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DEVICE

(57) A refrigeration apparatus (1), in which a
heat-source-side unit (2) and a utilization-side unit (3)
are connected, includes a gas-liquid separation unit (4)
having a gas-liquid separator (17) connected to a
gas-side connection pipe (6), a first oil return pipe (31)

GAS-LIQUID SEPARATION UNIT FOR REFRIGERATION DEVICE, AND REFRIGERATION

connected to the gas-side connection pipe (6) from a
bottom of a gas-liquid separator (17), and a first
open/close valve (33) arranged at the first oil return pipe
(31).
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Description
TECHNICAL FIELD

[0001] The present disclosure relates to a gas-liquid
separation unit connected between a heat-source-side
unit and a utilization-side unit of a refrigeration device
(hereinafter refrigeration apparatus) with a refrigerant cir-
cuit, and a refrigeration apparatus including a gas-liquid
separation unit connected between a heat-source-side
unitand a utilization-side unit, or a refrigeration apparatus
in which a heat-source-side unit includes a gas-liquid
separation unit.

BACKGROUND ART

[0002] As shown in FIG. 4, conventionally, there has
been known a refrigeration apparatus (50) including a
refrigerant circuit (55) with a heat-source-side unit (2)
and a utilization-side unit (cooling unit) (3) that are con-
nected to each other by connection pipes (5, 6) (see, for
example, Patent Document 1).

[0003] In his type of refrigeration apparatus (50), it is
preferable to prevent wet operation with high wetness of
refrigerant taken into a compressor at the time for start-
up of cooling operation, for example, at the time of oper-
ation shift from a utilization-side-unit-off mode performing
only blowing operation with cooling operation of an inter-
nal space of a utilization-side unit (3) stopped to a utili-
zation-side-unit-on mode performing cooling of the inter-
nal space, or at the time of operation shift from a reverse
cycle defrosting operation to the cooling operation.
[0004] Against this background, there has been pro-
posed a refrigeration apparatus as the conventional re-
frigeration apparatus (50). As shown in FIG. 5, in this
refrigeration apparatus, to make it possible for refrigerant
to flow to an evaporator (cooling heat exchanger (16)) in
the utilization-side unit (3) when the low pressure (LP) of
a refrigerant circuit (55) drops below a predetermined
value, for example, an open/close valve (cooling electro-
magnetic valve) (14) is arranged at a refrigerant inflow
side of the evaporator (16) at the time of cooling operation
(utilization-side-unit on) and controlled to open or close
this open/close valve (14) in accordance with the varia-
tion in low pressure. This reduces the risk of excessive
increase in flow rate of the refrigerant in the evaporator
(16) at the time of operation shift from the utilization-side-
unit off to the utilization-side-unit on or at the time of op-
eration shift from reverse cycle defrosting operation to
cooling operation, thereby keeping from wet operation.
[0005] FIG.2shows arefrigerantcircuit. The reference
characters (12) denote a four-way switching valve, the
reference characters (13) denote a heat-source-side
heat exchanger, and the reference characters (15) de-
note a cooling expansion valve (expansion mechanism).
In the refrigerant circuit (55), the four-way switching valve
(12) is switched to reverse the flow direction of refrigerant
so that the reverse cycle defrosting operation is per-
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formed.
CITATION LIST
PATENT DOCUMENTS

[0006] Patent Document 1: Japanese Unexamined
Patent Publication No. 2010-223454

SUMMARY OF THE INVENTION
TECHNICAL PROBLEM

[0007] The above-mentioned refrigeration apparatus
(50) configured to reduce the risk of wet operation has
exhibited the following problem: When a large-scale
evaporator (cooling heat exchanger) (16) is used to en-
hance the dehumidification capacity or cooling capacity
of the utilization-side unit (3) or to freeze (refrigerate)
foods, for example, the operation time of the above
open/close valve (14) increases, resulting in significantly
long time required for start-up of the cooling operation.
[0008] In view of the foregoing background, it is there-
fore an object of the present disclosure to provide a re-
frigeration apparatus including a heat-source-side unit
and a utilization-side unit connected to each other, where
the risk of wet operation at the time for start-up of cooling
operation can be reduced, and the time required for shift
(time for start-up of cooling operation) from the reverse
cycle defrosting operation to cooling operation or from
the utilization-side-unit off to the utilization-side-unit on
can be shortened compared to conventional cases even
if, for example, the utilization-side unit includes a large-
scale evaporator.

SOLUTION TO THE PROBLEM

[0009] According to the first aspect of the present dis-
closure, there is provided a gas-liquid separation unit
connected to connection pipes (5, 6) between a heat-
source-side unit (2) and a utilization-side unit (3) of a
refrigeration apparatus (1).

