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DESCRIPTION

[0001] The invention relates to refrigeration circuits, in particular to refrigeration circuits
comprising a gas-liquid separation unit in the compressor suction line. The invention is further
related to methods of controlling such refrigeration circuits.

[0002] In a refrigeration circuit a circulating refrigerant, which has been compressed by at least
one compressor and cooled by a heat rejecting heat exchanger, is expanded by means of at
least expansion one device, e.g. an expansion valve and/or an ejector, before it is vaporized in
an evaporator for absorbing heat from the environment.

[0003] WO 2016/004988 A1 describes a refrigeration system, according to the preamble of
claim 1, with A) an ejector circuit comprising: Aa) a high pressure compressor unit comprising
at least one compressor; Ab) a heat rejecting heat exchanger/gas cooler; Ac) an ejector; Ad) a
receiver having a gas outlet which is connected to an inlet of the high pressure compressor
unit. B) a normal cooling temperature flowpath comprising in the direction of flow of the
refrigerant: Ba) a normal cooling temperature expansion device fluidly connected to a liquid
outlet of the receiver; Bb) a normal cooling temperature evaporator; Bc) an ejector secondary
inlet line with an ejector inlet valve fluidly connecting an outlet of the normal cooling
temperature evaporator to a suction inlet of the ejector; and Bd) a normal cooling temperature
flowpath valve unit configured for fluidly connecting the inlet of the high pressure compressor
unit selectively either to the gas outlet of the receiver or to the outlet of the normal cooling
temperature evaporator; C) a freezing temperature flowpath comprising in the direction of flow
of the refrigerant: Ca) a freezing temperature expansion device fluidly connected to the liquid
outlet of the receiver; Cb) a freezing temperature evaporator; Cc) a freezing temperature
compressor unit comprising at least one freezing temperature compressor; and Cd) a freezing
temperature flowpath valve unit configured for fluidly connecting the outlet of the freezing
temperature compressor unit selectively either to the inlet of the high pressure compressor unit
or to the ejector inlet valve.

[0004] Usually the components of the refrigeration circuit are optimized for the most frequent
operational conditions, but in general it is difficult to optimize the refrigeration circuit over the
full range of varying operational conditions which are effected, inter alia, by varying ambient
temperatures.

[0005] Thus, under some operational conditions, the refrigerant may not completely vaporize
within the evaporator. As a result, a liquid phase portion of refrigerant is contained in the
refrigerant leaving the evaporator and being delivered to the compressor(s). This results in a
reduced efficiency of the refrigeration circuit, and may even damage the compressor(s).

[0006] Therefore, it is desirable to reliably prevent any liquid phase portion comprised in the
refrigerant leaving the evaporator from reaching the compressor(s).
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[0007] According to exemplary embodiments of the invention, as described herein, a
refrigeration circuit comprises in the direction of flow of a circulating refrigerant. a compressor
unit comprising at least one compressor; a heat rejecting heat exchanger/gas cooler; a high
pressure expansion device; a receiver; an expansion device, in particular a normal cooling
temperature expansion device; an evaporator, in particular a normal cooling temperature
evaporator; and a low pressure gas-liquid-separation unit comprising at least two collecting
containers. An outlet of the normal cooling temperature evaporator is fluidly connected to an
inlet of a first collecting container, and an inlet side of the compressor unit is fluidly connected
to the gas outlet of the first collecting container. A liquid outlet of the first collecting container is
fluidly connected via an inlet valve to an inlet of the second collecting container, and a liquid
outlet of the second collecting container is fluidly connected via an outlet valve to an inlet of the
receiver.

[0008] The first collecting container in particular is arranged at a higher level than the second
collecting container, which is arranged at a higher level than the receiver. Such an
arrangement of the collecting containers allows the liquid phase portion to flow back into the
receiver driven by forces of gravity without the need for providing a mechanical pumping
mechanism.

[0009] According to an exemplary embodiment of the invention, a method of operating such a
refrigeration circuit comprises the steps of: closing both valves for separating and collecting the
liquid phase portion of the refrigerant in the first collecting container; opening the inlet valve for
transferring the collected liquid refrigerant from the first collecting container to the second
collecting container, closing the inlet valve and opening the outlet valve for transferring the
liquid refrigerant from the second collecting container to the receiver.

[0010] Thus, according to this exemplary embodiment the first collecting container acts as a
gas-liquid separator, while the second collecting container acts as a transfer container for
transferring the liquid phase portion of the refrigerant, which has been separated and collected
within the first collecting container, back to the receiver. Since the pressure within the receiver
is higher than the pressure in the first collecting container / compressor suction line, the
second collecting container is necessary for providing a pressure lock isolating the first
collecting container from the receiver, while allowing the separated liquid phase portion of the
refrigerant to pass by alternately opening the inlet valve and the outlet valve.

