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Description
BACKGROUND OF THE INVENTION

[0001] The present invention relates generally to re-
frigerating systems used for cooling. More particularly,
the present invention relates to a refrigerating system
that incorporates economizer circuits to increase system
efficiency.

[0002] A typicalrefrigerating system includes an evap-
orator, a compressor, a condenser, and a throttle valve.
A refrigerant, such as a hydrofluorocarbon (HFC), typi-
cally enters the evaporator as a two-phase liquid-vapor
mixture. Within the evaporator, the liquid portion of the
refrigerant changes phase from liquid to vapor as a result
of heat transfer into the refrigerant. The refrigerantis then
compressed within the compressor, thereby increasing
the pressure of the refrigerant. Next, the refrigerant pass-
es through the condenser, where it changes phase from
avaportoaliquid as it cools within the condenser. Finally,
the refrigerant expands as it flows through the throttle
valve, which results in a decrease in pressure and a
change in phase from a liquid to a two-phase liquid-vapor
mixture.

[0003] While natural refrigerants such as carbon diox-
ide have recently been proposed as alternatives to the
presently used HFCs, the high side pressure of carbon
dioxide typically ends up in the supercritical region where
there is no transition from vapor to liquid as the high pres-
sure refrigerantis cooled. For a typical single stage vapor
compression cycle, this leads to poor efficiency due to
the loss of the subcritical constant temperature conden-
sation process and to the relatively high residual enthalpy
of supercritical carbon dioxide at normal high side tem-
peratures.

[0004] WO 2006/022829 A1 discloses a CO, refriger-
ant circuit. The circuit is provided with a receiver com-
prising a liquid portion and a flash gas portion. A flash
gas line is connected to the flash gas portion, and a liquid
line is connected to the liquid portion. Heat is transferred
from the liquid flowing in the liquid line to the flash gas
flowing through the flash gas line in an internal heat ex-
changer. The flash gas is returned to an inlet of a low
temperature compressor set. The refrigerant circuit is al-
so provided with further sub-cooling in the outlet line of
a heat rejecting heat exchanger. A portion of the refrig-
erant is diverted through an expansion valve and sub-
cools the remainder of the refrigerant in another heat
exchanger.

[0005] US-A-6 113 358 discloses a refrigeration sys-
tem according to the preamble of claim 1.

[0006] Thus, there exists a need for arefrigerating sys-
tem that is capable of utilizing any refrigerant, including
a transcritical refrigerant, while maintaining a high level
of system efficiency.
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BRIEF SUMMARY OF THE INVENTION

[0007] According to a first aspect of the present inven-
tion, there is provided a refrigeration system comprising:
amain refrigerant path; an evaporator; a plurality of com-
pressors for compressing a refrigerant, each of the com-
pressors having a suction port and a discharge port; a
heat rejecting heat exchanger for cooling the refrigerant;
and a plurality of economizer circuits each comprising a
heat exchanger, wherein each of the economizer circuits
is configured to inject a portion of the refrigerant into the
suction port of one of the compressors, wherein an econ-
omizer path of each of the economizer circuits is in a heat
exchanger relationship with the main refrigerant path for
cooling the main refrigerant path in the respective econ-
omizer heat exchanger, and wherein the discharge port
of each of the compressors is directly connected to the
heat rejecting heat exchanger.

[0008] According to a second aspect of the present
invention, there is provided a method of operating a re-
frigeration system, the method comprising: evaporating
a refrigerant; compressing the refrigerant from a lower
pressure to a higher pressure in a plurality of compres-
sors, the plurality of compressors including a two-stage
compressor and at least two single-stage compressors,
wherein the two-stage compressor includes an intercool-
er configured to cool the refrigerant between a first stage
of compression and a second stage of compression; in-
jecting the refrigerant from the discharge port of each of
the compressors directly into a heat rejecting heat ex-
changer and cooling the refrigerant in the heat rejecting
heat exchanger; directing the refrigerant in a main refrig-
erant path through a plurality of economizer heat ex-
changers each provided in a respective economizer cir-
cuit, and, in the economizer heat exchangers, cooling
the refrigerant in the main refrigerant path using the re-
frigerant in an economizer path of the respective econ-
omizer circuit; injecting a first portion of the refrigerant
from a first economizer circuit into a suction port of one
of the single- stage compressors; and injecting a second
portion of the refrigerant from a second economizer cir-
cuit into a suction port of another one of the single-stage
compressors; and wherein, optionally, the compressors
are part of a single, multi-cylinder compressor unit.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009]

FIG. 1A illustrates a schematic diagram of a refrig-
eration system employing a pair of economizer cir-
cuits.

FIG. 1B illustrates a graph relating enthalpy to pres-
sure for the refrigeration system of FIG. 1A.

FIG. 2A illustrates a schematic diagram of a refrig-
eration system employing three economizer circuits.
FIG. 2B illustrates a graph relating enthalpy to pres-
sure for the refrigeration system of FIG. 2A.
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FIG. 3A illustrates a schematic diagram of a refrig-
eration system employing four economizer circuits.
FIG. 3B illustrates a graph relating enthalpy to pres-
sure for the refrigeration system of FIG. 3A.

FIG. 4A illustrates a schematic diagram of a refrig-
eration system employing five economizer circuits.
FIG. 4B illustrates a graph relating enthalpy to pres-
sure for the refrigeration system of FIG. 4A.

FIG. 5A illustrates a schematic diagram of a second
embodiment of a refrigeration system employing a
pair of economizer circuits.

FIG. 5B illustrates a graph relating enthalpy to pres-
sure for the refrigeration system of FIG. 5A.

FIG. 6 illustrates a schematic diagram of an alterna-
tive embodiment of the refrigeration system of FIG.
1A.

FIG. 7 illustrates a schematic diagram of another em-
bodiment of the refrigeration system of FIG. 1A.

DETAILED DESCRIPTION

[0010] FIG. 1A illustrates a schematic diagram of re-
frigeration system 20A, which includes compressor unit
22, heat rejecting heat exchanger 24, first economizer
circuit 25A, second economizer circuit 25B, main expan-
sion valve 26, evaporator 27, and sensor 31. First econ-
omizer circuit 25A includes first economizer heat ex-
changer 28A, expansion valve 30A, and sensor 31A,
while second economizer circuit 25B includes second
economizer heat exchanger 28B, expansion valve 30B,
and sensor 31B. As shown in FIG. 1A, first economizer
heat exchanger 28A and second economizer heat ex-
changer 28B are parallel flow tube-in-tube heat exchang-
ers.

