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Description

[0001] The invention relates to a refrigerating circuit
and to amethod for selectively defrosting cold consumers
in a refrigerating circuit.

[0002] Conventional vapor compression refrigerating
circuits are well-known. Nowadays, the number of refrig-
erating circuits that are operated with carbon dioxide as
refrigerant is rapidly increasing, since carbon dioxide is
environment-friendly and has excellent refrigerating
properties. From the WO2006015741 a so-called boost-
er system is known that employs a first compressor unit
for the refrigeration consumers of the normal refrigeration
cycle and a second compressor unit for the cold consum-
ers of the freezing cycle; according to the preamble of
claim 1.

[0003] The evaporators of the cold consumers, in par-
ticular the evaporators of the cold consumers of the freez-
ing cycle, are subjecttoicingand consequently they have
to be defrosted quite often. At present, these cold con-
sumers are often defrosted electrically meaning that a
heating is arranged at those evaporators and this heating
is operated atregularintervals melting the ice at the evap-
orator coils and thus defrosting the evaporators of the
cold consumers. However, such heatings cause addi-
tional costs for the installation and they consume a sig-
nificant amount of energy.

[0004] Accordingly it would be beneficial to provide a
refrigerating circuit and a corresponding method avoiding
such additional heating units and allowing selective and
efficient defrosting of iced evaporator coils.

[0005] Accordingto exemplary embodiments of the in-
vention, the first aspect of the invention concerns a re-
frigeration circuit according to claim 1.

[0006] Accordingto exemplary embodiments of the in-
vention, the second aspect of the invention concerns a
method according to claim 14.

[0007] Exemplary embodiments ofthe invention will be
described in greater detail below taking reference to the
accompanying drawings.

[0008] Fig. 1 shows a connection diagram of a refrig-
eration circuit according to an exemplary embodiment of
the invention.

[0009] The refrigerating circuit 2 comprises, in flow di-
rection of the refrigerant, a compressor unit 4 having
three compressors connected in parallel, a pressure line
6 leading to a condenser/gas cooler (not shown), an in-
termediate expansion device (not shown) after the con-
denser/gas cooler, areturn line 8 from the condenser/gas
cooler, a collecting container 10 in which liquid refrigerant
collects in the lower liquid space portion and gaseous
refrigerant collects in the upper gas space portion, a heat
exchanger 12, a liquid line 14 to the cold consumer unit,
a cold consumer of the normal refrigeration circuit com-
prising a first expansion device 16 and an evaporator 18
with appropriate evaporator coils, and a suction line 20
leading the gaseous refrigerant that has been evaporated
in the evaporator 18 to the input side of the compressor
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unit 4.

[0010] The heat exchanger 12 cools down the liquid
refrigerant coming from the lower liquid space portion of
the collecting container 10 against gaseous refrigerant
coming from the gas space portion of the collecting con-
tainer 10 in a flash gas line 34 and flowing to the suction
line 20 of the compressor unit 4 afterwards.

[0011] The refrigeration circuit 2 further comprises a
freezing branch comprising a partial liquid line branching
off from the common liquid line 14 after the heat exchang-
er 12, afreezing cold consumer unit comprising a second
expansion device 22 and an evaporator 24, a suction line
26 feeding the gaseous refrigerant that has been evap-
orated in the freezing cold consumer 24 to the input side
of a compressor unit 28 that comprises three compres-
sors connected in parallel, a pressure line 30 having a
desuperheating unit 32 arranged therein and leading to
the flash gas line 34 after the heat exchanger 12 that
leads to the suction line 20 of the first compressor unit 4.
[0012] In the second expansion device 22, the liquid
refrigerant is relieved to such an extent that the evapo-
rator 24 provides freezing temperatures.

[0013] Since the pressure line 30 from the compressor
unit 28 feeds into the suction line 20 leading to the com-
pressor unit 4, the compressor units 28 and 4 are con-
nected in series, and the compressor unit of the freezing
circuit 28 compresses the gaseous refrigerant from the
suction line 26 to a pressure level corresponding to the
pressure of the gaseous refrigerant in the suction line 20.
Such a refrigerating circuit is also referred to as booster
system.

[0014] In the refrigerating circuit 2 the compressor unit
4, the pressure line 6, the condenser/gas cooler (not
shown), the intermediate expansion device (not shown),
the line 8, the collecting container 10, the heat exchanger
12, the liquid line 14 and its partial line leading to the first
expansion device 16, the expansion device 16, the cold
consumer 18, the suction line 20 and the flash gas line
34 form a normal refrigeration circuit.

[0015] Likewise, the compressor unit 4, the pressure
line 6, the condenser/gas cooler (not shown), the inter-
mediate expansion device (not shown), the line 8, the
collecting container 10, the heat exchanger 12, the liquid
line 14 and its partial line leading to the second expansion
device 22, the second expansion device 22, the evapo-
rator 24, the suction line 26, the compressor unit 28, the
pressure line 30 having the desuperheating 32 arranged
therein and leading to the suction line 20 form a freezing
circuit.

[0016] Since the compressor unit 4, the pressure line
6, the condenser/gas cooler (not shown), the intermedi-
ate expansion device (not shown), the line 8, the collect-
ing container 10, the heat exchanger 12, the first common
part of the liquid line 14 and the last part of the suction
line 20 are used by both the normal refrigeration circuit
and the freezing circuit, a normal refrigeration branch is
formed by the second part of the liquid line 14 leading to
the evaporator 18, the first expansion device 16, the



3 EP 2 496 893 B1 4

evaporator 18 and the first part of the suction line 20,
and, likewise, a freezing branch is formed by the second
part of the liquid line 14 leading to the evaporator 24, the
second expansion device 22, the evaporator 24, the suc-
tion line 26, the compressor unit 28, the pressure line 30
and the desuperheating unit 32.