[0010] The gas-liquid separation unit includes: a gas-
liquid separator (17) connected to, of the connection
pipes (5, 6), a gas-side connection pipe (6); a first oil
return pipe (31) connected to a bottom of the gas-liquid
separator (17) and to a position of the gas-side connec-
tion pipe (6) located closer to the heat-source-side unit
(2) than the gas-liquid separator (17) is, the first oil return
pipe (31) being configured to serve as an oil return pipe
during a cooling operation during which a utilization-side
heat exchanger (16) provided in the utilization-side unit
(3) serves as an evaporator; and a first open/close valve
(33) arranged at the first oil return pipe (31).

[0011] According to the first aspect, during the cooling
operation of the refrigeration apparatus (1), high-pres-
sure liquid refrigerant flows from the heat-source-side
unit (2) through the liquid-side connection pipe (5) to the
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utilization-side unit (3). Low-pressure gas refrigerant that
has evaporated in the utilization-side heat exchanger
(16) of the utilization-side unit (3) returns to the heat-
source-side unit (2) through the gas-side connection pipe
(6). The gas-side connection pipe (6) is provided with a
gas-liquid separator (17) in which liquid refrigerant and
oil are separated from gas refrigerant. The gas refrigerant
flows out from the gas-liquid separator (17) through the
gas-side connection pipe (6), and returns to the heat-
source-side unit (2). The liquid refrigerant remains in the
gas-liquid separator (17). The oil thathas been separated
from the gas refrigerant in the gas-liquid separator (17)
flows into the gas-side connection pipe (6) through the
first oil return pipe (31) from the bottom of the gas-liquid
separator (17) by opening the first open/close valve (33),
merges with the gas refrigerant flowing in the gas-side
connection pipe (6), and returns to the heat-source-side
unit (2).

[0012] According to the second aspect of the present
disclosure, in the first aspect, there are provided: a sec-
ond oil return pipe (32) connected to the bottom of the
gas-liquid separator (17) and to, of the connection pipes
(5, 6), a liquid-side connection pipe (5); and a second
open/close valve (34) arranged at the second oil return
pipe (32), wherein the second oil return pipe (32) serves
as an oil return pipe during a defrosting operation during
which the utilization-side heat exchanger (16) serves as
the condenser.

[0013] According to the second aspect, during the re-
verse cycle defrosting operation of the refrigeration ap-
paratus (1), high-pressure gas refrigerant flows from the
heat-source-side unit (2) through the gas-side connec-
tion pipe (6) to the utilization-side unit (3). High-pressure
liquid refrigerant that has dissipated heatin the utilization-
side heat exchanger (16) servings as a radiator during
defrosting in the utilization-side unit (3) returns to the
heat-source-side unit (2) through the liquid-side connec-
tion pipe (5). The gas-side connection pipe (6) includes
a gas-liquid separator (17) in which oil is separated from
gas refrigerant. The oil that has been separated from the
gas refrigerant in the gas-liquid separator (17) flows into
the liquid-side connection pipe (5) through the second ol
return pipe (32) from the bottom of the gas-liquid sepa-
rator (17) by opening the second open/close valve (34),
and merges with the liquid refrigerant flowing in the liquid-
side connection pipe (5), returns to the heat-source-side
unit (2). The function during the cooling operation is sim-
ilar to that of the first aspect.

[0014] According to the third aspect of the present dis-
closure, a refrigeration apparatus comprises a heat-
source-side unit (2), a utilization-side unit (3), and a gas-
liquid separation unit (4) connected to connection pipes
(5, 6) between the heat-source-side unit (2) and the uti-
lization-side unit (3), in which the gas-liquid separation
unit (4) is the gas-liquid separation unit (4) set forth in
the first aspect, and the first oil return pipe (31) is con-
nected to, of the connection pipes (5, 6), a gas-side con-
nection pipe (6).
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[0015] According to this third aspect, like in the first
aspect, during the cooling operation of the refrigeration
apparatus, high-pressure liquid refrigerant flows from the
heat-source-side unit (2) through the liquid-side connec-
tion pipe (5) to the utilization-side unit (3). Low-pressure
gas refrigerant that has evaporated in the heat-source-
side heat exchanger (16) of the utilization-side unit (3)
returns to the heat-source-side unit (2) through the gas-
side connection pipe (6). The gas-side connection pipe
(6) includes a gas-liquid separator (17) in which liquid
refrigerant and oil are separated from gas refrigerant.
The gas refrigerant flows out from the gas-liquid separa-
tor (17) through the gas-side connection pipe (6), and
returns to the heat-source-side unit (2). The liquid refrig-
erant remains in the gas-liquid separator (17). The oil
that has been separated from the gas refrigerant in the
gas-liquid separator (17) flows into the gas-side connec-
tion pipe (6) through the first oil return pipe (31) from the
bottom of the gas-liquid separator (17) by opening the
first open/close valve (33), merges with the gas refriger-
ant flowing in the gas-side connection pipe (6), and re-
turns to the utilization-side unit (3).