[0011] As a result, only the gas phase portion of the refrigerant is supplied to the compressor
unit and the refrigeration circuit may be operated with high efficiency over a wide range of
operational conditions.

[0012] Exemplary embodiments of the invention are described in the following with respect to
the enclosed Figures:

Figure 1 is a schematic view of a refrigeration circuit 1a according to a first exemplary
embodiment of the invention.
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Figure 2 is a schematic view of a refrigeration circuit 1b according to a second embodiment,
which is not an embodiment of the claimed invention.

Figure 3 is a schematic view of a refrigeration circuit 1¢ according to a third embodiment, which
is an exemplary embodiment of the invention.

Figure 4 is a schematic view of a refrigeration circuit 1d according to a fourth embodiment,
which is not an embodiment of the claimed invention.

[0013] Figure 1 illustrates a refrigeration circuit 1a according to a first exemplary embodiment
of the invention.

[0014] The refrigeration circuit 1a shown in Figure 1 comprises a compressor unit 2 including a
plurality of compressors 2a, 2b, 2c connected in parallel. In operation, the compressors 2a, 2b,
2¢c compress the refrigerant from a low inlet pressure to a high outlet pressure. The
compressor unit 2 in particular may include an economizer compressor 2a and one or more
standard compressor(s) 2b, 2c.

[0015] The high pressure outlets of the compressors 2a, 2b, 2c are fluidly connected to an
outlet manifold 21 collecting the refrigerant output from the compressors 2a, 2b, 2¢ and
delivering the compressed refrigerant to a heat rejection heat exchanger/gas cooler 4. The
heat rejecting heat exchanger/gas cooler 4 is configured for transferring heat from the
refrigerant to the environment thereby reducing the temperature of the refrigerant. In the
embodiment shown in Figure 1, the heat rejecting heat exchanger/gas cooler 4 comprises two
fans 41 which may be operated for blowing air through the heat rejecting heat exchanger/gas
cooler 4 in order to enhance the transfer of heat from the refrigerant to the environment. Of
course, the number of two fans 41 is only exemplary and the heat rejecting heat
exchanger/gas cooler 4 may comprise less or more fans 41 or even no fans 41 at all.

[0016] The cooled refrigerant leaving the heat rejecting heat exchanger/gas cooler 4 is
delivered to a high pressure expansion device, in particular a high pressure expansion valve 6,
which is configured for expanding the refrigerant from high pressure to a reduced (medium)
pressure. The expanded refrigerant leaves the high pressure expansion valve 6 and is
delivered via a receiver inlet line 7 to a first inlet 8a of a receiver 8 acting as a medium
pressure gas-liquid-separator. The receiver 8 has a cross-section (diameter) which is
considerably larger than the cross-section (diameter) of the receiver inlet line 7. In
consequence, the flowing velocity of the refrigerant in the receiver 8 is considerably lower than
in the receiver inlet line 7. As a result, the refrigerant separates into a liquid phase portion
collecting at the bottom of the receiver 8 and a gas phase portion collecting in an upper portion
of the receiver 8.

[0017] Refrigerant from the liquid phase portion of the refrigerant collecting at the bottom of
the receiver 8 exits from the receiver 8 via a liquid outlet 8¢ and is delivered to a normal
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cooling temperature expansion device 10.

[0018] After having passed the normal cooling temperature expansion device 10, where it is
expanded from medium pressure to a low pressure, the refrigerant enters into a normal
cooling temperature evaporator 12. The normal cooling temperature evaporator 12 is
configured for operating at "normal” cooling temperatures, i.e. in particular at temperatures in a
range from 0 °C to 15 °C for providing "normal temperature” refrigeration.

[0019] Depending on the operational and environmental conditions, in particular the
temperature difference between the environment of the heat rejecting heat exchanger/gas
cooler 4 and the normal cooling temperature evaporator 12, the refrigerant leaving from an
outlet 13 of the normal cooling temperature evaporator 12 may be a refrigerant mixture
comprising a liquid phase portion and a gas phase portion. For enhancing the efficiency of the
refrigeration circuit 1a, it is desirable to separate the liquid phase portion from the gas phase
portion and to deliver only the gas phase portion to the inlet side 3 of the compressor unit 2.

[0020] For separating the liquid phase portion from the gas phase portion the refrigerant
leaving the normal cooling temperature evaporator 12 via its outlet 13 is delivered to a low
pressure gas-liquid-separator 30 comprising two collecting containers 32, 34.

