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(54) AIR CONDITIONER

(57) An air conditioner includes an air-conditioning cycle circuit including a first compressor, a first condenser, a first
expansion device and a first evaporator in order to perform an air-conditioning operation using first refrigerant, a refrig-
eration cycle circuit including a second compressor, a second condenser, a second expansion device and a second
evaporator in order to refrigerate food using second refrigerant, a cooling receiver for performing heat exchange between
the first refrigerant having passed through the first condenser and the second refrigerant having passed through the
second condenser, a first bypass unit for diverting a portion of the second refrigerant having passed through the second
compressor so as to exchange heat with the second refrigerant having passed through the second evaporator, and a
control unit. In an oil recovery operation, the second refrigerant discharged from the second compressor exchanges
heat with the second refrigerant having passed through the second evaporator.
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Description

[0001] The present invention relates to an air condi-
tioner, and more particularly to an air conditioner that is
capable of improving the operation efficiency thereof
through heat exchange between an air-conditioning cy-
cle for cooling the interior of a room and a refrigeration
cycle for refrigerating food and of efficiently recovering
refrigeration oil to a compressor.
[0002] In general, an air conditioner is an apparatus
that cools or heats the interior of a room using an air-
conditioning cycle including a compressor, an outdoor
heat exchanger, an expansion device, and an indoor heat
exchanger. That is, the air conditioner may be configured
as a cooler, which cools the interior of a room, or a heater,
which heats the interior of a room. In addition, the air
conditioner may be configured as a combined cool-
ing/heating air conditioner, which selectively cools or
heats the interior of a room.
[0003] In the case in which the air conditioner is con-
figured as a combined cooling/heating air conditioner, it
includes a cooling/heating switching valve for changing
the flow channel of a refrigerant compressed by a com-
pressor depending on whether a cooling operation or a
heating operation is being performed.
[0004] When the air conditioner performs the cooling
operation, the refrigerant compressed by the compressor
flows into the outdoor heat exchanger via the cool-
ing/heating switching valve and the outdoor heat ex-
changer serves as a condenser. Further, the refrigerant
condensed by the outdoor heat exchanger is expanded
by the expansion device and then flows into the indoor
heat exchanger. In this case, the indoor heat exchanger
serves as an evaporator and the refrigerant evaporated
by the indoor heat exchanger flows into the compressor
again via the cooling/heating switching valve.
[0005] When the air conditioner performs the heating
operation, the refrigerant compressed by the compressor
flows into the indoor heat exchanger via the cooling/heat-
ing switching valve and the indoor heat exchanger serves
as a condenser. Further, the refrigerant condensed by
the indoor heat exchanger is expanded by the expansion
device and then flows into the outdoor heat exchanger.
In this case, the outdoor heat exchanger serves as an
evaporator and the refrigerant evaporated by the outdoor
heat exchanger flows into the compressor again via the
cooling/heating switching valve.
[0006] A plurality of indoor units each having an indoor
heat exchanger may be installed on such an air condi-
tioner. Only some of the plurality of indoor units may op-
erate as a partial load. When some of the connected in-
door units are stopped, a refrigerant of a low-pressure
gas state is present within the indoor heat exchanger of
the stopped indoor unit. When the refrigerant is charged
in consideration of the number of connected indoor units,
the amount of refrigerant of an indoor unit that is in a non-
operation mode moves to the outdoor heat exchanger,
and thus a refrigerant circulation state is changed. Ac-

cordingly, the optimal amount of refrigerant may not be
distributed to the air-conditioning cycle.
[0007] Further, when the air conditioner performs the
heating operation, the functions of the outdoor heat ex-
changer and the indoor heat exchanger are changed.
The ratio of the volumes of the outdoor heat exchanger
and indoor heat exchanger is changed depending on the
number of connected indoor units. Furthermore, it is nec-
essary to control the amount of refrigerant in response
to a change in cooling/heating operation mode.
[0008] Accordingly, a receiver in which a refrigerant is
stored is installed in the air-conditioning cycle in order to
optimize the amount of refrigerant of the air-conditioning
cycle. The receiver functions to move a refrigerant stored
therein to the air-conditioning cycle when the amount of
refrigerant in the air-conditioning cycle is insufficient and
to store the refrigerant in the air-conditioning cycle when
the amount of refrigerant in the air-conditioning cycle is
excessive, so the amount of refrigerant in the air-condi-
tioning cycle is set to an optimal amount.
[0009] Furthermore, a supercooler for supercooling a
refrigerant that has passed through the outdoor heat ex-
changer when the cooling operation is performed is in-
stalled on the air conditioner. The supercooler is dis-
posed between the outdoor heat exchanger and the in-
door heat exchanger and functions as an intercooler.
[0010] Recently, a low-temperature storage unit for
storing food in a low-temperature state, such as a show-
case, has been installed in large-scale supermarkets. A
complex-type air conditioner in which an air-conditioning
cycle circuit for air-conditioning the interior of a room and
a refrigeration cycle circuit for refrigerating the low-tem-
perature storage unit are integrated is installed in a build-
ing in which such a low-temperature storage unit is in-
stalled.
[0011] In the case of a complex-type air conditioner,
the supercooler supercools a refrigerant that has passed
through the condenser of the refrigeration cycle circuit
and superheats a refrigerant that has passed through the
condenser of the air-conditioning cycle circuit by perform-
ing heat exchange between the refrigerant passing
through the condenser of the refrigeration cycle circuit
and the refrigerant passing through the condenser of the
air-conditioning cycle circuit.
[0012] However, such a conventional air conditioner
has problems in that an installation space is limited be-
cause the receiver and the supercooler are separately
formed. Further, because a great number of refrigerant
pipes must be used to form the receiver and the super-
cooler into a cycle circuit, the structure is complicated,
the manufacturing cost is increased, and the refrigeration
efficiency is low.
[0013] The evaporator of the refrigeration cycle circuit
is disposed in the showcase, and the condenser is dis-
posed outdoors.
[0014] In the air conditioner including the refrigeration
cycle circuit, in order to ensure the reliability of the com-
pressor, there is a need to appropriately recover refrig-
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eration oil, which has been discharged with the refriger-
ant from the compressor, to the compressor and thus to
prevent depletion of the refrigeration oil in the compres-
sor.
[0015] In general, the viscosity of the refrigeration oil
used in the air conditioner is increased as the tempera-
ture decreases. The temperature of the refrigerant in the
evaporator used in the showcase of the refrigeration cy-
cle circuit is substantially maintained in the range from
-40°C to -5°C.
[0016] Therefore, the viscosity of the oil in the gas line,
which connects the discharge port of the evaporator to
the suction port of the compressor in the refrigeration
cycle circuit, is greatly increased and the fluidity thereof
is decreased. The refrigeration oil remains in the gas line
and does not return to the compressor, which results in
a decrease in the reliability of the compressor.
[0017] Further, the length of the gas line between the
evaporator and the compressor is generally from tens of
meters to hundreds of meters. However, there is a prob-
lem in that the installation length of the gas line is limited
due to the refrigeration oil remaining in the gas line.
[0018] As shown in FIG. 10, most refrigeration oil that
does not return to the compressor remains in the gas line.
[0019] Therefore, the present invention has been
made in view of the above problems, and it is an object
of the present invention to provide a cooling receiver for
an air conditioner in which a supercooler and a receiver
are integrated and an air conditioner including the same.
[0020] It is another object of the present invention to
provide an air conditioner in which the length of a gas
line is extended, thereby improving installation freedom,
enhancing operational efficiency, improving the reliability
of a compressor, and facilitating the recovery of oil to the
compressor.
[0021] These objects are achieved with the features of
the claims.
[0022] In accordance with an aspect of the present in-
vention, there is provided an air conditioner including an
air-conditioning cycle circuit including a first compressor
for compressing a first refrigerant, a first condenser for
condensing the first refrigerant compressed by the first
compressor, a first expansion device for expanding the
first refrigerant that has passed through the first condens-
er, and a first evaporator for evaporating the first refrig-
erant that has passed through the first expansion device,
the air-conditioning cycle circuit performing an air-condi-
tioning operation through circulation of the first refriger-
ant, a refrigeration cycle circuit including a second com-
pressor for compressing a second refrigerant, a second
condenser for condensing the second refrigerant com-
pressed by the second compressor, a second expansion
device for expanding the second refrigerant that has
passed through the second condenser, and a second
evaporator for evaporating the second refrigerant that
has passed through the second expansion device, the
refrigeration cycle circuit refrigerating stored food
through circulation of the second refrigerant, a cooling

receiver for performing heat exchange between the first
refrigerant that has passed through the first condenser
and the second refrigerant that has passed through the
second condenser, a first bypass unit for diverting a por-
tion of the second refrigerant that has passed through
the second compressor so as to exchange heat with the
second refrigerant that has passed through the second
evaporator, and a control unit for controlling overall op-
eration of the air conditioner. When an oil recovery op-
eration is performed, the control unit performs control
such that the first bypass unit enables heat exchange
between the second refrigerant discharged from the sec-
ond compressor and the second refrigerant that has
passed through the second evaporator.
[0023] The objectives and other advantages of the in-
vention may be realized and attained by the structure
particularly pointed out in the written description and
claims hereof as well as the appended drawings.
[0024] The above and other objects, features and other
advantages of the present invention will be more clearly
understood from the following detailed description taken
in conjunction with the accompanying drawings, in which:

