back to
said compressor via a line entirely separate for the main suction inlet, and a shut-
off valve for shutting off flow of refrigerant through said economizer line to said
compressor, said shut-off valve being spaced from said compressor by a distance
that is more than 10% of the length of said economizer line between said

economizer heat exchanger and said compressor.

2. A refrigeration cycle as set forth in claim 1, wherein said shut-off valve is

positioned upstream of said economizer heat exchanger.

3. A refrigeration cycle as recited in claim 2, wherein said shut-off valve is

positioned upstream of said economizer expansion valve.

4, A refrigeration cycle as recited in claim 2, wherein said economize
expansion valve is controllable to shut completely such that it provides said

economizer shut-off valve.



sai d econom zer expansi on device; an evaporator positioned downstream of
said primary expansion device, and refrigerant passing fromsaid 27 SEP 2004
evaporat or back to said conpressor via the main suction inlet; an

econom zer line passing fromsaid econom zer heat exchanger back to said
conpressor via a line entirely separate fromthe main suction inlet, and a
shut- off valve for shutting off flow of refrigerant through said

econonm zer line to said conpressor, said shut-off valve being spaced from
said conpressor by a distance that is nore than 10% of the length of said

econoni zer Isine betefhgerabien ¢ycleGaBerddan claaal waselpamesommidssofi d
conpressor; .and said shut-off valve is positioned downstream of said

econoni zer HRPOrates A sergH Pumpoinity SEP2004 9. A refrigeration cycle as
recited in claim8, wherein said shut-off valve is positioned closer to
sai d econom zer heat exchanger than to said conpressor. 10. A refrigeration

cycle as reditedA refgahtiordcycldwrrediftdinicRig dOWasie#dn intRasedd@AsnéRt have a
constant cross-sectional area such that an additional volune of
refri ger ant Pravidedhypeid eronpmiser line Baving e nen-FoRsany erossraectional aseswitbssor i n

an i ncreasggseﬁ%%éégﬁoﬂ%g?b% égrd% ({eﬁfb&:ag%%%smg@ﬁ%&%% r{eci ted in claim?9,

wher ei n sai b05| one o™t he overall | ength
of said econom zer line relative to said econonizer heat exchanger. 12. A
refrigerated transpaqrt container caonprisjing: conpressor having a .
refrigerant ‘mai n AIFAHESAIqNySte agrecited dn slaim Sgehesein pa enlarged shaabersis r

conmmuni cat i %g)médt'bns&icgec%hg [ffeoutl et, said condenser passing
ap

refrigerant "'to an econom zer , and to a main refrigerant flow line, said

8. A refrigeration cycle comprising:

a compressor having a refrigerant main suction inlet and a discharge outlet;

a condensor communicating with said discharge outlet, said condensor
passing refrigerant to an economizer tap, and to a main refrigerant flow line, said
main refrigerant flow line leading to a primary expansion device, and said tap
passing through an economizer expansion device;

an economizer heat exchanger positioned on said main flow line upstream
of said primary expansion device, said tap also passing through said economizer
heat exchanger, said economizer heat exchanger being positioned downstream of
said economizer expansion device;

an evaporator positioned downstream of said primary expansion device,
and refrigerant passing from said evaporator back to said compressor via the main
suction inlet;

an economizer line passing from said economizer heat exchanger back to
said compressor via a line entirely separate from the main suction inlet, and a shut-
off valve for shutting off flow of refrigerant through said economizer line to said
compressor, said shut-off valve being spaced from said compressor by a distance
that is more than 10% of the length of said economizer line between said
economizer heat exchanger and said compressor; and

said shut-off valve is positioned downstream of said economizer heat

exchanger.
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main refrigerant flow line leading to a primary expansi on device, and said
tap passing through an econom zer expansion device; an econom zer R&a$EP 2004
exchanger positioned on said main flow |line upstream of said prinmary
expansi on device said tap al so passing through said econom zer heat
exchanger, said econom zer heat exchanger bei ng positioned downstream of
sai d econom zer expansion device, said tap comrunicating with said main
flow |ine, upstream of said econom zed heat exchanger; an evaporator

positi oned downstream of said primary expansi on device, and refrigerant

passi ng from, sai d\BafﬁF@hﬁérﬂéydwﬁsl‘re&iﬁdeﬁicP&ixﬁ‘SUWh@ﬁﬁPiaid’élﬁltJo?PvdWé §§ suction
inlet; an econom zer [ine passing fromsaid econom zer heat exchanger back

to said compesidiensd clases tasid eepmpmizer heatfeyehangen thamty seid campressof. ref ri ger ant
t hrough said econom zer line to said conpressor, said shut-off valve being
spaced fromsaid conpressor by a distance that is nore than 10% of the

