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[ 0002] As a natural and environnmentally benign refrigerant,

(R-744) is attracting significant attention as a refrlgerant.
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20 [0004]  One agpect of the disclosure involves a refrigeration system. The system includes

a compressor. A heat rejection heat exchanger is downstream of the compressor along a
refrigerant primary flowpath. An expansion device is downstream of the heat rejection heat
exchanger along the primary flowpath. A heat absorption heat exchanger is downstream of
the expansion device along the primary flowpath. An economizer heat exchanger is between

25  the heat rejection heat exchanger and the expansion device along the primary flowpath, The
economizer heat exchanger includes a first portion configured to provide heat transfer from
the primary flowpath to a first economizer flowpath. The economizer heat exchanger inctudes
a second portion configured to provide heat transfer from the primary flowpath to a second
economizer flowpath.

30 [0005] In various implementations, the compressor may have first, second, and third
cylinders. The first economizer flowpath may branch frora the primary flowpath between the
economizer heat exchanger and the expansion device and return to the primary flowpath
between the first and second cylinders, The second economizer flowpath may branch from

the primary flowpath between the economizer heat exchanger and the expansion device and



econon zer heat exchanger and the expansi on device and return to the
primary flowpath between the first and second cylinders. The second
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20 accompanying drawings and the description below. Other features, objects, and advantages of

the invention will be apparent from the description and drawings, and from the claims.
BRIEF DESCRIPTION OF THE DRAWINGS

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

[00101  FIG. 2 is a schematic view of a revised system.

25 [0011]  FIG. 3 is a view of a first heat exchanger for the revised system of FIG. 2.
[0012] FIG. 4 is a sectional view of the heat exchanger of FIG. 3, taken along line 4-4.
[0013]  FIG. 5 is a sectional view of the heat exchanger of FIG. 3, taken along line 5-5,
[0014]  FIG. 6 is a view of a refrigerated transport unit.

[001S]  FIG. 7 is a cutaway view of a second heat exchanger.
30  [0016] FIG. 8 is a cutaway view of a third heat exchanger.
{00171  FIG. 9 is a view of a fourth heat exchanger.
{0018)  Like reference numbers and designations in the various drawings indicate like
elements.



[0012]FIG 4 is a sectional view of the heat exchanger of FIG 3,
taken along line 44. [0013]FIG 5 is a sectional view of the heat

exchanger taken along line 5-5. [0014] FI G

a refri ger@@é@sﬁgﬁ%port unit. 10015]FIG 7 is a cuta yTa]SéWGS?”%?
second heat exchanger. 30 [0016] FI G is a cutaway view of a third
heat exchanger. [0017]FIG 9 is a view of a fourth heat exchanger.

[ 0018] Li ke reference nunbers and designations in the various draw ngs
indicate |like elements. WO 2008/ 082408PCT/ US2006/ 062726 3 DETAI LED
DESCRI PTI ON [ 0019] FI G 1 showREaAISCEnPIGRIYTIBRY ri gerati on system 20
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[0020]  The system 20 includes a system suction location/condition 50. In the exemplary
system, this is at the suction location/condition 33 of the first cylinder. A refrigerant primary
flowpath 52 proceeds downstream from the suction location/condition 50 through the first

15 cylinder 30 and then through the second cylinder 31 in series. The primary flowpath 52
proceeds downstream through the inlet of a first heat exchanger (gas cooler/condenser) 56 to
exit the outlet of the gas cooler/condenser. The primary flowpath 52 proceeds downstream
simnilarly through a first economizer heat exchanger (economizer) 58. The primary flowpath
then proceeds downstream through a second economizer heat exchanger 60. The primary

20 flowpath 52 then proceeds downstream through an expansion device 62. The primary
flowpath 52 then proceeds downstream through a second heat exchanger (evaporator) 64 to
return to the suction condition/location 50,
[0021]  Inanormal operating condition, a recirculating flow of refrigerant passes along
the primary flowpath 52, being compressed in the first and second cylinders 30 and 31. The