FIG. 1A is a configuration diagram showing an air
conditioner according to an embodiment of the
present invention;
FIG. 1B is a control block diagram of the air condi-
tioner according to the embodiment of the present
invention;
FIG. 2 is a detailed view of a cooling receiver shown
in FIG. 1;
FIG. 3 is a sectional view taken along line A-A in FIG.
2;
FIG. 4 is a diagram showing the flow of refrigerant
when the cooling operation and the refrigeration op-
eration of the air conditioner according to the em-
bodiment of the present invention are performed at
the same time;
FIG. 5 is a diagram showing the flow of refrigerant
when the heating operation and the refrigeration op-
eration of the air conditioner according to the em-
bodiment of the present invention are performed at
the same time;
FIG. 6 is a diagram showing the flow of refrigerant
when only the refrigeration operation of the air con-
ditioner according to the embodiment of the present
invention is performed;
FIG. 7 is a diagram showing the flow of refrigerant
when the cooling operation, the refrigeration opera-
tion and the oil recovery operation of the air condi-
tioner according to the embodiment of the present
invention are performed at the same time;
FIG. 8A is a configuration diagram showing an air
conditioner according to another embodiment of the
present invention;
FIG. 8B is a control block diagram of the air condi-
tioner according to another embodiment of the
present invention;
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FIG. 9 is a diagram showing the flow of refrigerant
when the cooling operation, the refrigeration opera-
tion and the oil recovery operation of the air condi-
tioner according to another embodiment of the
present invention are performed at the same time;
and
FIG. 10 is a view showing the amount of residual oil
in respective parts of a conventional air conditioner.

[0025] Advantages and features of the present inven-
tion and methods for achieving those of the present in-
vention will become apparent upon referring to embodi-
ments described later in detail with reference to the at-
tached drawings. However, embodiments are not limited
to the embodiments disclosed hereinafter and may be
embodied in different ways. The embodiments are pro-
vided for perfection of disclosure and for informing per-
sons skilled in this field of art of the scope of the present
invention. The same reference numerals may refer to the
same elements throughout the specification.
[0026] Spatially-relative terms such as "below", "be-
neath", "lower", "above", or "upper" may be used herein
to describe one element’s relationship to another element
as illustrated in the Figures. It will be understood that
spatially-relative terms are intended to encompass dif-
ferent orientations of the device in addition to the orien-
tation depicted in the Figures. For example, if the device
in one of the figures is turned over, elements described
as "below" or "beneath" other elements would then be
oriented "above" the other elements. The exemplary
terms "below" or "beneath" can, therefore, encompass
both an orientation of above and below. Since the device
may be oriented in another direction, the spatially-relative
terms may be interpreted in accordance with the orien-
tation of the device.
[0027] The terminology used in the present disclosure
is for the purpose of describing particular embodiments
only and is not intended to limit the disclosure. As used
in the disclosure and the appended claims, the singular
forms "a", "an" and "the" are intended to include the plural
forms as well, unless context clearly indicates otherwise.
It will be further understood that the terms "comprises"
and/or "comprising," when used in this specification,
specify the presence of stated features, integers, steps,
operations, elements, and/or components, but do not
preclude the presence or addition of one or more other
features, integers, steps, operations, elements, compo-
nents, and/or groups thereof.
[0028] Unless otherwise defined, all terms (including
technical and scientific terms) used herein have the same
meaning as commonly understood by one of ordinary
skill in the art. It will be further understood that terms,
such as those defined in commonly used dictionaries,
should be interpreted as having a meaning that is con-
sistent with their meaning in the context of the relevant
art and the present disclosure, and will not be interpreted
in an idealized or overly formal sense unless expressly
so defined herein.

[0029] In the drawings, the thickness or size of each
layer is exaggerated, omitted, or schematically illustrated
for convenience of description and clarity. Also, the size
or area of each constituent element does not entirely re-
flect the actual size thereof.
[0030] Hereinafter, exemplary embodiments of the
present invention will be described with reference to the
accompanying drawings.
[0031] FIG. 1A is a configuration diagram showing an
air conditioner according to an embodiment of the
present invention, and FIG. 1B is a control block diagram
of the air conditioner according to the embodiment of the
present invention.
[0032] Referring to FIG. 1, the air conditioner according
to the embodiment of the present invention includes an
air-conditioning cycle circuit 1 and a refrigeration cycle
circuit 2. The air-conditioning cycle circuit 1 may include
an air-conditioning outdoor unit O1 that is installed out-
doors and an air-conditioning indoor unit I1 that is in-
stalled indoors. The refrigeration cycle circuit 2 may in-
clude a refrigeration outdoor unit 02 that is installed out-
doors and a refrigeration indoor unit I2 that is installed
indoors. The air-conditioning cycle circuit 1 may air-con-
dition (or cool/heat) the interior of a room. The refrigera-
tion cycle circuit 2 may refrigerate (or cool/freeze) food
stored in the refrigeration indoor unit I2.
[0033] First, the air-conditioning cycle circuit 1 will now
be described.
[0034] The air-conditioning cycle circuit 1 may include
a first compressor 11, an outdoor heat exchanger 13, a
first expansion device 14 and 15, and an indoor heat
exchanger 16. That is, the air-conditioning cycle circuit
1 includes a first compressor 11 for compressing a first
refrigerant, a first condenser for condensing the first re-
frigerant compressed by the first compressor 11, a first
expansion device 14 and 15 for expanding the first re-
frigerant that has passed through the first condenser, and
a first evaporator for evaporating the refrigerant that has
passed through the first expansion device 14 and 15.
The first refrigerant that has passed through the first
evaporator is supplied to the first compressor 11 again.
[0035] In the air-conditioning cycle circuit 1, when the
cooling operation is performed, a refrigerant may se-
quentially circulate through the first compressor 11, the
outdoor heat exchanger 13, the first expansion device
14 and 15, the indoor heat exchanger 16, and the first
compressor 11. In the air-conditioning cycle circuit 1,
when the cooling operation is performed, the outdoor
heat exchanger 13 may function as a first condenser,
and the indoor heat exchanger 16 may function as a first
evaporator.
[0036] Further, in the air-conditioning cycle circuit 1,
when the heating operation is performed, a refrigerant
may sequentially circulate through the first compressor
11, the indoor heat exchanger 16, the first expansion
device 14 and 15, the outdoor heat exchanger 13, and
the first compressor 11. In the air-conditioning cycle cir-
cuit 1, when the heating operation is performed, the out-
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door heat exchanger 13 may function as a first evapora-
tor, and the indoor heat exchanger 16 may function as a
first condenser.
[0037] The air-conditioning cycle circuit 1 may further
include a cooling/heating switching valve 12 configured
to enable a refrigerant to circulate through the first com-
pressor 11, the outdoor heat exchanger 13, the first ex-
pansion device 14 and 15, and the indoor heat exchanger
16 when the cooling operation is performed and to enable
a refrigerant to circulate through the first compressor 11,
the indoor heat exchanger 16, the first expansion device
14 and 15, and the outdoor heat exchanger 13 when the
heating operation is performed.
[0038] The first compressor 11 may suck a refrigerant,
may compress the refrigerant, and may then discharge
the compressed refrigerant. A plurality of the first com-
pressors 11 may be connected in parallel or in series. A
suction flow channel 11a through which a refrigerant is
sucked into the first compressor 11 may be connected
to the first compressor 11. A discharge flow channel 11b
through which a compressed refrigerant is discharged
from the first compressor 11 may be connected to the
first compressor 11. When a plurality of first compressors
11 is connected in parallel, the suction flow channel 11a
may be connected to the plurality of first compressors 11
in parallel, and the discharge flow channel 11b may be
connected to the plurality of first compressors 11 in par-
allel.
[0039] The outdoor heat exchanger 13 may function
as the first condenser in which a refrigerant compressed
by the first compressor 11 is condensed when the cooling
operation is performed. The outdoor heat exchanger 13
may function as the first evaporator in which a refrigerant
expanded by the first expansion device 14 and 15 is evap-
orated when the heating operation is performed. The out-
door heat exchanger 13 may be embodied as an air-
refrigerant heat exchanger configured to perform heat
exchange between outdoor air and a refrigerant. Alter-
natively, the outdoor heat exchanger 13 may be embod-
ied as a water-refrigerant heat exchanger configured to
perform heat exchange between heat source water, such
as water or antifreeze, and a refrigerant.
[0040] The first expansion device 14 and 15 may in-
clude an outdoor expansion valve 14 for expanding a
refrigerant flowing toward the outdoor heat exchanger
13. The first expansion device 14 and 15 may include an
indoor expansion valve 15 for controlling a refrigerant
flowing into or out of the indoor heat exchanger 16. The
outdoor expansion valve 14 may be installed between
the indoor expansion valve 15 and the outdoor heat ex-
changer 13, and may be installed closer to the outdoor
heat exchanger 13 than to the indoor heat exchanger 16.
The outdoor expansion valve 14 may not expand a re-
frigerant when the cooling operation is performed, but
may expand a refrigerant when the heating operation is
performed. The outdoor expansion valve 14 may be fully
open in the cooling operation, and the opening degree
thereof may be controlled to a set value in the heating