|l ength of sdidd ecmfidgeration Belemascitdifl cREAIPFhéRin HRBécoasMiangas and said
conpressor; said valve being spaced from said conpressor by a distance that
is more 11 Slogs mpthavesconstah grospsschipnalipeea suphythat o addijienabyolwmsiofer bet ween

sai d econoziﬁ%@ﬁglgﬁpfts ﬁéﬁ%@em %k_gﬂc‘%mra%ai%rg CO@?%SE?QF r.i gerated

transport elrng c sal d evapor ator. g8 "as recited
in cla ml12inotémedvolugriateaccononi zer |ine does not have a constant
cross-sectional area such that an additional volume of refrigerant is
trapped between said shut-off valve and said conpressor in an increased

Ut Cuol, A REAMAIIGIOAS Bledlif alln N BLRAITIAL s B EIVE 182 ¢

shut-of f valve is stream o econom zer exchanger .

15. A cont aiponsitioms] withint208h ofthe beérall lehgthdfaail stosamnitesting rebitive vakai€ i s

posi ti oned .
economizer heat exchanger.

12. A refrigerated transport container comprising:

compressor having a refrigerant main suction inlet and a discharge outlet;

a condensor communicating with said discharge outlet, said condenser
passing refrigerant to an economizer tap, and to a main refrigerant flow line, said
main refrigerant flow line leading to a primary expansion device, and said tap
passing through an economizer expansion device;

an economizer heat exchanger positioned on said main flow line upstream
of said primary expansion device said tap also passing through said economizer
heat exchanger, said economizer heat exchanger being positioned downstream of
said economizer expansion device, said tap communicating with said main flow
line, upstream of said economized heat exchanger;

an evaporator positioned downstream of said primary expansion device,
and refrigerant passing from said evaporator back to said compressor via the main
suction inlet; an economizer line passing from said economizer heat exchanger
back to said compressor, and shut-off valve for shutting off flow of refrigerant
through said economizer line to said compressor, said shut-off valve being spaced
from said compressor by a distance that is more than 10% of the length of said
economizer between said economizer heat exchanger and said compressor;

said valve being spaced from said compressor by a distance that is more

11



upstream of sai d econom zer expansion valve. 16. A container as recited in
claim 14, wherein said econom zer expansion valve is also controll ?big fs?ﬂﬂ{
shut conpletely such that it provides said econom zer shut-off val ve. gL?.
A container as recited in claim12, wherein said conpressor incorporates a
scroll punmp unit. 18. A container as recited in claim12, wherein said
econom zer line has an increased volunme area with a flow cross-sectional

area greatengthap ) r -sectional _area.in.sajd econom zer
line to i ncrﬂéase %ﬂggﬁgbryﬂéf&%ag ??0318%2%tr%g r %5368 ChANHEH h§3€ d shut - of f
val ve and sakchangemandsaidcondflessér;apdri gerated transport contai ner
conprising: conpressor having a refrigerant main suction inlet and a

di schar ge out | et ;2 reHiger1fmaBPORE Mt heing spoled byisaid evapagatar.schar ge outl et
sai d condensor passing refrigerant to an econonizer tap, and to a nmain
refrigerant flowline, said main refrigerant flowline leading to a

primary expdfsi oA centainer, asaeciteddn dlairap 2 ¥héteih shidecbnaiRér P@sddedGiot hr ough an
econom zer expansi on device; an econonj zer heat exchanger posjtioned on

sai d main fl?’BW?F%%E@F%%“OBQI ageq; sych thapan gdditionsh ¥elymefefsigerashisd t ap

B S PSSl NGl SROBANLRR and 1ERlcoMEERGNAR b iSALACERORAN 20 heat
exchanger bei positioned downstream of sard econom zer expansion devi ce;
an evapor at areaposi ti oned downstream of said prinmary expansion device, and
refrigerant passing from said evaporator back to said conpressor via the
main suction inlet; an econom zer |ine passing from said econom zer heat

exchanger . Back Wcsilifer YD BRADS olird 13, WAdeinSfshitYrigRaLAte for the

mai n suction inlet, and a shu val Ve Ing o ow of
ref ri ger ant positionaghupstieain ef said reanemiter heatteachanger.

15. A container as recited in claim 14, wherein said shut-off valve is positioned

upstream of said economizer expansion valve,

16. A container as recited in claim 14, wherein said economizer expansion
valve is also controllable to shut completely such that it provides said economizer

shut-off valve.

17. A container as recited in claim 12, wherein said compressor incorporates a

scroll pump unit.