[0017] The refrigeration circuit 2 further comprises a
defrosting line 36 branching-off from the pressure line 6
that divides near the cold consumers 18 and 24 into a
firstdefrosting line branch 44 leading to an attaching point
in the line between the first expansion device 16 and the
evaporator 18 and into a second defrosting line branch
48 leading to an attaching point in the line between the
second expansion device 22 and the evaporator 24. At
the entry side of the defrosting line 36, a pressure reduc-
tion valve 38 is arranged that in operation reduces the
pressure of the pressurized refrigerant from the pressure
line 6 to an acceptable pressure range value. By the pres-
sure reduction valve 38, the pressure of the gaseous re-
frigerant can be reduced from a pressure value in the
pressure line 6 lying typically in the range of 60 to 115
bar to the highest acceptable pressure given by the con-
struction of the defrosting line 36 and the evaporator 18,
24 to be defrosted.

[0018] Behind the pressure reduction valve 38, a so-
lenoid valve 40 is arranged at the entry portion of the
defrosting line 36, another solenoid valve 46 is arranged
in the first defrosting line branch 44 and still another so-
lenoid valve 50 is arranged in the second defrosting line
branch 48. By opening and closing the solenoid valves
40, 46 and 50 the defrosting line 36 and the defrosting
line branches 44 and 48 can be opened and closed se-
lectively. Behind the solenoid valve 40 there is arranged
a safety valve 42 in the defrosting line 36, this safety
valve 42 monitors the pressure of the refrigerant flowing
in the defrosting line 36 and closes the defrosting line 36
if the pressure of the refrigerant within the defrosting line
36 leaves an acceptable pressure range, in particular
exceeds a predetermined upper value.

[0019] There is also a control unit (not shown) that is
connected to the elements of the refrigerating circuit 2
shown in Fig. 1 and being configured to control and op-
erate them.

[0020] In the following, a method for defrosting a cold
consumer unit 24 while the cold consumer unit 18 main-
tains its refrigeration mode is explained.

[0021] In the normal refrigerating mode, the elements
of the refrigeration circuit are running and effect cooling
at normal refrigeration temperatures in the evaporator 18
and cooling at freezing temperatures in the evaporator
24, and the defrosting line 36 is closed by the solenoid
valves 40, 46 and 50.

[0022] At the beginning of the defrosting mode, the
desuperheating unit 32 is switched off which causes an
increase of the temperature of the pressurized gas both
at the input side of the compressor unit 4 and in the pres-
sure line 6.

[0023] Then the pressure end value of the compressor
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unit 4 isreduced. This causes a reduction of the pressure
end value of the compressor unit 28 as well and thus an
increase of the performance of the compressor unit 28.
In other words, the refrigerant flow in the pressure lines
30 and 6 is made bigger.

[0024] Then the second expansion device 22 is closed
and the refrigerating operation of the cold consumer unit
24 is stopped.

[0025] Subsequently, the pressure in the defrosting
line 36 is reduced to an acceptable pressure level by the
pressure reduction valve 38, then the solenoid valve 40
is opened and pressurized gas enters the defrosting line
36, and thereafter the solenoid valve 50 is opened leading
hot pressurized gaseous refrigerant to the cold consumer
unit 24.

[0026] Thus, a higher total refrigerant flow in the pres-
sure line 6 is needed, and by reducing the pressure end
value of the compressor unit 4 what causes a reduction
of the pressure and value of the compressor unit 28 and
an increase in performance of the compressor unit 28
such increased refrigerant flow is provided.

[0027] The cold consumer unit 24 is defrosted by the
hot pressurized gaseous refrigerant that has been pres-
surized in two steps by the compressor unit 28 and the
compressor unit 4, that has been branched off from the
pressure line 6 to the defrosting line 36 and the pressure
ofithas beenreducedto a pressure level to be acceptable
for the cold consumer unit 24. The hot pressurized gas-
eous refrigerant defrosting the cold consumer unit 24
does not change its aggregate state, it rather maintains
its gaseous form and is sucked in by the compressor unit
28 thereafter.

[0028] While the cold consumer unit 24 is being de-
frosted, the cold consumer unit 28 maintains its refriger-
ating operation. The hot pressurized gas in the pressure
line 6 is divided up into two partial flows, the first partial
flow being led over the condenser/gas cooler (not shown)
to the cold consumer unit 18 for refrigeration and the
second partial flow flowing through the defrosting line 36
to the cold consumer unit 24 for defrosting.

[0029] The defrosting mode is stopped either if a pre-
determined defrosting end temperature in the cold con-
sumer unit 24 has been reached, what can be sensed
by a temperature sensor provided at the cold consumer
unit 24 (not shown), or after a predetermined time inter-
val.

[0030] The temperature in the pressure line 6 or at the
output side of the compressor unit 4 can be monitored
by a temperature sensor (not shown), and in case this
temperature leaves an acceptable temperature range, in
particular exceeds a predetermined upper treshold val-
ue, then the desuperheating unit 32 can be switched on
again. Likewise, if this temperature has reached the ac-
ceptable temperature range again, in particular has fallen
below the upper treshold value again, the desuperheat-
ing unit can be switched off again.

