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(54) REFRIGERATION CYCLE DEVICE

(57) A refrigeration cycle apparatus includes a refrig-
erant circuit including a compressor (1), a condenser, an
expander (3), and an evaporator, which are connected
by pipes so that refrigerant is circulated therethrough.
The expander (3) includes: an expander shell (34) defin-
ing an outer shell; an expansion unit (31) arranged in the
expander shell (34) and configured to expand the refrig-
erant flowing out from the condenser to generate driving
force, and configured for causing the expanded refriger-
ant to flow into the evaporator; and a power generator
(32) arranged in the expander shell (34) and configured
to rotate by the driving force generated by the expansion
unit (31). The expander shell (34) includes: an inlet (41)
configured for allowing the refrigerant to flow into the ex-
pander shell; and an outlet (42) configured for allowing
the refrigerant flowing into the expander shell to flow into
a suction-side pipe (21) of the compressor (1). The ex-
pander shell (34) is configured such that refrigerating ma-
chine oil (50) contained in the refrigerant is stored therein,
and is supplied to at least one of the expansion unit (31)
and the power generator (32).
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Description

Technical Field

[0001] The present invention relates to a refrigeration
cycle apparatus including an expander configured to re-
cover expansion power of refrigerant as electric power.

Background Art

[0002] There is a conventional refrigeration cycle ap-
paratus including a compressor and an expander ar-
ranged to a refrigerant circuit. A compressor casing and
an expander casing communicate to each other through
a communication pipe, and a discharge pipe and the ex-
pander casing communicate to each other through a
branch outlet pipe to uniformly apply pressure to the in-
side of the two casings. An oil regulating valve is arranged
to an oil flow pipe connecting an oil reservoir of the com-
pressor to an oil reservoir of the expander. In the pro-
posed related art, when the oil regulating valve is opened,
the oil reservoir in the compressor casing and the oil res-
ervoir in the expander casing communicate to each other,
and refrigerating machine oil flows through the oil flow
pipe (see, for example, Patent Literature 1).
[0003] Further, there is a conventional refrigeration cy-
cle apparatus including a compressor and an expander
arranged to a refrigerant circuit. In the compressor, re-
frigerant compressed by a compression mechanism is
discharged to internal space of a compressor casing. In
the compressor, refrigerating machine oil accumulated
at the bottom of the compressor casing is supplied to the
compression mechanism. In the proposed related art,
the refrigerating machine oil accumulated at the bottom
of the compressor casing is directly introduced to an ex-
pansion mechanism of the expander through an oil sup-
ply pipe (see, for example, Patent Literature 2).

Citation List

Patent Literature

[0004]

Patent Literature 1: Japanese Unexamined Patent
Application Publication No. 2007-285674 (Abstract)
Patent Literature 2: Japanese Unexamined Patent
Application Publication No. 2008-224053 (Abstract)

Summary of Invention

Technical Problem

[0005] In the technique disclosed in Patent Literature
1, the compressor shell (compressor casing) and the ex-
pander shell (expander casing) are connected by a pipe.
Part of gas refrigerant in the compressor shell is caused
to flow into the expander shell so that part of the refrig-

erating machine oil in the compressor is caused to flow
into the expander shell.
[0006] Therefore, the pressure in the compressor shell
and the pressure in the expander shell are equal to each
other. Thus, there is a problem in that the technique dis-
closed in Patent Literature 1 cannot be applied to a con-
figuration in which the pressure in the compressor shell
and the pressure in the expander shell are different from
each other, for example, a configuration in which the
pressure in the compressor shell is high and the pressure
in the expander shell is low, or vice versa.
[0007] Further, high-pressure and high-temperature
refrigerant flows into the expander shell, and thus, there
is a problem in that a power generator (motor) in the
expander shell is difficult to cool.
[0008] In the technique disclosed in Patent Literature
2, the refrigerating machine oil accumulated at the bottom
of the compressor shell (compressor casing) is directly
introduced into an expansion unit (expansion mecha-
nism) in the expander through the oil supply pipe.
[0009] Therefore, there is a problem in that, when the
refrigerating machine oil in the compressor shell is de-
pleted, the oil cannot be supplied into the expander.
[0010] Further, when the refrigerating machine oil
flows through the oil supply pipe, there is a problem in
that the refrigerant that dissolves in the refrigerating ma-
chine oil is decompressed to form bubbles, and refriger-
ant gas is mixed into the refrigerating machine oil so that
the lubricity thereof is lowered.
[0011] The present invention has been made to solve
the problems described above, and an object of the
present invention is to provide a refrigeration cycle ap-
paratus capable of storing refrigerating machine oil in an
expander shell irrespective of the pressure in a compres-
sor shell and suppressing depletion of the refrigerating
machine oil in an expander.