[0021] The refrigerant in particular is delivered via a low pressure refrigerant line 39 to an inlet
32a of a first collecting container 32. The first collecting container 32 has a cross-section
(diameter) which is considerably larger than the cross-section (diameter) of the low pressure
refrigerant line 39. This difference between the cross-sections of first collecting container 32
and the low pressure refrigerant line 39 results in a considerable reduction of the flowing
velocity of the refrigerant, e.g. from approx. 8 m/s to approx. 0.25 m/s. This reduction of the
flowing velocity causes the liquid phase portion of the refrigerant to separate from the gas
phase portion and to collect at the bottom of the first collecting container 32. As a result, only
the gas phase portion of the refrigerant exits from the first collecting container 32 via a gas
outlet 32b provided in an upper portion of the first collecting container 32, and is delivered via a
refrigerant suction line 20 to the inlet side 3 of the compressor unit 2.

[0022] A liquid outlet 32¢ is provided at the bottom of the first collecting container 32 for
allowing to extract the liquid refrigerant collected at the bottom of the first collecting container
32. The liquid outlet 32c is fluidly connected by means of an inlet valve 36 to an inlet 34a of a
second collecting container 34. The second collecting container 34 is arranged at a lower
height H> than the first collecting container 32 but at a higher level than the receiver 8. An

outlet valve 38 is fluidly connected between a liquid outlet 34c provided at the bottom of the
second collecting container 34 and a second inlet 8d of the receiver 8.

[0023] After the refrigeration circuit 2 has operated for a predetermined period of time and/or a
certain amount of liquid refrigerant has been collected at the bottom of the first collecting
container 32, a control unit 48 instructs the inlet valve 36 to open. The liquid refrigerant
collected at the bottom of the first collecting container 32 may be detected by a liquid level
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sensor 33 which is arranged within or at the first collecting container 32 and delivers a liquid
refrigerant detection signal to the control unit 48.

[0024] Since the first collecting container 32 is arranged at some height H{ above the second

collecting container 34, forces of gravity cause the liquid refrigerant to flow from the first
collecting container 32 into the inlet 34a of the second collecting container 34 when the inlet
valve 36 is open. The skilled person understands that the first collecting container 32 does not
need to be arranged directly above, i.e. on a common vertical line with, the second collecting
container 34. Instead, it is sufficient that the first collecting container 32 is arranged at a level of
height which is above the level of height of the second collecting container 34.

[0025] After a predetermined period of time, which in particular is long enough for allowing
almost all liquid refrigerant collected in the first collecting container 32 to transfer from the first
collecting container 32 into the second collecting container 34, and/or when the liquid level
sensor 33 detects that the level of liquid within the first collecting container 32 has fallen below
a predetermined lower limit, the control unit 48 instructs the inlet valve 36 to close and the
outlet valve 38 to open. Since the second collecting container 34 is arranged in some height Hy

above the receiver 8, forces of gravity cause the liquid refrigerant to flow form the second
collecting container 34 into the receiver 8 when the outlet valve 38 is open.

[0026] Thus, the combination of the second collecting container 34, the inlet valve 36 and the
outlet valve 38 functions as a pressure lock separating the medium pressure within the
receiver 8 from the low pressure within the first collecting container 32, but allowing liquid
refrigerant to be delivered from the first collecting container 32 back into the receiver 8 by
alternately opening the inlet valve 36 and the outlet valve 38. From the receiver 8 the liquid
refrigerant may be delivered again to the normal cooling temperature expansion device 10 and
the normal cooling temperature evaporator 12.

[0027] The efficiency of the refrigeration circuit 1a may be enhanced even further by providing
an (optional) flash-gas line 22 fluidly connecting a receiver gas outlet 8b, which is provided in
the upper portion of the receiver 8, to the refrigerant suction line 20 of the compressor unit 2.

[0028] The flash-gas line 22 allows the gas phase portion of the refrigerant collecting in an
upper portion of the receiver 8 to exit from the receiver 8 through the receiver gas outlet 8b
and to flow into the refrigerant suction line 20 of the compressor unit 2. The flow of refrigerant
through the flash-gas line 22 may be controlled by means of a flash-gas valve 26 provided in
the flash-gas line 22.

[0029] Optionally, a flash-gas heat exchanger 24 may be arranged in the flash-gas line 22 for
allowing a transfer of heat between the refrigerant leaving the liquid refrigerant through the
liquid outlet 8¢ and the gaseous refrigerant leaving the receiver 8 through the gas outlet 8b.

[0030] The refrigeration circuit 1a may further comprise a low, i.e. freezing, temperature
branch 9. which is configured for providing lower cooling temperatures than the normal cooling
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temperature evaporator 12, in particular freezing temperatures below 0 °C, more particular
temperatures in the range of -15 °C to -5 °C for allowing refrigeration at freezing temperatures.