[0031] When the defrosting mode is stopped, at first
the solenoid valve 40 is closed and the refrigerant in the
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portion of the defrosting line 36 after the solenoid valve
40 is sucked off and the pressure is reduced to bring the
defrosting line portion to the pressure of the evaporator
level. Then the solenoid valve 50 is closed. The pressure
should remain slightly higher than the suction pressure
in order that the solenoid valve 50 closes tightly. There-
after, the desuperheating unit 32 is switched on again,
and the second expansion device 22 is opened again.
The reduced pressure end value of the compressor unit
4 can be maintained for a predetermined time interval in
order to ensure a fast cooling of the defrosted cold con-
sumer unit 24. After this predetermined time interval the
pressure end value of the compressor unit 4 can be set
to the regular value again.

[0032] As a matter of cause, the embodiment of Fig. 1
is only exemplary.

[0033] In an alternative exemplary embodiment more
than one cold consumer unit of the normal refrigeration
branch and more than one cold consumer unit of the
freezing branch are provided. These cold consumer units
are connected in parallel in between the liquid line 14
and the suction lines 20 and 26, respectively. In this em-
bodiment, the refrigerant from the evaporator(s) of the
freezing branch to be defrosted flows back to the com-
pressor unit of the freezing branch, and the refrigerant
from the evaporator of the normal refrigerating branch to
be defrosted flows back to the first compressor unit.
[0034] According to another exemplary embodiment
the defrosting line 36 does not have defrosting line
branches to the cold consumer units of the normal refrig-
eration branch, but only to the plurality of cold consumer
units of the freezing branch. These cold consumer units
are connected in parallel in between the liquid line 14
and the suction line 26, respectively.

[0035] According to exemplary embodiments, as de-
scribed above, there is provided a refrigerating circuit
and a corresponding method that allow for selective and
efficient defrosting of iced cold consumers, in particular
of iced evaporator coils. An inefficient and costly electri-
caldefrostingis avoided. In some conventional defrosting
systems, additional compressors of the second compres-
sor unit have been needed solely for the defrosting and
this waste of resources is also reliably avoided by the
refrigerating circuit and the corresponding method ac-
cording to exemplary embodiments of the invention, as
described above. In comparison to other systems, the
defrosting performance is increased by leading the gas-
eous refrigerant pressurized by the compressor unit of
the freezing branch into the suction line of the first com-
pressor unit, thereby increasing the temperature of the
pressurized gaseous refrigerant leaving the first com-
pressor unit. Itis not necessary toraise the pressure level
provided by the first compressor unit at is has been the
case with other conventional defrosting methods.
[0036] While the refrigerating circuit and the corre-
sponding method according to exemplary embodiments,
as described above, is generally suitable for a wide va-
riety of refrigerants, carbondioxide (CO,) is particularly
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well suited. A combined hot gas defrosting for simulta-
neously defrosting of partial consumers of normal refrig-
erating and freezing temperature ranges in CO, installa-
tions according to the booster principle is disclosed.
[0037] Bythe pressurereductionvalveinthe defrosting
line it is assured that the respective evaporators are de-
frosted by gaseous refrigerant the pressure of which is
in an acceptable range for the evaporator(s).

[0038] According to a further exemplary embodiment,
the control unit is configured to operate at least one of
the evaporators in a defrosting mode, whereas the other
evaporator(s) are operated in the refrigerating mode. By
this embodiment some evaporators can be operated in
the refrigerating mode, whereas other evaporators can
be defrosted at the same time. It is no more necessary
to interrupt the refrigerating mode to defrost all the iced
evaporators as it has been the case with other defrosting
methods.

[0039] According to another exemplary embodiment,
the control unitis configured to switch the desuperheating
device inactive at the beginning of the defrosting mode.
This effects a higher temperature of the pressurized gas-
eous refrigerant in the pressure line after the first com-
pressor unitand improves the efficiency of the defrosting.
[0040] According to another exemplary embodiment,
a pressure side temperature sensor is disposed at the
pressure side of the first compressor unit or at the pres-
sure line after the first compressor unit and the control
unit is configured to switch the desuperheating device
active if the temperature sensed by the temperature sen-
sor exceeds a predetermined temperature value. By this
embodiment itis reliable avoided that the temperature of
the gaseous pressurized refrigerant gets too high.
[0041] According to the invention, the control unit is
configured to reduce the end pressure value of the first
compressor unit at the beginning or during the defrosting
mode in order to reduce the pressure of the second com-
pressor unit of the freezing branch and to raise the per-
formance of the second compressor unit. By this embod-
iment the total refrigerant flow is increased without having
to employ additional compressors of the compressor unit
of the freezing branch. By reducing the end pressure val-
ue of the first compressor unit, the refrigeration of the
evaporators that are not defrosted, but operated further
in the refrigeration mode is ensured. The pressure differ-
ence being available for the defrosting in the freezing
branch is raised at the same time.

[0042] According to a further exemplary embodiment,
the defrosting line connects the pressure line after the
first compressor unit to at least one attaching point be-
tween the expansion device and the evaporator of a cold
consumer of the freezing branch. As a matter of cause,
the defrosting line can connect the pressure line to a plu-
rality of attaching points between the expansion device
and the evaporator of a plurality of respective cold con-
sumers of the freezing branch that are to be defrosted.
The evaporators of the cold consumers of the freezing
branch are subject to icing and need to be defrosted quite



7 EP 2 496 893 B1 8

often.

