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(54) REFRIGERATION CYCLE DEVICE

(57)  Arefrigeration cycle apparatus includes: a main
circuit in which a low-stage compressor, an oil cooler, a
high-stage compressor, an oil separator, a condenser, a
first expansion valve, and an evaporator are sequentially
connected by refrigerant pipes, and refrigerant flows
through the low-stage compressor, the oil cooler, the
high-stage compressor, the oil separator, the condenser,
the first expansion valve, and the evaporator in this order;
and an oil return circuit having one end that is connected
to the oil separator and another end that is connected to
afirst junction between a discharge side of the low-stage
compressor and an inlet side of the oil cooler. The oil
return circuit causes oil separated by the oil separator to
return to the main circuit.
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Description
Technical Field

[0001] The presentdisclosure relates to a refrigeration
cycle apparatus that includes an oil cooler.

Background Art

[0002] In a refrigeration cycle apparatus, oil is con-
tained in a compressor which is sealed, in order to lubri-
cate the compressor. Since oil is discharged along with
refrigerant from the compressor, in a given adopted tech-
nique, in an oil separator, the oil is separated from the
refrigerant discharged from the compressor, and is then
returned to the compressor. However, since the refriger-
ant discharged from the compressor has a high temper-
ature, if oil having a high temperature is returned to the
compressor as it is, the temperature of refrigerant which
is discharged from the compressor is raised, thus dete-
riorating the performance of the compressor.

[0003] In view of the above, Patent Literature 1, for
example, proposes a technique in which oil separated
from refrigerant is cooled by an air-cooled heat exchang-
er which is referred to as an "oil cooler", and is then re-
turned to a compressor. With the configuration disclosed
in Patent Literature 1, oil is cooled in advance before
flowing into the compressor, and the temperature of re-
frigerant sucked by the compressor is prevented from
excessively rising.

Citation List
Patent Literature

[0004] PatentLiterature 1: Japanese Unexamined Pat-
ent Application Publication No. 2007-93182

Summary of Invention
Technical Problem

[0005] In the case where a flat tube is used in an oil
cooler as a pipe through which oil is caused to flow, in
the configuration disclosed in Patent Literature 1, the vis-
cosity of oil separated from refrigerant is increased when
the oil is cooled by the oil cooler, and as a result, the flat
tube may be clogged with the oil. In addition, from the
viewpoint of lubrication, it is preferable that oil have a
high viscosity. Accordingly, it is not preferable that the
viscosity of oil be decreased even if it is intended to pre-
vent occurrence of clogging with oil.

[0006] The present disclosure is applied to solve the
above problem, and relates to a refrigeration cycle ap-
paratus in which an oil cooler is not clogged with oil.
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Solution to Problem

[0007] A refrigeration cycle apparatus according to an
embodiment of the present disclosure includes: a main
circuit in which a low-stage compressor, an oil cooler, a
high-stage compressor, an oil separator, a condenser, a
first expansion valve, and an evaporator are sequentially
connected by refrigerant pipes, and refrigerant flows
through the low-stage compressor, the oil cooler, the
high-stage compressor, the oil separator, the condenser,
the firstexpansion valve, and the evaporatorin this order;
and an oil return circuit having one end that is connected
to the oil separator and another end that is connected to
afirst junction between a discharge side of the low-stage
compressor and an inlet side of the oil cooler, the oil
return circuit being configured to cause oil separated by
the oil separator to return to the main circuit.

Advantageous Effects of Invention

[0008] In the refrigeration cycle apparatus according
to the embodiment of the present disclosure, oil separat-
ed by the oil separator is returned to the main circuit at
a location upstream of the oil cooler, thus increasing the
flow rate of fluid that flows into the oil cooler. Accordingly,
a fluid shearing force that is generated in oil that stays in
the oil cooler is increased, and clogging of the oil cooler
with the oil is eliminated.

Brief Description of Drawings
[0009]

[Fig. 1] Fig. 1 is a refrigerant circuit diagram illustrat-
ing the configuration of a refrigeration cycle appara-
tus according to the embodiment.

[Fig. 2] Fig. 2 is a perspective view illustrating an
example of the configuration of a heat inter changer
(HIC) provided in the refrigeration cycle apparatus
according to the embodiment.

[Fig. 3] Fig. 3 is a perspective view of an oil cooler
and a condenser of the refrigeration cycle apparatus
according to the embodiment.

[Fig. 4] Fig. 4 is a front view of the oil cooler and the
condenser of the refrigeration cycle apparatus ac-
cording to the embodiment.

[Fig. 5] Fig. 5 is a schematic sectional view of the oil
cooler and the condenser of the refrigeration cycle
apparatus according to the embodiment.

[Fig. 6] Fig. 6 is a schematic sectional view of a flat
tube of the refrigeration cycle apparatus according
to the embodiment.