[0011] Compressor unit 22 includes two-stage com-
pressor 32, single-stage compressor 34, and single-
stage compressor 35. Two-stage compressor 32 in-
cludes cylinders 36A and 36B connected in series, sin-
gle-stage compressor 34 includes cylinder 36C, and sin-
gle-stage compressor 35 includes cylinder 36D. Two-
stage compressor 32, single-stage compressor 34, and
single-stage compressor 35 may be stand-alone com-
pressor units, or they may be part of a single, multi-cyl-
inder compressor unit. In addition, two-stage compressor
32, single-stage compressor 34, and single-stage com-
pressor 35 are preferably reciprocating compressors, al-
though other types of compressors may be used includ-
ing, but not limited to, scroll, screw, rotary vane, standing
vane, variable speed, hermetically sealed, and open
drive compressors.

[0012] Inrefrigeration system 20A, three distinct refrig-
erant paths are formed by connection of the various el-
ements in the system. A main refrigerant path is defined
by the route between points 1, 2, 3, 4, 5, and 6. A first
economized refrigerant path is defined by the route be-
tween points 5A, 6A, 7A, and 8A. Finally, a second econ-
omized refrigerant path is defined by the route between
points 5B, 6B, 7B, and 8B. It should be understood that
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the paths are all closed paths that allow for continuous
flow of refrigerant through refrigeration system 20A.
[0013] In reference to the main refrigerant path, after
refrigerant exits two-stage compressor 32 at high pres-
sure and enthalpy through discharge port 39 (point 4),
the refrigerant loses heat in heat rejecting heat exchang-
er 24, exiting heat rejecting heat exchanger 24 at low
enthalpy and high pressure (point 5A). The refrigerant
then splits into two flow paths 40A and 42A prior to en-
tering first economizer heat exchanger 28A. The main
path continues along paths 40A and 40B through first
economizer heat exchanger 28A (point 5B) and second
economizer heat exchanger 28B (point 5), respectively.
As the refrigerant in path 40A flows through first econo-
mizer heat exchanger 28A, it is cooled by the refrigerant
in path 42A of the first economized path. Similarly, as the
refrigerantin path 40B flows through second economizer
heat exchanger 28B, itis cooled by the refrigerant in path
42B of the second economized path.

[0014] Refrigerant from path 40B is then throttled in
main expansion valve 26. Main expansion valve 26,
along with economizer expansion valves 30A and 30B,
are preferably thermal expansion valves (TXV) or elec-
tronic expansion valves (EXV). After going through an
expansion process within main expansion valve 26 (point
6), the refrigerant is a two-phase liquid-vapor mixture and
is directed toward evaporator 27. After evaporation of the
remainder of the liquid (point 1), the refrigerant enters
two-stage compressor 32 through suction port 37. The
refrigerant is compressed within cylinder 36A, which is
the first stage of two-stage compressor 32, and is then
directed out discharge port 50 (point 2), where it flows
through intercooler 48 prior to a second stage of com-
pression in cylinder 36B. Intercooler 48 is configured to
cool down the refrigerant discharged from cylinder 36A
prior to the second stage of compression within cylinder
36B. After the second stage of compression, the refrig-
erant is discharged through discharge port 39 (point 4).
[0015] In reference to the first economized path, after
refrigerant exits heat rejecting heat exchanger 24 at low
enthalpy and high pressure (point 5A) and splits into two
flow paths 40A and 42A, the first economized path con-
tinues along path 42A. Inpath 42A, the refrigerant is throt-
tled to a lower pressure by economizer expansion valve
30A (point 6A) prior to flowing through first economizer
heat exchanger 28A. The refrigerant from path 42A that
flowed through first economizer heat exchanger 28A
(point 7A) is then directed along economizer return path
46A and injected into suction port 52 of single-stage com-
pressor 34 for compression in single-stage compressor
34. After compression within single-stage compressor
34, the refrigerant is discharged through discharge port
54 (point 8A) where it merges with the refrigerant dis-
charged from two-stage compressor 32 and single-stage
compressor 35.

[0016] In reference to the second economized path,
after being cooled in the higher pressure first economizer
heat exchanger 28A (point 5B), the refrigerant in path



5 EP 2 005 079 B1 6

40A splits into two flow paths 40B and 42B. The second
economized path continues along flow path 42B where
the refrigerant is throttled to a lower pressure by econo-
mizer expansion valve 30B (point 6B) prior to flowing
through second economizer heat exchanger 28B. The
refrigerant from path 42B that flowed through second
economizer heat exchanger 28B (point 7B) is then di-
rected along economizer return path 46B and injected
into suction port 56 of single-stage compressor 35 for
compression in single-stage compressor 35. After com-
pression within single-stage compressor 35, the refrig-
erant is discharged through discharge port 58 (point 8B)
where it merges with the refrigerant discharged from two-
stage compressor 32 and single-stage compressor 34.
[0017] Refrigeration system 20A also includes sensor
31 disposed between evaporator 27 and compressor unit
22 along the main refrigerant path. In general, sensor 31
acts with expansion valve 26 to sense the temperature
of the refrigerant leaving evaporator 27 and the pressure
of the refrigerant in evaporator 27 to regulate the flow of
refrigerant into evaporator 27 to keep the combination of
temperature and pressure within some specified bounds.
In a preferred embodiment, expansion valve 26 is an
electronic expansion valve and sensor 31 is a tempera-
ture transducer such as a thermocouple or thermistor. In
another embodiment, expansion valve 26 is a mechani-
cal thermal expansion valve and sensor 31 includes a
small tube that terminates in a pressure vessel filled with
a refrigerant that differs from the refrigerant running
through refrigeration system 20A. As refrigerant from
evaporator 27 flows past sensor 31 on its way toward
compressor unit 22, the pressure vessel will either heat
up or cool down, thereby changing the pressure within
the pressure vessel. As the pressure in the pressure ves-
sel changes, sensor 31 sends a signal to expansion valve
26 to modify the pressure drop caused by the valve. Sim-
ilarly, in the case of the electronic expansion valve, sen-
sor 31 sends an electrical signal to expansion valve 26
whichresponds ina similar manner to regulate refrigerant
flow. For example, if a return gas coming from evaporator
27 is too hot, sensor 31 will then heat up and send a
signal to expansion valve 26, causing the valve to open
further and allow more refrigerant per unit time to flow
through evaporator 27, thereby reducing the heat of the
refrigerant exiting evaporator 27.

[0018] Economizer circuits 25A and 25B also include
sensors 31A and 31B, respectively, that operate in a sim-
ilar manner to sensor 31. However, sensors 31A and 31
B sense temperature along economizer return paths 46A
and 46B and act with expansion valves 30A and 30B to
control the pressure drops within expansion valves 30A
and 30B instead. It should also be noted that various
other sensors may be substituted for sensors 31, 31A,
and 31 B without departing from the scope of the present
invention, which is defined by the appended claims.
[0019] By controlling the expansion valves 26, 30A,
and 30B, the operation of refrigeration system 20A can
be adjusted to meet the cooling demands and achieve
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optimum efficiency. In addition to adjusting the pressures
associated with expansion valves 26, 30A, and 30B, the
displacements of cylinders 36A, 36B, 36C, and 36D may
also be adjusted to help achieve optimum efficiency of
refrigeration system 20A.