[0043] According to another exemplary embodiment
ofthe invention, the defrosting line connects the pressure
line after the first compressor unitto at least one attaching
point between the expansion device and the evaporator
of a cold consumer of the normal refrigeration branch.
Although the evaporators of the normal refrigeration
branch are less subject to icing than the evaporators of
the freezing branch, they can also be defrosted selec-
tively and reliably by the defrosting line according to this
embodiment.

[0044] According to another exemplary embodiment,
a safety valve is provided in the defrosting line that closes
the defrosting line when the pressure in the defrosting
line exceeds a predetermined upper value, what can be
the case for example if there is a misfunction of other
valves.

[0045] According to a further exemplary embodiment,
at least one solenoid valve is arranged in the defrosting
line, and the control unit is configured to open the sole-
noid valve for the defrosting mode. By such solenoid
valve(s), the defrosting line can be opened and closed
quickly and reliably.

[0046] According to another exemplary embodiment,
solenoid valves are arranged in the entry portion and in
the end portion(s) of the defrosting line, and the control
unit is configured to open, at the beginning of the defrost-
ing mode, the solenoid valve in the entry portion of the
defrosting line and the respective solenoid valve(s) in the
end portion(s) of the defrosting line for the evaporator(s)
to be switched into the defrosting mode. By this embod-
iment, areliable and selective defrosting of the particular
evaporators to be defrosted is attained. Likewise, the so-
lenoid valve(s) can be closed again at the end of the
defrosting mode.

[0047] According to another exemplary embodiment,
a temperature sensor is disposed at at least one evapo-
rator and the control unit is configured to finish the de-
frosting mode for that evaporator if the temperature
sensed by the temperature sensor reaches a predeter-
mined temperature value. This embodiment allows the
defrosting to be tailored to each evaporator to be defrost-
ed. The refrigerating circuit can be switched back from
the defrosting mode into the refrigerating mode, if the last
evaporator has been defrosted.

[0048] In another exemplary embodiment, the control
unit is configured to finish the defrosting mode after a
predetermined safety interval, providing an easy and
standardized defrosting.

[0049] According to another exemplary embodiment,
the control unit is configured, when finishing the defrost-
ing mode, to close the solenoid valve at the entry portion
of the defrosting line first and to close the solenoid
valve(s) at the end portion(s) of the defrosting line there-
after in order to suck off the remaining refrigerant in the
defrosting line portion between the solenoid valves and
to bring it to the pressure of the evaporator level.
[0050] According to another exemplary embodiment
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of the invention, a subcooling device is arranged in the
line after the collecting container for subcooling the liquid
refrigerant against refrigerant thatis led to the subcooling
device from the gas space of the collected container and
that is subsequently led to the suction side of the first
compressor unit. By such subcooling device, the refrig-
eration efficiency of the refrigerating circuit can be further
improved.

[0051] All the advantages and the embodiments that
have been described with respect to the refrigerating cir-
cuit also hold true for the corresponding method for se-
lectively defrosting cold consumers of a refrigerating cir-
cuit. These advantages and embodiments are herewith
explicitly disclosed also in terms of corresponding meth-
od steps, however without repeating them again.
[0052] While the invention has been described with ref-
erence to exemplary embodiments, it will be understood
by those skilled in the art that various changes may be
made and equivalents may be substituted for elements
thereof without departing from the scope of the invention.
In addition, many modifications may be made to adapt
the particular situation or material to the teachings of the
invention without departing from the essential scope
thereof. Therefore it is intended that the invention not be
limited to the particular embodiments disclosed, but that
the invention will include all embodiments falling within
the scope of the appended claims.

List of Reference Numerals

[0053]

2 refrigerating circuit
4 compressor unit

6 pressure line

(oo}

return line

10  collecting container

12 heat exchanger

14 liquid line to cold consumer units
16  first expansion device

18  cold consumer of normal refrigeration branch
20  suction line of normal refrigeration branch
22  second expansion device

24 cold consumer of freezing branch
26  suction line of freezing branch

28  compressor unit of freezing branch
30 pressure line

32  desuperheater

34 flash gas line

36  defrosting line

38  pressure reduction valve

40 solenoid valve

42  safety valve

44  first defrosting line branch

46  solenoid valve

48  second defrosting line branch

50 solenoid valve
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Claims

1.

Refrigerating circuit (2), comprising:

a first compressor unit (4), a condenser/gas
cooler, and a collecting container (10),

a normal refrigeration branch coupled between
the collecting container (10) and the suction side
of the at least one first compressor unit (4), the
normal refrigeration branch comprising at least
one cold consumer having an evaporator (18)
with an expansion device (16) arranged before
it; and

a freezing branch coupled between the collect-
ing container (10) and the suction side of the
first compressor unit (4), the freezing branch
comprising at least one cold consumer having
an evaporator (24) with an expansion device
(22) arranged before it, a second compressor
unit (28) and a desuperheating device (32),
the refrigerant circuit (2) further comprising re-
frigerant conduits for connecting said elements
and for circulating a refrigerant therethrough,

a defrosting line (36) connected between a
branching-off point in the pressure line (6) after
the first compressor unit (4) and at least one
attaching point between the expansion device
(16; 22) and the evaporator (18; 24) of one of
the cold consumer units,

wherein a pressure reduction valve (38) is ar-
ranged in the defrosting line (36),
characterized in that the refrigerant circuit (2)
further comprises:

a control unit being configured to operate at
least one of the evaporators (18, 24) in a
defrosting mode, in which a partial flow of
the pressurized gaseous refrigerant leaving
the first compressor unit (4) is led to the re-
spective evaporator (18, 24) through the de-
frosting line (36), wherein the pressure of
the refrigerant is reduced by the pressure
reduction valve (38) and the refrigerant de-
frosts the respective evaporator (18, 24)
while maintaining its gaseous state and
flows back to the respective compressor
unit (4, 28);

wherein the control unit is configured to re-
ducethe end pressure value of the first com-
pressor unit (4) during the defrosting mode
in order to reduce the pressure of the sec-
ond compressor unit (28) and raise the per-
formance of the second compressor unit
(28).