[Fig. 7] Fig. 7 is a refrigerant circuit diagram illustrat-
ing a configuration of a refrigeration cycle apparatus
of a comparative example.
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Description of the embodiments

[0010] A refrigeration cycle apparatus according to an
embodimentwill be described with reference to drawings.
In each of figures that will be referred to below, the relative
relationships in size between components, the shapes
of the components, etc., may be different from those of
actual components. In each of the figures, components
that are the same as or equivalent to those in a previous
figure or previous figures are denoted by the same ref-
erence signs. The same is true of the entire text of the
specification. Furthermore, alphabets attached as suffix-
es to numerals in reference signs in the figures may be
omitted in the description. In order that the embodiment
be easily understood, for example, the terms "up",
"down", "right", "left", "front" and "rear" are use as appro-
priate. However, these terms indicating directions are
used as a matter of convenience for explanation, and do
not limit the location and direction of a device or devices
or a component or components.

[0011] Fig. 1is a refrigerant circuit diagram illustrating
a configuration of a refrigeration cycle apparatus 1 ac-
cording to an embodiment. As illustrated in Fig. 1, the
refrigeration cycle apparatus 1 according to the embod-
iment includes a main circuit A, an oil return circuit B, and
an injection circuit C.

Configuration of Main Circuit A

[0012] In the main circuit A, a low-stage compressor
12, an oil cooler 14, a high-stage compressor 11, an oil
separator 15, a condenser 20, a heat inter changer (HIC)
30, an expansion valve 40, and an evaporator 50 are
sequentially connected by refrigerant pipes. In the main
circuit A, refrigerant flows in the low-stage compressor
12, the oil cooler 14, the high-stage compressor 11, the
oil separator 15, the condenser 20, the heatinter changer
(HIC) 30, the expansion valve 40, and the evaporator 50
in this order. The expansion valve 40 is an example of a
firstexpansion valve. Asthe refrigerant, forexample, CO,
can be used. In the main circuit A, a first junction A1 is
provided between a discharge side of the low-stage com-
pressor 12 and an inlet side of the oil cooler 14. To the
first junction A1, the oil return circuit B is connected. In
addition, a second junction A2 is provided between an
outlet side of the oil cooler 14 and a suction side of the
high-stage compressor 11. To the second junction A2,
the injection circuit C is connected.

[0013] The low-stage compressor 12 is configured to
compress refrigerant sucked from a low-stage suction
port to change the pressure of the refrigerant from a low
pressure to anintermediate pressure, and then discharge
the refrigerant as intermediate-pressure refrigerant from
a low-stage discharge port. The low-stage compressor
12 is, for example, an inverter compressor. In the case
where the low-stage compressor 12 is an inverter com-
pressor, the rotation speed of the low-stage compressor
12 may be arbitrarily changed by a drive circuit including,

10

15

20

25

30

35

40

45

50

55

for example, an inverter circuit, thereby changing a re-
frigerant discharge capacity of the low-stage compressor
12 per unittime. In this case, the drive circuitis controlled
by a control unit 90.

[0014] The high-stage compressor 11 is configured to
compress the intermediate-pressure refrigerant sucked
from a high-stage suction port to change it into high-pres-
sure refrigerant having a pressure higher than the inter-
mediate pressure, and discharge the high-pressure re-
frigerant from a high-stage discharge port. The refriger-
ant discharged from the high-stage discharge port flows
into the oil separator 15. The high-stage compressor 11
is, for example, an inverter compressor. In the case
where the high-stage compressor 11 is an inverter com-
pressor, the rotation speed of the high-stage compressor
11 may be arbitrarily changed by a drive circuit including,
for example, an inverter circuit, thereby changing the re-
frigerant discharge capacity of the high-stage compres-
sor 11 per time unit. In this case, the drive circuit is con-
trolled by the control unit 90.

[0015] The oil cooler 14 is connected between a low-
stage discharge port of the low-stage compressor 12 and
a high-stage suction port of the high-stage compressor
11. The oil cooler 14 is a heat exchanger provided to cool
oil which is separated from the discharged high-temper-
ature refrigerant in the oil separator 15.

[0016] Ineach of the low-stage compressor 12 and the
high-stage compressor 11, an electric element and a
compression element are housed in a sealed container
not illustrated, for example. The electric element serves
as a drive unit, and the compression element is driven
by a rotary shaft of the electric element. Oil for use in
lubrication of sliding portions of the compression element
is contained in the compression element sealed, and is
supplied to the sliding portions of the compression ele-
ment to maintain the lubricity of the compression element
and the airtightness of the low-stage compressor 12 and
the high-stage compressor 11. In order to improve the
lubricity of the compression element, preferably, the oil
should have predetermined viscosity. The oil may have
miscibility with refrigerant; however, in the case where
the viscosity of the oil is lowered because the refrigerant
dissolves in the oil, oil that has immiscibility with the re-
frigerant, that is, does not dissolve in the refrigerant,
should be used. Particularly, in the case where CO, that
has a high pressure and easily dissolve in the oil is used
as refrigerant, preferably, an immiscible oil should be
used.

[0017] The low-stage compressor 12 and the high-
stage compressor 11 may have the same configuration
or may have different configurations. The low-stage com-
pressor 12 and the high-stage compressor 11 may be
provided as separate bodies, and the low-stage dis-
charge port of the low-stage compressor 12 and the high-
stage suction port of the high-stage compressor 11 may
be connected with each other by pipes, with the oil cooler
14 interposed between the low-stage compressor 12 and
the high-stage compressor 11. Each of the low-stage
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compressor 12 and the high-stage compressor 11 may
be, for example, a reciprocating compressor, a scroll
compressor, a rotary compressor, a screw compressor,
or a centrifugal compressor.