[0020] FIG. 1B illustrates a graph relating enthalpy to
pressure for the refrigeration system 20A of FIG. 1A. Va-
por dome V is formed by a saturated liquid line and a
saturated vapor line, and defines the state of the refrig-
erant at various points along the refrigeration cycle. Un-
derneath vapor dome V, all states involve both liquid and
vapor coexisting atthe same time. Atthe very top of vapor
dome V is the critical point. The critical point is defined
by the highest pressure where saturated liquid and sat-
urated vapor coexist. In general, compressed liquids are
located to the left of vapor dome V, while superheated
vapors are located to the right of vapor dome V.

[0021] In FIG. 1B, the main refrigerant path is defined
by the route between points 1, 2, 3, 4, 5, and 6; the first
economized path is defined by the route between points
5A, 6A, 7A, and 8A; and the second economized path is
defined by the route between points 5B, 6B, 7B, and 8B.
The cycle begins in the main path at point 1, where the
refrigerant is at a low pressure and high enthalpy prior
to entering compressor unit 22. After a first stage of com-
pression within cylinder 36A of two-stage compressor
32, both the enthalpy and pressure increase as shown
by point 2. Next, the refrigerant is cooled down as it flows
through intercooler 48, as shown by point 3. After a sec-
ond stage of compression within cylinder 36B, the refrig-
erant exits compressor unit 22 at high pressure and even
higher enthalpy, as shown by point 4. Then, as the re-
frigerant flows through heat rejecting heat exchanger 24,
enthalpy decreases while pressure remains constant.
Prior to entering first economizer heat exchanger 28A,
the refrigerant splits into a main portion and a first econ-
omized portion as shown by point 5A. Similarly, prior to
entering second economizer heat exchanger 28B, a sec-
ond economized portion is diverted from the main portion
as shown by point 5B. The first and second economized
portions will be discussed in more detail below. The main
portion is then throttled in main expansion valve 26, de-
creasing pressure as shown by point 6. Finally, the main
portion of the refrigerant is evaporated, exiting evapora-
tor 27 at a higher enthalpy as shown by point 1.

[0022] As stated previously, the first economized por-
tion splits off of the main portion as indicated by point 5A.
The first economized portion is throttled to a lower pres-
sure in expansion valve 30A as shown by point 6A. The
first economized portion of the refrigerant then exchang-
es heat with the main portion in first economizer heat
exchanger 28A, cooling down the main portion of the
refrigerant as indicated by point 5B, and heating up the
first economized portion of the refrigerant as indicated
by point 7A. The first economized portion is then com-
pressed within single-stage compressor 34 and merged
with the refrigerant discharged from two-stage compres-
sor 32 and single-stage compressor 35, as shown by
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point 8A.

[0023] As stated previously, the second economized
portion splits off of the main portion as indicated by point
5B. The second economized portion is throttled to a lower
pressure in expansion valve 30B as shown by point 6B.
The second economized portion of the refrigerant then
exchanges heat with the main portion within second
economizer heat exchanger 28B, cooling down the main
portion of the refrigerant to its lowest temperature as in-
dicated by point 5, and heating up the second econo-
mized portion of the refrigerant as indicated by point 7B.
The second economized portion is then compressed
within single-stage compressor 35 and merged with the
refrigerant discharged from two-stage compressor 32
and single-stage compressor 34, as shown by point 8B.
[0024] In a refrigeration system, the specific cooling
capacity, which is the measure of total cooling capacity
divided by refrigerant mass flow, may typically be repre-
sented on a graph relating pressure to enthalpy by the
length of the evaporation line. Furthermore, when the
specific cooling capacity is divided by the specific power
input to the compressor, the result is the system efficien-
cy. In general, a high specific cooling capacity achieved
by inputting a low specific power to the compressor will
yield a high efficiency.

[0025] As shown in FIG. 1B, the specific cooling ca-
pacity of refrigeration system 20A is represented by the
length of evaporation line E1 from point 6 to point 1. Lines
A1 and A2 represent the increased specific cooling ca-
pacity due to the addition of the first economizer circuit
25A and second economizer circuit 25B, respectively.
This indicates that refrigeration system 20A, which in-
cludes two economizer circuits, has alarger specific cool-
ing capacity than a refrigeration system with no econo-
mizer circuits. Along with the increase in specific cooling
capacity also comes an increase in specific power con-
sumption. The increase in specific power consumption
is a result of the additional compression of the econo-
mized flow shown between points 7A and 8A as well as
between points 7B and 8B. However, since the econo-
mized vapor is compressed over a smaller pressure
range than the main portion of refrigerant, the added com-
pression power is less than the added capacity. There-
fore, the ratio of capacity to power (the efficiency) is in-
creased by the addition of the two economizer circuits.
[0026] FIG. 2A illustrates a schematic diagram of re-
frigeration system 20B of the present invention employ-
ing three economizer circuits. Refrigeration system 20B
is similar to refrigeration system 20A, except that single-
stage compressor 70 is added to compressor unit 22,
and third economizer circuit 25C is added to the system.
Single-stage compressor 70 includes cylinder 36E.
[0027] In refrigeration system 20B, four distinct refrig-
erant paths are formed by connection of the various el-
ements in the system. The main refrigerant path, the first
economized refrigerant path, and the second econo-
mized refrigerant path are similar to those described
above inreference to FIG. 1A. A third economized refrig-
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erant path is defined by the route between points 5C, 6C,
7C, and 8C.

[0028] Inreference to the third economized path, after
being cooled in the higher pressure second economizer
heat exchanger 28B, the refrigerant in path 40B splits
into two flow paths 40C and 42C (point 5C). The third
economized path continues along flow path 42C where
the refrigerant is throttled to a lower pressure by econo-
mizer expansion valve 30C prior to flowing through third
economizer heat exchanger 28C (point 6C). The refrig-
erant from path 42C that flowed through third economizer
heat exchanger 28C (point 7C) is then directed along
economizer return path 46C and injected into suction port
72 of single-stage compressor 70 for compression in sin-
gle-stage compressor 70. After compression within sin-
gle-stage compressor 70, the refrigerant is discharged
through discharge port 74 (point 8C) where it merges
with the refrigerant discharged from two-stage compres-
sor 32 and single-stage compressors 34 and 35.

[0029] FIG. 2B illustrates a graph relating enthalpy to
pressure for the refrigeration system 20B of FIG. 2A. In
FIG. 2B, the main refrigerant path is defined by the route
between points 1, 2, 3, 4, 5, and 6; the first economized
path is defined by the route between points 5A, 6A, 7A,
and 8A; the second economized path is defined by the
route between points 5B, 6B, 7B, and 8B; and the third
economized path is defined by the route between points
5C, 6C, 7C, and 8C. As shown in FIG. 2B, evaporation
line E2 of refrigeration system 20B is longer than evap-
oration line E1 of refrigeration system 20A (FIG. 1B). This
indicates that refrigeration system 20B, which includes
three economizer circuits, has a larger specific cooling
capacity than refrigeration system 20A, which includes
two economizer circuits. In particular, line A3 represents
the increased specific cooling capacity due to the addition
of the third economizer circuit.