operation. The outdoor expansion valve 14 may be in-
stalled on a bypass pipe installed on a refrigerant pipe
between the outdoor heat exchanger 13 and the indoor
expansion valve 15. A check valve configured to enable
a refrigerant to flow toward the indoor expansion valve
15 in the cooling operation and to enable a refrigerant to
flow toward the outdoor expansion valve 14 by blocking
the refrigerant in the heating operation may be installed
on the refrigerant pipe between the outdoor heat ex-
changer 13 and the indoor expansion valve 15. The in-
door expansion valve 15 may be installed between the
outdoor heat exchanger 13 and the indoor heat exchang-
er 16, and may be installed closer to the indoor heat ex-
changer 16 than to the outdoor heat exchanger 13.
[0041] The indoor heat exchanger 16 may function as
the first evaporator in which a refrigerant expanded by
the first expansion device 14 and 15 is evaporated when
the cooling operation is performed. The indoor heat ex-
changer 16 may function as the first condenser in which
a refrigerant compressed by the first compressor 11 is
condensed when the heating operation is performed.
[0042] The cooling/heating switching valve 12 may be
formed of a 4-way valve. That is, the cooling/heating
switching valve 12 may be connected to the first com-
pressor 11 through the suction flow channel 11a of the
first compressor 11, may be connected to the first com-
pressor 11 through the discharge flow channel 11b of the
first compressor 11, may be connected to the outdoor
heat exchanger 13 through a suction/discharge flow
channel 13a of the outdoor heat exchanger 13, and may
be connected to the indoor heat exchanger 16 through
an air-conditioning gas line 17.
[0043] Further, the outdoor heat exchanger 13 and the
indoor heat exchanger 16 may be connected to each
other through an air-conditioning liquid line 18.
[0044] An air-conditioning gas line valve 17a config-
ured to open/shut the air-conditioning gas line 17 may
be installed on the air-conditioning gas line 17. An air-
conditioning liquid line valve 18a configured to open/shut
the air-conditioning liquid line 18 may be installed on the
air-conditioning liquid line 18.
[0045] The air-conditioning cycle circuit 1 may further
include a first accumulator (not shown) installed between
the cooling/heating switching valve 12 and the first com-
pressor 11. The first accumulator is installed on the suc-
tion flow channel 11a of the first compressor 11. Accord-
ingly, a refrigerant that flows from the cooling/heating
switching valve 12 toward the first compressor 11 may
flow into the first accumulator. A liquid-state refrigerant,
among the refrigerant that has flowed into the first accu-
mulator, may accumulate in the first accumulator, and a
gaseous-state refrigerant, among the refrigerant that has
flowed into the first accumulator, may be sucked into the
first compressor 11.
[0046] Second, the refrigeration cycle circuit 2 will now
be described.
[0047] The refrigeration cycle circuit 2 may include a
second compressor 21, a second condenser 23, a sec-
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ond expansion device 25, and a second evaporator 26.
[0048] In the refrigeration cycle circuit 2, a second re-
frigerant may sequentially circulate through the second
compressor 21, the second condenser 23, the second
expansion device 25, the second evaporator 26, and the
second compressor 21.
[0049] The second compressor 21 may suck a refrig-
erant, may compress the refrigerant, and may discharge
the compressed refrigerant. A plurality of the second
compressors 21 may be connected in parallel or in series.
A suction flow channel 21a through which a refrigerant
is sucked into the second compressor 21 may be con-
nected to the second compressor 21. A discharge flow
channel 21c through which a compressed refrigerant is
discharged from the second compressor 21 may be con-
nected to the second compressor 21. When a plurality
of second compressors 21 is connected in parallel, the
suction flow channel 21a may be connected to the plu-
rality of second compressors 21 in parallel, and the dis-
charge flow channel 21c may be connected to the plu-
rality of second compressors 21 in parallel.
[0050] The second condenser 23 condenses a refrig-
erant compressed by the second compressor 21. The
second condenser 23 may be embodied as an air-refrig-
erant heat exchanger configured to perform heat ex-
change between outdoor air and a refrigerant. Alterna-
tively, the second condenser 23 may be embodied as a
water-refrigerant heat exchanger configured to perform
heat exchange between heat source water, such as wa-
ter or antifreeze, and a refrigerant. A condenser fan 23a
for supplying outdoor air to the second condenser 23 may
be disposed close to the second condenser 23.
[0051] The second expansion device 25 expands a re-
frigerant that enters the second evaporator 26. The sec-
ond expansion device 25 may be installed between the
second condenser 23 and the second evaporator 26, and
may be installed closer to the second evaporator 26 than
to the second condenser 23.
[0052] The second evaporator 26 may evaporate a re-
frigerant while refrigerating food stored in the refrigera-
tion indoor unit I2 by performing heat exchange between
the refrigerant expanded by the second expansion device
25 and the air within the refrigeration indoor unit I2.
[0053] The second compressor 21 may be connected
to the second evaporator 26 through the suction flow
channel 21a. Further, the second compressor 21 may be
connected to the second condenser 23 through the dis-
charge flow channel 21c. Furthermore, the second con-
denser 23 and the second evaporator 26 may be con-
nected to each other through a refrigeration liquid line
26a.
[0054] A first suction flow channel valve 21b configured
to open/shut the suction flow channel 21a is installed on
the suction flow channel 21a of the second compressor
21. A second suction flow channel valve 26b configured
to open/shut the refrigeration liquid line 26a is installed
on the refrigeration liquid line 26a.
[0055] The refrigeration cycle circuit 2 may further in-

clude a second accumulator 70 installed between the
second evaporator 26 and the second compressor 21.
The second accumulator 70 is installed on the suction
flow channel 21a of the second compressor 21. Accord-
ingly, a refrigerant flowing from the second evaporator
26 toward the second compressor 21 may flow into the
second accumulator 70, a liquid-state refrigerant, among
the refrigerant that has flowed into the second accumu-
lator 70, may accumulate in the second accumulator 70,
and a gaseous-state refrigerant, among the refrigerant
that has flowed into the second accumulator 70, may be
sucked into the second compressor 21.
[0056] Further, the air conditioner according to the em-
bodiment of the present invention further includes a cool-
ing receiver 50 configured to perform heat exchange be-
tween the refrigerant that has passed through the second
condenser 23 and the refrigerant that has passed through
one of the indoor heat exchanger 16 and the outdoor
heat exchanger 13, which functions as the first condens-
er, and to store the heat-exchanged refrigerant. A de-
tailed explanation of the cooling receiver 50 will be made
later with reference to FIGs. 2 and 3.
[0057] The embodiment may further include an out-
door air temperature sensor 83 configured to measure
the temperature of outdoor air. The outdoor air temper-
ature sensor 83 measures the temperature of outdoor air
and transmits the measured temperature to a control unit
90.
[0058] The embodiment further includes an oil level
sensor 22 configured to detect the amount of oil within
the second compressor 21. The oil level sensor 22 de-
tects the amount of oil within the second compressor 21
and transmits the information about the amount of oil to
the control unit 90.
[0059] A discharge temperature sensor 81 configured
to measure the temperature of the second refrigerant dis-
charged from the second evaporator 26 is mounted on
the suction flow channel 21a of the second compressor
21. The discharge temperature sensor 81 transmits the
information about the temperature of the refrigerant dis-
charged from the second evaporator 26 to the control
unit 90. The discharge temperature sensor 81 is disposed
at a position of the suction flow channel 21a of the second
compressor 21 that is close to the second evaporator 26.
That is, the discharge temperature sensor 81 is disposed
at a portion of the suction flow channel 21a of the second
compressor 21 that is close to the second evaporator 26.
[0060] A discharge pressure sensor 82 configured to
detect the pressure of the second refrigerator discharged
from the second evaporator 26 is installed on the suction
flow channel 21a of the second compressor 21. The dis-
charge pressure sensor 82 transmits the information
about the pressure of the second refrigerant discharged
from the second evaporator 26 to the control unit 90.
[0061] A first bypass unit diverts a portion of the second
refrigerant that has passed through the second compres-
sor 21 so that the portion of the second refrigerant ex-
changes heat with the second refrigerant that has passed
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through the second evaporator 26. When the cooling op-
eration or the heating operation (normal operation) is per-
formed, the first bypass unit is in a closed state. When
the oil recovery operation is performed, the first bypass
unit supplies a portion of the high-temperature and high-
pressure refrigerant discharged from the second com-
pressor 21 to the suction flow channel 21a of the second
compressor 21, which is the discharge port of the second
evaporator 26. When the oil recovery operation is per-
formed, the first bypass unit enables a portion of the high-
temperature and high-pressure refrigerant discharged
from the second compressor 21 to bypass the second
condenser 23, the second expansion device 25 and the
second evaporator 26.
[0062] The high-temperature and high-pressure refrig-
erant supplied to the suction flow channel 21a of the sec-
ond compressor 21 by the first bypass unit increases the
temperature of the second refrigerant within the suction
flow channel 21a of the second compressor 21. The oil
within the suction flow channel 21a of the second com-
pressor 21 is increased in temperature and solubility and
is decreased in viscosity. The oil, which has high viscosity
and remains in the suction flow channel 21a of the second
compressor 21 in normal operation, is decreased in vis-
cosity and is therefore easily recovered to the second
compressor 21 by the pressure of the refrigerant. Con-
sequently, there is an effect in that the reliability of the
second compressor 21 is improved.
[0063] The first bypass unit includes a first bypass pipe
61, which connects the discharge flow channel 21c of
the second compressor 21, which connects the second
compressor 21 to the second condenser 23, to the suc-
tion flow channel 21a of the second compressor 21, which
connects the second evaporator 26 to the second com-
pressor 21, and a first control valve 63, which is installed
on the first bypass pipe 61 in order to control the flow of
the refrigerant.
[0064] The first bypass pipe 61 guides a portion of the
second refrigerant compressed by the second compres-
sor 21 to the discharge port of the second evaporator 26.
One end of the first bypass pipe 61 is connected to the
discharge flow channel 21c of the second compressor
21 and the opposite end of the first bypass pipe 61 is
connected to the suction flow channel 21a of the second
compressor 21.
[0065] The first control valve 63 controls the flow of the
refrigerant passing through the first bypass pipe 61. The
first control valve 63 may include a solenoid valve or an
electronic expansion valve. The first control valve 63 in-
cludes an electronic expansion valve, which enables the
opening degree thereof to be variably controlled. The
opening degree of the first control valve 63 is controlled
in response to the control signal from the control unit 90.
Depending on the control of the opening degree of the
first control valve 63, the air conditioner according to the
embodiment may perform the oil recovery operation dur-
ing the cooling operation (normal operation) or may per-
form only the oil recovery operation while the cooling op-