[0018] The oil separator 15 is connected downstream
of the high-stage compressor 11. The oil separator 15 is
provided to separate oil contained in a refrigerant gas
discharged from the high-stage compressor 11, to there-
by return the oil to the high-stage compressor 11, and to
reduce the amount of oil that circulates in the main circuit
A. The oil separator 15 has an oil separator inlet 15a.
Through the oil separator inlet 15a, refrigerant and oil
that flow out from the high-stage discharge port of the
high-stage compressor 11 flow into the oil separator 15.
The oil separator 15 also has a refrigerant outlet 15b and
an oil outlet 15¢. From the refrigerant outlet 15b, remain-
ing refrigerant from which oil is separated flows out; and
from the oil outlet 15c, separated oil flows out. The re-
frigerant outlet 15b is located at a position higher than
the oil outlet 15c in the direction of gravity. The refrigerant
outlet 15b is connected to the condenser 20 by the re-
frigerant pipe.

[0019] The condenser 20 is a heat exchanger that
causes heat exchange to be performed between air and
refrigerant that flows in the condenser 20. High-temper-
ature and high-pressure gas refrigerant obtained through
compression by the high-stage compressor 11 and dis-
charged from the high-stage compressor 11 flows into
the condenser 20 via the oil separator 15, is changed
into high-pressure liquid refrigerant in the condenser 20,
and the high-pressure liquid refrigerant then flows out
fromthe condenser 20. The condenser 20is, forexample,
an air-cooled heat exchanger. The condenser 20 is, for
example, a fin-and-tube heat exchanger or a plate-fin
heat exchanger.

[0020] Itis preferable that the refrigeration cycle appa-
ratus 1 include a first fan 16 that sends air to the con-
denser 20. When air is sent to the condenser 20 by the
first fan 16, heat exchange between the refrigerant and
the air is promoted. As the first fan 16, for example, an
axial fan, such as a propeller fan, a centrifugal fan, such
as a sirocco fan or a turbo fan, a diagonal flow fan, or a
cross flow fan can be used.

[0021] The heat inter changer (HIC) 30 is provided
downstream of the condenser 20. The heatinter changer
(HIC) 30 is connected to the condenser 20 by the refrig-
erant pipe which extends from the outlet of the condenser
20. The heat inter changer (HIC) 30 includes a first flow
passage 301 and a second flow passage 302. In the first
flow passage 301, refrigerant which flows in the main
circuit A flows; and in the second flow passage 302, re-
frigerant which flows in the injection circuit C flows. The
firstflow passage 301 is provided downstream of the con-
denser 20 and upstream of a location at which the injec-
tion circuit C is connected to the main circuit A. The heat
inter changer (HIC) 30 causes heat exchange to be per-
formed between refrigerant which flows through the first
flow passage 301 and refrigerant which flows through
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the second flow passage 302. After refrigerant flows
through the main circuit A and flows into the heat inter
changer (HIC) 30 from the inlet of the first flow passage
301 of the heat inter changer (HIC) 30, the refrigerant
passes through the first flow passage 301, and then flows
outfromthe heatinter changer (HIC) 30 through the outlet
of the first flow passage 301. An outlet of the first flow
passage 301 of the heat inter changer (HIC) 30 is con-
nected to an inflow port of the expansion valve 40 by the
refrigerant pipe. It should be noted that the refrigeration
cycle apparatus 1 may be configured that the heat inter
changer (HIC) 30 is not provided. In the case where the
heat inter changer (HIC) 30 is not provided, the condens-
er 20 is directly connected to the expansion valve 40 by
the refrigerant pipe.

[0022] The expansion valve 40 expands and decom-
presses high-pressure refrigerant which flows in the main
circuit A to change it into low-pressure two-phase refrig-
erant. As the expansion valve 40, for example, a temper-
ature type automatic expansion valve, a linear electronic
expansion valve, or other valves can be used. In the case
where the expansion valve 40 is an electronic expansion
valve, the opening degree of the expansion valve 40 is
adjusted by control performed by the control unit 90. An
outflow port of the expansion valve 40 is connected to
the evaporator 50 by the refrigerant pipe.

[0023] The evaporator 50 is a heat exchanger that
causes the low-pressure two-phase refrigerant which
flows into the evaporator 50 through the evaporator inlet
to flow in the evaporator 50 and causes heat exchange
to be performed between the refrigerant and air. The low-
pressure two-phase refrigerant which is obtained through
decompression by the expansion valve 40 flows into the
evaporator 50 from the evaporator inlet, and is evaporat-
ed through heat exchange to change into low-tempera-
ture and low-pressure two-phase refrigerant, and the low-
temperature and low-pressure two-phase refrigerant
then flows out from an evaporation outlet of the evapo-
rator 50. The evaporation outlet of the evaporator 50 is
connected by the low-stage compressor 12 by the refrig-
erant pipe. It is preferable that the refrigeration cycle ap-
paratus 1 include a second fan 17 that sends air to the
evaporator 50. When air is sent to the evaporator 50 by
the second fan 17, heat exchange between the refriger-
ant and the air is promoted. As the second fan 17, for
example, an axial fan, such as a propeller fan, a centrif-
ugal fan, such as a sirocco fan or a turbo fan, a diagonal
flow fan, or a cross flow fan can be used. In this regard,
the second fan 17 is the same as the first fan 16.