[0030] FIG. 3A illustrates a schematic diagram of re-
frigeration system 20C of the present invention employ-
ing four economizer circuits. Refrigeration system 20C
is similar to refrigeration system 20B, except that single-
stage compressor 80 is added to compressor unit 22,
and fourth economizer circuit 25D is added to the system.
Single-stage compressor 80 includes cylinder 36F.
[0031] In refrigeration system 20C, five distinct refrig-
erant paths are formed by connection of the various el-
ements in the system. The main refrigerant path, the first
economized refrigerant path, the second economized re-
frigerant path, and the third economized refrigerant path
are similar to those described above in reference to FIGS.
1A and 2A. A fourth economized refrigerant path is de-
fined by the route between points 5D, 6D, 7D, and 8D.
[0032] Inreferencetothefourth economized path, after
being cooled inthe higher pressure third economizer heat
exchanger 28C, the refrigerant in path 40C splits into two
flow paths 40D and 42D (point 5D). The fourth econo-
mized path continues along flow path 42D where the re-
frigerant is throttled to a lower pressure by economizer
expansion valve 30D prior to flowing through fourth econ-
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omizer heat exchanger 28D (point 6D). The refrigerant
from path 42D that flowed through fourth economizer
heat exchanger 28D is then directed along economizer
return path 46D (point 7D) and injected into suction port
82 of single-stage compressor 80 for compression in sin-
gle-stage compressor 80. After compression within sin-
gle-stage compressor 80 (point 8D), the refrigerant is dis-
charged through discharge port 84 where it merges with
the refrigerant discharged from two-stage compressor
32 and single-stage compressors 34, 35, and 70.
[0033] FIG. 3B illustrates a graph relating enthalpy to
pressure for the refrigeration system 20C of FIG. 3A. In
FIG. 3B, the main refrigerant path is defined by the route
between points 1, 2, 3, 4, 5, and 6; the first economized
path is defined by the route between points 5A, 6A, 7A,
and 8A; the second economized path is defined by the
route between points 5B, 6B, 7B, and 8B; the third econ-
omized path is defined by the route between points 5C,
6C, 7C, and 8C; and the fourth economized path is de-
fined by the route between points 5D, 6D, 7D, and 8D.
As shown in FIG. 3B, evaporation line E3 of refrigeration
system 20C is longer than evaporation line E2 of refrig-
eration system 20B (FIG. 2B). This indicates that refrig-
eration system 20C, which includes four economizer cir-
cuits, has a larger specific cooling capacity than refrig-
eration system 20B, which includes three economizer
circuits. In particular, line A4 represents the increased
specific cooling capacity due to the addition of the fourth
economizer circuit.

[0034] FIG. 4A illustrates a schematic diagram of re-
frigeration system 20D of the present invention employ-
ing five economizer circuits. Refrigeration system 20D is
similar to refrigeration system 20C, except that single-
stage compressor 90 is added to compressor unit 22,
and fifth economizer circuit 25E is added to the system.
Single-stage compressor 90 includes cylinder 36G.
[0035] In refrigeration system 20D, six distinct refrig-
erant paths are formed by connection of the various el-
ements in the system. The main refrigerant path, the first
economized refrigerant path, the second economized re-
frigerant path, the third economized refrigerant path, and
the fourth economized refrigerant path are similar to
those described above in reference to FIGS. 1A, 2A, and
3A. A fifth economized refrigerant path is defined by the
route between points 5E, 6E, 7E, and 8E.

[0036] In reference to the fifth economized path, after
being cooled in the higher pressure fourth economizer
heat exchanger 28D, the refrigerant in path 40D splits
into two flow paths 40E and 42E (point 5E). The fifth
economized path continues along flow path 42E where
the refrigerant is throttled to a lower pressure by econo-
mizer expansion valve 30E prior to flowing through fifth
economizer heat exchanger 28E (point 6E). The refrig-
erant from path 42E that flowed through fifth economizer
heat exchanger 28E is then directed along economizer
return path 46E (point 7E) and injected into suction port
92 of single-stage compressor 90 for compression in sin-
gle-stage compressor 90. After compression within sin-

10

15

20

25

30

35

40

45

50

55

gle-stage compressor 90, the refrigerant is discharged
through discharge port 94 (point 8E) where it merges with
the refrigerant discharged from two-stage compressor
32 and single-stage compressors 34, 35, 70, and 80.
[0037] FIG. 4B illustrates a graph relating enthalpy to
pressure for the refrigeration system 20D of FIG. 4A. In
FIG. 4B, the main refrigerant path is defined by the route
between points 1, 2, 3, 4, 5, and 6; the first economized
path is defined by the route between points 5A, 6A, 7A,
and 8A; the second economized path is defined by the
route between points 5B, 6B, 7B, and 8B; the third econ-
omized path is defined by the route between points 5C,
6C, 7C, and 8C; the fourth economized path is defined
by the route between points 5D, 6D, 7D, and 8D; and the
fifth economized path is defined by the route between
points 5E, 6E, 7E, and 8E. As shown in FIG. 4B, evap-
oration line E4 of refrigeration system 20D is longer than
evaporation line E3 of refrigeration system 20C (FIG. 3B).
This indicates that refrigeration system 20D, which in-
cludes five economizer circuits, has a larger specific cool-
ing capacity than refrigeration system 20C, which in-
cludes four economizer circuits. In particular, line A5 rep-
resents the increased specific cooling capacity due to
the addition of the fifth economizer circuit.

[0038] FIG. 5A illustrates a schematic diagram of re-
frigeration system 20E of the present invention employ-
ing two economizer circuits. Refrigeration system 20E is
similar to and an alternative embodiment of refrigeration
system 20A. In refrigeration system 20E, intercooler 48
has been removed and two-stage compressor 32 has
been replaced by single-stage compressor 100. Single-
stage compressor 100 includes cylinder 36H.

[0039] Inrefrigeration system 20E, three distinct refrig-
erant paths are formed by connection of the various el-
ements in the system. A main refrigerant path is defined
by the route between points 1, 2, 3, and 4. A first econ-
omized refrigerant path is defined by the route between
points 3A, 4A, 5A, and 6A. Finally, a second economized
refrigerant path is defined by the route between points
3B, 4B, 5B, and 6B.