25  compressed refrigerant is cooled in the gas cooler/condenser 56, expanded in the first
expansion device 62, and then heated in the evaporator 64. In an exemplary implementation,
the gas cooler/condenser 56 and evaporator 64 are refrigerant-air heat exchangers with
associated fan-forced air flows. The evaporator 64 may be in the refrigerated space or its
airflow may pass through the refrigerated space. Similarly, the gas cooler/condenser 36 or its

30  airflow may be external to the refrigerated space.
{0022]  The exemplary system 20 includes a first economizer flowpath 70. The first
economizer flowpath 70 branches from the primary flowpath at a location/condition 72
between the gas cooler/condenser outlet and first economizer inlet. The exemplary first

economizer flowpath 70 returns to the primary refrigerant flowpath at a location/condition 74



system this is at the suction |ocation/condition 33 of the first
cylinder. Arefrigerant primary fl owpath 52 proceeds downstream from
the suction |ocation/condition 50 through the first 15 cylinder 30
and then th?oW§AS*#¥e second cylinder 31 in series. ThePhHrU#I4/062726
fiowpath 52 proceeds domnstrean1throubh the inlet of a first heat
exchanger (gas cool er/condenser) 56 to exit the outlet of the gas
cool er/ condenser. The primary fl owpath 52 proceeds downstream
simlarly through a first econom zer heat exchanger (economni zer) 58.
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the pri mir[ﬁoﬁ] OVWRRL Bro@igioﬂ’io% Bhﬁpfetégon%ﬁl%%izﬁéhaﬁgers may bring manufacturing
cost and packaging space problems. Accordingly, the two heat exchangers may

advantageously be combined to save cost and/or space. FIG. 2 shows a system 20' revised

30 from the baseline system 20 of FIG. 1. A composite heat exchanger 57 includes portions 58'
and 60' in lien of the separate heat exchangers 58 and 60. In the FIG. 2 example, the
economizer flowpaths 70" and 90" replace the flowpaths 70 and 90. These flowpaths 70' and
90' initially branch in parallel from a location 120 between the heat exchanger 57 and

expansion device 62. The exemplary heat exchanger 57 thus has a warm refrigerant inlet 130



15[ 0024] Addi ti onal system conponents and further systemvariations
are possible. [0025] The exenplary expansion devices 62, 76, and 96
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[0032] shows a tube-on-tube or coil-on-tube heat exchanger 500. A main tube 502

passes the warm refrigerant flow whereas first and second tubes 504 and 506 pass the tube

economizer flows. To this extent, the heat exchanger 500 is regarded as a single unit because
the structure of the tube 502 is a continnous convolution across its engagement with the two

other tubes rather than being discontinuous.



20 be driven thereby. The refrigeration system 20" nay be
electrically coupled to the generator 232 to receive electiical

power. The evaporator and its associated fan may be positioned in or
ot herwi se Wﬂ%ﬁgé?%ﬁﬁ comuni cation with the conpart nenf¢33§2006/062726
[0030] FIG 7 shows a tube-in-tube heat exchanger 300. A main tube 304
passes the warmrefrigerant flow and defines a main housing of the
heat exchanger 300. Along the 25 econom zer flowpath 70" and 90,
respective tubes 306 and 308 extend into and through the nain tube
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[0036}  One or more embodiments of the present invention have been described.

30  Nevertheless, it will be understood that various modifications may be made without departing
from the spirit and scope of the invention. For example, when implemented in the
reengineering of an existing compressor configuration or remanufacturing of an existing