Configuration of Oil Return Circuit B

[0024] In the oil return circuit B, a first end portion B1
which is one end of the oil return circuit B is connected
to the oil outlet 15c¢ of the oil separator 15, and a second
end portion B2 which is the other end of the oil return
circuit B is connected to the first junction A1 which is
located in the main circuit A and between the discharge
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side of the low-stage compressor 12 and the oil cooler
14. That is, the second end portion B2 is connected to
the main circuit A at a location downstream of the low-
stage compressor 12 and upstream of the oil cooler 14.
A pressure reducing device 18 is connected between the
first end portion B1 and the second end portion B2. In
the oil return circuit B, oil separated from refrigerant by
the oil separator 15 flows. The oil return circuit B is pro-
vided to return the oil separated by the oil separator 15
to the high-stage compressor 11. To the oil return circuit
B, the pressure reducing device 18 is connected. The
pressure reducing device 18 is, for example, a capillary
tube. The pressure reducing device 18 is provided to re-
duce the pressure of the oil separated by the oil separator
15 and to adjust the amount of oil that joins refrigerant
flowing in the main circuit A.

Configuration of Injection Circuit C

[0025] The injection circuit C causes refrigerant that
flows in the heat inter changer (HIC) 30 to be branched
such thatpart of the refrigerantflows in the injection circuit
C. The injection circuit C causes intermediate-pressure
refrigerant that flows between the heat inter changer
(HIC) 30 and an INJ expansion valve 19 to flow into the
high-stage compressor 11, thereby reducing a rise in a
discharge temperature of the high-stage compressor 11.
The INJ expansion valve 19 is an example of a second
expansion valve.

[0026] In the injection circuit C, a third end portion C1
which is one end of the injection circuit C is connected
to the main circuit A at a location between the heat inter
changer (HIC) 30 and the expansion valve 40, that is, at
a location downstream of the heat inter changer (HIC)
30 and upstream of the expansion valve 40. Also, in the
injection circuit C, a fourth end portion C2 which is the
other end of the injection circuit C is connected to the
second junction which is located in the main circuit A and
between the outlet side of the oil cooler 14 and the suction
side of the high-stage compressor 11. That is, the fourth
end portion C2 of the injection circuit C is connected to
a downstream side relative to the oil cooler 14 and an
upstream side relative to the high-stage compressor 11.
Part of the injection circuit C forms the second flow pas-
sage 302 of the heat inter changer (HIC) 30. The INJ
expansion valve 19 is connected between the third end
portion C1 of the injection circuit C and the heat inter
changer (HIC) 30, that is, connected to a downstream
side relative to the third end portion C1 and an upstream
side relative to the heat inter changer (HIC) 30.

[0027] The INJ expansion valve 19 expands and de-
compresses refrigerant into which the refrigerant from
the main circuit A branches and which flows in the injec-
tion circuit C. As the INJ expansion valve 19, forexample,
a thermostatic expansion valve, a linear electronic ex-
pansion valve, or other valves can be used, as well as
the expansion valve 40. An opening/closing operation of
the INJ expansion valve 19 is controlled by the control
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unit 90 such that the temperature of refrigerant dis-
charged from the high-stage compressor 11 reaches 100
degrees C or less.

[0028] In the case where the main circuit A does not
include the heat inter changer (HIC) 30, it suffices that
the third end portion C1 of the injection circuit C is con-
nected to a downstream side relative to the condenser
20 and an upstream side relative to the expansion valve
40. In addition, in the case where the main circuit A does
not include the heat inter changer (HIC) 30, no injection
circuit C may be provided

Configuration of Heat Inter Changer (HIC) 30

[0029] As illustrated in Fig. 2, the heat inter changer
(HIC) 30 is a double tube, for example. Fig. 2 is a per-
spective view illustrating an example of the configuration
of the heat inter changer (HIC) 30 provided in the refrig-
eration cycle apparatus 1 according to the embodiment.
In Fig. 2, as a matter convenience for explanation, part
of the component which cannot be seen from the outside
is indicated by broken lines. In the example illustrated in
Fig. 2, the heat inter changer (HIC) 30 includes an outer
pipe 31 and an inner pipe 32. The outer pipe 31 is located
in an outer portion of the heat inter changer (HIC) 30,
and the inner pipe 32 is located inward of the outer pipe
31. Refrigerant that flows out from the condenser 20 and
that flows in the main circuit A flows through the outer
pipe 31, and the outer pipe 31 forms the first flow passage
301. Refrigerant that flows in the injection circuit C flows
through the inner pipe 32, and the inner pipe 32 forms
the second flow passage 302. As indicated by arrows in
Fig. 2, the flow direction of refrigerant flowing through the
outer pipe 31 and the flow direction of refrigerant flowing
through the inner pipe 32 are opposite to each other, and
flow as counterflow. The heat inter changer (HIC) 30 is
not limited to that of the example as illustrated in Fig. 2.
For example, through the outer pipe 31, refrigerant that
flows in the injection circuit C may flow, and through the
inner pipe 32, refrigerant that flows out from the condens-
er 20 may flow.