[0031] The low temperature branch 9 of the refrigeration circuit 1a comprises a freezing
temperature expansion device 14 which is fluidly connected to the liquid outlet 8c of the
receiver 8. The freezing temperature expansion device 14 is configured for expanding the
refrigerant to an even lower pressure than the normal cooling temperature expansion device
10.

[0032] The portion of the liquid refrigerant which has been expanded by the freezing
temperature expansion device 14 enters into a freezing temperature evaporator 16, which in
particular is configured for operating at freezing temperatures below 0 °C, even more particular
at temperatures in the range of -15 °C to -5 °C. The refrigerant leaving the freezing
temperature evaporator 16 is delivered to the inlet side of a freezing temperature compressor
unit 18 comprising one or more freezing temperature compressor(s) 18a, 18b. The freezing
temperature compressor unit 18 compresses the refrigerant to the low pressure of the
refrigerant within the refrigerant suction line 20 and delivers the compressed refrigerant into
said refrigerant suction line 20.

[0033] Figure 2 illustrates a refrigeration circuit 1b according to a second embodiment, which
is an illustrative embodiment, but not an embodiment of the claimed invention.

[0034] The refrigeration circuit 1b according to a second embodiment differs from the
refrigeration circuit 1a according to the first embodiment shown in Figure 1 only in the
configuration of the low pressure gas-liquid-separator 30, 40.

[0035] Thus, the components of the refrigeration circuit 1b according to the second
embodiment which are identical to the components of the refrigeration circuit 1a according to
the first embodiment shown in Figure 1 are denoted with the same reference signs and are not
discussed in detail again.

[0036] According to the second embodiment shown in Figure 2, the low pressure gas-liquid-
separator 40 comprises two similar, in particular identical, collecting containers 32, 34 which
are arranged in some height Hq, Ho, in particular between 1 and 3 m, more particularly 2 m,

above the receiver 8. In Figure 2 the collecting containers 32, 34 are depicted at different
heights Hq, H> for reasons of illustration. In practice, the collecting containers 32, 34 may be

arranged at the same height H = H{ = Hj, or at different heights H¢, Ho, as long as both

collecting containers 32, 34 are arranged at a higher level than the receiver 8.

[0037] Both collecting containers 32, 34 have a cross-section (diameter) that is considerable
larger than the cross-section (diameter) of the low pressure refrigerant line 39.

[0038] The low pressure gas-liquid-separator 40 according to the second embodiment further
comprises a gas inlet valve unit 42, a gas outlet valve unit 44 and a liquid outlet valve unit 46.
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[0039] The gas inlet valve unit 42 is configured for alternatively connecting the low pressure
refrigerant line 39 to an inlet 32a, 34a of either of the two collecting containers 32, 34.

[0040] The gas outlet valve unit 44 is configured for alternatively connecting the refrigerant
suction line 20 of the compressor unit 2 to the gas outlet 32b, 34b of either of the two collecting
containers 32, 34, and the liquid outlet valve unit 46 is configured for alternatively connecting
the second inlet 8d of the receiver 8 to the liquid outlet 32¢, 34c of either of the two collecting
containers 32, 34.

[0041] Each of the valve units 42, 44, 46 may comprise a three-way valve, as it is shown in
Figure 2, or a suitable combination of two-way valves, respectively.

[0042] The control unit 48 is configured for causing the valve units 42, 44, 46 to alternately
switch between two modes of operation:

In a first mode of operation the low pressure refrigerant line 39 is fluidly connected to the inlet
32a of a first collecting container 32, the refrigerant suction line 20 of the compressor unit 2 is
fluidly connected to the gas outlet 32b of the first collecting container 32, and the liquid outlet
32c¢ of the first collecting container 32 is separated from the receiver 8. The second inlet 8b of
the receiver 8 is at least temporarily fluidly connected to a liquid outlet 34c of the second
collecting container 34.

[0043] In said first mode of operation refrigerant which is supplied from the normal cooling
temperature evaporator 12 and which may comprise a gas phase portion and a liquid phase
portion flows into the first collecting container 32. In the first collecting container 32 the gas
phase portion of the refrigerant separates from the liquid phase portion, as it has been
described before with reference to the low pressure gas-liquid-separator 30 shown in Figure 1.
The gas phase portion is delivered via the gas outlet 32b and the gas outlet valve unit 44 to the
refrigerant suction line 20 of the compressor unit 2 while the liquid phase portion collects at the
bottom of the first collecting container 32.

[0044] Simultaneously the liquid outlet valve unit 46 at least temporarily fluidly connects the
liquid outlet 34c of the second collecting container 34 with the receiver 8, and liquid refrigerant,
which has been collected before in the second collecting container 34, is allowed to flow, driven
by forces of gravity, via the liquid outlet 34c and the liquid outlet valve unit 46 from the second
collecting container 34 into the receiver 8.