eration is stopped. Here, "normal operation" refers to op-
eration including the cooling operation, the heating op-
eration and the refrigeration operation, other than the oil
recovery operation.
[0066] A second bypass unit diverts a portion of the
second refrigerant that has passed through the second
compressor 21 so that the portion of the second refrig-
erant exchanges heat with the second refrigerant that
has passed through the second evaporator 26. When the
cooling operation or the heating operation is performed
(i.e. upon normal operation), the second bypass unit is
in a closed state. When the oil recovery operation is per-
formed and the temperature of outdoor air is lower than
a predetermined temperature, the second bypass unit
additionally supplies a portion of the high-temperature
and high-pressure refrigerant discharged from the sec-
ond compressor 21 to the suction flow channel 21a of
the second compressor 21, which is the discharge port
of the second evaporator 26. When the oil recovery op-
eration is performed, the second bypass unit enables a
portion of the high-temperature and high-pressure refrig-
erant discharged from the second compressor 21 to by-
pass the second condenser 23, the second expansion
device 25 and the second evaporator 26.
[0067] The high-temperature and high-pressure refrig-
erant supplied to the suction flow channel 21a of the sec-
ond compressor 21 by the second bypass unit increases
the temperature of the second refrigerant within the suc-
tion flow channel 21a of the second compressor 21. The
oil within the suction flow channel 21a of the second com-
pressor 21 is increased in temperature and solubility and
is decreased in viscosity. The oil, which has high viscosity
and remains in the suction flow channel 21a of the second
compressor 21 in normal operation, is decreased in vis-
cosity and is therefore easily recovered to the second
compressor 21 by the pressure of the refrigerant. Con-
sequently, there is an effect in that the reliability of the
second compressor 21 is improved. That is, the second
bypass unit functions to additionally increase the tem-
perature of the second refrigerant within the suction flow
channel 21a of the second compressor 21 in the envi-
ronment in which the oil recovery operation is not smooth-
ly performed by the first bypass unit.
[0068] The second bypass unit includes a second by-
pass pipe 62, which connects the discharge flow channel
21c of the second compressor 21, which connects the
second compressor 21 to the second condenser 23, to
the suction flow channel 21a of the second compressor
21, which connects the second evaporator 26 to the sec-
ond compressor 21, and a second control valve 64, which
is installed on the second bypass pipe 62 in order to con-
trol the flow of the refrigerant.
[0069] The second bypass pipe 62 guides a portion of
the second refrigerant compressed by the second com-
pressor 21 to the discharge port of the second evaporator
26. One end of the second bypass pipe 62 is connected
to the discharge flow channel 21c of the second com-
pressor 21 and the opposite end of the second bypass
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pipe 62 is connected to the suction flow channel 21a of
the second compressor 21.
[0070] The second control valve 64 controls the flow
of the refrigerant passing through the second bypass pipe
62. The second control valve 64 may include a solenoid
valve or an electronic expansion valve. The second con-
trol valve 64 includes an electronic expansion valve,
which enables the opening degree thereof to be variably
controlled. The opening degree of the second control
valve 64 is controlled in response to the control signal
from the control unit 90.
[0071] In order to efficiently recover the oil from the
suction flow channel 21a of the second compressor 21,
the connection positions of the first and second bypass
pipes 61 and 62 are important. In terms of the lengths
and efficiency of the pipes, the connection position be-
tween the first bypass pipe 61 and the discharge flow
channel of the second compressor 21 may be closer to
the second compressor 21 than the connection position
between the second bypass pipe 62 and the discharge
flow channel of the second compressor 21, and the con-
nection position between the first bypass pipe 61 and the
suction flow channel of the second compressor 21 may
be closer to the second compressor 21 than the connec-
tion position between the second bypass pipe 62 and the
suction flow channel of the second compressor 21. When
the temperature of the outdoor air is high, the refrigerant
is guided to a position close to the second compressor
21 through the first bypass pipe 61. When the tempera-
ture of the outdoor air is low, the refrigerant is guided to
a position close to the second evaporator 26 through the
second bypass pipe 62. Accordingly, the efficiency of the
oil recovery operation may be enhanced and the opera-
tional load of the second accumulator may be reduced.
[0072] Further, the embodiment may further include a
check valve, which is installed on the discharge flow
channel of the second compressor 21 in order to prevent
the second refrigerant that has passed through the sec-
ond compressor 21 from flowing backward. The check
valve may be disposed between the branch point of the
first bypass pipe 61 and the branch point of the second
bypass pipe 62.
[0073] The refrigerant that flows into the suction flow
channel 21a of the second compressor 21 through the
first and second bypass pipes 61 and 62 may convert
the refrigerant within the suction flow channel 21a of the
second compressor 21 into a two-phase refrigerant.
Therefore, the opposite end of the first bypass pipe 61
and the opposite end of the second bypass pipe 62, which
are connected to the suction flow channel 21a of the sec-
ond compressor 21, may be disposed between the sec-
ond accumulator and the second evaporator 26. Howev-
er, the opposite end of the first bypass pipe 61 and the
opposite end of the second bypass pipe 62 may alterna-
tively be disposed between the second accumulator and
the second compressor 21.
[0074] The control unit 90 controls the overall operation
of the air conditioner. The control unit 90 may include a