[0030] In the heat inter changer (HIC) 30, refrigerant
that flows through the injection circuit C cools refrigerant
that flows out from the condenser 20, thus supercooling
the refrigerant that flows out from the condenser 20.
When the refrigerant that flows out from the condenser
20is supercooled, the refrigerant is gasified. The gasified
refrigerant flows in the injection circuit C and is then guid-
ed to the second junction A2 of the main circuit A. As
described above, the second junction A2 is provided
downstream of the oil cooler 14 and on the suction side
of the high-stage compressor 11.

Configuration of Control Unit 90
[0031] The control unit 90 is a processing circuit. The

processing circuit is dedicated hardware or a processor.
The dedicated hardware is, for example, an application
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specific integrated circuit (ASIC) or a field programmable
gate array (FPGA). The processor executes a program
stored in a memory. A storage unit not illustrated is pro-
vided in the control unit 90, and is the memory. The mem-
ory is a nonvolatile or volatile semiconductor memory,
such as a random access memory (RAM), a read only
memory (ROM), a flash memory, or an erasable pro-
grammable ROM (EPROM), or a disk, such as a mag-
netic disk, a flexible disk, or an optical disk. A detection
value from one of a pressure sensor and a temperature
sensor not illustrated which are provided in the main cir-
cuit A and the injection circuit C is sent to the control unit
90.

Configuration of Oil Cooler 14

[0032] Fig. 3 is a perspective view of the oil cooler 14
and the condenser 20 of the refrigeration cycle apparatus
1 according to the embodiment. Outlined arrows in Fig.
3 indicate the flow of air from the first fan 16. Fig. 4 is a
front view of the oil cooler 14 and the condenser 20 of
the refrigeration cycle apparatus 1 according to the em-
bodiment.

[0033] As illustrated in Figs. 3 and 4, the oil cooler 14
is provided below the condenser 20, and is formed inte-
grally with the condenser 20. Alternatively, the oil cooler
14 is provided below the condenser 20 and close to the
condenser 20. Since the oil cooler 14 is formed integrally
with or provided close to the condenser 20, the condenser
20 and the oil cooler 14 are simultaneously cooled by air
sentby asingle fan, thatis, the firstfan 16. The condenser
20 is, for example, a fin-and-tube heat exchanger or a
plate-fin heat exchanger that includes a plurality of heat
transfer tubes 201 through which refrigerant flowing be-
tween a condenser inlet 20a and a condenser outlet 20b
flows. It is not indispensable that the oil cooler 14 is
formed integrally with or provided close to the condenser
20. In this case, it is preferable that for the oil cooler 14
and the condenser 20, respective fans be provided.
[0034] It suffices that the oil cooler 14 has a similar
structure to that of a heat exchanger that is used as the
condenser 20. As the oil cooler 14, a fin-and-tube heat
exchanger or a plate-fin heat exchanger may be used.
In this regard, the oil cooler 14 is the same as the con-
denser 20.

[0035] Specifically, the oil cooler 14 has an oil inflow
port 14a and an oil outflow port 14b. The oil inflow port
14a is located close to the low-stage compressor 12 in
the main circuit A and on an upstream side, and the oil
outflow port 14b is located close to the high-stage com-
pressor 11 in the main circuit A and on a downstream
side. The oil inflow port 14a is located at a higher position
than the oil outflow port 14b. Refrigerant that circulates
in the main circuit A and oil that passes through the oil
return circuit B join each other at the first junction A1 and
flow into the oil cooler 14 through the oil inflow port 14a,
and then flow out from the oil cooler 14 through the oll
outflow port 14b. In this case, since the oil inflow port 14a
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is located at a higher position than the oil outflow port
14b, a difference is made between a hydraulic head at
the oil inflow port 14a and the hydraulic head at the oil
outflow port 14b, and the flow of oil toward the outlet is
promoted. The oil inflow port 14a and the oil outflow port
14b are connected with each other by a plurality of flat
tubes 141.

[0036] Fig. 5 is a schematic sectional view of the oil
cooler 14 and the condenser 20 in the refrigeration cycle
apparatus 1 according to the embodiment. As illustrated
in Fig. 5, the plurality of flat tubes 141 of the oil cooler 14
are inserted in a plurality of cooling fins 142. The plurality
of flat tubes 141 are flat tubes each having an elongated
cross-section having a long axis and a short axis, and a
plurality of flow passages 141a are formed in each of the
plurality of flat tubes 141. The plurality of heat transfer
tubes 201 of the condenser 20 may be inserted in a plu-
rality of heat radiating fins 202 as in the oil cooler 14. The
plurality of heat transfer tubes 201 of the condenser 20,
as well as the plurality of flat tubes 141 of the oil cooler
14, may be flat tubes each having an elongated cross-
section having along axis and a short axis, and a plurality
of flow passages 141a (see Fig. 6) may be formed in
each of the plurality of heat transfer tubes 201.

[0037] The plurality of cooling fins 142 of the oil cooler
14 and the plurality of heat radiating fins 202 included in
the condenser 20 are provided, with a gap G provided
between the plurality of cooling fins 142 and the plurality
of heatradiating fins 202. The gap G is 1 cm, for example.
Also, in the case where the oil cooler 14 is formed inte-
grally with the condenser 20, the plurality of cooling fins
142 are provided, with the gap provided between the plu-
rality of cooling fins 142 and the plurality of heat radiating
fins 202, and are not in contact with the plurality of heat
radiating fins 202 included in the condenser 20. With such
a configuration, it is possible to prevent heat transfer be-
tween the plurality of cooling fins 142 and the plurality of
heat radiating fins 202.