[0016] According to the fourth aspect of the present
disclosure, a refrigeration apparatus comprises a heat-
source-side unit (2), a utilization-side unit (3), and a gas-
liquid separation unit (4) connected to connection pipes
(5, 6) between the heat-source-side unit (2) and the uti-
lization-side unit (3), in which the gas-liquid separation
unit (4) is the gas-liquid separation unit (4) set forth in
the second aspect, and the first oil return pipe (31) is
connected to, of the connection pipes (5, 6), the gas-side
connection pipe (6), the second oil return pipe (32) is
connected to, of the connection pipes (5,6), a liquid-side
connection pipe (5).

[0017] According to the fourth aspect, like in the sec-
ond aspect, during the reverse cycle defrosting operation
of the refrigeration apparatus, high-pressure gas refrig-
erant flows from the heat-source-side unit (2) through the
gas-side connection pipe (6) to the utilization-side unit
(3). High-pressure liquid refrigerant that has dissipated
heat in the utilization-side heat exchanger (16) serving
as a radiator during defrosting in the utilization-side unit
(3) returns to the heat-source-side unit (2) through the
liquid-side connection pipe (5). The gas-side connection
pipe (6) includes a gas-liquid separator (17) in which oil
is separated from gas refrigerant. The oil that has been
separated from the gas refrigerant in the gas-liquid sep-
arator (17) flows into the liquid-side connection pipe (5)
through the second oil return pipe (32) from the bottom
of the gas-liquid separator (17) by opening the second
open/close valve (34), and merges with the liquid refrig-
erant flowing in the liquid-side connection pipe (5), re-
turns to the heat-source-side unit (2). The function during
the cooling operation is similar to that of the third aspect.
[0018] According to the fifth aspect of the present dis-
closure, in the third or the fourth aspect, the utilization-
side unit (3) includes a plurality of utilization-side units
connectedin parallel with respect to the heat-source-side
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unit (2) and the gas-liquid separation unit (4).

[0019] According to the fifth aspect, in the refrigeration
apparatus in which the plurality of the utilization-side units
(3) are connected to the heat-source-side unit (2) in par-
allel, the same flows of the refrigerant and the oil are
achieved thorough the gas-liquid separator (17) as that
of the third or the fourth aspect.

[0020] According to the sixth aspect of the present dis-
closure, in the third or the fourth aspect, the gas-liquid
separation unit (4) serves as a unit including a casing
(4a) other than that of the heat-source-side unit (2), or
as a unit arranged in a casing (2a) of the heat-source-
side unit (2).

[0021] In the sixth aspect, in a refrigeration apparatus
in which the gas-liquid separation unit (4) is arranged in
a casing (4a) other than that of the heat-source-side unit
(2) or in the casing (2a) of the heat-source-side unit (2),
the same flows of the refrigerant and the oil are achieved
thorough the gas-liquid separator (17) as that of the third
or the fourth aspect.

ADVANTAGES OF THE INVENTION

[0022] According to the first aspect of the present dis-
closure, the gas-liquid separation unit (4) is connected
between the heat-source-side unit (2) and the utilization-
side unit (3). Further, the gas-liquid separator (17) sep-
arates liquid refrigerant and oil from gas refrigerant. Ac-
cordingly, it is possible to reduce the risk of wet operation
even in a case in which a large-scale evaporator (utiliza-
tion-side heat exchanger (16)) is used. At the time of shift
from the utilization-side-unit off to the utilization-side-unit
on or at the time of shift from the reverse cycle defrosting
operation to the cooling operation, the opening and clos-
ing operation of the open/close valve at the inflow side
of the evaporator (16) can be omitted. Accordingly, it is
possible to make the time required for the shift to the
cooling operation (time for start-up of the cooling opera-
tion) shorter than a conventional case.

[0023] According to the second aspect, in addition to
the effect obtained through the first aspect, during the
reverse cycle defrosting operation, oil contained in high-
pressure gas refrigerant flowing in the gas-side connec-
tion pipe (6) is separated from the gas refrigerant in the
gas-liquid separator (17), and returns to the heat-source-
side unit (2) through the liquid-side connection pipe (5).
As described above, in the defrosting operation, the gas-
liquid separator (17) of the gas-liquid separation unit (4)
serves as an oil separator. Hence, it is possible to reduce
the risk of oil shortage in the compressor disposed in the
heat-source-side unit (2).

[0024] Further, according to the first and the second
aspects, the gas-liquid separation unit (4) can be retro-
fitted to an existing refrigeration apparatus. Accordingly,
it is possible to reduce the risk of the wet operation due
to fluid flow back of the existing refrigeration apparatus,
and to shorten the time for start-up of the cooling oper-
ation.
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[0025] According to the third aspect, like in the first
aspect, the gas-liquid separation unit (4) is connected
between the heat-source-side unit (2) and the utilization-
side unit (3). Further, the gas-liquid separator (17) sep-
arates liquid refrigerant and oil from gas refrigerant. Ac-
cordingly, it is possible to reduce the risk of the wet op-
eration even in a case in which a large-scale evaporator
(utilization-side heat exchanger (16)) is used. At the time
of operation shift from the utilization-side-unit off to the
utilization-side-unit on or at the time of operation shift
from the reverse cycle defrosting operation to the cooling
operation, the opening and closing operation of the
open/close valve can be omitted. Accordingly, it is pos-
sible to shorten the time required for the above operation
shifts (time for start-up of the cooling operation).