18. A container as recited in claim 12, wherein said economizer line has an
increased volume area with a flow cross-sectional area greater than a nominal flow
cross-sectional area in said economizer line to increase a volume of refrigerant

trapped between said shut-off valve and said compressor.

19. A refrigerated transport container comprising:
compressor having a refrigerant main suction inlet and a discharge outlet;
a condenser communicating with said discharge outlet, said condensor
passing refrigerant to an economizer tap, and to a main refrigerant flow line, said

main refrigerant flow line leading to a primary expansion device, and said tap

12




said conpressor, said shut-off val ve being spaced fromsaid conpressor by a
distance that is nore than 10% of the |length of said econom zer bet %E
said econom zer heat exchanger and said conpressor; said valve beiﬁz P 2004
spaced from said conpressor by a distance that is nore than 10% of the

| ength of said econom zer between said econom zer heat exchanger and said
conpressor; a refrigerated transport unit being cooled by said evaporator;

and said S%ﬁsﬁ&é M@lvagl éc§n&ﬁi§géﬁg§ﬂog%\@§éream of said econom zer heat

exchanger . conttal ner as reci in"¢clharm 19, wherein said shut-off

val ve i's positi ommdcondmizer hdadexshialzet posinsiedain saRPha@ WS hpstieam t 0 sai d
conpr essor. Q%l' A container _as recited in claim20, wherein said shut-off

val ve is poSistigdpemaryexpansiondsyige. seiddaplse argsingdhrpuph said sgonpreigemoni zer

line rel ati ygaf&cfitolr, sTAMOMHZEr ﬂkﬁf%xc&é?%ﬁ?&?%g?ﬁ%imé% ogv{nrsk %e{rrxatfi on cycle

conprising: a conpré&ssor having a refri onin 2 di schar ge
outlet; a caxldeosanizeosrpamsiomdévige; W th sai d di scharge outlet, said
condenser passing refrigerant tgo an econonjzer tap, and to a main
refrigerant fl ow?3PieNaporaiar positiened dowmptrepst afwaid prmany; expansionidayice; o a

primary expapg }gﬂggﬁﬂﬂﬁs?iggﬁ‘aﬁ@aﬁcfie\}aggmﬁ b%ﬁthoss.aﬁl &e xéﬁ%géop%%%Q&ghgéoggh an

econom zer expansfon an econom zer heat exc ger posi
sai d main f Isoetidni inket; qnscosanizedinegaissing fromevajd eopamiviephedd exélagersai d t ap
al so passi ngpﬁgr ou sai d ecaonomni zer . heat exchanger,, K said econom zer heat

exchanger b 94 FARHEFOHBRAS T SRHTGF S@%@F‘H@é&*&'fﬁ#ﬂﬁ&?“%‘ﬁ%ﬁnéﬁ devi ce;
an evapor at QRutRsF VAl R GhE@ND Db R0 PlefifddrsheRArOTEN Yaif SRMIMIAN HIEYS C©

said compressor, said shut-off valve being spaced from said compressor by a
distance that is more than 10% of the length of said economizer between said
economizer heat exchanger and said compressor;

said valve being spaced from said compressor by a distance that is more
than 10% of the length of said economizer between said economizer heat
exchanger and said compressor;

a refrigerated transport unit being cooled by said evaporator; and

said shut-off valve is positioned downstream of said economizer heat

exchanger.

20. A container as recited in claim 19, wherein said shut-off valve is positioned

closer to said economizer heat exchanger than to said compressor.

21. A container as recited in claim 20, wherein said shut-off valve is positioned
within 20% of the overall length of said economizer line relative to said

economizer heat exchanger.

22.  Arefrigeration cycle comprising:

a compressor having a refrigerant suction inlet and a discharge outlet;

a condensor communicating with said discharge outlet, said condenser
passing refrigerant to an economizer tap, and to a main refrigerant flow line, said

main refrigerant flow line leading to a primary expansion device, and said tap
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and refrigerant passing fromsaid evaporator back to said conpressor; and
an econom zer line passing fromsaid econom zer heat exchanger back)tQEp 7004
said conpressor, and a shut-off valve for shutting off flow of refrigerant
through said economi zer line to said conpressor, said shut-off valve being
positioned at a point in said cycle which results in volune of said

econom zer |ine between said shut-off valve and said conpressor being

grater thanﬁ%@%?%%@c%@%eﬁ%ﬁ&ﬂ&%@ t he conpressor, said

i ncreased v provi y an 1 ncreased volume chanber on said

economi zer |ine faecogpmizerchdatexphanger pesiticwdionsai] maiheow Hdmtedmt 0 a
nom nal crosg-ﬁ?sl;ct.i onal area of said econom zer |ine such that said volune