processing device, which performs a logical determina-
tion, and a memory.
[0075] Based on various detected information, the con-
trol unit 90 performs control such that the air conditioner
selectively performs normal operation or an oil recovery
operation. During the oil recovery operation, the control
unit 90 may perform control such that normal operation
is performed or is stopped.
[0076] When the oil within the compressor 21 is insuf-
ficient, the control unit 90 determines that the oil recovery
operation is needed and starts the oil recovery operation.
In an example, when the oil level value transmitted from
the oil level sensor 22 is lower than a reference oil level
value, the control unit 90 performs the oil recovery oper-
ation. When the oil level value transmitted from the oil
level sensor 22 is higher than the reference oil level value,
the control unit 90 performs normal operation. In another
example, when a predetermined time has elapsed since
the start of operation of the air conditioner, the control
unit 90 may perform the oil recovery operation. Here, the
predetermined time may be set within the range from 2
hours to 5 hours. Specifically, the control process in which
the oil recovery operation is performed on the basis of
time is used when communication with the second evap-
orator 26 installed in the showcase is impossible.
[0077] When the temperature of the suction flow chan-
nel 21a of the second compressor 21 is low, the control
unit 90 may determine that the oil recovery operation is
needed and may start the oil recovery operation. When
the discharge temperature value transmitted from the dis-
charge temperature sensor 81 is lower than a reference
discharge temperature value, the control unit 90 performs
the oil recovery operation. When the discharge temper-
ature value transmitted from the discharge temperature
sensor 81 is higher than the reference discharge tem-
perature value, the control unit 90 performs normal op-
eration.
[0078] In the oil recovery operation, the control unit 90
controls the first bypass unit such that the second refrig-
erant that has been discharged from the second com-
pressor 21 and the second refrigerant that has passed
through the second evaporator 26 perform heat ex-
change with each other. That is, the control unit 90 con-
trols the first bypass unit so as to guide the second re-
frigerant discharged from the second compressor 21 to
the discharge port of the second evaporator 26.
[0079] In an example, in normal operation, the control
unit 90 drives the second compressor 21 so as to supply
cool air to the showcase. In the oil recovery operation,
the control unit 90 drives the second compressor 21 and
opens the first control valve 63 so as to supply the high-
temperature and high-pressure refrigerant to the suction
flow channel 21a of the second compressor 21. In the oil
recovery operation, the control unit 90 may control the
opening degree and the opening time of the first control
valve 63.
[0080] In another example, in the oil recovery opera-
tion, the control unit 90 fully opens the first control valve
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63. When the temperature of the outdoor air is lower than
a predetermined temperature (-15°C to 5°C), the control
unit 90 controls the second control valve 64 so as to be
open. When the temperature of the outdoor air is higher
than the predetermined temperature, the control unit 90
controls the second control valve 64 so as to be closed.
[0081] In a further example, in the oil recovery opera-
tion, the control unit 90 may increase the operation speed
of the second compressor 21 above the operation speed
at the time of normal operation. In this case, the flow rate
of the second refrigerant is increased and thus the re-
covery of the oil is smoothly achieved.
[0082] When the oil recovery operation is performed
during the cooling operation, the control unit 90 may ro-
tate the condenser fan 23a at a maximum speed. When
the oil recovery operation is performed during the heating
operation, the control unit 90 may stop the condenser
fan 23a or may rotate the condenser fan 23a at a lower
speed than in the refrigeration operation. The refrigera-
tion load of the refrigeration cycle circuit may be reduced
by varying the speed of the condenser fan 23a.
[0083] The control unit 90 may perform control such
that the above-described specific embodiments associ-
ated with the oil recovery operation are performed at the
same time or at different times or such that only one of
the embodiments is performed.
[0084] FIG. 2 is a detailed view of the cooling receiver
shown in FIG. 1, and FIG. 3 is a sectional view taken
along line A-A in FIG. 2.
[0085] Referring to FIGs. 1 to 3, the cooling receiver
50 includes a cooling unit 51 and a receiver unit 54 in
which at least one end of the cooling unit 51 is disposed.
[0086] The cooling unit 51 includes at least one first
refrigerant flow channel 52 through which a refrigerant
that has passed through the second condenser 23 flows
and a second refrigerant flow channel 53 configured to
surround the outer circumference of some of the at least
one first refrigerant flow channel 52. The refrigerant that
has passed through one of the outdoor heat exchanger
13 and the indoor heat exchanger 16, which functions as
the first condenser, exchanges heat with the refrigerant
flowing through the first refrigerant flow channel 52 while
flowing through the inside of the second refrigerant flow
channel 53. Accordingly, the refrigerant flowing through
the first refrigerant flow channel 52 is supercooled, and
the refrigerant flowing through the second refrigerant flow
channel 53 is gasified.
[0087] At least one end of the cooling unit 51 is dis-
posed in the receiver unit 54, and a supercooled refrig-
erant flowing out of the first refrigerant flow channel 52
is stored in the receiver unit 54.
[0088] The cooling unit 51 and the receiver unit 54 are
formed to have a cylindrical shape having an empty
space inside and are formed to be long in upward and
downward directions. The diameter of the first refrigerant
flow channel 52 may be the smallest, the diameter of the
second refrigerant flow channel 53 may be greater than
that of the first refrigerant flow channel 52, and the diam-

eter of the receiver unit 54 may be greater than that of
the second refrigerant flow channel 53. Further, the first
refrigerant flow channel 52 may be formed of seven
smalldiameter pipes.
[0089] The cooling unit 51 may have an upper end in-
serted and disposed in the receiver unit 54 and may have
a lower end protruding below the receiver unit 54 so as
to be exposed outside the receiver unit 54.
[0090] In the cooling unit 51, the upper end of the first
refrigerant flow channel 52, which is disposed within the
receiver unit 54, is open, and the upper end of the second
refrigerant flow channel 53 is closed. The open upper
end of the first refrigerant flow channel 52 may protrude
upwards from the upper end of the second refrigerant
flow channel 53. Accordingly, refrigerant flowing through
the first refrigerant flow channel 52 may be supercooled
through heat exchange with a refrigerant flowing through
the second refrigerant flow channel 53. Subsequently,
the supercooled refrigerant may flow out of the open up-
per end of the first refrigerant flow channel 52 and may
be stored in the internal space of the receiver unit 54.
[0091] A first inlet flow channel 52a and a second inlet
flow channel 53a are disposed in a portion of the cooling
unit 51 that protrudes below the receiver unit 54. Further,
a first outlet flow channel 53b is disposed above the re-
ceiver unit 54, and a second outlet flow channel 54a is
disposed below the receiver unit 54.
[0092] The first inlet flow channel 52a is connected to
the first refrigerant flow channel 52 through the second
refrigerant flow channel 53. The first inlet flow channel
52a supplies the first refrigerant flow channel 52 with re-
frigerant that has passed through the second condenser
23. In the case in which a plurality of first refrigerant flow
channels 52 is disposed within the second refrigerant
flow channel 53, the first inlet flow channel 52a may
branch into a plurality of first inlet flow channels within
the second refrigerant flow channel 53 and the plurality
of first inlet flow channels may be connected to the plu-
rality of first refrigerant flow channels 52.
[0093] The second inlet flow channel 53a is connected
to the second refrigerant flow channel 53. The second
inlet flow channel 53a supplies the second refrigerant
flow channel 53 with refrigerant that has passed through
one of the outdoor heat exchanger 13 and the indoor
heat exchanger 16, which functions as the first condens-
er. The second refrigerant flow channel 53 is connected
to the air-conditioning liquid line 18 via a heat-recovery
liquid line 34 branching from the air-conditioning liquid
line 18 that connects the second outdoor heat exchanger
13 and the indoor heat exchanger 16. That is, the heat-
recovery liquid line 34 connects the second refrigerant
flow channel 53 and the air-conditioning liquid line 18. A
heat recovery expansion device 34a is installed on the
heat-recovery liquid line 34. Accordingly, a portion of the
refrigerant that has passed through the first condenser
may move to the first evaporator through the air-condi-
tioning liquid line 18. The remainder of the refrigerant
may move to the heat-recovery liquid line 34, may be
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expanded by the heat recovery expansion device 34a,
and may then move to the second inlet flow channel 53a.
The refrigerant that has moved to the second inlet flow
channel 53a may be supplied to the second refrigerant
flow channel 53.
[0094] The first outlet flow channel 53b is connected
to the upper portion of the second refrigerant flow channel
53 within the receiver unit 54 through the upper end of
the receiver unit 54. Accordingly, refrigerant supplied to
the second refrigerant flow channel 53 through the sec-
ond inlet flow channel 53a may pass through the second
refrigerant flow channel 53 and may then escape through
the first outlet flow channel 53b. The first outlet flow chan-
nel 53b protruding above the receiver unit 54 is connect-
ed to the suction flow channel 11a of the first compressor
11 via a heat-recovery gas line 35. Accordingly, the re-
frigerant that has escaped through the first outlet flow
channel 53b may move to the suction flow channel 11a
of the first compressor 11 through the heat-recovery gas
line 35 and may then be supplied to the first compressor
11.
[0095] The second outlet flow channel 54a is connect-
ed to the refrigeration liquid line 26a. Accordingly, super-
cooled refrigerant that has escaped through the upper
end of the first refrigerant flow channel 52 and is stored
in the receiver unit 54 may escape through the second
outlet flow channel 54a, may move to the refrigeration
liquid line 26a, and may then be supplied to the second
evaporator 26.
[0096] A cap 54b configured to cover the upper end of
the receiver unit 54 may be disposed in the upper end of
the receiver unit 54. When the cap 54b is disposed, the
first outlet flow channel 53b may penetrate the cap 54b.
[0097] Further, at least one mounting bracket 55 may
be disposed in the lower portion of the receiver unit 54.
The mounting bracket 55 may include a ring-shaped main
body unit 55a configured to surround the outer circum-
ferential surface of the receiver unit 54 and a plurality of
mounting units 55b disposed on the outer circumferential
surface of the main body unit 55a while being equidis-
tantly spaced apart from each other. The mounting brack-
et 55 may include three mounting units 55b. The mount-
ing unit 55b may be mounted on the refrigeration outdoor
unit 02 so as to couple the receiver unit 54 to the refrig-
eration outdoor unit 02.
[0098] A heat-recovery liquid line valve 34b configured
to open/shut the heat-recovery liquid line 34 is installed
on the heat-recovery liquid line 34. Heat-recovery gas
line valves 35a and 35b configured to open/shut the heat-
recovery gas line 35 are installed on the heat-recovery
gas line 35. The heat-recovery gas line valves 35a and
35b include a first heat-recovery gas line valve 35a dis-
posed in the refrigeration outdoor unit 02 and a second
heat-recovery gas line valve 35b disposed in the air-con-
ditioning outdoor unit O1.
[0099] The air-conditioning gas line valve 17a, the air-
conditioning liquid line valve 18a, the first suction flow
channel valve 21b, the second suction flow channel valve