[0026] According to the fourth aspect, like in the sec-
ond aspect, during the reverse cycle defrosting opera-
tion, oil contained in high-pressure gas refrigerant flowing
in the gas-side connection pipe (6) is separated from the
gas refrigerant in the gas-liquid separator (17), and re-
turns to the heat-source-side unit (2) through the liquid-
side connection pipe (5). As described above, in the de-
frosting operation, the gas-liquid separator (17) of the
gas-liquid separation unit (4) serves as an oil separator.
Hence, it is possible to reduce the risk of oil shortage in
the compressor disposed in the heat-source-side unit (2).
[0027] According to the fifth aspect, in the refrigeration
apparatus in which the plurality of the utilization-side units
(3) are connected parallel to the heat-source-side unit
(2), like in the third aspect, it is possible to reduce the
risk of the wet operation and to shorten the time of oper-
ation shift from the utilization-side-unit off to the utiliza-
tion-side-unit on. Accordingly, like in the fourth aspect, it
is possible to reduce the risk of oil shortage of the com-
pressor during the defrosting operation.

[0028] According to the sixth aspect, in a refrigeration
apparatus in which the gas-liquid separation unit (4) is
arrangedin a casing (4a) other than that of a heat-source-
side unit (2) or in the casing (2a) of the heat-source-side
unit (2), like in the third aspect, it is possible to reduce
the risk of the wet operation and to shorten the time of
operation shift from the utilization-side-unit off to the uti-
lization-side-unit on. Accordingly, like in the fourth as-
pect, it is possible to reduce the risk of oil shortage of the
compressor during the defrosting operation.

BRIEF DESCRIPTION OF THE DRAWINGS
[0029]

[FIG. 1] FIG. 1 is a view of a refrigerant circuit of a
refrigeration apparatus according to an embodiment.
[FIG. 2] FIG. 2 is a view of a refrigerant circuit of a
refrigeration apparatus according to a first variation
of the embodiment.

[FIG. 3] FIG. 3 is a view of a refrigerant circuit of a
refrigeration apparatus according to a second vari-
ation of the embodiment.
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[FIG. 4] FIG. 4 is a view of a refrigerant circuit of a
conventional refrigeration apparatus.

[FIG. 5] FIG. 5 shows a time chart illustrating a con-
dition of an operation of an open/close valve at an
inflow side of an evaporator arranged in the conven-
tional refrigeration apparatus.

DESCRIPTION OF EMBODIMENTS

[0030] In the following, embodiments will be described
in detail with reference to the drawings.

[0031] The refrigeration apparatus (1) of this embodi-
ment includes a refrigerant circuit (10) that performs a
refrigeration cycle in which refrigerant circulates, as
shown in FIG. 1. This refrigeration apparatus (1) includes
a heat-source-side unit (2), a utilization-side unit (3), and
a gas-liquid separation unit (4) connected to connection
pipes (a liquid-side connection pipe (5) and a gas-side
connection pipe (6)) between the heat-source-side unit
(2) and the utilization-side unit (3). These units (2, 3, 4)
are connected to each other by a refrigerant pipe, con-
stituting the above refrigerant circuit (10). The parts of
the heat-source-side unit (2) are housed in a first casing
(2a). The parts of the utilization-side unit (3) are housed
in a second casing (3a). The parts of the gas-liquid sep-
aration unit (4) are housed in a third casing (4a).

[0032] Intherefrigerantcircuit(10), acompressor(11),
a four-way switching valve (12), a heat-source-side heat
exchanger (13), a cooling electromagnetic valve (14), a
cooling expansion valve (expansion mechanism) (15), a
utilization-side heat exchanger (16), and agas-liquid sep-
arator (17) are sequentially connected by the refrigerant
pipe.

[0033] The compressor (11), the four-way switching
valve (12), and the heat-source-side heat exchanger (13)
are disposed in the heat-source-side unit (2). The cooling
electromagnetic valve (14), the cooling expansion valve
(expansion mechanism) (15), and the utilization-side
heat exchanger (16) are disposed in the utilization-side
unit (3). The gas-liquid separator (17) is disposed in the
gas-liquid separation unit (4).