[0038] Fig. 6 is a schematic sectional view of the flat
tube 141 in the refrigeration cycle apparatus 1 according
to the embodiment. As illustrated in Fig. 6, the plurality
of flow passages 141a of the flat tube 141 each have a
rectangular shape in cross section, and are formed in the
flat tube 141 such that the plurality of flow passages 141a
are arranged in a direction along the long axis of the flat
tube 141. Each of the plurality of flow passages 141a of
the flat tube 141 has a smaller flow-passage cross-sec-
tional area than that of a common heat transfer tube. In
such a manner, since the flat tube 141 has the flow pas-
sages 141a which are each formed to have a small cross-
sectional area, the surface area of the flat tube 141 is
increased. Thus, oil that flows into the oil cooler 14 and
that flows together with refrigerant through the flat tube
141 is efficiently cooled. The common heat transfer tube
has a circular cross-section having a diameter of 7.95
mm, for example, whereas each of the plurality of flow
passages 141a has, for example, a quadrangle having
1 mm square in cross section.
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Operation of Refrigeration Cycle Apparatus 1

[0039] After the refrigerant is compressed in the high-
stage compressor 11 to change into high-temperature
and high-pressure refrigerant, the high-temperature and
high-pressure refrigerant is discharged from the high-
stage discharge port, with oil in the high-stage compres-
sor 11 dissolving in the high-temperature and high-pres-
sure refrigerant. After being discharged from the high-
stage compressor 11, the refrigerant in which the oil dis-
solves flows into the oil separator 15, and is separated
from the oil in the oil separator 15.

[0040] The high-temperature and high-pressure refrig-
erant separated by the oil separator 15 flows out from
the oil separator 15 through the refrigerant outlet 15b of
the oil separator 15, and then flows into the condenser
20. In the condenser 20, the high-temperature and high-
pressure refrigerant separated by the oil separator 15
exchanges heat with air around the condenser 20, and
is thus cooled and condensed to change into low-tem-
perature refrigerant, and the low-temperature refrigerant
then flows out from the condenser 20. The refrigerant
that flows out from the condenser 20 arrives at the heat
inter changer (HIC) 30, and passes through the first flow
passage 301 of the heat inter changer (HIC) 30. The re-
frigerant exchanges heat with refrigerant that flows
through the second flow passage 302 of the heat inter
changer (HIC) 30, is thus further cooled and reduced in
temperature, and then flows out from the heat inter
changer (HIC) 30. The refrigerant that flows out from the
heatinter changer (HIC) 30 branches into refrigerant that
flows into the injection circuit C and refrigerant that flows
into the expansion valve 40.

[0041] Atfter flowing into the injection circuit C, part of
the refrigerant is expanded and compressed by the INJ
expansion valve 19 of the injection circuit C. Thereafter,
the refrigerant passes through the second flow passage
302 of the heat inter changer (HIC) 30 and exchanges
heat with refrigerant passing through the first flow pas-
sage 301 of the heat inter changer (HIC) 30 to evaporate.
Afterthe refrigerant evaporates and is gasified in the heat
inter changer (HIC) 30, the gasified refrigerant flows into
the main circuit A at a location upstream of the high-stage
suction port of the high-stage compressor 11.

[0042] After flowing into the expansion valve 40, re-
maining part of the refrigerant is compressed to change
into low-pressure refrigerant, and the low-pressure re-
frigerant then flows out from the expansion valve 40.
Then, in the evaporator 50, the refrigerant exchanges
heat with air around the evaporator 50 to evaporate and
change into low-temperature and low-pressure refriger-
ant. Thereafter, the low-temperature and low-pressure
refrigerant is sucked by the low-stage compressor 12,
and is compressed until the pressure of the refrigerant
changes from a low pressure to an intermediate pres-
sure. The refrigerant is discharged from the low-stage
compressor 12 through the low-stage discharge port of
the low-stage compressor 12, and then joins oil that pass-
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es through the oil return circuit B.

[0043] Incontrast, oil separated from refrigerant by the
oil separator 15 flows out from the oil separator 15
through the oil outlet 15¢ of the oil separator 15, passes
through the oil return circuit B, and flows to a location
between the low-stage discharge port of the low-stage
compressor 12 of the main circuit A and the oil cooler 14.
The oil that passes through the oil return circuit B joins
the refrigerant discharged from the low-stage discharge
port of the low-stage compressor 12 and flows into the
oil cooler 14. In the oil cooler 14, the oil exchanges heat
with air around the oil cooler 14, is thus cooled, and then
flows out from the oil cooler 14. Thus, the oil that returns
to the high-stage compressor 11 is cooled, thereby re-
ducing a rise of the discharge temperature of the high-
stage compressor 11. Furthermore, since the oil flows
together with the refrigerant into the oil cooler 14, a fluid
shearing force that acts on the oil is increased and the
oil is pushed out without staying in the oil cooler 14.