[0045] After some time of operation and/or after a certain amount of liquid refrigerant has been
collected in the first collecting container 32, the valve units 42, 44, 46 a switched from the first
mode to the second mode of operation.

[0046] In order to allow switching between the two modes based on the amount of liquid
refrigerant collected at the bottom of the first collecting container 32, the amount of liquid
refrigerant collected in the first collecting container 32 may be detected by a first liquid level
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sensor 33 arranged within or at the first collecting container 32.

[0047] In said second mode of operation the low pressure refrigerant line 39 is fluidly
connected to the inlet 34a of the second collecting container 34, the refrigerant suction line 20
of the compressor unit 2 is fluidly connected to the gas outlet 34b of the second collecting
container 34, and the liquid outlet 34c of the second collecting container 34 is separated from
the receiver 8. The second inlet 8b of the receiver 8 is at least temporarily fluidly connected to
a liquid outlet 32c of the first collecting container 32.

[0048] In consequence, refrigerant supplied from the normal cooling temperature evaporator
12 flows into the second collecting container 34, where the liquid phase portion of the
refrigerant is separated from its liquid phase portion, as it has been described before with
reference to the first collecting container 32. The separated gas phase portion is delivered via
the gas outlet 34b and the gas outlet valve unit 44 into the refrigerant suction line 20 of the
compressor unit 2 while the liquid phase portion collects at the bottom of the second collecting
container 34.

[0049] Simultaneously, the liquid outlet valve unit 46 at least temporarily fluidly connects the
liquid outlet 32c of the first collecting container 32 with the receiver 8, the liquid refrigerant
collected a the bottom of the first collecting container 32 during the first mode of operation is
allowed to flow, driven by forces of gravity, via the liquid outlet 32¢c and the liquid outlet valve
unit 46 from the first collecting container 32 into the receiver 8.

[0050] After some further time of operation and/or after a certain amount of liquid refrigerant
has been collected in the second collecting container 34, the valve units 42, 44, 46 a switched
back from the second mode of operation to the first mode of operation.

[0051] In order to allow switching between the two modes base on the amount of liquid
refrigerant that has been collected in the second collecting container 34, the amount of liquid
refrigerant collected in the second collecting container 34 may be detected by a second liquid
level sensor 35 arranged within or at the second collecting container 34.

[0052] In summary, according to the second embodiment, alternately one of the collecting
containers 32, 34 is used for separating the liquid phase portion of the gas phase portion of the
refrigerant, while the other collecting container 34, 32 is allowed to empty by delivering liquid
refrigerant collected at the bottom of the collecting container 34, 32 into the receiver 8.

[0053] In the second embodiment, the combination of the valve units 42, 44, 46 acts as a
pressure lock separating the medium pressure within the receiver 8 from the low pressure in
the low pressure refrigerant line 39 but allowing liquid refrigerant to selectively flow from each
of the collecting containers 32, 34 back into the receiver 8.

[0054] Figure 3 illustrates a refrigeration circuit 1¢ according to a third embodiment, which is
an exemplary embodiment of the invention.



DK/EP 3436754 T3

[0055] The refrigeration circuit 1c according to the third embodiment is similar to the
refrigeration circuit 1a according to the first embodiment shown in Figure 1. In particular, the
configuration of its low pressure gas-liquid-separator 30 according to the third embodiment is
identical to the configuration of the low pressure gas-liquid-separator 30 of the refrigeration
circuit 1a according to the first embodiment shown in Figure 1.

[0056] Thus, the components of the refrigeration circuit 1b according to the third embodiment
which are identical with the components of the first embodiment shown in Figure 1 are denoted
with the same reference signs and will no be discussed in detail again. In particular, the
operation of the low pressure gas-liquid-separator 30 is identical to operation of the low
pressure gas-liquid-separator 30 of the refrigeration circuit 1a according to the first
embodiment shown in Figure 1 and therefore will not be described again.

[0057] The refrigeration circuit 1c according to the third embodiment differs from the
refrigeration circuit 1a according to the first embodiment in that the high pressure expansion
device is an ejector 50. A high pressure inlet port 51 of the ejector 50 is fluidly connected to the
outlet of the heat rejection heat exchanger/gas cooler 4 and a medium pressure outlet port 53
of the ejector 50 is fluidly connected via the receiver inlet line 7 to the first inlet 8a of the
receiver 8.

[0058] The ejector 50 further comprises a suction inlet 52. The suction inlet 52 is fluidly
connected via an ejector inlet line 56 comprising an ejector inlet valve 54 to the low pressure
refrigerant line 39 downstream of the normal cooling temperature evaporator 12.