[0034] Thecompressor(11)hasitsdischarge side con-
nected to a first port (P1) of the four-way switching valve
(12). The four-way switching valve (12) includes a second
port (P2) that is connected to a gas-side end of the heat-
source-side heatexchanger (13). The four-way switching
valve (12) includes a third port (P3) that is connected to
the inlet side of the compressor (11). The four-way
switching valve (12) includes a fourth port (P4) that is
connected to a gas-side end of the utilization-side heat
exchanger (16) through the gas-side connection pipe (6).
[0035] The four-way switching valve (12) is configured
to be switched between a first position (the position in
the case of a communication state marked by a solid line
of FIG. 1) during cooling operation and a second position
(the position in the case of another communication state
marked by a dashed line of FIG. 1) during defrosting op-
eration. In the first position, the first port (P1) and the
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second port (P2) communicate with each other, while the
third port (P3) and the fourth port (P4) communicate with
each other. In the second position, the first port (P1) and
the fourth port (P4) communicate with each other, while
the second port (P2) and the third port (P3) communicate
with each other.

[0036] The heat-source-side heat exchanger (13) has
its gas-side end connected to the heat-source-side gas
pipe (21) and its liquid-side end connected to a heat-
source-side liquid pipe (22). The heat-source-side liquid
pipe (22) is connected to the cooling electromagnetic
valve (14) of the utilization-side unit (3) through the liquid-
side connection pipe (5).

[0037] The utilization-side unit (3) includes a utiliza-
tion-side liquid pipe (23) connected to the liquid-side con-
nection pipe (5) and a utilization-side gas pipe (24) con-
nected to the gas-side connection pipe (6). The utiliza-
tion-side liquid pipe (23) is connected to the liquid-side
end of the utilization-side heat exchanger (16). The uti-
lization-side gas pipe (24) is connected to the gas-side
end of the utilization-side heat exchanger (16). In the
utilization-side liquid pipe (23), the cooling electromag-
netic valve (14) and the cooling expansion valve (15) are
arranged in this order viewed from the liquid-side con-
nection pipe (5). The utilization-side liquid pipe (23) is
connected to a bypass passage (25) that bypasses the
cooling electromagnetic valve (14) and the cooling ex-
pansion valve (15). The bypass passage (25) includes a
check valve (26) that allows the refrigerant to flow from
the utilization-side heat exchanger (16) to the liquid-side
connection pipe (5) and prevents the refrigerant from
flowing in the reverse direction.

[0038] The gas-liquid separator (17) disposed in the
gas-liquid separation unit (4) is connected to, of the above
connection pipes (5,6), the gas-side connection pipe (6)
The gas-liquid separation unit (4) includes, in addition to
the gas-liquid separator (17), a first oil return pipe (31)
that has one end connected to the bottom of the gas-
liquid separator (17) and the other end connected to a
position of the gas-side connection pipe (6) located closer
to the heat-source-side unit (2) than the gas-liquid sep-
arator (17) is. The first oil return pipe (31) includes a first
electromagnetic valve (first open/close valve) (33). The
first oil return pipe (31) is configured to serve as an oil
return pipe during a cooling operation during which a uti-
lization-side heat exchanger (16) provided in the utiliza-
tion-side unit (3) serves as an evaporator. The first oil
return pipe (31) includes a first oil return check valve (35)
at a position closer to the gas-side connection pipe (6)
than the first electromagnetic valve (33) is. The first oil
return check valve (35) allows the refrigerant to flow from
the gas-liquid separator (17) to the gas-side connection
pipe (6) and prevents refrigerant from flowing in the re-
verse direction.

[0039] The gas-liquid separation unit (4) includes a
second oil return pipe (32) that has one end connected
to the bottom of the gas-liquid separator (17) and the
other end connected to the liquid-side connection pipe
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(5) in the gas-liquid separation unit (4). The second oil
return pipe (32) includes a second electromagnetic valve
(second open/close valve) (34). The second oil return
pipe (32)is configured to serve as an oil return pipe during
a defrosting operation during which the utilization-side
heat exchanger (16) serves as the condenser. The sec-
ond oil return pipe (32) includes a second oil return check
valve (36) ata position closer to the liquid-side connection
pipe (5) than the second electromagnetic valve (34) is.
The second oil return check valve allows the refrigerant
to flow from the gas-liquid separator (17) to the liquid-
side connection pipe (5) and prevents refrigerant from
flowing in the reverse direction.

[0040] Although not shown in details, the main body of
the gas-liquid separator (17) is made of a tubular con-
tainer. The gas-side connection pipe (6) is connected to
the outer wall surface of the main body of the gas-liquid
separator (17) in a direction substantially parallel to a
tangent direction. The gas-side connection pipe (6) is
configured such that swirl flow is generated in the gas-
liquid separator (17) by refrigerant flowing therein, and
serves to effectively separate gas refrigerant from lubri-
cant.