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



25 sections and their associated situations. Selection between the
two may be made by the controller responsive to a conbination pf

pre- progranmn user-set paraneters, sensed paraneters, and/or

cal cul at eVPAEME s (e.g., current draws). O her fac®EFLSHNEP62RGy

i nfl uence the particul ar conbination {nclude conpressor bal ance or

vi bration control. [0036] One or nore enbodi nents of the present

i nventi on have been described. 30 Nevertheless, it will be understood
that various nodifications may be nade w thout departing fromthe
spirit animsenpetiod. Achedinglypalier eboditentsexamihif thewbse of ipfo@swnged i n
t he reengijneering of an existing conpressor configuration or
renanufacFﬁWth of an existing system details of the baseline
configuration may influence or dictate details of any particular WO
20081082408PCT/ US2006/ 062726 7 i npl ementati on. Accordingly, other
enbodi nents are within the scope of the following clains. 06-570-WOD
CLAIMS What is clained is: 1.Arefrigeration system conprising: ba
conpressor (22); a heat rejection heat exchanger (56)
downstream of the conpressor along a refrigerant primary flowpath
(52); an expansi on device (62) downstream of the heat
rejection heat exchanger along the refrigerant primry flowpath; and
10a heat absorption heat exchanger (64) downstream of the expansion
device along the refrigerant primary fl owpath; and an

econom zer heat exchanger (57; 200; 300; 400; 500) between the heat
rejection heat exchanger and the expansi on device al ong the
refrigerant primary flowpath and conprising: 15a first portion (58")
configured to provide heat transfer fromthe primry



flowpath to a first econom zer flowpath (70'); and a second
portion (60") configured to provide heat transfer fromthe primry
flowpath to a second econom zer flowpath (90'). 20 2. The system of
claim1l %gg% Hﬂ' t he conpressor has; a first cylinder (30), a second
cyl i nder ?j Qnd a third cylinder 32); the first

econom zer flowpath (70") branches fromthe primary flowpath (52)
bet ween the econom zer heat exchanger and the expansi on device and
returns to the primary flowpath 25 HétAdddh the first and second
cyl i nder sygnd 8xkeads through: a second expansi on device (76); and
t he econom zer first portion (58" ); the second econom zer flowpath
(90") branches fromthe primary fl owpath (52) bet ween the

econom zqr heat reBxeha0g eystandohfr@imxpansi on device and returns to the
primary 30fl owpat h bet ?n t he second cylinder (31) and the heat

rej ecti on heaﬁcﬁ?ﬁﬁﬁﬁﬁ£§3(56) and extends through: a third expansion
device (96); uheategodsimmhzarcxsieeeards@alotinefeatbal the coandedstieaidry) 4 1@ frigerant
cyl i nder 32), 0615é8¢MD 3. The system of claim2 wherein: along the
primary 10 a?%?p%% ?ﬁrst portion (58) is upstreamof the second
portion (60') an Bxpansion device (62) downstream of the heat rejection heat exchanger along the

refrigerant primary flowpath; and
10 a heat absorption heat exchanger (64) downstream of the expansion device along the
refrigerant primary flowpath; and
an economizer heat exchanger (57; 200; 300; 400; 500) between the heat rejection
heat exchanger and the expansion device along the refrigerant primary flowpath and
comprising:
15 a first portion (58”) configured to provide heat transfer from the primary
flowpath to a first economizer flowpath (70°); and
a second portion (60”) configured to provide heat transfer from the primary

flowpath to a second economizer flowpath (30°).

26 2. The system of ¢laim 1 wherein:
the compressor has; a first cylinder (30), a second cylinder (31), and a third cylinder
32);
the first economizer flowpath (70°) branches from the primary flowpath (52) between
the economizer heat exchanger and the expansion device and returns to the primary flowpath
25 between the first and second cylinders and extends through:
a second expansion device (76); and
the economizer first portion (58°);
the second economizer flowpath (90°) branches from the primary flowpath {52)
between the economizer heat exchanger and the expansion device and returns to the primary
30  flowpath between the second cylinder (31) and the heat rejection heat exchanger (56) and
extends through:
a third expansion device (96);
the economizer second portion (60°); and
the third cylinder (32).