[0059] By opening the ejector inlet valve 54 the operation of the refrigeration circuit 1c
according to the third embodiment may be switched into an ejector mode. When the
refrigeration circuit 1c is operated in the ejector mode, a portion of the liquid exiting from the
normal cooling temperature evaporator 12 is sucked through the ejector inlet line 56 and the
ejector inlet valve 54 into the suction inlet 52 of the ejector 50. This constitutes an ejector cycle
58 with some refrigerant flowing from the outlet port 53 of the ejector 50 through the receiver
8, the optional flash-gas heat exchanger 24, the normal cooling temperature expansion device
10, the normal cooling temperature evaporator 12, and the ejector inlet valve 54 back into the
suction inlet 52 of the ejector 50.

[0060] Figure 4 shows a refrigeration circuit 1d according to a fourth embodiment, which is an
illustrative embodiment, but not an embodiment of the claimed invention.

[0061] The refrigeration circuit 1d according to the fourth embodiment is similar to the
refrigeration circuit 1b according to the second embodiment shown in Figure 2. In particular the
configuration of its low pressure gas-liquid-separator 40 is identical to the configuration of its
low pressure gas-liquid-separator 40 of the refrigeration circuit 1b according to the second
embodiment shown in Figure 2.
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[0062] Thus, the components of the refrigeration circuit 1d according to the fourth embodiment
corresponding with the components of the second embodiment shown in Figure 2 are denoted
with the same reference signs and will no be discussed in detail again. In particular, the
operation of the low pressure gas-liquid-separator 40 is identical with the operation of the low
pressure gas-liquid-separator 40 of the refrigeration circuit 2 according to the second
embodiment shown in Figure 2 and therefore will not be described again.

[0063] The refrigeration circuit 1d according to the fourth embodiment differs from the
refrigeration circuit 1b according to the second embodiment in that the high pressure
expansion device is an ejector 50. The high pressure inlet port 51 of the ejector 50 is fluidly
connected to the outlet of the heat rejection heat exchanger/gas cooler 4 and the medium
pressure outlet port 53 of the ejector 50 is fluidly connected via the receiver inlet line 7 with the
first inlet 8a of the receiver 8.

[0064] The ejector 50 further comprises a suction inlet 52. The suction inlet 52 is fluidly
connected via an ejector inlet line 56 comprising an ejector inlet valve 54 to the low pressure
refrigerant line 39 downstream of the normal cooling temperature evaporator 12.

[0065] By opening the ejector inlet valve 54 the operation of the refrigeration circuit 1d
according to the fourth embodiment may be switched into an ejector mode. When the
refrigeration circuit 1d is operated in the ejector mode, a portion of the liquid exiting from the
normal cooling temperature evaporator 12 is sucked through the ejector inlet line 56 and the
ejector inlet valve 54 into the suction inlet 52 of the ejector 50. This constitutes an ejector cycle
58 with some refrigerant flowing from the outlet port 53 of the ejector 50 through the receiver
8, the optional flash-gas heat exchanger 24, the normal cooling temperature expansion device
10, the normal cooling temperature evaporator 12, and the ejector inlet valve 54 back into the
suction inlet 52 of the ejector 50.

[0066] Operating a refrigeration circuit 1¢, 1d in the ejector mode may enhance the efficiency
of the refrigeration circuit 1¢, 1d under some operational and environmental conditions, in
particular when the high outside temperatures are high resulting in a relatively high
temperature of the heat rejection heat exchanger/gas cooler 4.

[0067] Separating the liquid phase portion of the refrigerant from the gas phase portion by
means of a low pressure gas-liquid-separator 30, 40, as it has been described with reference
to the exemplary embodiments, avoids liquid refrigerant from being sucked into the
compressor unit 2. This enhances the efficiency of the refrigeration circuit 1a, 1b, 1c, 1d, in
particular when the outside temperatures and in consequence also the temperature of the heat
rejection heat exchanger/gas cooler 4 are relatively low.

[0068] As a result, refrigeration circuits 1a, 1b, 1c, 1d according to exemplary embodiments of
the invention may be operated very efficiently over a wide range of ambient temperatures.

[0069] A number of optional features are set out in the following. These features may be
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realized in particular embodiments, alone or in combination with any of the other features.

[0070] In one embodiment the collecting containers are arranged above the receiver,
particularly between 1 m and 3 m, more particularly 2 m, above the receiver. In one
embodiment, the first collecting container is arranged above the second collecting container,
particularly between 1 m and 3 m, more particularly 2 m, above the second collecting container
and the second collecting container is arranged above the receiver, particularly between 1 m
and 3 m, more particularly 2 m, above the receiver. Such a configuration allows transferring
liquid phase refrigerant from the first collecting container into the second collecting container
and/or from the collecting container(s) into the receiver driven by forces of gravity. This avoids
the need for providing an additional pumping mechanism. The skilled person understands that
the containers do not need to be arranged directly above, i.e. on a common vertical line with,
the receiver. Instead, it is sufficient that the containers are arranged at a level of height which is
above the level of height of the receiver.