[0041] In this embodiment, the gas-liquid separation
unit (4) includes a casing (third casing (4a)) other than
the first casing (2a) of the heat-source-side unit (2).
[0042] The refrigerant circuit (10) includes a plurality
of sensors for measuring the temperature, the pressure
etc. of the refrigerant. The heat-source-side unit (2) in-
cludes a high-pressure pressure sensor (41) disposed
on a discharge pipe of the compressor (11), and a low-
pressure pressure sensor (42) disposed on a suction pipe
ofthe compressor (11). The utilization-side unit (3) further
includes an evaporator inlet temperature sensor (43), an
evaporator outlet temperature sensor (44), an inlet air
temperature sensor (45) and a defrosting refrigerant tem-
perature sensor (46). The evaporator inlet temperature
sensor (43) measures the refrigerant temperature at the
inlet side of the utilization-side heat exchanger (16) serv-
ing as an evaporator at the time of the cooling operation.
The evaporator outlet temperature sensor (44) measures
the refrigerant temperature at the outlet side of the utili-
zation-side heat exchanger (16) at the time of the cooling
operation. The inlet air temperature sensor (45) meas-
ures the inlet air temperature of the utilization-side heat
exchanger (16) at the time of the cooling operation. The
defrosting refrigerant temperature sensor (46) measures
the refrigerant temperature at the time of the defrosting
operation.

-Operation-

[0043] In the following, the operation of the refrigera-
tion apparatus (1) is described.

<Cooling Operation>

[0044] At the time of cooling operation, the four-way
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switching valve (12) is switched to a first position marked
by the solid line of FIG. 1. The cooling electromagnetic
valve (14) is set to "open", the cooling expansion valve
(15) is set to a state of superheating control (state in
which the opening degree is controlled with the degree
of superheating of the outlet refrigerant of the evaporator
(the utilization-side heat exchanger (16)) serving as a
target value), the first electromagnetic valve (33) is set
to "open", and the second electromagnetic valve (34) is
set to "close".

[0045] In this state, the refrigerant that has been dis-
charged from the compressor (11) flows into the heat-
source-side heat exchanger (13) and dissipates heat. In
the utilization-side unit (3), the high-pressure refrigerant
that has dissipated heat in the heat-source-side heat ex-
changer (13) passes through the cooling electromagnetic
valve (14), is depressurized at the cooling expansion
valve (15), absorbs heat from inside air in the utilization-
side unit heat exchanger (16), and evaporates. In this
manner, the inside air is cooled in the utilization-side heat
exchanger (16). The gas refrigerant that has thus evap-
orated flows through the gas-side connection pipe (6)
toward the heat-source-side unit (2).

[0046] The gas-side connection pipe (6) includes the
gas-liquid separator (17). The gas-liquid separator (17)
separates liquid refrigerant and oil from the gas refriger-
ant. The gas refrigerant flows out from the gas-liquid sep-
arator (17), passes through the gas-side connection pipe
(6), returns to the heat-source-side unit (2) and is taken
into the compressor (11) through the four-way switching
valve (12). The liquid refrigerant remains in the gas-liquid
separator (17).

[0047] The oil that has been separated from the gas
refrigerant in the gas-liquid separator (17) flows into the
gas-side connection pipe (6) through the first oil return
pipe (31) from the bottom of the gas-liquid separator (17)
by opening the first open/close valve (33), merges with
the gas refrigerant flowing in the gas-side connection
pipe (6) to return to the heat-source-side unit (2), and is
taken in the compressor (11) through the four-way
switching valve (12).

[0048] The cooling operation is performed such that
refrigerant circulates in the refrigerant circuit (10) in the
above manner. The inside air is cooled through the cir-
culation of the refrigerant.

<Defrosting Operation>

[0049] Inthe defrosting operation, the four-way switch-
ing valve (12) is switched to the second position marked
by the dashed line shown in FIG. 1. The cooling electro-
magnetic valve (15) is set to "open", the cooling expan-
sion valve (16)is setto open at a "predetermined opening
degree", the first electromagnetic valve (33) is set to
"close", and the second electromagnetic valve (34) is set
to "open".

[0050] In this state, the refrigerant that has been dis-
charged from the compressor (11) flows into the gas-
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liquid separator (17). In the gas-liquid separator (17), the
refrigerant and oil are separated from each other. The
refrigerant from the gas-liquid separator (17) flows into
the utilization-side heat exchanger (16) in the utilization-
side unit (3), and dissipates heat. The high-pressure re-
frigerant that has thus dissipated heat in the utilization-
side heat exchanger (16) is depressurized at the cooling
expansion valve (15), passes through the cooling elec-
tromagnetic valve (14), absorbs heat from the inside air
in the heat-source-side heat exchanger (13), and evap-
orates. The gas refrigerant thus evaporated passes
through the four-way switching valve (12), and is taken
in the compressor (11).

[0051] The oil that has been separated from the refrig-
erant in the gas-liquid separator (17) flows into the liquid-
side connection pipe (5) through the second oil return
pipe (32) from the bottom of the gas-liquid separator (17)
by opening the second open/close valve (34), merges
with the liquid refrigerant flowing in the liquid-side con-
nection pipe (5), returns to the heat-source-side unit (2),
passes through the heat-source-side heat exchanger
(13) and the four-way switching valve (12), and is taken
into the compressor (11).