Comparative Example

[0044] Fig. 7 is a refrigerant circuit diagram illustrating
the configuration of a refrigeration cycle apparatus 100
of a comparative example. As illustrated in Fig. 7, the
refrigeration cycle apparatus 100 of the comparative ex-
ample includes a main circuit D, an oil return circuit E,
and an injection circuit F provided to supply refrigerant
to an injection compressor 10 of the main circuit D. The
oil cooler 14 cools oil separated from refrigerant by the
oil separator 15 of the main circuit D. The oil cooler 14
is not provided in the main circuit D, but is provided in
the oil return circuit E in which oil separated from refrig-
erant by the oil separator 15 flows. The oil return circuit
E is connected to a junction provided in the injection cir-
cuit F.

[0045] In the comparative example, when flowing into
the oil return circuit E, oil separated by the oil separator
15 is cooled by the oil cooler 14. Thereafter, the oil joins
refrigerant that flows in the injection circuit F, and then
returns to the main circuit D. The oil separated by the oil
separator 15 solely flows into the oil cooler 14 and tends
to stay in the oil cooler 14 because of the viscosity of the
oil. In the case where CO, is used as the refrigerant, oil
having a high viscosity is used in order to ensure that the
oil in the compressor has a sufficient viscosity, and the
oil thus tends to stay in the oil cooler 14. Particularly, in
the case where flat tubes are used in the oil cooler 14 to
improve the cooling efficiency of the oil in the oil cooler
14, the flat tubes are easily clogged with oil having a high
viscosity. If the oil stays in the oil cooler 14, for example,
seizure occurs in the compressor because of shortage
of oil in the compressor, thus causing a failure in the
compressor.

[0046] In contrast, in the refrigeration cycle apparatus
1 according to the embodiment, refrigerant flows together
with oil into the oil cooler 14, thus increasing the flow rate
of fluid. Therefore, a shearing force is generated in the
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oil which flows in the oil cooler 14, thus preventing the
oil from staying in the pipe.

[0047] In the refrigeration cycle apparatus 1 according
to the embodiment as described above, the oil return
circuit B is connected to the main circuit A at the first
junction A1 of the main circuit A, thefirstjunction A1 being
located between the discharge side of the low-stage com-
pressor 12 and the oil cooler 14. Therefore, before flowing
into the oil cooler 14, oil separated by the separator 15
joins refrigerant which flows in the main circuit A, thus
increasing the flow rate of liquid that flows into the oil
cooler 14. Thus, a shearing force that acts on oil flowing
in the oil cooler 14 is increased and clogging of the oil
cooler 14 with the oil can be eliminated. Particularly, it
should be noted that the flat tube 141 is easily clogged
with oil. However, in the refrigeration cycle apparatus 1
according to the embodiment, it is possible to eliminate
clogging of the oil cooler 14 with the oil even in the case
where the oil cooler 14 includes the flat tubes 141.
[0048] The refrigeration cycle apparatus 1 according
to the embodiment includes the heat inter changer (HIC)
30 and the injection circuit C. The heat inter changer
(HIC) 30 includes the first flow passage 301 which is con-
nected between the condenser 20 and the expansion
valve 40. The injection circuit C is connected to the main
circuit A at a location between the heat inter changer
(HIC) 30 and the expansion valve 40 and at a location
between the outlet side of the oil cooler 14 and the suction
side of the high-stage compressor 11. Therefore, a rise
in the temperature of refrigerant discharged from the
high-stage compressor 11 is reduced, and the flow rate
of refrigerant which flows in the injection circuit C is re-
duced, thus reducing energy which is input to the high-
stage compressor 11. Particularly, since refrigerant
which flows in the injection circuit C exchanges heat with
the refrigerant in the first flow passage 301, in the second
flow passage 302 of the heat inter changer (HIC) 30, it
is possible to reduce a rise in the temperature of refrig-
erant discharged from the high-stage compressor 11.
[0049] The INJ expansion valve 19 is provided in the
injection circuit C, and the flow rate of refrigerant that
flows in the injection circuit C is adjusted such that refrig-
erantdischarged from the high-stage compressor 11 has
a proper temperature.

[0050] Low-temperature refrigerant subjected to heat
exchange in the heat inter changer (HIC) 30 in the injec-
tion circuit C flows into the high-stage compressor 11,
thereby cooling the high-stage compressor 11, and re-
ducing energy that is input to the high-stage compressor
11.

[0051] Theoil cooler 14iscooled togetherwith the con-
denser 20 by air sent from the first fan 16. Thus, the
refrigeration cycle apparatus 1 can be made compact.
[0052] The oil cooler 14 and the condenser 20 are pro-
vided proximate to each other. Therefore, the refrigera-
tion cycle apparatus 1 can be made compact.

[0053] The oil cooler 14 and the condenser 20 may be
formed integrally formed with each other. Also, in this
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case, the refrigeration cycle apparatus 1 can be made
compact.

[0054] The oil inflow port 14a of the oil cooler 14 is
located at a higher position than the oil outflow port 14b.
Thus, oil head is generated between the oil inflow port
14a and the oil outflow port 14b, thus promoting the flow
of oil into the oil cooler 14.