of said eco®X Srmary, EXpARsiRB Javisesgiddap alse passipg) through said srencsaisss essor

bei ng great ﬁarﬂg@o ' | . r. 23. A
refrigerati g%alf:é}g e alsf/oségigcei%?lgodﬂ i?%*@g%ﬂr%ﬁ?‘ﬁp%éépnflg%%&ﬁdoﬁﬁ{gﬁéﬁr;@)g vol ume

i s provi ded said deenmnizemnexpansiomgevace; | ow | i ne extendi ng to an unl oader val ve

off of said econom zer |i | on cycle conprising: a

I ne., .24. refrigerat S
conpr essor havi ngR&VARATHICGBPFRNCH, W%‘ER?F? ai%répmaﬁap@z}smrs@’véﬁege outl et;
a condensor @ HBLGA paaangﬂgfo&a%gd &y aib e ValiC 1P 4ld &}ma%r?&PF, ahgndensor

passing refrigerant to at toa main refriger ow line, said
mai n ref ri ger antanfecononhizerdinegassing)from said esxpamizeoheati exihaagerdadk &ai d t ap

passi ng thrqugh an econom zer nsion devicg,. an ecpnon zer heat
exchanger péglgt@ﬁ}?éﬁs%rna%‘g% gh“r"r’éi’?ﬁp"?ﬁ'%{ﬁr EI?‘HB“%%TS@P@“ reﬁ?geg%‘ ﬁ"?ﬂéﬂih
expansi on dexidegencidesSitiectolsaill BlrpReshatS Siid S VEPHIN: 5P GSIRAaEET  heat

exchanger, said econom zer heat exchanger being positioned downstream of
sai d econonipreiit iesaid axdlewhitbvrisdts impolameé said econemirtrdthedetwesnrsesm of sai d

evacorat oo SR ASRRRP LR cSlfe Sy bBRY gkl hATTR ot BRNAMtO™ o2 ¢
capacity of the compressor, said increased volume being provided by an increased
volume chamber on said economizer line having an enlarged cross-sectional area
compared to a nominal cross-sectional area of said economizer line such that said
volume of said economizer line between said shut-off valve and said compressor

being greater than 10% of the volumetric capacity of the compressor.

23. A refrigeration cycle as recited in claim 22, wherein said increased volume
is provided at least in part by a flow line extending to an unloader valve off of said

economizer line,

24. A refrigeration cycle comprising:

a compressor having a refrigerant main suction inlet and a discharge outlet;

a condensor communicating with said discharge outlet, said condensor
passing refrigerant to a tap, and to a main refrigerant flow line, said main
refrigerant flow line leading to an expansion device, and said tap passing through
an economizer expansion device;

an economizer heat exchanger positioned on said main flow line upstream
of said main expansion device, and said tap also passing through said economizer
heat exchanger, said economizer heat exchanger being positioned downstream of

said economizer expansion device, an evaporator mounted downstream of said
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conpressor via the main suction inlet, said tap comrunicating with said
main flow |ine upstream of said econom zer heat exchanger; and any 7 Sgp 2(904
econon zer line passing fromsaid econom zer heat exchanger back to ' sai
conpressor via a line entirely separate formthe main suction inlet, and a
shut- off valve for shutting off flow of refrigerant through said

econom zer cycle to said conpressor, said shut-off valve being positioned

upst ream of ' |, Z: . exchanger . 25. .A refrigeration.cycle as
rgci ted in él.?ﬁélil' %@%&B&ﬁgﬁgé,nﬂgg%fggg UPE%%nggﬁgJ$§vapB@§&t agfﬁé(ﬂs_ stream of
sai d econonicamprassdtvi€the hadig sliction Gnlef\siif tdp QRiARLMiORINEWeIIEsAS nfaBEfbRD 10

claim25, wherein said shut-off_ valve is positioned upstream of said
economi zer &RpHRATEM Sfpaidecongmizar heat exehangari M cycle as recited in claim

compl ot el y ‘such CRSOER nc FHRRRZHER A ctBno G ok el 1

said compressor via a line entirely separate form the main suction inlet, and a shut-

off valve for shutting off flow of refrigerant through said economizer cycle to said
compressor, said shut-off valve being positioned upstream of said economizer heat

exchanger.

25.  Arefrigeration cycle as recited in claim 24, wherein said shut-off valve is

positioned upstream of said economizer heat exchanger.

26. A refrigeration cycle as recited in claim 25, wherein said shut-off valve is

positioned upstream of said economizer expansion valve.
27.  Arefrigeration cycle as recited in claim 24, wherein said economizer

expansion valve is controllable to shut completely such that it provides said

economizer shut-off valve.
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