26b, the heat-recovery liquid line valve 34b, and the heat-
recovery gas line valves 35a and 35b may be open at
normal times and may be shut by a worker when main-
tenance or repair of the air conditioner (for example, filling
with a refrigerant or correcting a malfunction) is per-
formed.
[0100] The first compressor 11, the four-way valve 12,
the outdoor heat exchanger 13, the outdoor expansion
valve 14, the air-conditioning gas line valve 17a, the air-
conditioning liquid line valve 18a, and the second heat-
recovery gas line valve 35b may be included in the air-
conditioning outdoor unit O1. Further, the second com-
pressor 21, the second condenser 23, the cooling receiv-
er 50, the first suction flow channel valve 21b, the second
suction flow channel valve 26b, the heat-recovery liquid
line valve 34b, and the first heat-recovery gas line valve
35a may be included in the refrigeration outdoor unit 02.
Furthermore, the indoor heat exchanger 16 and the in-
door expansion valve 15 may be included in the air-con-
ditioning indoor unit I1. Furthermore, the second evapo-
rator 26 and the second expansion device 25 may be
included in the refrigeration indoor unit I2.
[0101] The operation of the air conditioner having the
above-described construction according to the embodi-
ment of the present invention will now be described.
[0102] FIG. 4 is a diagram showing the flow of refrig-
erant when the cooling operation and the refrigeration
operation of the air conditioner according to the embod-
iment of the present invention are performed at the same
time.
[0103] Referring to FIG. 4, the air conditioner according
to the embodiment of the present invention may perform
a cooling operation for cooling the interior of a room and
a refrigeration operation for refrigerating food within the
refrigeration indoor unit 12 at the same time.
[0104] That is, when the cooling operation of the air-
conditioning cycle circuit 1 is performed, the first com-
pressor 11 is driven to discharge a refrigerant. The re-
frigerant discharged by the first compressor 11 moves to
the cooling/heating switching valve 12 through the dis-
charge flow channel 11b of the first compressor 11. The
refrigerant that has moved to the cooling/heating switch-
ing valve 12 moves to the outdoor heat exchanger 13
through the suction/discharge flow channel 13a of the
outdoor heat exchanger 13. When the cooling operation
of the air-conditioning cycle circuit 1 is performed, the
outdoor heat exchanger 13 functions as the first condens-
er.
[0105] A portion of the refrigerant that has passed
through the outdoor heat exchanger 13 moves to the in-
door heat exchanger 16 through the air-conditioning liq-
uid line 18. The remainder of the refrigerant that has
passed through the outdoor heat exchanger 13 moves
to the cooling receiver 50 through the heat-recovery liquid
line 34.
[0106] A portion of the refrigerant that belongs to the
refrigerant that has passed through the outdoor heat ex-
changer 13 and that moves to the indoor heat exchanger
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16 through the air-conditioning liquid line 18 is supplied
to the indoor heat exchanger 16 in the state in which the
refrigerant has been expanded by the first expansion de-
vice 15. When the cooling operation of the air-condition-
ing cycle circuit 1 is performed, the indoor heat exchanger
16 functions as the first evaporator. The refrigerant that
has moved to the indoor heat exchanger 16 may refrig-
erate indoor air and may be evaporated through heat
exchange with the indoor air. The refrigerant evaporated
by the indoor heat exchanger 16 may move to the cool-
ing/heating switching valve 12 through the air-condition-
ing gas line 17 and may then be supplied to the first com-
pressor 11 again through the suction flow channel 11a
of the first compressor 11.
[0107] In the refrigeration cycle circuit 2, the second
compressor 21 is driven to discharge a refrigerant. The
refrigerant discharged by the second compressor 21
moves to the second condenser 23 through the discharge
flow channel 21c of the second compressor 21. The re-
frigerant that has moved to the second condenser 23
moves to the second evaporator 26 through the refriger-
ation liquid line 26a.
[0108] The refrigerant that has passed through the sec-
ond condenser 23 is supplied to the second evaporator
26 in the state in which the refrigerant has been expanded
by the second expansion device 25. The refrigerant that
has moved to the second evaporator 26 may refrigerate
food within the refrigeration indoor unit I2 and may be
evaporated through heat exchange with air within the re-
frigeration indoor unit I2. The refrigerant evaporated by
the second evaporator 26 may be supplied to the second
compressor 21 again through the suction flow channel
21a of the second compressor 21.
[0109] The remaining refrigerant that belongs to the
refrigerant that has passed through the outdoor heat ex-
changer 13 of the air-conditioning cycle circuit 1 and that
moves to the cooling receiver 50 through the heat-recov-
ery liquid line 34 may be expanded by the heat recovery
expansion device 34a, may move to the second refrig-
erant flow channel 53, and may be gasified through heat
exchange with the refrigerant that has passed through
the second condenser 23 of the refrigeration cycle circuit
2 within the cooling receiver 50 while supercooling the
refrigerant that has passed through the second condens-
er 23.
[0110] Further, the cooling receiver 50 may be installed
between the second condenser 23 and the second ex-
pansion device 25 on the refrigeration liquid line 26a. The
refrigerant that has passed through the second condens-
er 23 may exchange heat with the refrigerant flowing
through the second refrigerant flow channel 53 and may
be supercooled while flowing through the first refrigerant
flow channel 52. The refrigerant supercooled while flow-
ing through the first refrigerant flow channel 52 may es-
cape through the open upper end of the first refrigerant
flow channel 52 and may then be stored in the receiver
unit 54. The refrigerant gasified while flowing through the
second refrigerant flow channel 53 may escape from the

first outlet flow channel 53b, may move to the suction
flow channel 11a of the first compressor 11 through the
heat-recovery gas line 35, and may then be supplied to
the first compressor 11. Furthermore, the supercooled
refrigerant stored in the receiver unit 54 may escape
through the second outlet flow channel 54a, may move
to the refrigeration liquid line 26a, and may then be sup-
plied to the second evaporator 26 in the state in which
the refrigerant has been expanded by the second expan-
sion device 25. At least one of the opening time and the
opening degree of the second expansion device 25 is
controlled by the control unit so that the amount of refrig-
erant within the refrigeration cycle circuit 2 is optimized.
[0111] There is an effect in that the efficiency of the air
conditioner is improved due to the heat exchange through
the cooling receiver 50. The control unit 90 opens the
heat recovery expansion device 34a at a minimum open-
ing degree when the cooling operation is performed. Ac-
cordingly, it is possible to prevent deterioration of the
efficiency of the air-conditioning cycle circuit due to ex-
cessive heat absorption in the refrigeration cycle circuit
when the cooling operation is performed.
[0112] FIG. 5 is a diagram showing the flow of refrig-
erant when the heating operation and the refrigeration
operation of the air conditioner according to the embod-
iment of the present invention are performed at the same
time.
[0113] Referring to FIG. 5, the air conditioner according
to the embodiment of the present invention may perform
a heating operation for heating the interior of a room and
a refrigeration operation for refrigerating food within the
refrigeration indoor unit I2 at the same time.
[0114] That is, when the heating operation of the air-
conditioning cycle circuit 1 is performed, the first com-
pressor 11 is driven to discharge a refrigerant. The re-
frigerant discharged by the first compressor 11 moves to
the cooling/heating switching valve 12 through the dis-
charge flow channel 11b of the first compressor 11. The
refrigerant that has moved to the cooling/heating switch-
ing valve 12 moves to the indoor heat exchanger 16
through the air-conditioning gas line 17. When the heat-
ing operation of the air-conditioning cycle circuit 1 is per-
formed, the indoor heat exchanger 16 functions as the
first condenser.
[0115] A portion of the refrigerant that has passed
through the indoor heat exchanger 16 moves to the out-
door heat exchanger 13 through the air-conditioning liq-
uid line 18. The remainder of the refrigerant that has
passed through the indoor heat exchanger 16 moves to
the cooling receiver 50 through the heat-recovery liquid
line 34.
[0116] A portion of the refrigerant that belongs to the
refrigerant that has passed through the indoor heat ex-
changer 16 and that moves to the outdoor heat exchang-
er 13 through the air-conditioning liquid line 18 is supplied
to the outdoor heat exchanger 13 in the state in which
the refrigerant has been expanded by the first expansion
device 14. When the heating operation of the air-condi-
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tioning cycle circuit 1 is performed, the outdoor heat ex-
changer 13 functions as the first evaporator. The refrig-
erant that has moved to the outdoor heat exchanger 13
may be evaporated while exchanging heat with outdoor
air. The refrigerant evaporated by the outdoor heat ex-
changer 13 may move to the cooling/heating switching
valve 12 through the suction/discharge flow channel 13a
of the outdoor heat exchanger 13 and may then be sup-
plied to the first compressor 11 again through the suction
flow channel 11a of the first compressor 11.
[0117] In the refrigeration cycle circuit 2, the second
compressor 21 is driven to discharge a refrigerant. The
refrigerant discharged by the second compressor 21
moves to the second condenser 23 through the discharge
flow channel 21c of the second compressor 21. The re-
frigerant that has moved to the second condenser 23
moves to the second evaporator 26 through the refriger-
ation liquid line 26a.
[0118] The refrigerant that has passed through the sec-
ond condenser 23 is supplied to the second evaporator
26 in the state in which the refrigerant has been expanded
by the second expansion device 25. The refrigerant that
has moved to the second evaporator 26 may refrigerate
food within the refrigeration indoor unit I2 and may be
evaporated through heat exchange with air within the re-
frigeration indoor unit I2. The refrigerant evaporated by
the second evaporator 26 may be supplied to the second
compressor 21 again through the suction flow channel
21a of the second compressor 21.
[0119] The remaining refrigerant that belongs to the
refrigerant that has passed through the indoor heat ex-
changer 16 of the air-conditioning cycle circuit 1 and that
moves to the cooling receiver 50 through the heat-recov-
ery liquid line 34 may be expanded by the heat recovery
expansion device 34a, may move to the second refrig-
erant flow channel 53, and may be gasified through heat
exchange with the refrigerant that has passed through
the second condenser 23 of the refrigeration cycle circuit
2 within the cooling receiver 50 while supercooling the
refrigerant that has passed through the second condens-
er 23.
[0120] Further, the refrigerant that has passed through
the second condenser 23 may be supercooled through
heat exchange with the refrigerant flowing through the
second refrigerant flow channel 53 while flowing through
the first refrigerant flow channel 52. The refrigerant su-
percooled while flowing through the first refrigerant flow
channel 52 may escape through the open upper end of
the first refrigerant flow channel 52 and may be stored in
the receiver unit 54. The refrigerant gasified while flowing
through the second refrigerant flow channel 53 may es-
cape from the first outlet flow channel 53b, may move to
the suction flow channel 11a of the first compressor 11
through the heat-recovery gas line 35, and may then be
supplied to the first compressor 11. Furthermore, the su-
percooled refrigerant stored in the receiver unit 54 may
escape through the second outlet flow channel 54a, may
move to the refrigeration liquid line 26a, and may then