[0040] In reference to the main refrigerant path, after
refrigerant exits single-stage compressor 100 at high
pressure and enthalpy through discharge port 104 (point
2), the refrigerant loses heat in heat rejecting heat ex-
changer 24, exiting heat rejecting heat exchanger 24 at
low enthalpy and high pressure (point 3A). The refriger-
ant then splits into two flow paths 40A and 42A prior to
entering first economizer heat exchanger 28A. The main
path continues along paths 40A and 40B through first
economizer heat exchanger 28A (point 3B) and second
economizer heat exchanger 28B (point 3), respectively.
As the refrigerant in path 40A flows through first econo-
mizer heat exchanger 28A, it is cooled by the refrigerant
in path 42A of the first economized path. Similarly, as the
refrigerantin path 40B flows through second economizer
heat exchanger 28B, itis cooled by the refrigerant in path
42B of the second economized path.

[0041] Refrigerant from path 40B is then throttled in
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main expansion valve 26. After going through an expan-
sion process within main expansion valve 26 (point 4),
the refrigerantis a two-phase liquid-vapor mixture and is
directed toward evaporator 27. After evaporation of the
remainder of the liquid (point 1), the refrigerant enters
single-stage compressor 100 through suction port 102.
The refrigerant is then compressed within cylinder 36H
and discharged through discharge port 104 (point 2).
[0042] In reference to the first economized path, after
refrigerant exits heat rejecting heat exchanger 24 at low
enthalpy and high pressure (point 3A) and splits into two
flow paths 40A and 42A, the first economized path con-
tinues along path 42A. In path 42A, the refrigerant is throt-
tled to a lower pressure by economizer expansion valve
30A (point 4A) prior to flowing through first economizer
heat exchanger 28A. The refrigerant from path 42A that
flowed through first economizer heat exchanger 28A
(point 5A) is then directed along economizer return path
46A and injected into suction port 52 of single-stage com-
pressor 34 for compression in single-stage compressor
34. After compression within single-stage compressor
34, the refrigerant is discharged through discharge port
54 (point 6A) where it merges with the refrigerant dis-
charged from single-stage compressors 100 and 35.
[0043] In reference to the second economized path,
after being cooled in the higher pressure first economizer
heat exchanger 28A (point 3B), the refrigerant in path
40A splits into two flow paths 40B and 42B. The second
economized path continues along flow path 42B where
the refrigerant is throttled to a lower pressure by econo-
mizer expansion valve 30B (point 4B) prior to flowing
through second economizer heat exchanger 28B. The
refrigerant from path 42B that flowed through second
economizer heat exchanger 28B (point 5B) is then di-
rected along economizer return path 46B and injected
into suction port 56 of single-stage compressor 35 for
compression in single-stage compressor 35. After com-
pression within single-stage compressor 35, the refrig-
erant is discharged through discharge port 58 (point 6B)
where it merges with the refrigerant discharged from sin-
gle-stage compressors 34 and 100.

[0044] FIG. 5B illustrates a graph relating enthalpy to
pressure for the refrigeration system 20E of FIG. 5A. In
FIG. 5B, the main refrigerant path is defined by the route
between points 1, 2, 3, and 4; the first economized path
is defined by the route between points 3A, 4A, 5A, and
6A; and the second economized path is defined by the
route between points 3B, 4B, 5B, and 6B.

[0045] As shown in FIG. 5B, the specific cooling ca-
pacity of refrigeration system 20E is represented by the
length of evaporation line E5 from point 4 to point 1. Lines
A1’ and A2’ represent the increased specific cooling ca-
pacity due to the addition of first economizer circuit 25A
and second economizer circuit 25B, respectively. When
compared with evaporation line E1 of FIG. 1B, evapora-
tion line E5 is substantially equivalent in length to evap-
oration line E1. This indicates that refrigeration system
20E has a specific cooling capacity that is substantially
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equivalent to the specific cooling capacity of refrigeration
system 20A. Thus, a two-stage compressor and an in-
tercooler may be replaced by a single-stage compressor
in a refrigeration system such as that shown in FIG. 1A
without a substantial change in specific cooling capacity.
It should be noted that although refrigeration system 20E
is shown as a modified version of refrigeration system
20A, refrigeration systems 20B, 20C, and 20D may also
be modified in the same manner without a substantial
change in specific cooling capacity.

[0046] FIG. 6 illustrates a schematic diagram of refrig-
eration system 20A’, which is an alternative embodiment
of refrigeration system 20A. In the embodiment shown
in FIG. 6, first economizer heat exchanger 28A’ and sec-
ond economizer heat exchanger 28B’ comprise flash
tanks. Thus, as used in refrigeration system 20A’, flash
tanks are an alternative type of heat exchanger. As stated
previously, in the embodiment shownin FIG. 1A, firstand
second economizer heat exchangers 28A and 28B are
parallel flow tube-in-tube heat exchangers. However,
parallel flow tube-in-tube heat exchangers may be re-
placed with flash tank type heat exchangers, as depicted
in FIG. 6, without departing from the scope of the present
invention, which is defined by the appended claims.
[0047] FIG. 7 illustrates a schematic diagram of refrig-
eration system 20A", which is another alternative embod-
iment of refrigeration system 20A. In the embodiment
shown in FIG. 7, first economizer heat exchanger 28A"
and second economizer heat exchanger 28B" form a
brazed plate heat exchanger. However, substituting a
brazed plate heat exchanger for parallel flow tube-in-tube
heat exchangers does not substantially affect the overall
system efficiency. Thus, a refrigeration system using a
brazed plate heat exchanger is also within the intended
scope of the present invention.

[0048] In addition to the parallel flow tube-in-tube heat
exchangers, flash tanks, and brazed plate heat exchang-
ers, numerous other heat exchangers may be used for
the economizers without departing from the scope of the
present invention. The list of alternative heat exchangers
includes, but is not limited to, counter-flow tube-in-tube
heat exchangers, parallel flow shell-in-tube heat ex-
changers, and counter-flow shell-in-tube heat exchang-
ers.

[0049] Although the refrigeration system of the present
invention is useful to increase system efficiency in a sys-
tem using any type of refrigerant, it is especially useful
in refrigeration systems that utilize transcritical refriger-
ants, such as carbon dioxide. Because carbon dioxide is
such a low critical temperature refrigerant, refrigeration
systems using carbon dioxide typically run transcritical.
Furthermore, because carbon dioxide is such a high
pressure refrigerant, there is more opportunity to provide
multiple pressure steps between the high and low pres-
sure portions of the circuit to include multiple economiz-
ers, each of which contributes to increase the efficiency
of the system. Thus, the present invention may be used
to increase the efficiency of systems utilizing transcritical
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refrigerants such as carbon dioxide, making their efficien-
cy comparable to that of typical refrigerants. However,
the refrigeration system of the present invention is useful
to increase the efficiency in systems using any refriger-
ant, including those that run subcritical as well as those
that run transcritical.