Solution to Problem

[0012] According to an aspect of the present invention,
there is provided a refrigeration cycle apparatus including
a refrigerant circuit, the refrigerant circuit including a com-
pressor, a condenser, an expander, and an evaporator,
which are connected by pipes so that refrigerant is cir-
culated through the refrigerant circuit, the expander in-
cluding: an expander shell defining an outer shell of the
expander; an expansion unit arranged in the expander
shell, the expansion unit being configured to expand the
refrigerant flowing out from the condenser to generate
driving force, and configured for causing the expanded
refrigerant to flow into the evaporator; and a power gen-
erator arranged in the expander shell, the power gener-
ator being configured to rotate by the driving force gen-
erated by the expansion unit, the expander shell includ-
ing: an inlet configured for allowing the refrigerant to flow
into the expander shell; and an outlet configured for al-
lowing the refrigerant flowing into the expander shell from
the inlet to flow into a suction-side pipe of the compressor,
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the expander shell being configured such that refrigerat-
ing machine oil contained in the refrigerant is stored
therein, and is supplied to at least one of the expansion
unit and the power generator. Advantageous Effects of
Invention
[0013] According to the aspect of the present invention,
the refrigerant flows from the inlet of the expander shell,
the refrigerating machine oil contained in the refrigerant
is stored in the expander shell, and the refrigerant flows
from the outlet of the expander shell into the suction-side
pipe of the compressor. Therefore, the refrigerating ma-
chine oil can be stored in the expander shell irrespective
of the pressure in the compressor shell, and depletion of
the refrigerating machine oil in the expander can be sup-
pressed. Brief Description of Drawings
[0014]

[Fig. 1] Fig. 1 is a diagram for illustrating a configu-
ration of a refrigeration cycle apparatus 100 accord-
ing to Embodiment 1 of the present invention.
[Figs. 2] Figs. 2 are diagrams for illustrating config-
urations of an expander 3 of a refrigeration cycle
apparatus 100 according to Embodiment 2 of the
present invention.
[Fig. 3] Fig. 3 is a diagram for illustrating a configu-
ration of a refrigeration cycle apparatus 100 accord-
ing to Embodiment 3 of the present invention.
[Fig. 4] Fig. 4 is a diagram for illustrating a configu-
ration of a refrigeration cycle apparatus 100 accord-
ing to Embodiment 4 of the present invention.
[Fig. 5] Fig. 5 is a diagram for illustrating another
configuration of a refrigeration cycle apparatus 100
according to Embodiment 4 of the present invention.
[Fig. 6] Fig. 6 is a diagram for illustrating a configu-
ration of a refrigeration cycle apparatus 100 accord-
ing to Embodiment 5 of the present invention.
[Fig. 7] Fig. 7 is a diagram for illustrating another
configuration of a refrigeration cycle apparatus 100
according to Embodiment 5 of the present invention.
[Fig. 8] Fig. 8 is a diagram for illustrating another
configuration of a refrigeration cycle apparatus 100
according to Embodiment 5 of the present invention.
[Fig. 9] Fig. 9 is a diagram for illustrating a configu-
ration of a refrigeration cycle apparatus 100 accord-
ing to Embodiment 6 of the present invention.
[Fig. 10] Fig. 10 is a diagram for illustrating a config-
uration of a refrigeration cycle apparatus 100 accord-
ing to Embodiment 7 of the present invention.