[0052] The defrosting operation is performed such that
refrigerant circulates in the refrigerant circuitin the above
manner. Frost attached on the utilization-side heat ex-
changer (17) is defrosted by warm thermal energy of the
refrigerant.

-Advantages of Embodiment-

[0053] According to this embodiment, the gas-liquid
separation unit (4) having a casing other than that of the
heat-source-side unit (2) is connected between the heat-
source-side unit (2) and the utilization-side unit (3). In the
gas-liquid separator (17), the liquid refrigerant and the
oil are separated from the gas refrigerant so that the liquid
refrigerantis stored in the gas-liquid separator (17) during
the cooling operation. Accordingly, itis possible to reduce
the risk of the wet operation even if a large-scale evap-
orator (utilization-side heat exchanger (16)) is used. At
the time of operation shift from the utilization-side-unit off
to the utilization-side-unit on or at the time of operation
shift from the reverse cycle defrosting operation to the
cooling operation, the opening and closing operation of
the open/close valve at the inflow side of the evaporator
in a conventional device can be omitted (i.e., the time for
the operation of the opening and closing of the open/close
valve is no longer necessary). Accordingly, it is possible
to shorten the time for shift to the cooling operation (time
for start-up of the cooling operation).

[0054] According to this embodiment, atthe time of the
reverse cycle defrosting operation, the oil contained in
the high-pressure gas refrigerant flowing in the gas-side
connection pipe (6) is separated from the gas refrigerant
in the gas-liquid separator (17), and returns to the heat-
source-side unit (2) through the liquid-side connection
pipe (5). As described above, in the defrosting operation,
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the gas-liquid separator (17) of the gas-liquid separation
unit (4) serves as an oil separator. Hence, it is possible
to reduce the risk of oil shortage of the compressor dis-
posed in the heat-source-side unit (2).

-Variations of Embodiment-
-First Variation-

[0055] According to the above embodiment, the refrig-
eration apparatus (1) has been described in which the
gas-liquid separation unit (4) is connected between the
heat-source-side unit (2) and the utilization-side unit (3).
The present disclosure is not limited thereto. It is also
possible to provide a refrigeration apparatus (1) including
a heat-source-side unit (2) and a utilization-side unit (3)
connected through connection pipes (5, 6) to which a
gas-liquid separation unit (4) is connected to the connec-
tion pipes (5,6) as a retrofit optional unit.

-Second Variation-

[0056] As shown in FIG. 2, the refrigeration apparatus
(1) may include, with respect to the above heat-source-
side unit (2) and the gas-liquid separation unit (4), a plu-
rality of (two in the figure) utilization-side units (3) con-
nected in parallel.

[0057] Alsoin this second variation, the gas-liquid sep-
aration unit (4) has the same configuration as the em-
bodiment shown in FIG. 1. Accordingly, this second var-
iation provides the refrigeration apparatus (1) with the
utilization-side units (3) connected in parallel that allows
the time for operation shift from the utilization-side-unit
off to the utilization-side-unit on or for operation shift from
the reverse cycle defrosting operation to the cooling op-
eration to be shortened, thereby making it possible to
reduce the risk of oil shortage of the compressor at the
time of defrosting operation.

-Third Variation-

[0058] As shown in FIG. 3, the gas-liquid separation
unit (4) of the refrigeration apparatus (1) may be config-
ured as a unit arranged in the first casing (2a) of the heat-
source-side unit (2). In FIG. 3, the third casing (4a) of the
gas-liquid separation unit (4) is arranged in the first casing
(2a) of the heat-source-side unit (2). However, the third
casing (4a) may not be necessarily arranged.

[0059] Also in this third variation, the gas-liquid sepa-
ration unit (4) itself has the same configuration as in the
embodiment shown in FIG. 1. Accordingly, this third var-
iation provides the refrigeration apparatus with the gas-
liquid separation unit (4) arranged in the casing (2a) of
the heat-source-side unit (2) that allows the time for op-
eration shift from the utilization-side-unit off to the utili-
zation-side-unit on or for operation shift from the reverse
cycle defrosting operation to the cooling operation to be
shortened, thereby making it possible to reduce the risk



13 EP 3 611 442 A1 14

of oil shortage in the compressor at the time of defrosting
operation.

-Fourth Variation-

[0060] The refrigeration apparatus (1) may be config-
ured through combination of the second and the third
variations. Specifically, a plurality of utilization-side units
(3) are connected in parallel with respect to the heat-
source-side unit (2) that includes the gas-liquid separa-
tion unit (4) formed therein. Also the configuration de-
scribed above can produce the same effect as in the third
and fourth variations.

«Other Embodiments»

[0061] The above-described embodiment may be
modified as follows.