2. Refrigerating circuit according to claim 1, wherein

the control unit is configured to operate at least one
of the evaporators (18, 24) in a defrosting mode,
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10.

whereas the other evaporator(s) (18, 24) are oper-
ated in a refrigerating mode.

Refrigerating circuitaccording to claim 1 or 2, where-
in the control unit is configured to switch the desu-
perheating device (32) inactive at the beginning of
the defrosting mode.

Refrigerating circuit according to claim 3, wherein a
pressure side temperature sensor is disposed at the
pressure side of the first compressor unit (4) and
wherein the control unit is configured to switch the
desuperheating device (32) active if the temperature
sensed by the pressure side temperature sensor ex-
ceeds a predetermined temperature value.

Refrigerating circuit according to any of the preced-
ing claims, wherein the defrosting line (36) connects
the pressure line (6) after the first compressor unit
(4) to at least one attaching point between the ex-
pansion device (22) and the evaporator (22) of a cold
consumer of the freezing branch.

Refrigerating circuit according to any of the preced-
ing claims, wherein the defrosting line (36) connects
the pressure line (6) after the first compressor unit
(4) to at least one attaching point between the ex-
pansion device (16) and the evaporator (18) of a cold
consumer of the normal refrigeration branch.

Refrigerating circuit according to any of the preced-
ing claims, wherein a safety valve (42) is provided
inthe defrosting line (36), said safety valve (42) being
configured to close the defrosting line (36) when the
pressure in the defrosting line (36) exceeds a pre-
determined value.

Refrigerating circuit according to any of the preced-
ing claims, wherein at least one solenoid valve (40;
46,50)is arranged in the defrosting line (36), wherein
the control unit is configured to open the solenoid
valve (40; 46, 50) for the defrosting mode.

Refrigerating circuit according to claim 8, wherein in
the entry portion and in the end portion of the de-
frosting line (36) solenoid valves (40; 46, 50) are ar-
ranged, wherein the control unit is configured to
open, at the beginning of the defrosting mode, the
solenoid valve (40) in the entry portion of the defrost-
ing line (36) and the respective solenoid valve(s) (40;
46, 50) in the end portion of the defrosting line (36)
for the evaporator(s) to be switched into the defrost-
ing mode.

Refrigerating circuit according to claim 9, wherein
the control unit is configured, when finishing the de-
frosting mode, to close the solenoid valve (40) at the
entry portion of the defrosting line (36) first and to
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close the solenoid valve(s) (46, 50) at the end portion
of the defrosting line (36) thereafter in order to bring
the defrosting line portion between the solenoid
valves (40; 46, 50) to the pressure of the evaporator
level.

Refrigerating circuit according to any of the preced-
ing claims, wherein a temperature sensor is dis-
posed at atleastone evaporator (18,24) and wherein
the control unit is configured to finish the defrosting
mode if the temperature sensed by the temperature
sensor reaches a predetermined temperature value.

Refrigerating circuit according to any of the preced-
ing claims, wherein the control unit is configured to
finish the defrosting mode after a predetermined
safety interval.

Refrigerating circuit according to any of the preced-
ing claims, wherein a subcooling device (12) is ar-
ranged in the line after the collecting container (10)
for subcooling the liquid refrigerant against refriger-
ant that is led to the subcooling device (12) from the
gas space of the collecting container (10) and that
is subsequently led to the suction side of the first
compressor unit (4).

Method for selectively defrosting cold consumers
(18, 24) of a refrigerating circuit (2) according to any
of the preceding claims, comprising the following
steps:

reducing the pressure in the defrosting line (36)
by the pressure reduction valve (38) and open-
ing the at least one solenoid valve (40; 46, 50)
in the defrosting line (36);

leading a partial flow of the pressurized gaseous
refrigerant leaving the first compressor unit (4)
to the respective evaporator(s) (18, 24) to be
defrosted through the defrosting line (36),
wherein the pressure of the refrigerant is re-
duced by the pressure reduction valve (38) and
the refrigerant defrosts the respective evapora-
tor(s) (18, 24) while maintaining its gaseous
state and flows back to the respective compres-
sor unit (4, 28) and

reducing the end pressure value of the first com-
pressor unit (4) in order to reduce the pressure
of the second compressor unit (28) and raise
the performance of the second compressor unit
(28).

Patentanspriiche

1.