Description of Embodiments

Embodiment 1

<Configuration of Refrigeration Cycle Apparatus 100>

[0015] Fig. 1 is a diagram for illustrating a configuration
of a refrigeration cycle apparatus 100 according to Em-
bodiment 1 of the present invention.

[0016] As illustrated in Fig. 1, the refrigeration cycle
apparatus 100 includes a compressor 1, a load-side heat
exchanger 2, an expander 3, a heat source-side heat
exchanger 4, a first four-way valve 5, and a second four-
way valve 6. The compressor 1, the load-side heat ex-
changer 2, the expander 3, and the heat source-side heat
exchanger 4 are connected by pipes to form a refrigerant
circuit through which refrigerant is circulated.

(Compressor 1)

[0017] The compressor 1 is, for example, a hermeti-
cally sealed compressor. An outer shell of the compres-
sor 1 is defined by a compressor shell 15. An electric
motor unit 17 and a compression unit 18 are accommo-
dated in the compressor shell 15.
[0018] Further, refrigerating machine oil 50 is stored in
the compressor shell 15. The refrigerating machine oil
50 is supplied to each of the electric motor unit 17 and
the compression unit 18 to be used for lubrication.
[0019] The compressor 1 sucks low-pressure refriger-
ant from a suction-side pipe 21 into the compressor shell
15. The compression unit 18 is driven by the electric mo-
tor unit 17. The low-pressure refrigerant sucked into the
compressor shell 15 is compressed by the compression
unit 18. The high-pressure refrigerant compressed by the
compression unit 18 is discharged to a discharge-side
pipe 10.
[0020] In this way, the pressure in the compressor shell
15 is a low pressure. In other words, the compressor shell
15 is a so-called low-pressure shell.
[0021] In Embodiment 1, a case in which the pressure
in the compressor shell 15 is a low pressure is described,
but the present invention is not limited thereto.
[0022] For example, the following configuration may
be employed. The compression unit 18 directly sucks the
low-pressure refrigerant from the suction-side pipe 21.
The high-pressure refrigerant compressed by the com-
pression unit 18 is released into the compressor shell 15.
Then, the refrigerant released into the compressor shell
15 is discharged to the discharge-side pipe 10.
[0023] In this way, the configuration in which the pres-
sure inside the compressor shell 15 is a high pressure
may be employed. In other words, the compressor shell
15 may be a so-called high-pressure shell.

(Expander 3)

[0024] An outer shell of the expander 3 is defined by
an expander shell 34. An expansion unit 31 and a power
generator 32 (motor) are accommodated in the expander
shell 34. The expansion unit 31 and the power generator
32 are coupled to each other through a rotation shaft 33.
[0025] Further, the refrigerating machine oil 50 is
stored in the expander shell 34. The refrigerating ma-
chine oil 50 is supplied to at least one of the expansion
unit 31 and the power generator 32 to be used for lubri-
cation.
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[0026] The expansion unit 31 includes an expansion
unit inlet 43 configured for allowing the refrigerant to flow
therein, and an expansion unit outlet 44 configured for
allowing the refrigerant to flow out therefrom. The expan-
sion unit inlet 43 is connected to an inlet pipe 35. The
expansion unit outlet 44 is connected to an outlet pipe 36.
[0027] The inlet pipe 35 is connected to a condenser
(the load-side heat exchanger 2 or the heat source-side
heat exchanger 4) through the second four-way valve 6.
[0028] The outlet pipe 36 is connected to an evaporator
(the load-side heat exchanger 2 or the heat source-side
heat exchanger 4) through the second four-way valve 6.
[0029] The expansion unit 31 expands the refrigerant
flowing from the inlet pipe 35 into the expansion unit inlet
43, and causes the expanded refrigerant to flow from the
expansion unit outlet 44 to the outlet pipe 36. Further,
the expansion unit 31 rotationally drives the rotation shaft
33 by using expansion power generated when the refrig-
erant is expanded.
[0030] The power generator 32 is coupled to the ex-
pansion unit 31 through the rotation shaft 33, and is ro-
tated by the driving force generated by the expansion
unit 31 to generate electric power. In this way, the ex-
pansion power of the expansion unit 31 is recovered as
electric power.
[0031] An inlet 41 configured for allowing the refriger-
ant to flow into the expander shell 34 and an outlet 42
configured for allowing the refrigerant to flow out from
the expander shell 34 are formed in the expander shell
34 of the expander 3.
[0032] The inlet 41 is connected to a low-pressure pipe
22. The low-pressure pipe 22 is connected to the evap-
orator (the load-side heat exchanger 2 or the heat source-
side heat exchanger 4) through the first four-way valve
5. The low-temperature and low-pressure refrigerant dis-
charged from the evaporator flows into the expander shell
34. The refrigerant flowing into the expander shell 34 is
separated into gas refrigerant and the refrigerating ma-
chine oil 50. In this way, the refrigerating machine oil 50
contained in the refrigerant that is discharged from the
evaporator is stored in the expander shell 34.
[0033] The outlet 42 is connected to the suction-side
pipe 21 of the compressor 1. The refrigerant flowing out
from the expander shell 34 passes through the suction-
side pipe 21 of the compressor 1, and is sucked into the
compressor 1.