[0062] In the above embodiment, the gas-liquid sepa-
ration unit (4) includes the first oil return pipe (31) con-
nected to the bottom of the gas-liquid separator (17) and
to a position of the gas-side connection pipe (6) closer
to the heat-source-side unit (2) than the gas-liquid sep-
arator (17) is, and the second oil return pipe (32) con-
nected to the bottom of the gas-liquid separator (17) and
to a position of the liquid-side connection pipe (5) located
closer to the heat-source-side unit (2) than the gas-liquid
separator (17) is. The first oil return pipe (31) includes
the first open/close valve (33). The second oil return pipe
(32) includes the second open/close valve (34). The first
oil return pipe (31) serves as an oil return pipe at the time
of the cooling operation. The second oil return pipe (32)
serves as an oil return pipe at the time of the defrosting
operation. However, in the case of a gas-liquid separation
unit (4) arranged in a refrigeration apparatus in which no
reverse cycle defrosting operation is performed, the sec-
ond oil return pipe (32) and the second open/close valve
(34) may be omitted. Also in this case, it is possible to
prevent the wet operation at the time of start-up of the
cooling operation, and to shorten the time for operation
shift from the utilization-side-unit off to the utilization-
side-unit on (time for start-up of the cooling operation)
compared to conventional cases even if a large-scale
evaporator of the utilization-side unit is used.

[0063] Note that the foregoing description of the em-
bodiments is a merely preferred example in nature, and
is not intended to limit the scope, application, or uses of
the present disclosure.

INDUSTRIAL APPLICABILITY

[0064] As described above, the present disclosure is
useful for a gas-liquid separation unit connected between
a heat-source-side unit and a utilization-side unit of a
refrigeration apparatus with a refrigerant circuit, and for
a refrigeration apparatus including a gas-liquid separa-
tion unit connected between a heat-source-side unit and
a utilization-side unit.
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DESCRIPTION OF REFERENCE CHARACTERS
[0065]

Refrigeration Apparatus
Heat-Source-Side Unit
Utilization-Side Unit
Gas-liquid Separation Unit
Liquid-Side Connection Pipe
Gas-Side Connection Pipe

7  Gas-Liquid Separator

31 First Oil Return Pipe

32  Second Oil Return Pipe

33  First Open/Close Valve

34  Second Open/Close Valve

OO0~ WN =

Claims

1. Agas-liquid separation unit connected to connection
pipes (5, 6) between a heat-source-side unit (2) and
a utilization-side unit (3) of a refrigeration apparatus
(1), the gas-liquid separation unit comprising:

a gas-liquid separator (17) connected to, of the
connection pipes (5, 6), a gas-side connection
pipe (6);

a first oil return pipe (31) connected to a bottom
of the gas-liquid separator (17) and to a position
of the gas-side connection pipe (6) located clos-
er to the heat-source-side unit (2) than the gas-
liquid separator (17) is, the first oil return pipe
(31) being configured to serve as an oil return
pipe during a cooling operation during which a
utilization-side heat exchanger (16) provided in
the utilization-side unit (3) serves as an evapo-
rator; and

a first open/close valve (33) arranged at the first
oil return pipe (31).

2. Thegas-liquid separation unitofclaim 1, further com-
prising:

a second oil return pipe (32) connected to the
bottom of the gas-liquid separator (17) and to,
of the connection pipes (5, 6), a liquid-side con-
nection pipe (5); and

a second open/close valve (34) arranged at the
second oil return pipe (32), wherein

the second oil return pipe (32) is configured to
serve as an oil return pipe during a defrosting
operation during which the utilization-side heat
exchanger (16) serves as the condenser.

3. Arefrigeration apparatus comprising a heat-source-
side unit (2), a utilization-side unit (3), and a gas-
liquid separation unit (4) connected to connection
pipes (5, 6) between the heat-source-side unit (2)
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and the utilization-side unit (3),

the gas-liquid separation unit (4) being the gas-liquid
separation unit (4) set forth in claim 1, and

the first oil return pipe (31) being connected to, of
the connection pipes (5, 6), a gas-side connection

pipe (6).

A refrigeration apparatus comprising a heat-source-
side unit (2), a utilization-side unit (3), and a gas-
liquid separation unit (4) connected to connection
pipes (5, 6) between the heat-source-side unit (2)
and the utilization-side unit (3),

the gas-liquid separation unit (4) being the gas-liquid
separation unit (4) set forth in claim 2, and

the first oil return pipe (31) being connected to, of
the connection pipes (5, 6), the gas-side connection
pipe (6), the second oil return pipe (32) being con-
nected to, of the connection pipes (5, 6), a liquid-side
connection pipe (5).

The refrigeration apparatus of claim 3 or 4, wherein
the utilization-side unit (3) includes a plurality of uti-
lization-side units (3) connected in parallel with re-
spect to the heat-source-side unit (2) and the gas-
liquid separation unit (4).

The refrigeration apparatus of claim 3 or 4, wherein
the gas-liquid separation unit (4) serves as a unit
including a casing (4a) other than that of the heat-
source-side unit (2), or as a unit arranged in a casing
(2a) of the heat-source-side unit (2).
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