[0050] While the alternative embodiments of the
present invention have been described as including a
number of economizer circuits ranging from two to five,
it should be understood that a refrigeration system with
more than five economizer circuits is within the intended
scope of the present invention. Furthermore, the econo-
mizer circuits may be connected to the compressors in
various other combinations without decreasing system
efficiency. Thus, refrigeration systems that utilize a great-
er number of economizer circuits or connect the econo-
mizer circuits in various other combinations are within
the scope defined by the appended claims.

[0051] Although the present invention has been de-
scribed with reference to preferred embodiments, work-
ers skilled in the art will recognize that changes may be
made in form and detail without departing from the scope
ofthe invention, which is defined by the appended claims.

Claims

1. A refrigeration system (20A; 20B; 20C; 20D; 20E;
20A’; 20A") comprising:

a main refrigerant path;

an evaporator (27);

a plurality of compressors (32, 34, 35; 70; 80;
90; 100) for compressing a refrigerant, each of
the compressors having a suction port (37, 52,
56; 72; 82; 92; 102) and a discharge port (39,
54, 58; 74; 84; 94; 104);

a heat rejecting heat exchanger (24) for cooling
the refrigerant; and

aplurality of economizer circuits (25A, 25B; 25C;
25D; 25E) each comprising an economizer heat
exchanger (28A, 28B; 28A/, 28B’; 28A", 28B"),
wherein each of the economizer circuits is con-
figured to inject a portion of the refrigerant into
the suction port of one of the compressors, char-
acterised in that an economizer path (42A,
42B) of each of the economizer circuits is in a
heat exchanger relationship with the main refrig-
erant path (40A, 40B) for cooling the main re-
frigerant path in the respective economizer heat
exchanger, and in that the discharge port (39,
54, 58; 74; 84; 94; 104) of each of the compres-
sors is directly connected to the heat rejecting
heat exchanger (24).

2. The refrigeration system of claim 1, wherein one of
the compressors is a two-stage compressor (32)
having a first compressor cylinder (36A) and a sec-
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10.

ond compressor cylinder (36B).

The refrigeration system of claim 2, wherein an in-
tercooler (48) is disposed between the first and sec-
ond compressor cylinders (36A, 36B) of the two-
stage compressor (32) to cool the refrigerant prior
to a second stage of compression.

The refrigeration system of claim 1, wherein each of
the compressors is a single-stage compressor.

The refrigeration system of any preceding claim,
wherein the heat rejecting heat exchanger (24) is a
condenser or a gas cooler.

The refrigeration system of any preceding claim,
wherein the economizer heat exchangers are flash
tanks (28A’, 28B’).

The refrigeration system of claim 1 comprising:

a two-stage compressor (32) for compressing
the refrigerant, the two-stage compressor hav-
ing a first compressor cylinder (36A) and a sec-
ond compressor cylinder (36B);

a first single-stage compressor (34) for com-
pressing the refrigerant,

a second single-stage compressor (35) for com-
pressing the refrigerant,

a first economizer circuit (25A) configured to in-
ject a first portion of the refrigerant into the suc-
tion port (52) of the first single- stage compres-
sor; and

a second economizer circuit (25B) configured to
inject a second portion of the refrigerant into the
suction port (56) of the second single-stage
Compressor.

The refrigeration system of claim 7, wherein the plu-
rality of compressors or the two-stage compressor
(32), the first single-stage compressor (34), and the
second single-stage compressor (35) are part of a
single, multi-cylinder compressor unit.

The refrigeration system of claims 7 and 8, wherein
anintercooler (48) is disposed between the first com-
pressor cylinder (36A) and the second compressor
cylinder (36B) to cool the refrigerant between a first
stage of compression and a second stage of com-
pression.

The refrigeration system of claim 9, and further com-
prising:

a third single-stage compressor (70) having a
suction (72) port and a discharge port (74); and
a third economizer circuit (25C) configured to
inject a third portion of the refrigerant into the
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suction port of the third single-stage compres-
sor.

11. The refrigeration system of claim 10, and further

comprising:

a fourth single-stage compressor (80) having a
suction port (82) and a discharge port (84); and
a fourth economizer circuit (25D) configured to
inject a fourth portion of the refrigerant into the
suction port of the fourth single-stage compres-
sor.

12. The refrigeration system of claim 11, and further

comprising:

a fifth single-stage compressor (90) having a
suction port (92) and a discharge port (94); and
a fifth economizer circuit (25E) configured to in-
ject a fifth portion of the refrigerant into the suc-
tion port of the fifth single- stage compressor.

13. The refrigeration system of any preceding claim,

wherein the refrigerant is carbon dioxide.

14. A method of operating a refrigeration system, the

method comprising:

evaporating a refrigerant;

compressing the refrigerant from a lower pres-
sure to a higher pressure in a plurality of com-
pressors, the plurality of compressors including
a two-stage compressor and at least two single-
stage compressors, wherein the two-stage com-
pressor includes an intercooler configured to
cool the refrigerant between a first stage of com-
pression and a second stage of compression;
injecting the refrigerant from the discharge port
of each of the compressors directly into a heat
rejecting heat exchanger and cooling the refrig-
erant in the heat rejecting heat exchanger;
directing the refrigerant in a main refrigerant
path through a plurality of economizer heat ex-
changers each provided in a respective econo-
mizer circuit, and, in the economizer heat ex-
changers, cooling the refrigerant in the main re-
frigerant path using the refrigerant in an econo-
mizer path of the respective economizer circuit;
injecting a first portion of the refrigerant from a
first economizer circuit into a suction port of one
of the single- stage compressors; and

injecting a second portion of the refrigerant from
a second economizer circuit into a suction port
of another one of the single-stage compressors;
and

wherein, optionally, the compressors are part of a
single, multi-cylinder compressor unit.

($]
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15. The method of claim 14, wherein the refrigerant is

carbon dioxide.

Patentanspriiche

1.

Kihlsystem (20A; 20B; 20C; 20D; 20E; 20A’; 20A"),
umfassend:

einen Hauptkaltemittelweg;

einen Verdampfer (27);

eine Vielzahl von Verdichtern (32, 34, 35; 70;
80; 90; 100) zum Verdichten eines Kaltemittels,
wobei jeder der Verdichter einen Ansaugan-
schluss (37, 52, 56; 72; 82; 92; 102) und einen
Auslassanschluss (39, 54, 58; 74; 84; 94; 104)
aufweist;

einen Warme ableitenden Warmetauscher (24)
zum Kihlen des Kaltemittels; und

eine Vielzahl von Economiserkreislaufen (25A,
25B; 25C; 25D; 25E), die jeweils einen Econo-
miserwarmetauscher (28A, 28B; 28A’, 28B’;
28A", 28B") umfassen, wobei jede der Econo-
miserkreislaufe dazu konfiguriert ist, einen Teil
des Kaltemittels in den Ansauganschluss von
einem der Verdichtern einzuspritzen,

dadurch gekennzeichnet, dass ein Economiser-
weg (42A, 42B) jeder der Economiserkreislaufe in
einer Warmetauscherbeziehung zum Hauptkalte-
mittelweg (40A, 40B) steht, um den Hauptkaltemit-
telweg in dem jeweiligen Economiserwarmetau-
scher zu kihlen, und

dass der Auslassanschluss (39, 54, 58; 74; 84; 94;
104) eines jeden der Verdichtern direkt mitdem War-
me ableitenden Warmetauscher (24) verbunden ist.