be supplied to the second evaporator 26 in the state in
which the refrigerant has been expanded by the second
expansion device 25. At least one of the opening time
and the opening degree of the second expansion device
25 is controlled by the control unit so that the amount of
refrigerant within the refrigeration cycle circuit 2 is opti-
mized.
[0121] There is an effect in that the efficiency of the air
conditioner is improved due to the heat exchange through
the cooling receiver 50. The control unit 90 opens the
heat recovery expansion device 34a to the maximum
opening degree when the heating operation is performed.
Accordingly, it is possible to use as much waste heat
from the refrigeration cycle circuit for the air-conditioning
cycle circuit as possible in the cooling operation, thereby
improving the efficiency of the air-conditioning cycle cir-
cuit.
[0122] FIG. 6 is a diagram showing the flow of refrig-
erant when only the refrigeration operation of the air con-
ditioner according to the embodiment of the present in-
vention is performed.
[0123] Referring to FIG. 6, the air conditioner according
to the embodiment of the present invention may perform
only a refrigeration operation for refrigerating food within
the refrigeration indoor unit I2. That is, the air-condition-
ing cycle circuit 1 may not operate, and only the refrig-
eration cycle circuit 2 may operate.
[0124] In the refrigeration cycle circuit 2, the second
compressor 21 is driven to discharge a refrigerant. The
refrigerant discharged by the second compressor 21
moves to the second condenser 23 through the discharge
flow channel 21c of the second compressor 21. The re-
frigerant that has moved to the second condenser 23
moves to the second evaporator 26 through the refriger-
ation liquid line 26a.
[0125] The refrigerant that has passed through the sec-
ond condenser 23 is supplied to the second evaporator
26 in the state in which the refrigerant has been expanded
by the second expansion device 25. The refrigerant that
has moved to the second evaporator 26 may refrigerate
food within the refrigeration indoor unit I2 and may be
evaporated through heat exchange with air within the re-
frigeration indoor unit I2. The refrigerant evaporated by
the second evaporator 26 may be supplied to the second
compressor 21 again through the suction flow channel
21a of the second compressor 21.
[0126] Further, since the air-conditioning cycle circuit
1 does not operate, the refrigerant that has passed
through the second condenser 23 may not be subjected
to heat exchange while flowing through the first refriger-
ant flow channel 52, but may escape through the open
upper end of the first refrigerant flow channel 52 and may
then be stored in the receiver unit 54. The stored refrig-
erant may escape through the second outlet flow channel
54a, may move to the refrigeration liquid line 26a, and
may then be supplied to the second evaporator 26 in the
state in which the refrigerant has been expanded by the
second expansion device 25. At least one of the opening
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time and the opening degree of the second expansion
device 25 may be controlled by the control unit so that
the amount of refrigerant within the refrigeration cycle
circuit 2 is optimized.
[0127] FIG. 7 is a diagram showing the flow of refrig-
erant when the cooling operation, the refrigeration oper-
ation and the oil recovery operation of the air conditioner
according to the embodiment of the present invention are
performed at the same time.
[0128] Here, only differences from the state shown in
FIG. 4, in which the cooling operation and the refrigera-
tion operation are performed at the same time, will be
described.
[0129] Referring to FIG. 7, when the oil recovery op-
eration is performed, the second refrigerant compressed
by the second compressor 21 is supplied to the suction
flow channel 21a of the second compressor 21 by the
first bypass unit. The high-temperature and high-pres-
sure refrigerant increases the temperature of the second
refrigerant within the suction flow channel 21a of the sec-
ond compressor 21. The oil within the suction flow chan-
nel 21a of the second compressor 21 is increased in tem-
perature and solubility and is decreased in viscosity.
[0130] When the oil recovery operation is performed
and the temperature of the outdoor air is lower than a
predetermined temperature, the control unit 90 addition-
ally opens the second control valve 64. Accordingly, the
refrigerant compressed by the second compressor 21 is
additionally supplied to the suction flow channel 21a of
the second compressor 21 through the second bypass
pipe 62.
[0131] FIG. 8A is a configuration diagram showing an
air conditioner according to another embodiment of the
present invention, and FIG. 8B is a control block diagram
of the air conditioner according to another embodiment
of the present invention.
[0132] The same parts as those of the air conditioner
according to the above-described embodiment shown in
FIG. 1 are denoted by the same reference numerals and
a detailed explanation thereof will be omitted. Only dif-
ferences from the above-described embodiment will be
described.
[0133] Referring to FIGs. 8A and 8B, the air conditioner
according to another embodiment further includes a third
bypass unit, in contrast with the above-described em-
bodiment shown in FIG. 1.
[0134] The third bypass unit in this embodiment func-
tions to guide a portion of the refrigerant that has been
discharged from the second condenser 23 to the dis-
charge port of the second evaporator 26.
[0135] When the cooling operation (normal operation)
is performed, the third bypass unit is in a closed state.
When the oil recovery operation is performed, the third
bypass unit supplies a portion of the high-temperature
and high-pressure refrigerant that has been discharged
from the second condenser 23 to the suction flow channel
21a of the second compressor 21, which is the discharge
port of the second evaporator 26. The high-temperature

and high-pressure refrigerant supplied to the suction flow
channel 21a of the second compressor 21 by the third
bypass unit converts the refrigerant within the suction
flow channel 21a of the second compressor 21 into a
two-phase refrigerant and increases the temperature.
The oil within the suction flow channel 21a of the second
compressor 21 is increased in temperature and solubility
and is decreased in viscosity. The oil, which has high
viscosity and remains in the suction flow channel 21a of
the second compressor 21 in normal operation, is de-
creased in viscosity and is therefore easily recovered to
the compressor 21 by the pressure of the refrigerant.
Consequently, there is an effect in that the reliability of
the compressor 21 is improved.
[0136] The third bypass unit includes a third bypass
pipe 71, which connects the refrigeration liquid line 26a,
which connects the second condenser 23 to the second
evaporator 26, to the suction flow channel 21a of the
second compressor 21, which connects the second
evaporator 26 to the second compressor 21, and a control
valve 72, which is installed on the third bypass pipe 71
in order to control the flow of the refrigerant.
[0137] The third bypass pipe 71 guides a portion of the
refrigerant condensed by the second condenser 23 to
the discharge port of the second evaporator 26. One end
of the third bypass pipe 71 is connected to the refriger-
ation liquid line 26a and the opposite end of the third
bypass pipe 71 is connected to the suction flow channel
21a of the second compressor 21.
[0138] In order to efficiently recover the oil from the
suction flow channel 21a of the second compressor 21,
the connection position of the third bypass pipe 71 is
important. In terms of the length and efficiency of the
pipe, the connection position between the third bypass
pipe 71 and the suction flow channel 21a of the second
compressor 21 may be closer to the second evaporator
26 than to the second compressor 21. The third bypass
pipe 71 is connected to a portion of the suction flow chan-
nel 21a of the second compressor 21 that is located close
to the second evaporator 26. Specifically, the connection
positon between the opposite end of the third bypass
pipe 71 and the suction flow channel 21a of the second
compressor 21 is closer to the second evaporator 26 than
the connection position between the opposite end of the
first or second bypass pipe 61 or 62 and the suction flow
channel 21a of the second compressor 21.
[0139] The control valve 72 controls the flow of the re-
frigerant passing through the third bypass pipe 71. The
control valve 72 may include a solenoid valve or an elec-
tronic expansion valve. The control valve 72 includes an
electronic expansion valve, which enables the opening
degree thereof to be variably controlled. The opening de-
gree of the control valve 72 is controlled in response to
the control signal from the control unit 90. As a result of
the opening degree of the control valve 72 being control-
led, the air conditioner according to the embodiment may
perform the oil recovery operation during the cooling op-
eration (normal operation) or may perform only the oil
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recovery operation while the cooling operation is
stopped.
[0140] FIG. 9 is a diagram showing the flow of refrig-
erant when the cooling operation, the refrigeration oper-
ation and the oil recovery operation of the air conditioner
according to another embodiment of the present inven-
tion are performed at the same time.
[0141] The operation of the air conditioner shown in
FIG. 9 has a difference from the operation of the air con-
ditioner shown in FIG. 7 as to the operation of the third
bypass unit. Hereinafter, only differences between the
operation of the air conditioner according to another em-
bodiment shown in FIG. 9 and the operation shown in
FIG. 7 will be described.
[0142] Referring to FIG. 9, when the oil recovery op-
eration is performed, the control unit 90 performs control
such that the third bypass unit enables heat exchange
between the second refrigerant that has been discharged
from the second condenser 23 and the second refrigerant
that has passed through the second evaporator 26. That
is, the control unit 90 performs control such that the third
bypass unit guides the second refrigerant discharged
from the second condenser 23 to the discharge port of
the second evaporator 26.
[0143] Specifically, when normal operation is per-
formed, the control unit 90 drives the second compressor
21 so as to supply cool air to the showcase. When the
oil recovery operation is performed, the control unit 90
drives the second compressor 21 and opens the control
valve 72 so as to supply the second refrigerant dis-
charged from the second condenser 23 to the suction
flow channel 21a of the second compressor 21. When
the oil recovery operation is performed, the control unit
90 may control the opening degree and the opening time
of the control valve 72.
[0144] When the oil recovery operation is performed,
the high-pressure refrigerant supplied by the third bypass
unit increases the temperature of the second refrigerant
within the suction flow channel 21a of the second com-
pressor 21. The oil within the suction flow channel 21a
of the second compressor 21 is increased in temperature
and solubility and is decreased in viscosity.
[0145] As is apparent from the above description, in a
cooling receiver for an air conditioner and an air condi-
tioner including the same according to the embodiment
of the present invention, a supercooler and a receiver
are integrated, which leads to a compact design, a simple
structure, a low price and improved refrigeration efficien-
cy.
[0146] The air conditioner according to the embodi-
ment of the present invention has an effect in that two or
more components are combined into a single unit, thus
leading to a compact design and a simple structure.
[0147] In addition, the air conditioner according to the
embodiment of the present invention has effects of a low
price and improved refrigeration efficiency.
[0148] In addition, the air conditioner according to the
embodiment of the present invention has an effect of