(Load-side Heat Exchanger 2)

[0034] The load-side heat exchanger 2 is, for example,
a fin-and-tube heat exchanger. The load-side heat ex-
changer 2 exchanges heat between air as a load-side
medium and the refrigerant. The load-side medium is not
limited to air, and, for example, water or antifreeze may
be used as a heat source.

(Heat Source-side Heat Exchanger 4)

[0035] The heat source-side heat exchanger 4 is, for
example, a fin-and-tube heat exchanger. The heat
source-side heat exchanger 4 exchanges heat between
outside air as a heat source-side medium and the refrig-
erant. The heat source-side medium is not limited to out-
side air (air), and, for example, water or antifreeze may
be used as a heat source.

(First Four-way Valve 5 and Second Four-way Valve 6)

[0036] The first four-way valve 5 and the second four-
way valve 6 are used to switch the flow of the refrigerant
circuit.
[0037] When the load-side heat exchanger 2 is caused
to function as a condenser (radiator) and the heat source-
side heat exchanger 4 is caused to function as an evap-
orator (heating operation), the first four-way valve 5 con-
nects the discharge-side pipe 10 of the compressor 1 to
the heat source-side heat exchanger 4, and connects the
load-side heat exchanger 2 to the low-pressure pipe 22.
Further, the second four-way valve 6 connects the load-
side heat exchanger 2 to the inlet pipe 35, and connects
the outlet pipe 36 to the heat source-side heat exchanger
4.
[0038] On the other hand, when the load-side heat ex-
changer 2 is caused to function as an evaporator and the
heat source-side heat exchanger 4 is caused to function
as a condenser (radiator) (cooling operation), the first
four-way valve 5 connects the low-pressure pipe 22 to
the load-side heat exchanger 2, and connects the heat
source-side heat exchanger 4 to the discharge-side pipe
10 of the compressor 1. Further, the second four-way
valve 6 connects the heat source-side heat exchanger 4
to the inlet pipe 35, and connects the outlet pipe 36 to
the load-side heat exchanger 2.
[0039] When the heating operation and the cooling op-
eration are not switched, there is no need to provide the
first four-way valve 5 and the second four-way valve 6.

(Controller 200)

[0040] A controller 200 includes, for example, a micro-
computer, and has a CPU, a RAM, a ROM, and other
components. A control program and the like are stored
in the ROM. Detection values from various kinds of sen-
sors configured to detect, for example, the pressure, the
temperature, and other conditions of the refrigerant in
the refrigerant circuit, or temperatures of the load-side
medium and the heat source-side medium are input to
the controller 200. The controller 200 controls each unit
of the refrigeration cycle apparatus 100 based on the
detection values from the sensors. Further, the controller
200 controls switching of the first four-way valve 5 and
the second four-way valve 6.
[0041] Next, the heating operation and the cooling op-
eration of the refrigeration cycle apparatus 100 according
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to this embodiment are described.