[0055] The cooling fins 142 of the oil cooler 14 are pro-
vided apart from the heat radiating fins 202 of the con-
denser 20. Thus, heat is not easily transferred from the
cooling fin 142 to the heat radiating fin 202. Accordingly,
it is possible to reduce heat transfer from high-tempera-
ture oil that flows into the oil cooler 14, via the heat radi-
ating fin 202 of the condenser 20, to refrigerant cooled
by the condenser 20.

[0056] Oil contained in the high-stage compressor 11
sealed is immiscible with the refrigerant and has a higher
viscosity than the viscosity of the refrigerant. Thus, it is
possible to ensure a certain viscosity of the oil, since a
drop in the viscosity of the oil that would be caused by
dissolution of the oil in the refrigerant does not occur.
Therefore, the lubricity of the compression element of
the high-stage compressor 11 is maintained.

Reference Signs List

[0057] 1: refrigeration cycle apparatus, 10: injection
compressor, 11: high-stage compressor, 12: low-stage
compressor, 14: oil cooler, 14a: oil inflow port, 14b: oil
outflow port, 15: oil separator, 15a: oil separator inlet,
15b: refrigerant outlet, 15c: oil outlet, 16: first fan, 17:
second fan, 18: pressure reducing device, 19: INJ ex-
pansion valve, 20: condenser, 20a: condenser inlet, 20b:
condenser outlet, 30: heat inter changer (HIC), 31: outer
pipe, 32: inner pipe, 40: expansion valve, 50: evaporator,
90: control unit, 100: refrigeration cycle apparatus, 141:
flat tube, 141a: flow passage, 142: cooling fin, 201: heat
transfer tube, 202: heat radiating fin, 301: first flow pas-
sage, 302: second flow passage, A: main circuit, A1: first
junction, A2: second junction, B: oil return circuit, B1: first
end portion, B2: second end portion, C: injection circuit,
C1: third end portion, C2: fourth end portion, D: main
circuit, E: oil return circuit, F: injection circuit.

Claims
1. A refrigeration cycle apparatus comprising:

a main circuit in which a low-stage compressor,
an oil cooler, a high-stage compressor, an oil
separator, a condenser, a first expansion valve,
and an evaporator are sequentially connected
by refrigerant pipes, and refrigerant flows
through the low-stage compressor, the oil cool-
er, the high-stage compressor, the oil separator,
the condenser, the first expansion valve, and
the evaporator in this order; and
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an oil return circuit having one end that is con-
nected to the oil separator and an other end that
is connected to a first junction between a dis-
charge side of the low-stage compressor and an
inlet side of the oil cooler, the oil return circuit
being configured to cause oil separated by the
oil separator to return to the main circuit.

2. Therefrigeration cycle apparatus of claim 1, wherein

the oil cooler includes a flat tube.

3. Therefrigeration cycle apparatus of claim 2, wherein

the condenser includes a heat transfer tube
through which the refrigerant flows and a heat
radiating fin attached to the heat transfer tube,
the oil cooler includes a cooling fin attached to
the flat tube, and

the heat radiating fin and the cooling fin are pro-
vided with a gap provided between the heat ra-
diating fin and the cooling fin.

4. The refrigeration cycle apparatus of any one of

claims 1 to 3, further comprising an injection circuit
including

a third end portion connected to the main circuit
at a location downstream of the condenser and
upstream of the first expansion valve,

afourth end portion connected to a second junc-
tionlocated between an outlet side of the oil cool-
er and a suction side of the high-stage compres-
sor, the fourth end portion being provided oppo-
site to the third end portion, and

asecond expansion valve connected to a down-
stream side relative to the third end portion.

The refrigeration cycle apparatus of claim 4, wherein
an opening degree of the second expansion valve
is controlled based on a discharge temperature of
the high-stage compressor.

The refrigeration cycle apparatus of claim 4 or 5,
wherein refrigerant that passes through the injection
circuit flows into the high-stage compressor to cool
the high-stage compressor.

The refrigeration cycle apparatus of any one of
claims 4 to 6, further comprising a heat inter changer
including

a first flow passage connected to a downstream
side relative to the condenser and an upstream
side in the main circuit relative to a point at which
the injection circuit is connected to the main cir-
cuit, and

a second flow passage connected to the injec-
tion circuit at a location downstream of the sec-
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10.

1.

12.

ond expansion valve and upstream of the fourth
end portion.

The refrigeration cycle apparatus of any one of
claims 1 to 7, further comprising a fan configured to
send air to the condenser,

wherein the oil cooler is cooled by the air sent from
the fan.

The refrigeration cycle apparatus of any one of
claims 1 to 8, wherein the oil cooler is provided prox-
imate to the condenser.

The refrigeration cycle apparatus of any one of
claims 1 to 9, wherein the oil cooler is formed inte-
grally with the condenser.

The refrigeration cycle apparatus of any one of
claims 1 to 10,

wherein the oil cooler includes

an oil inflow port located on an upstream
side and on the low-stage compressor side
in the main circuit, and
an oil outflow port located on a downstream
side and on the high-stage compressor side
in the main circuit, and

wherein the oil inflow port is located at a higher
position than the oil outflow port.

The refrigeration cycle apparatus of any one of
claims 1 to 11, wherein the oil is immiscible with the
refrigerant and has a higher viscosity than the refrig-
erant.
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