Kuhlsystem nach Anspruch 1, wobei einer der Ver-
dichter ein zweistufiger Verdichter (32) mit einem
ersten Verdichterzylinder (36A) und einem zweiten
Verdichterzylinder (36B) ist.

Kuhlsystem nach Anspruch 2, wobei ein Ladeluft-
kihler (48) zwischen dem ersten und zweiten Ver-
dichterzylinder (36A, 36B) des zweistufigen Verdich-
ters (32) angeordnet ist, um das Kaltemittel vor einer
zweiten Verdichtungsstufe zu kihlen.

Kuhlsystem nach Anspruch 1, wobei jeder der Ver-
dichter ein einstufiger Verdichter ist.

Klhlsystem nach einem der vorangehenden An-
spriiche, wobei der Warme ableitende Warmetau-
scher (24) ein Kondensator oder ein Gaskuhler ist.

Klhlsystem nach einem der vorangehenden An-
spriiche, wobei die Economiserwarmetauscher Ent-
spanner (28A’, 28B’) sind.
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Kuhlsystem nach Anspruch 1, umfassend:

einen zweistufigen Verdichter (32) zum Verdich-
ten des Kaltemittels, wobei der zweistufige Ver-
dichter einen ersten Verdichterzylinder (36A)
und einen zweiten Verdichterzylinder (36B) auf-
weist;

einen ersten einstufigen Verdichter (34) zum
Verdichten des Kaltemittels,

einen zweiten einstufigen Verdichter (35) zum
Verdichten des Kaltemittels,

einen ersten Economiserkreislauf (25A), der da-
zu konfiguriert ist, einen ersten Teil des Kalte-
mittels in den Ansauganschluss (52) des ersten
einstufigen Verdichters einzuspritzen; und
einen zweiten Economiserkreislauf (25B), der
dazu konfiguriert ist, einen zweiten Teil des Kal-
temittels in den Ansauganschluss (56) des zwei-
ten einstufigen Verdichters einzuspritzen.

Kuhlsystem nach Anspruch 7, wobei die Vielzahl von
Verdichtern oder der zweistufige Verdichter (32), der
erste einstufige Verdichter (34) und der zweite ein-
stufige Verdichter (35) Teil einer einzelnen Verdich-
tereinheit mit mehreren Zylindern sind.

Kuhlsystem nach den Anspriichen 7 und 8, wobei
ein Ladeluftkihler (48) zwischen dem ersten Ver-
dichterzylinder (36A) und dem zweiten Verdichter-
zylinder (36B) angeordnet ist, um das Kaltemittel
zwischen einer ersten Verdichtungsstufe und einer
zweiten Verdichtungsstufe zu kiihlen.

Kuhlsystem nach Anspruch 9, und ferner umfas-
send:

einen dritten einstufigen Verdichter (70) mit ei-
nem Ansauganschluss (72) und einem Auslas-
sanschluss (74); und

einen dritten Economiserkreislauf (25C), der da-
zu konfiguriert ist, einen dritten Teil des Kalte-
mittels in den Ansauganschluss des dritten ein-
stufigen Verdichters einzuspritzen.

Kuhlsystem nach Anspruch 10, und ferner umfas-
send:

einen vierten einstufigen Verdichter (80) mit ei-
nem Ansauganschluss (82) und einem Auslas-
sanschluss (84); und

einen vierten Economiserkreislauf (25D), der
dazu konfiguriert ist, einen vierten Teil des Kal-
temittels in den Ansauganschluss des vierten
einstufigen Verdichters einzuspritzen.

Kuhlsystem nach Anspruch 11, und ferner umfas-
send:
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einen funften einstufigen Verdichter (90) mit ei-
nem Ansauganschluss (92) und einem Auslas-
sanschluss (94); und

einen fiinften Economiserkreislauf (25E), der
dazu konfiguriert ist, einen flinften Teil des Kal-
temittels in den Ansauganschluss des flinften
einstufigen Verdichters einzuspritzen.

13. Kuhlsystem nach einem der vorangehenden An-

spriiche, wobei das Kaltemittel Kohlendioxid ist.

14. Verfahren zum Betreiben eines Kiihlsystems, wobei

das Verfahren Folgendes umfasst:

Verdampfen eines Kéltemittels;

Verdichten des Kaltemittels von einem niedrige-
ren Druck auf einen héheren Druck in einer Viel-
zahl von Verdichtern, wobei die Vielzahl von
Verdichtern einen zweistufigen Verdichter und
wenigstens zwei einstufige Verdichtern beinhal-
tet, wobei der zweistufige Verdichter einen La-
deluftkihler beinhaltet, der dazu konfiguriert ist,
das Kaltemittel zwischen einer ersten Verdich-
tungsstufe und einer zweiten Verdichtungsstufe
zu kihlen;

Einspritzen des Kaltemittels von dem Auslass-
anschluss eines jeden der Verdichtern direkt in
einen Warme ableitenden Warmetauscher und
Kuhlen des Kaltemittels in dem Warme ableiten-
den Warmetauscher;

Leiten des Kaltemittels auf einem Hauptkalte-
mittelweg durch eine Vielzahl von Economiser-
warmetauschern, die jeweils in einem jeweiligen
Economiserkreislauf vorgesehen sind, und, in
den Economiserwarmetauschern, Kiihlen des
Kaltemittels auf dem Hauptkaltemittelweg mit-
hilfe des Kaltemittels in einem Economiserweg
des jeweiligen Economiserkreislaufs;
Einspritzen eines ersten Teils des Kaltemittels
von einem ersten Economiserkreislauf in einen
Ansauganschluss von einem der einstufigen
Verdichtern; und

Einspritzen eines zweiten Teils des Kaltemittels
von einem zweiten Economiserkreislaufin einen
Ansauganschluss von einem anderen der ein-
stufigen Verdichter; und

wobei die Verdichter wahlweise Teil einer einzelnen
Verdichtereinheit mit mehreren Zylindern sind.

15. Verfahren nach Anspruch 14, wobei das Kéltemittel

Kohlendioxid ist.

Revendications

1.