Kuhlkreislauf (2), umfassend:

eine erste Verdichtereinheit (4), einen Konden-
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sator/Gaskuhler und einen Sammelbehalter
(10),

einen Normalkiihlungszweig, der zwischen dem
Sammelbehalter (10) und der Saugseite der
mindestens einen ersten Verdichtereinheit (4)
gekoppelt ist, wobei der Normalkiihlungszweig
mindestens einen Kalteverbraucher mit einem
Verdampfer (18) mit einer davor angeordneten
Expansionseinrichtung (16) umfasst; und
einen zwischen dem Sammelbehalter (10) und
der Saugseite der ersten Verdichtereinheit (4)
gekoppelten Gefrierzweig, wobei der Ge-
frierzweig mindestens einen Kalteverbraucher
mit einem Verdampfer (24) mit einer davor an-
geordneten Expansionseinrichtung (22), eine
zweite Verdichtereinheit (28) und eine Enthit-
zungseinrichtung (32) umfasst,

wobei der Kéltemittelkreislauf (2) ferner Kalte-
mittelleitungen zum Verbinden dieser Elemente
und zum Zirkulieren eines Kaltemittels durch
diese umfasst, eine Abtauleitung (36), die zwi-
schen einem Abzweigpunkt in der Druckleitung
(6) nach der ersten Verdichtereinheit (4) und
mindestens einem Ansetzpunkt zwischen der
Expansionseinrichtung (16; 22) und dem Ver-
dampfer (18;24) von einer der Kélteverbrauche-
reinheiten angeschlossen ist,

wobei in der Abtauleitung (36) ein Druckreduk-
tionsventil (38) angeordnet ist,

dadurch gekennzeichnet, dass der Kaltemit-
telkreislauf (2) ferner Folgendes umfasst:

eine Steuereinheit, die konfiguriert ist, um
mindestens einen der Verdampfer (18, 24)
in einem Abtaumodus zu betreiben, beidem
ein Teilstrom des unter Druck stehenden
gasférmigen Kéltemittels, das die erste Ver-
dichtereinheit (4) verlasst, durch die Abtau-
leitung (36) zum jeweiligen Verdampfer (18,
24) geleitet wird, wobei der Druck des Kal-
temittels durch das Druckreduktionsventil
(38) reduziert wird und das Kaltemittel den
jeweiligen Verdampfer (18, 24) unter Bei-
behaltung seines Gaszustandes abtautund
zu der jeweiligen Verdichtereinheit (4, 28)
zurlickstromt;

wobei die Steuereinheit konfiguriert ist, den
Enddruckwert der ersten Verdichtereinheit
(4) wahrend des Abtaumodus zu reduzie-
ren, um den Druck der zweiten Verdichter-
einheit (28) zu reduzieren und die Leistung
der zweiten Verdichtereinheit (28) zu erho-
hen.

Kihlkreislauf nach Anspruch 1, wobei die Steuerein-
heit so konfiguriert ist, dass sie mindestens einen
der Verdampfer (18, 24) in einem Abtaumodus be-
treibt, wahrend die anderen Verdampfer (18, 24) in
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einem Kihimodus betrieben werden.

Kihlkreislauf nach Anspruch 1 oder 2, wobei die
Steuereinheit so konfiguriert ist, dass sie die Enthit-
zungseinrichtung (32) zu Beginn des Abtaumodus
inaktiv schaltet.

Khlkreislauf nach Anspruch 3, wobei ein drucksei-
tiger Temperatursensor an der Druckseite der ersten
Verdichtereinheit (4) angeordnet ist und wobei die
Steuereinheit so konfiguriert ist, dass sie die Enthit-
zungseinrichtung (32) aktiv schaltet, wenn die vom
druckseitigen Temperatursensor erfasste Tempera-
tur einen vorgegebenen Temperaturwert uber-
schreitet.

Kuhlkreislauf nach einem der vorstehenden Anspri-
che, wobei die Abtauleitung (36) die Druckleitung (6)
nach der ersten Verdichtereinheit (4) mit mindestens
einem Befestigungspunkt zwischen der Expansi-
onseinrichtung (22) und dem Verdampfer (22) eines
Kalteverbrauchers des Gefrierzweiges verbindet.

Kihlkreislauf nach einem der vorstehenden Anspri-
che, wobei die Abtauleitung (36) die Druckleitung (6)
nach der ersten Verdichtereinheit (4) mit mindestens
einem Ansetzpunkt zwischen der Expansionsein-
richtung (16) und dem Verdampfer (18) eines Kalte-
verbrauchers des Normalkiihlungszweigs verbindet.

Kihlkreislauf nach einem der vorstehenden Anspri-
che, wobei ein Sicherheitsventil (42) in der Abtaulei-
tung (36) vorgesehen ist, wobei das Sicherheitsven-
til (42) zum SchlieRen der Abtauleitung (36) konfi-
guriert ist, wenn der Druck in der Abtauleitung (36)
einen vorbestimmten Wert Uiberschreitet.

Kihlkreislauf nach einem der vorstehenden Anspri-
che, wobei mindestens ein Solenoidventil (40; 46,
50) in der Abtauleitung (36) angeordnet ist, wobei
die Steuereinheit zum Offnen des Solenoidventils
(40; 46, 50) fur den Abtaumodus konfiguriert ist.

Kihlkreislauf nach Anspruch 8, wobei im Eintrittsteil
und im Endteil der Abtauleitung (36) Solenoidventile
(40; 46,50) angeordnet sind, wobei die Steuereinheit
dazu konfiguriert ist, am Anfang des Abtaumodus,
das Solenoidventil (40) im Eintrittsteil der Abtaulei-
tung (36) zu 6ffnen und dass das oder die jeweiligen
Solenoidventile (40; 46, 50) im Endteil der Abtaulei-
tung (36) fir den oder die Verdampfer in den Abtau-
betrieb geschaltet wird/werden.

Kihlkreislauf nach Anspruch 9, wobei die Steuerein-
heit konfiguriert ist, bei Beendigung des Abtaumo-
dus das Solenoidventil (40) zuerst am Eintrittsteil der
Abtauleitung (36) zu schlieen und danach das (die)
Solenoidventil(e) (46, 50) am Endteil der Abtaulei-
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1.