[0071] In one embodiment the refrigeration circuit further comprises a control unit which is
configured for controlling the inlet and outlet valves to switch between a liquid collection mode,
in which both valves are closed; a first liquid transfer mode, in which the inlet valve is open and
the outlet valve is closed; and a second liquid transfer mode, in which the inlet valve is closed
and the outlet valve is open.

[0072] A control unit according to any of these embodiments allows separating the liquid phase
portion from the refrigerant leaving the evaporator and to transfer the separated liquid phase
portion back in to the receiver without providing a mechanical pumping mechanism.

[0073] In one embodiment the control unit is configured for alternately switching between the
modes with a predetermined frequency. This allows providing a simple and inexpensive control
unit using a simple timer for switching between the modes.

[0074] In one embodiment the refrigeration circuit further comprises a liquid level sensor in or
at at least one of the collecting containers and the control unit is configured for alternately
switching between the modes based on the levels of liquid detected by the liquid level
sensor(s). Using liquid level sensors allows for a very effective switching between the modes
and reliably avoids any overflow of the containers by liquid refrigerant.

[0075] In one embodiment the high pressure expansion device is a high pressure expansion
valve. A high pressure expansion valve provides a reliable and inexpensive high pressure
expansion device.

[0076] In one embodiment the high pressure expansion device is an ejector. The ejector in
particular may comprise a high pressure inlet port fluidly connected to the outlet side of the
heat rejecting heat exchanger/gas cooler, an ejector suction port fluidly connected via an
ejector inlet valve to the outlet of the normal cooling temperature evaporator, and an outlet port
fluidly connected to the receiver. A refrigeration circuit comprising an ejector as the high
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pressure expansion device may be operated with enhanced efficiency at specific
environmental conditions.

[0077] In one embodiment the refrigeration circuit further comprises a flash-gas line fluidly
connecting a gas outlet of the receiver to the inlet side of the compressor unit. The flash-gas
line in particular may comprise a least one of a flash-gas valve and/or a flash-gas heat
exchanger configured for effecting heat exchange between flash-gas flowing through the flash-
gas line and refrigerant exiting from the receiver via a liquid outlet. Providing and using such a
flash-gas line may enhance the efficiency the refrigeration circuit.

[0078] In one embodiment the refrigeration circuit further comprises a freezing temperature
branch fluidly connected between a liquid outlet of the receiver, particularly at a position
between the receiver and the expansion device and an inlet of the compressor unit, particularly
at a position between the low pressure gas-liquid-separation unit, and the compressor unit.
The freezing temperature branch may comprise a freezing temperature expansion device, a
freezing temperature evaporator and a freezing temperature compressor unit. Such a freezing
temperature branch allows providing freezing temperatures in addition to the "normal” cooling
temperatures. Thus, a single refrigeration circuit may provide simultaneously both, "normal”
cooling temperatures as well as freezing temperatures. This allows providing two different
cooling temperatures at low costs.

[0079] While the invention has been described with reference to exemplary embodiments, it
will be understood by those skilled in the art that various changes may be made and
equivalence may be substitute for elements thereof without departing from the scope of the
invention. In particular, modifications may be made to adapt a particular situation or material to
the teachings of the invention without departing from the essential scope thereof. Therefore, it
is intended that the invention is not limited to the particular embodiments disclosed, but that the
invention will include all embodiments falling within the scope of the pending claims.
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PATENTIKRAYV

1. Kglekredslgb (la; 1c), der i et cirkulerende kglemiddels stremningsretning omfat-
ter:

en kompressorenhed (2), der omfatter mindst én kompressor (2a, 2b, 2c);

en varmeafvisende varmeveksler/gaskgler (4);

en hgjtryksekspansionsindretning (6; 50);

en modtager (8);

en ekspansionsindretning (10), isaer en normalkgletemperaturekspansionsindretning
(10);

en fordamper (12), iseer en normalkgletemperaturfordamper (12); og kende -
tegnet ved, at

en lavtryks-gas-vaeske-separeringsenhed, der omfatter mindst to opsamlingsbehol-
dere (32, 34); hvor

et udlgb (13) i fordamperen (12) er fluidforbundet med et indlgb (32a) i en forste
opsamlingsbeholder (32);

en indlgbsside (3) af kompressorenheden (2) er fluidforbundet med et gasudigb
(32b) i den fgrste opsamlingsbeholder (32);

et vaeskeudlgb (32c¢) i den fgrste opsamlingsbeholder (32) via en indlgbsventil (36)
er fluidforbundet med et indlgb (34a) i den anden opsamlingsbeholder (34); og

et vaeskeudlgb (34c) i den anden opsamlingsbeholder (34) via en udlgbsventil (38)
er fluidforbundet med modtageren (8).