<Flow of Refrigerant during Heating Operation>

[0042] During the heating operation, the first four-way
valve 5 and the second four-way valve 6 are switched to
states indicated by the dotted lines in Fig. 1.
[0043] The compressor 1 compresses the low-pres-
sure refrigerant in the compressor shell 15, and discharg-
es the high-temperature and high-pressure gas refriger-
ant to the discharge-side pipe 10. The gas refrigerant
discharged from the compressor 1 contains the refriger-
ating machine oil 50 in the compressor shell 15.
[0044] The high-temperature and high-pressure gas
refrigerant discharged from the compressor 1 flows
through the discharge-side pipe 10 of the compressor 1,
passes through the first four-way valve 5, and is con-
densed by the load-side heat exchanger 2 that serves
as a condenser (cooler in the case of supercritical refrig-
erant, e.g., CO2) into liquid refrigerant. The liquid refrig-
erant flows out from the load-side heat exchanger 2. After
that, the liquid refrigerant flowing out from the load-side
heat exchanger 2 passes through the second four-way
valve 6 and flows into the expansion unit inlet 43 in the
expander 3 through the inlet pipe 35. The liquid refriger-
ant flowing into the expansion unit inlet 43 is expanded
by the expansion unit 31 into low-pressure two-phase
refrigerant, and flows out from the expansion unit outlet
44 into the outlet pipe 36. At this time, the power generator
32 coupled to the rotation shaft 33 is rotated by the driving
force generated by the expansion unit 31.
[0045] The low-pressure two-phase refrigerant flowing
out from the expansion unit 31 passes through the sec-
ond four-way valve 6, and flows into the heat source-side
heat exchanger 4 that serves as an evaporator. The low-
pressure two-phase refrigerant flowing into the heat
source-side heat exchanger 4 exchanges heat with a
heat source-side medium (outside air) and receives heat
to be evaporated into low-pressure gas refrigerant. The
low-pressure gas refrigerant flows out from the heat
source-side heat exchanger 4. The low-pressure gas re-
frigerant flowing out from the heat source-side heat ex-
changer 4 passes through the first four-way valve 5 and
further through the low-pressure pipe 22, and flows into
the expander shell 34 from the inlet 41 of the expander 3.
[0046] At least part of the refrigerating machine oil 50
contained in the gas refrigerant flowing into the expander
shell 34 is separated in the expander shell 34, and the
separated refrigerating machine oil 50 is stored in the
expander shell 34. The gas refrigerant and the remaining
refrigerating machine oil 50 contained in the gas refrig-
erant flow out from the outlet 42 toward the low pressure-
side pipe 21 of the compressor 1. The gas refrigerant
flowing out from the outlet 42 of the expander 3 is sucked
into the compressor 1 through the low pressure-side pipe
21 of the compressor 1.
[0047] In this way, the entire low-pressure gas refrig-
erant flowing out from the evaporator flows into the ex-

pander shell 34, and the refrigerating machine oil 50 con-
tained in the gas refrigerant is separated in the expander
shell 34 and is stored in the expander shell 34. The re-
frigerating machine oil 50 stored in the expander shell 34
is supplied to each of the electric motor unit 17 and the
compression unit 18 via the rotation shaft 33 to be used
for lubrication.