4. The systemof claim 1l wherein the econom zer conprises: a
singl e stack of heat exchanger plates defining a plurality of
alternating first spaces (210) and second spaces (212, 214), the
first Sp?ﬁéﬁ Q& 0) providing a series of parallel |legs of the prinmary
f I owpat h, P St group of the second spaces (212) providing a series
of parallel 10l egs of the first econom zer flowpath, and a second
group of the second spaces (214) providing a series of parallel |egs
of the second econom zer flowpath. 5. The system of claim4 wherein:

the plates arenbipgedot @aigechngther. 15 6. The systemof claim1l
wherein the econoni zer conprises; a 5|29 hou5|ng (304 404) havi ng
P48

an interior aPbRgthaRsimgy ﬂawpatb 1Bt ppriion (58Y) is yps £ the sreaid PYrEeRs:
406) extegp@y.ng through the housing along the first econonlzer
flompgth; and 20a second conduit (308; 408) extending through the
housi ng al ong the second econom zer flowpath. 7. The system of claim
1 mhereim-theTﬁeeﬁmﬂmﬁﬁﬂaﬁﬁnﬁmmemnms&s&&n&amkmﬁﬁmanoiI (502) al ong
tezgng::r: ;n;‘:: y f r la% stdck%?ﬁlea% gxc%n Ij%‘:r Ofa 5 (i?@rﬁ lglll; 1ity cbfe ali;FmtaErég ?rst sspaces
coi | ; and210) and secand friaced (2B ICZI*{)5®16)ﬁralspmgs i @) wedding ascorsoripzaticl legs

f1 owpat h o@é\% éﬂl\ﬁ%y\@gﬁgﬁiﬁl% s &) &S’fti?c%efcbx%ﬂsp%esf(i‘@) &%orv&{mgcaoée'nes éﬁérem?

syst em of conprisi ng sport” conta
(224)1%n aWssit thedspapranintr floxpeth. fﬁ@sﬁ ‘tepmoumoftthpesemd paterdhi‘eat i on

Wi th the heatindRSQRLF frallg dlos SKMBARGRH ecdhohiiRr AYShAM of claim 8
further conprising:

5. The system of claim 4 wherein:

the plates are brazed to each other.

15
6. The system of claim 1 wherein the economizer comprises:
a single honsing (304; 404) having an interior along the primary flowpath;
a first conduit (306; 406) extending through the housing along the first economizer
flowpath; and
20 a second conduit (308; 408) extending through the housing along the second
economizer flowpath.
7. The system of claim 1 wherein the economizer {500) comprises:
a first coil (502) along the primary flowpath,
25 a second coil (504) along the first cconomizer flowpath and overwrapping a first
portion of the first coil; and
a third coil (506) along the second economizer flowpath and overwrapping a second
portion of the first coil.
30 8. The system of claim 1 further comprising:

a transport container (224) having a compartment {226) positioned in thermal

communication with the heat absorption heat exchanger.

9. The system of claim 8 further comprising:

9



9 06-570-WO an internal conbustion engi ne-powered generator

(230, 232) coupled to the conprcssor to power the conpressor. 10. The

systemof claim@8 wherein: 5a refrigerant charge of the systemis at

| east 50%) cﬁa]rdggﬁ di oxi de by weight. 11. The system of claim wherein:
a

a refrigerant rge of the systemis at |east 50% carbon di oxi de by

wei ght. 1012. A nethod for reengineering a refrigeration system
configuration froma baseline configuration (20) to a revised

conf i gur at i on af Zoenal combuitiencagige-PenEicd @eariton(2Bei 3g) eupied tethe

accor di ngoh@rGlRidpokveritecottgd. conpri sing: determ ni ng
different relative sizes of the first portion (58 ) and the second
portion (60') to optim ze at |east one operational paraneter of the

system 1%. 13Fhe eeniref igich Ofhakiat m 12 wherei n the determ ning
conpri_ses determ.ning relatiye nunbers of nlates of. a, single brazed
o1t e heat ox BP0l S SIERE Al S e nile by Faehiry o