12.

13.

14.

tung (36) zu schlieRen, um den Abtauleitungsteil zwi-
schen den Solenoidventilen (40; 46, 50) auf den
Druck des Levels des/der Verdampfer(s) zu bringen.

Kuhlkreislauf nach einem der vorstehenden Anspri-
che, wobei ein Temperatursensor an mindestens ei-
nem Verdampfer (18, 24) angeordnet ist und wobei
die Steuereinheit so konfiguriert ist, dass sie den Ab-
taumodus beendet, wenn die vom Temperatursen-
sor erfasste Temperatur einen vorbestimmten Tem-
peraturwert erreicht.

Kihlkreislauf nach einem der vorstehenden Anspri-
che, wobei die Steuereinheit so konfiguriert ist, dass
sie den Abtaumodus nach einem vorbestimmten Si-
cherheitsintervall beendet.

Khlkreislauf nach einem der vorstehenden Anspri-
che, wobeiin der Leitung nach dem Sammelbehalter
(10) eine Unterkihleinrichtung (12) zur Unterklh-
lung des fliissigen Kaltemittels gegen Kaltemittel an-
geordnet ist, das aus dem Gasraum des Sammel-
behalters (10) zu der Unterklhleinrichtung (12) ge-
fihrt und anschlieRend zur Saugseite der ersten Ver-
dichtereinheit (4) gefiihrt wird.

Verfahren zum selektiven Abtauen von Kaltever-
brauchern (18, 24) eines Kuhlkreislaufes (2) nach
einem der vorstehenden Anspriiche, umfassend die
folgenden Schritte:

Reduzieren des Drucks in der Abtauleitung (36)
durch das Druckreduktionsventil (38) und Off-
nen des mindestens einen Solenoidventils (40;
46, 50) in der Abtauleitung (36) ;

Leiten eines Teilstroms des unter Druck stehen-
den gasférmigen Kaltemittels, das die erste Ver-
dichtereinheit (4) verlasst, durch die Abtaulei-
tung (36) zu den jeweiligen abzutauenden Ver-
dampfern (18, 24), wobei der Druck des Kalte-
mittels durch das Druckreduktionsventil (38) re-
duziert wird und das Kaltemittel die jeweiligen
Verdampfer (18, 24) unter Beibehaltung seines
Gaszustandes abtaut und zu der jeweiligen Ver-
dichtereinheit (4, 28) zuriickstromt; und
Reduzieren des Enddruckwertes der ersten
Verdichtereinheit (4), um den Druck der zweiten
Verdichtereinheit (28) zu reduzieren und die
Leistung der zweiten Verdichtereinheit (28) zu
erhéhen.

Revendications

1.

Circuit de réfrigération (2) comprenant :

un premier groupe compresseur (4), un conden-
seur/refroidisseur de gaz et un récipient collec-
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teur (10),

un branchement de réfrigération normale couplé
entre le récipient collecteur (10) et le c6té aspi-
ration de I'au moins un premier groupe compres-
seur (4), le branchement de réfrigération norma-
le comprenant au moins un consommateur de
froid ayant un évaporateur (18) avec un dispo-
sitif de détente (16) disposé avant celui-ci ; et
un branchement de congélation couplé entre le
récipient collecteur (10) et le c6té aspiration du
premier groupe compresseur (4), le branche-
ment de congélation comprenant au moins un
consommateur de froid ayant un évaporateur
(24) avec un dispositif de détente (22) disposé
avant celui-ci, un second groupe compresseur
(28) et un dispositif de désurchauffe (32),

le circuit de frigorigéne (2) comprenant en outre
des conduits de frigorigene pour raccorder les-
dits éléments et pour faire circuler un frigorigéne
a travers ces derniers,

une conduite de dégivrage (36) raccordée entre
un point de bifurcation dans la conduite de pres-
sion (6) apres le premier groupe compresseur
(4) et au moins un point de fixation entre le dis-
positif de détente (16 ; 22) et I'évaporateur (18 ;
24) de l'une des unités de consommateur de
froid,

une soupape deréduction de pression (38) étant
agencée dans la conduite de dégivrage (36),
caractérisé en ce que le circuit de frigorigene
(2) comprend en outre :

une unité de commande configurée pour
faire fonctionner au moins I'un des évapo-
rateurs (18, 24) dans un mode de dégivra-
ge, dans lequel un écoulement partiel du
frigorigéne gazeux sous pression quittant le
premier groupe compresseur (4) est conduit
a I'évaporateur respectif (18, 24) a travers
la conduite de dégivrage (36), la pression
du frigorigéne étant réduite par la soupape
de réduction de pression (38) et le frigori-
géne dégivrant I'évaporateur respectif (18,
24) tout en maintenant son état gazeux et
retournant au groupe compresseur respec-
tif (4, 28) ;

'unité de commande étant configurée pour
réduire la valeur de pression de fin du pre-
mier groupe compresseur (4) pendant le
mode de dégivrage afin de réduire la pres-
sion du second groupe compresseur (28)
et d’augmenter les performances du se-
cond groupe compresseur (28).

2. Circuitderéfrigération selon larevendication 1, dans

lequel 'unité de commande est configurée pour faire
fonctionner au moins I'un des évaporateurs (18, 24)
dans un mode de dégivrage, tandis que le ou les
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autres évaporateurs (18, 24) fonctionnent dans un
mode de réfrigération.