overcoming a problem in which recovery of oil is not
smoothly performed due to the considerably low temper-
ature of an evaporator of a showcase.
[0149] The effects of the invention are not limited to
the above-mentioned effects, and other effects not men-
tioned will be clearly understood by those skilled in the
art from the accompanying claims.

Claims

1. An air conditioner comprising:

an air-conditioning cycle circuit (1) including a
first compressor (11) for compressing a first re-
frigerant, a first condenser (13) for condensing
the first refrigerant compressed by the first com-
pressor (11), a first expansion device (14, 15)
for expanding the first refrigerant that has
passed through the first condenser (13), and a
first evaporator (16) for evaporating the first re-
frigerant that has passed through the first ex-
pansion device (14, 15), the air-conditioning cy-
cle circuit (1) performing an air-conditioning op-
eration through circulation of the first refrigerant;
a refrigeration cycle circuit (2) including a sec-
ond compressor (21) for compressing a second
refrigerant, a second condenser (23) for con-
densing the second refrigerant compressed by
the second compressor (21), a second expan-
sion device (25) for expanding the second re-
frigerant that has passed through the second
condenser (23), and a second evaporator (26)
for evaporating the second refrigerant that has
passed through the second expansion device
(25), the refrigeration cycle circuit (2) refrigerat-
ing stored food through circulation of the second
refrigerant;
a cooling receiver (50) for performing heat ex-
change between the first refrigerant that has
passed through the first condenser (13) and the
second refrigerant that has passed through the
second condenser (23);
a first bypass unit for diverting a portion of the
second refrigerant that has passed through the
second compressor (21) so as to exchange heat
with the second refrigerant that has passed
through the second evaporator (26); and
a control unit (90) for controlling overall opera-
tion of the air conditioner,
wherein, when an oil recovery operation is per-
formed, the control unit (90) is configured to per-
form control such that the first bypass unit ena-
bles heat exchange between the second refrig-
erant discharged from the second compressor
(21) and the second refrigerant that has passed
through the second evaporator (26).
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2. The air conditioner according to claim 1, wherein the
first bypass unit includes:

a first bypass pipe (61) connecting a discharge
flow channel (21c) of the second compressor
(21), the discharge flow channel connecting the
second compressor (21) to the second condens-
er (23), to a suction flow channel (21a) of the
second compressor (21), the suction flow chan-
nel connecting the second evaporator (26) to
the second compressor (21); and
a first control valve (63) installed on the first by-
pass pipe (61) in order to control flow of refrig-
erant.

3. The air conditioner according to claim 2, further com-
prising:

a second bypass unit for diverting a portion of
the second refrigerant that has passed through
the second compressor (21) so as to exchange
heat with the second refrigerant that has passed
through the second evaporator (26).

4. The air conditioner according to claim 3, wherein the
second bypass unit includes:

a second bypass pipe (62) connecting the dis-
charge flow channel (21c) of the second com-
pressor (21) to the suction flow channel (21a) of
the second compressor (21); and
a second control valve (64) installed on the sec-
ond bypass pipe (62) in order to control flow of
refrigerant,
wherein the first bypass pipe (61) and the sec-
ond bypass pipe (62) are arranged such that a
connection position between the first bypass
pipe (61) and the discharge flow channel (21c)
of the second compressor (21) is closer to the
second compressor (21) than a connection po-
sition between the second bypass pipe (62) and
the discharge flow channel (21c) of the second
compressor (21) and such that a connection po-
sition between the first bypass pipe (61) and the
suction flow channel (21a) of the second com-
pressor (21) is closer to the second compressor
(21) than a connection position between the sec-
ond bypass pipe (62) and the suction flow chan-
nel (21a) of the second compressor (21).

5. The air conditioner according to claim 4, further com-
prising:

a check valve installed on the discharge flow
channel (21c) of the second compressor (21) in
order to prevent the second refrigerant that has
passed through the second compressor (21)
from flowing backward,

wherein the check valve is disposed between a
branch point of the first bypass pipe (61) and a
branch point of the second bypass pipe (62).

6. The air conditioner according to any one of claims 1
to 5, wherein, when a predetermined time has
elapsed since a start of operation of the air condi-
tioner, the control unit (90) is configured to perform
the oil recovery operation.

7. The air conditioner according to any one of claims 1
to 6, further comprising:

an oil level sensor (22) for detecting an amount
of oil within the second compressor (21),
wherein, when an oil level value transmitted from
the oil level sensor (22) is lower than a reference
oil level value, the control unit (90) performs the
oil recovery operation.

8. The air conditioner according to claim 4, wherein,
when the oil recovery operation is performed, the
control unit (90) is configured to perform control such
that the first control valve (63) is open.

9. The air conditioner according to claim 8, further com-
prising:

an outdoor air temperature sensor (83) for
measuring a temperature of outdoor air,
wherein, when the oil recovery operation is per-
formed and the temperature of outdoor air is low-
er than a predetermined temperature, the con-
trol unit (90) is configured to perform control
such that the second control valve (64) is open,
and
when the oil recovery operation is performed
and the temperature of outdoor air is higher than
the predetermined temperature, the control unit
(90) is configured to perform control such that
the second control valve (64) is closed.

10. The air conditioner according to any one of claims 1
to 9, wherein, when the oil recovery operation is per-
formed, the control unit increases an operation
speed of the second compressor (21) to be higher
than in normal operation.

11. The air conditioner according to any one of claims 1
to 10, further comprising:

a condenser fan (23a) for supplying outdoor air
to the second condenser (23),
wherein, when the oil recovery operation is per-
formed during a cooling operation, the control
unit (90) is configured to rotate the condenser
fan (23a) at a maximum speed, and
when the oil recovery operation is performed
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during a heating operation, the control unit stops
the condenser fan (23a).

12. The air conditioner according to claim 1, further com-
prising:

a third bypass unit for diverting a portion of re-
frigerant discharged from the second condenser
(23) to a discharge port of the second evaporator
(26).

13. The air conditioner according to claim 12, wherein
the third bypass unit includes:

a third bypass pipe (71) connecting a refrigera-
tion liquid line, the refrigeration liquid line con-
necting the second condenser (23) to the sec-
ond evaporator (26), to a suction flow channel
(21a) of the second compressor (21), the suction
flow channel (21a) connecting the second evap-
orator (26) to the second compressor (21); and
a control valve (72) installed on the third bypass
pipe (71) in order to control flow of refrigerant.

14. The air conditioner according to claim 12, or 13,
wherein, when the oil recovery operation is per-
formed, the control unit (90) is configured to perform
control such that the third bypass unit diverts the
second refrigerant discharged from the second con-
denser (23) to the discharge port of the second evap-
orator (26).

15. The air conditioner according to claim 1, further com-
prising:

a discharge temperature sensor (81) for meas-
uring a temperature of a refrigerant discharged
from the second evaporator (26),
wherein, when a discharge temperature value
transmitted from the discharge temperature
sensor (81) is lower than a reference discharge
temperature value, the control unit (90) performs
the oil recovery operation.
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