nmet hod of claim 12 wherein the baseline configuration includes

separ at e |heat gﬁgg%gm[;egéiﬁley\@hg@mare repl aced by a single brazed

pl at e heat exchanger o revised configuration as said econoni zer
heat exchanger.refrigerantz:harphef thetsitein of at ddasti 394 carbgrediedige bhecighisel i ne
configuration includes separate heat exchangers which are replaced by
a si ngl e heat exchanger of the revised configuration as said
25ecdfonilZer HeRethed &aFrgeinceringg refsigegtipn getoan romisypdrriracisrsliseng:
a conpr essfigrdhn:(20) to a revised confei@dh (PE),88S ﬂe@ﬂedW&ﬁEg@%ﬁm@% a §28m
downstream of. t he conpresso long.a refrigerant 30 primary flowpath
(52); according f laip - Sie ﬁ%'i??‘g‘éor’?‘%?‘}ngdomst ream of the heat rejection

heat exchangerdcabontgidiftersairélgersirt optht et pofilot (\FRa) did tRdgtcond portion
(60"} to optimize at least one operational parameter of the system,
15
13. The method of claim 12 wherein the determining comprises determining relative

numbers of plates of a single brazed plate heat exchanger as said economizer heat exchanger.

14. The method of claim 12 wherein the baseline configuration includes separate heat
20  exchangers which are replaced by a single brazed plate heat exchanger of the revised

configuration as said economizer heat exchanger.

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

25  economizer heat exchanger.

16. A refrigeration system comprising:

a compressor (22);

a heat rejection heat exchanger (56) downstream of the compressor along a refrigerant

30  primary flowpath (52);

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

a heat absorption heat exchanger (64) downstream of the expansion device along the
refrigerant primary flowpath; and

10



a heat absorption heat exchanger (64) downstream of the expansion
device along the refrigerant primary flowath; and 06-570-WOD

singl e heat exchanger neans (57; 200; 300; 400; 500) for providing
heat tran %gb\béon1the primary flowpath to a first econom zer

fl owpat h ? ) and to a second econom zer flowpath (90'). 517.The
system of claim 16 wherein: the single heat exchanger neans (57) is a
brazed pl ate heat exchanger. 18. The sgstenlof claim 16 further
conpri sing: asitplhspsrehanseiraganer> 7 200 POKAPP PO v orpyidingdgst trpphes from
posi ti onggk primdrd elowRhh 1OE ARILEING Al AP NoWpdt (ToMRnB eat s@BrOERhbaheat
exchanger 1%. The systemof claim 16 wherein a refrigerant charge
conprisegk@@aﬁégg' 50% by wei ght, carbon dioxide. 1520. The system of
claim 16 wherein: the first econom zer flowpath and the second
econoni z fl ath branch fromthe primary flowpath downstream of

t he sgkgﬁg'he§$@§§%ﬁ%ﬁ§%?' H%%§#m§1.The system of clai m 20 wher ei n:
20t he first edenvgleiant é{chapat measti(diHnsa bozalplitanhestskageedr74) bet ween
a first cylinder (30) of the conpressor and a second cylinder (31) of
t he conpressor; and t he second econom zer flowpath returns to
an inl et 1835) Tot systarmpf laioy16 frther coBPYising: t he conpressor; and

the second CYE%Hﬂﬁﬁgﬁggﬁggfaﬁﬁj&9h@%hbﬁ$%%n@h%ﬁﬂﬁ%Qﬁﬁ&ﬂﬂQQ&@hﬁﬁ| to

an inlet (94) of . i rej ection heat exchanger.
10 communication with the heat absorption heat exchanger.

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

weight, carbon dioxide.

15 20. The system of ¢laim 16 wherein:
the first economizer flowpath and the second economizer flowpath branch from the

primary flowpath downstream of the single heat exchanger means.

21. The system of claim 20 wherein:
20 the first cconomizer flowpath returns to an interstage (74) between a first cylinder
(30) of the compressor and a second cylinder (31) of the compressor; and
the second economizer flowpath returns to an inlet (35) of a third cylinder (32) of the
compressor; and
the second cylinder and the third cylinder discharge in parallel to an inlet (94) of the

25  heat rejection heat exchanger.,

11