<Flow of Refrigerant during Cooling Operation>

[0048] Differences from the heating operation are
mainly described.
[0049] During the cooling operation, the first four-way
valve 5 and the second four-way valve 6 are switched to
states indicated by the solid lines in Fig. 1.
[0050] The gas refrigerant discharged from the com-
pressor 1 flows through the discharge-side pipe 10 of the
compressor 1 and further through the first four-way valve
5, and is condensed by the heat source-side heat ex-
changer 4 that serves as a condenser (cooler in the case
of supercritical refrigerant, e.g., CO2) into liquid refriger-
ant. The liquid refrigerant flows out from the heat source-
side heat exchanger 4. After that, the liquid refrigerant
flowing out from the heat source-side heat exchanger 4
passes through the second four-way valve 6 and the inlet
pipe 35, is expanded into low-pressure two-phase refrig-
erant by the expansion unit 31, and flows out therefrom.
[0051] The low-pressure two-phase refrigerant flowing
out from the expansion unit 31 passes through the sec-
ond four-way valve 6, and flows into the load-side heat
exchanger 2 that serves as an evaporator. The low-pres-
sure two-phase refrigerant flowing into the load-side heat
exchanger 2 exchanges heat with a load-side medium
(air) and receives heat to be evaporated into low-pres-
sure gas refrigerant. The low-pressure gas refrigerant
flows out from the load-side heat exchanger 2. The low-
pressure gas refrigerant flowing out from the load-side
heat exchanger 2 passes through the first four-way valve
5 and further through the low-pressure pipe 22, and flows
into the expander shell 34 from the inlet 41 of the ex-
pander 3. The gas refrigerant flowing out from the outlet
42 of the expander 3 is sucked into the compressor 1
through the low pressure-side pipe 21 of the compressor
1.
[0052] When the refrigerating machine oil 50 stored in
the expander shell 34 is increased and the oil level of the
refrigerating machine oil 50 reaches the outlet 42 of the
expander shell 34, an oil quantity of the refrigerating ma-
chine oil 50 contained in the gas refrigerant flowing out
from the expander shell 34 is approximately the same as
an oil quantity of the refrigerating machine oil 50 flowing
into the expander shell 34.
[0053] The refrigerating machine oil 50 stored in the
expander shell 34 is consumed by being supplied to the
expansion unit 31 and the power generator 32. For ex-
ample, part of the refrigerating machine oil 50 supplied
to the expansion unit 31 is mixed into the refrigerant in
the expansion unit 31, and flows into the compressor 1
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through the refrigerant passage. Therefore, an oil quan-
tity of the refrigerating machine oil 50 stored in the ex-
pander shell 34 may be reduced.
[0054] As described above, in Embodiment 1, the ex-
pander 3 includes the expander shell 34 that defines the
outer shell, the expansion unit 31 arranged in the ex-
pander shell 34 and configured to expand the refrigerant
flowing out from the condenser to generate the driving
force, and configured for causing the expanded refriger-
ant to flow into the evaporator, and the power generator
32 arranged in the expander shell 34 and configured to
rotate by the driving force generated by the expansion
unit 31.
[0055] Therefore, power generated when the refriger-
ant is expanded can be recovered as electric power.
[0056] Further, in Embodiment 1, the inlet 41 config-
ured for allowing the refrigerant to flow into the expander
shell 34 and the outlet 42 configured for allowing the re-
frigerant flowing into the expander shell 34 from the inlet
41 to flow into the suction-side pipe 21 of the compressor
1 are formed in the expander shell 34. The refrigerating
machine oil 50 contained in the refrigerant flowing into
the expander shell 34 is stored in the expander shell 34,
and the refrigerating machine oil 50 is supplied to at least
one of the expansion unit and the power generator.
[0057] Therefore, the refrigerating machine oil 50
stored in the expander shell 34 can be supplied to the
expansion unit 31 and the power generator 32, and de-
pletion of the refrigerating machine oil 50 in the expander
shell 34 can be suppressed.
[0058] Further, the low-temperature and low-pressure
refrigerant flowing out from the evaporator flows into the
expander shell 34, and thus, the power generator 32 can
be cooled. Therefore, reduction in efficiency of the power
generator 32 can be suppressed.
[0059] Further, temperature rise in the expander shell
34 can be suppressed, and thus, heat is less likely to be
exchanged between the refrigerant in the expansion unit
31 and the gas refrigerant in the expander shell 34 so
that increase in enthalpy of the refrigerant flowing from
the expansion unit 31 into the evaporator can be sup-
pressed to alleviate reduction in refrigeration capacity.
[0060] Further, an oil supply pipe as in the technique
disclosed in Patent Literature 2 is not arranged, and thus,
the refrigerant that dissolves in the refrigerating machine
oil 50 does not form bubbles, thereby being capable of
suppressing unsatisfactory lubricity. Further, even under
a transitional state, e.g., at a startup of the compressor
1, the expansion unit 31 and the power generator 32 can
be lubricated with the refrigerating machine oil 50 stored
in the expander shell 34.
[0061] Further, the refrigerant flowing out from the ex-
pander shell 34 is caused to flow into the suction-side
pipe 21 of the compressor 1, and thus, the refrigerating
machine oil 50 can be stored in the expander shell 34
irrespective of the internal pressure of the compressor
shell 15 (high-pressure shell or low-pressure shell).