2. Kpolekredslgb (la; 1c) ifelge krav 1, hvor den anden opsamlingsbeholder (34) er
anbragt oven over modtageren (8), seerligt mellem 1 m og 3 m, isaer 2 m, oven over mod-
tageren (8), og hvor den fgrste opsamlingsbeholder (32) er anbragt oven over den anden
opsamlingsbeholder (34), seerligt mellem 1 m og 3 m, isa&er 2 m, oven over den anden op-
samlingsbeholder (34).

3. Kolekredslab (1a; 1c¢) ifelge krav 2 eller 3, der endvidere omfatter:

en styreenhed (48), som er konfigureret til at styre indlgbs- og udlgbsventilerne (36,
38) til at skifte mellem

en vaaskeopsamlingsmodus, hvor begge ventiler (36, 38) er lukket;

en forste vaeskeoverfgrselsmodus, hvor indlgbsventilen (36) er 8ben, og udlgbsventi-
len er lukket (38); og

en anden vaskeoverfgrselsmodus, hvor indlgbsventilen (36) er lukket, og udlgbsven-
tilen (38) er aben.

4, Kplekredslgb (1b; 1d) ifglge krav 3, hvor styreenheden (48) er konfigureret til
skiftevis at skifte mellem modiene med en forudbestemt frekvens.
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5. Kglekredslgb (la; 1b; 1lc; 1d) ifglge krav 3, der endvidere omfatter en vaaskeni-
veausensor (33; 35) i eller ved hver af opsamlingsbeholderne (32, 34), hvor styreenheden
(48) er konfigureret til skiftevis at skifte mellem modiene baseret pd de vaeskeniveauer,
som detekteres af vaaskeniveausensorerne (33; 35).

6. Kolekredslgb (1a; 1c¢) ifglge et hvilket som helst af de foregdende krav, hvor hgj-
tryksekspansionsindretningen (6; 50) er en hgjtryksekspansionsventil (6).

7. Kglekredslgb (1b; 1d) ifglge et hvilket som helst af de foregdende krav, hvor hgj-
tryksekspansionsindretningen (6; 50) er en ejektor (50), der iseer omfatter en hgjtryksind-
lgbsabning (51), som er fluidforbundet med udlgbssiden af den varmeafvisende varme-
veksler/gaskgler (4), en ejektorsugedbning (52), som via en ejektorindlgbsventil (54) er
fluidforbundet med udlgbet (13) i normalkgletemperaturfordamperen (12), og en udlgbs-
abning (53), som er fluidforbundet med modtageren (8).

8. Kglekredslgb (la; 1b; 1c; 1d) ifslge et hvilket som helst af de foregdende krav,
der omfatter en flash-gas-ledning (22), der fluidforbinder et gasudigb (8b) i modtageren
(8) med indlgbssiden af kompressorenheden (2); idet flash-gas-ledningen (22) iseer omfat-
ter mindst én af en flash-gas-ventil (26) og en flash-gas-varmeveksler (24), som er konfi-
gureret til at tilvejebringe varmeveksling mellem flash-gas, der stremmer gennem flash-
gas-ledningen (22), og kalemiddel, som lgber ud fra modtageren (8) via et vaeskeudlgb
(8¢c).

9. Kolekredslgb (1a; 1b; 1c; 1d) ifglge et hvilket som helst af de foregaende krav,
der endvidere omfatter en frysetemperaturgren (9), som er fluidforbundet mellem et vee-
skeudlgb (8c) i modtageren (8), saerligt i en position mellem modtageren (8) og ekspansi-
onsindretningen (10), og et indlgb i kompressorenheden (2), seerligt i en position mellem
lavtryksgas-vaeske-separeringsenheden og kompressorenheden (2), idet frysetemperatur-
grenen (9) omfatter en frysetemperaturekspansionsindretning (14), en frysetemperatur-
fordamper (16) og en frysetemperaturkompressorenhed (18).

10. Fremgangsmade til drift af et kglekredslgb (1a; 1c) ifslge et hvilket som helst af
de foregdende krav, hvilken fremgangsmade omfatter fglgende trin:

lukning af begge ventiler (36, 38) til opsamling af flydende kglemiddel i den forste
opsamlingsbeholder (32);

abning af indlgbsventilen (36) til overfgrsel af den opsamlede vaeske fra den fgrste
opsamlingsbeholder (32) til den anden opsamlingsbeholder (34);

lukning af indlgbsventilen (36) og abning af udlgbsventilen (38) til overfgrsel af vae-
sken fra den anden opsamlingsbeholder (34) til modtageren (8).
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Fig. 4
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