Circuit de réfrigération selon la revendication 1 ou
2, dans lequel I'unité de commande est configurée
pour commuter le dispositif de désurchauffe (32)
inactif au début du mode de dégivrage.

Circuit deréfrigération selon la revendication 3, dans
lequel une sonde de température c6té pression est
disposée du cbté pression du premier groupe com-
presseur (4) et dans lequel 'unité de commande est
configurée pour commuter le dispositif de désur-
chauffe (32) actif si la température détectée par la
sonde de température c6té pression dépasse une
valeur de température prédéterminée.

Circuit de réfrigération selon I'une quelconque des
revendications précédentes, dans lequel la conduite
de dégivrage (36) raccorde la conduite de pression
(6) aprés le premier groupe compresseur (4) a au
moins un point de fixation entre le dispositif de dé-
tente (22) et I'évaporateur (22) d’'un consommateur
de froid du branchement de congélation.

Circuit de réfrigération selon I'une quelconque des
revendications précédentes, dans lequel la conduite
de dégivrage (36) raccorde la conduite de pression
(6) aprés le premier groupe compresseur (4) a au
moins un point de fixation entre le dispositif de dé-
tente (16) et I'évaporateur (18) d’'un consommateur
de froid du branchement de réfrigération normale.

Circuit de réfrigération selon I'une quelconque des
revendications précédentes, dans lequel une sou-
pape de sécurité (42) est prévue dans la conduite
de dégivrage (36), ladite soupape de sécurité (42)
étant configurée pour fermer la conduite de dégivra-
ge (36) lorsque la pression dans la conduite de dé-
givrage (36) dépasse une valeur prédéterminée.

Circuit de réfrigération selon I'une quelconque des
revendications précédentes, dans lequel au moins
une électrovanne (40 ; 46, 50) est agencée dans la
conduite de dégivrage (36), l'unité de commande
étant configurée pour ouvrir I'électrovanne (40 ; 46,
50) pour le mode de dégivrage.

Circuit deréfrigération selon larevendication 8, dans
lequel dans la partie d’entrée et dans la partie d’ex-
trémité de la conduite de dégivrage (36), des élec-
trovannes (40 ; 46, 50) sont agencées, 'unité de
commande étant configurée pour ouvrir, au début
du mode de dégivrage, I'électrovanne (40) dans la
partie d’entrée de la conduite de dégivrage (36) et
la ou les électrovannes respectives (40 ; 46, 50)
dans la partie d’extrémité de la conduite de dégivra-
ge (36) pour le ou les évaporateurs pour passer en
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mode dégivrage.

Circuitde réfrigération selon la revendication 9, dans
lequel 'unité de commande est configurée, lors de
la fin du mode de dégivrage, pour fermer en premier
I'électrovanne (40) a la partie d’entrée de la conduite
de dégivrage (36) et pour fermer ensuite la ou les
électrovannes (46, 50) a la partie d’extrémité de la
conduite de dégivrage (36) afin d’'amener la partie
de la conduite de dégivrage entre les électrovannes
(40 ; 46,50) ala pression du niveaude I'évaporateur.

Circuit de réfrigération selon I'une quelconque des
revendications précédentes, dans lequel une sonde
de température est disposée sur au moins un éva-
porateur (18, 24) etdans lequel l'unité de commande
est configurée pour terminer le mode de dégivrage
si la température détectée par la sonde de tempé-
rature atteint une valeur de température prédétermi-
née.

Circuit de réfrigération selon I'une quelconque des
revendications précédentes, dans lequel I'unité de
commande est configurée pour terminer le mode de
dégivrage aprés un intervalle de sécurité prédéter-
miné.

Circuit de réfrigération selon I'une quelconque des
revendications précédentes, dans lequel un dispo-
sitif de sous-refroidissement (12) est agencée dans
la conduite aprés le récipient collecteur (10) destiné
a sous-refroidir le frigorigéne liquide contre le frigo-
rigéne qui est conduit dans le dispositif de sous-re-
froidissement (12) a partir de I'espace gazeux du
récipient collecteur (10) et qui est ensuite dirigé vers
le c6té aspiration du premier groupe compresseur

(4).

Procédé de dégivrage sélectif de consommateurs
de froid (18, 24) d’un circuit de réfrigération (2) selon
I'une quelconque des revendications précédentes,
comprenant les étapes suivantes :

réduire la pression dans la conduite de dégivra-
ge (36) parla soupape de réduction de pression
(38) et ouvrir la au moins une électrovanne (40 ;
46, 50) dans la conduite de dégivrage (36) ;

conduire un écoulement partiel du frigorigéne
gazeux sous pression quittant le premier groupe
compresseur (4) a I'évaporateur ou aux évapo-
rateurs respectifs (18, 24) pour étre dégivré par
la conduite de dégivrage (36), la pression du
frigorigéne étant réduite par la soupape de ré-
duction de pression (38) et le frigorigéne dégi-
vrant le ou les évaporateurs respectifs (18, 24)
touten maintenant son état gazeux etretournant
vers le groupe compresseur respectif (4, 28) et
réduire la valeur de pression de fin du premier
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groupe compresseur (4) afin de réduire la pres-
sion du second groupe compresseur (28) et
d’augmenter les performances du second grou-
pe compresseur (28).



EP 2 496 893 B1

08~

HH

22

=

1"



EP 2 496 893 B1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

* WO 2006015741 A [0002]

12



	bibliography
	description
	claims
	drawings
	cited references