Systeme de réfrigération (20A ; 20B ; 20C ; 20D ;
20E ; 20A’ ; 20A") :



19 EP 2 005 079 B1

une voie principale de réfrigérant ;

un évaporateur (27) ;

une pluralité de compresseurs (32, 34, 35 ; 70 ;
80 ; 90 ; 100) servant a comprimer un réfrigé-
rant, chacun des compresseurs comportant un
orifice d’aspiration (37, 52, 56; 72; 82; 92;
102) et un orifice d’évacuation (39, 54, 58 ; 74 ;
84 ;94 ;104);

un échangeur de chaleur a rejet de chaleur (24)
servant a refroidir le réfrigérant ; et

une pluralité de circuits économiseurs (25A,
25B ; 25C ; 25D ; 25E) donc chacun comprend
un échangeur de chaleur économiseur (28A,
28B ; 28A’, 28B’; 28A", 28B") ou chacun des
circuits économiseurs est congu pour injecter
une partie du réfrigérant dans l'orifice d’aspira-
tion d’'un des compresseurs,

caractérisé en ce qu’une voie d’économiseur (42A,
42B) de chacun des circuits économiseurs est dans
une relation d’échange de chaleur avec la voie prin-
cipale de réfrigérant (40A, 40B) pour refroidir la voie
principale de réfrigérantdans I’échangeur de chaleur
économiseur respectif, et en ce que l'orifice d’éva-
cuation (39, 54, 58 ; 74 ; 84 ; 94 ; 104) de chacun
des compresseurs est directement raccordé a
I'échangeur de chaleur a rejet de chaleur (24).

Systeme de réfrigération selon la revendication 1,
dans lequel un des compresseurs est un compres-
seur a deux étages (32) comportant un premier cy-
lindre de compresseur (36A) et un deuxieme cylindre
de compresseur (36B).

Systeme de réfrigération selon la revendication 2,
dans lequel un interrefroidisseur (48) se trouve entre
les premier et deuxieme cylindres de compresseur
(36A, 36B) du compresseur a deux étages (32) pour
refroidir le réfrigérant avant un deuxiéme étage de
compression.

Systeme de réfrigération selon la revendication 1,
dans lequel chacun des compresseurs est un com-
presseur a un seul étage.

Systeme de réfrigération selon I'une quelconque des
revendications précédentes, dans lequel I'échan-
geur de chaleur a rejet de chaleur (24) est un con-
denseur ou un refroidisseur a gaz.

Systeme de réfrigération selon 'une quelconque des
revendications précédentes, dans lequel les échan-
geurs de chaleur économiseurs sont des cuves de
décompression (28A’, 28B’).

Systeme de réfrigération selon la revendication 1,
comprenant :
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un compresseur a deux étages (32) servant a
comprimer le réfrigérant, le compresseur a deux
étages comportant un premier cylindre com-
presseur (36A) et un deuxiéme cylindre com-
presseur (36B) ;

un premier compresseur a un seul étage (34)
servant a comprimer le réfrigérant,

un deuxiéme compresseur a un seul étage (35)
servant a comprimer le réfrigérant,

un premier circuit économiseur (25A) congu
pour injecter une premiére partie du réfrigérant
dans l'orifice d’aspiration (52) du premier com-
presseur a un seul étage ; et

un deuxiéme circuit économiseur (25B) congu
pour injecter une deuxiéme partie du réfrigérant
dans l'orifice d’aspiration (56) du deuxieme
compresseur a un seul étage.

Systeme de réfrigération selon la revendication 7,
dans lequel la pluralité de compresseurs ou de com-
presseur a deux étages (32), le premier compres-
seur a un seul étage (34) et le deuxieme compres-
seur a un seul étage (35) font partie d’'une unité de
compresseur simple et a cylindre multiples.

Systeme de réfrigération selon la revendication 7 ou
8, dans lequel un interrefroidisseur (48) est disposé
entre le premier cylindre de compresseur (36A) et le
deuxieme cylindre de compresseur (36B) pour re-
froidir le réfrigérant entre un premier étage de com-
pression et un deuxieme étage de compression.

Systeme de réfrigération selon la revendication 9,
comprenant en outre :

un troisieme compresseur a un seul étage (70)
comportant un orifice d’aspiration (72) et un ori-
fice d’évacuation (74) ; et

un troisiéme circuit économiseur (25C) congu
pour injecter une troisieme partie du réfrigérant
dans l'orifice d’aspiration du troisi€me compres-
seur a un seul étage.

Systeme de réfrigération selon la revendication 10,
comprenant en outre :

un quatrieme compresseur a un seul étage (80)
comportant un orifice d’aspiration (82) et un ori-
fice d’évacuation (84) ; et

un quatrieme circuit économiseur (25D) congu
pour injecter une quatrieme partie du réfrigérant
dans l'orifice d’aspiration du quatriéme com-
presseur a un seul étage.

Systeme de réfrigération selon la revendication 11,
comprenant en outre :

un cinquiéme compresseur a un seul étage (90)
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comportant un orifice d’aspiration (92) et un ori-
fice d’évacuation (94) ; et

un cinquieéme circuit économiseur (25E) congu
pour injecter une cinquiéme partie du réfrigérant
dans l'orifice d’aspiration du cinquieme com- 5
presseur a un seul étage.

13. Systémede réfrigération selon 'une quelconque des
revendications précédentes, dans lequel le réfrigé-
rant est du dioxyde de carbone. 10

14. Procédeé d'utilisation d’un systeme de réfrigération,
ce procédé comprenant :

la vaporisation d’un réfrigérant ; 15
la compression du réfrigérant d’'une pression re-
lativement basse a une pression plus élevée
dans une pluralité de compresseurs, la pluralité

de compresseurs comprenant un compresseur

a deux étages et au moins deux compresseurs 20
a un seul étage, le compresseur a deux étages
comprenant un interrefroidisseur congu pour re-
froidir le réfrigérant entre un premier étage de
compression et un deuxiéme étage de
compression ; 25
l'injection du réfrigérant depuis I'orifice d’éva-
cuation de chacun des compresseurs directe-
ment dans un échangeur de chaleur a rejet de
chaleur et le refroidissement du réfrigérant dans
I'échangeur de chaleur a rejet de chaleur ; 30
'acheminement du réfrigérant dans une voie
principale de réfrigérant a travers une pluralité
d’échangeurs de chaleur a économiseur, dont
chacun se trouve dans un circuit économiseur
respectif et, dans les échangeurs de chaleur 35
économiseurs, le refroidissement du réfrigérant
dans la voie principale de réfrigérant grace au
réfrigérant dans une voie d’économiseur du cir-

cuit économiseur respectif ;

linjection d’'une premiére partie du réfrigérant 40
d’un premier circuit économiseur vers un orifice
d’aspiration d’'un des compresseurs a un seul
étage ; et

l'injection d’'une deuxiéme partie du réfrigérant
d’un deuxiéme circuit é&conomiseur vers un ori- 45
fice d’aspiration d’'un autre des compresseurs a

un seul étage ; et

ou, en option, les compresseurs font partie d’'une
unité de compresseur simple et cylindres multiples. 50

15. Procédé selon la revendication 14, dans lequel le
réfrigérant est du dioxyde de carbone.

55
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