Embodiment 2

[0062] In Embodiment 2 of the present invention, dif-
ferences from Embodiment 1 are mainly described. Like
reference numerals are used to designate components
that are the same as those in Embodiment 1, and de-
scription thereof is omitted.
[0063] Figs. 2 are diagrams for illustrating configura-
tions of an expander 3 of a refrigeration cycle apparatus
100 according to Embodiment 2 of the present invention.
[0064] As illustrated in Fig. 2(a), the outlet 42 of the
expander shell 34 is formed by an opening port formed
in a side surface of the expander shell 34. The outlet 42
is formed at a position (Lm) higher than an oil level (Ln)
of a preset necessary quantity of the refrigerating ma-
chine oil 50 to be stored in the expander shell 34. In this
case, the preset necessary quantity is a minimum nec-
essary quantity of oil defined by, for example, specifica-
tions of the expander 3.
[0065] As illustrated in Fig. 2(b), a pipe that communi-
cates the inside and the outside of the expander shell 34
may be arranged and the outlet 42 may be formed by an
opening port at an end portion of the pipe. Also in this
case, the outlet 42 is formed at a position (Lm) higher
than the oil level (Ln) of the preset necessary quantity of
the refrigerating machine oil 50 to be stored in the ex-
pander shell 34.
[0066] With the configuration described above, the
preset necessary quantity of the refrigerating machine
oil 50 can be stored in the expander shell 34. Therefore,
the minimum oil quantity necessary for the expander 3
can be secured.

Embodiment 3

[0067] In Embodiment 3 of the present invention, dif-
ferences from Embodiment 1 are mainly described. Like
reference numerals are used to designate components
that are the same as those in Embodiment 1, and de-
scription thereof is omitted.
[0068] Fig. 3 is a diagram for illustrating a configuration
of a refrigeration cycle apparatus 100 according to Em-
bodiment 3 of the present invention.
[0069] As illustrated in Fig. 3, the refrigeration cycle
apparatus 100 according to Embodiment 3 further in-
cludes, in addition to the configuration of Embodiment 1,
an oil return pipe 52 configured for causing the refriger-
ating machine oil 50 in the expander shell 34 to flow into
the suction-side pipe 21 of the compressor 1.
[0070] The oil return pipe 52 connects an oil outlet 45
formed in a bottom portion of the expander shell 34 and
the suction-side pipe 21 of the compressor 1. Further, an
on-off valve 54 configured to open and close the passage
is formed in the oil return pipe 52.
[0071] The controller 200 controls opening and closing
of the on-off valve 54. When, for example, the oil quantity
of the refrigerating machine oil 50 in the compressor shell
15 is smaller than the preset oil quantity, the controller
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200 opens the on-off valve 54 and returns part of the
refrigerating machine oil 50 in the expander shell 34 into
the compressor shell 15.
[0072] The oil quantity in the compressor shell 15 may
be determined, for example, by providing an oil level in-
dicator, or by measuring the shell temperature with a tem-
perature sensor, e.g., a thermistor.
[0073] Instead of the on-off valve 54, a flow control
valve with a variable opening degree may be arranged.
Further, through omission of the on-off valve 54 and ad-
justment of the pipe diameter and the length of the oil
return pipe 52, a small quantity of the refrigerating ma-
chine oil 50 may be returned all the time.
[0074] Further, by lowering the level of the outlet 42 of
the expander shell 34, the quantity of the refrigerating
machine oil 50 stored in the expander shell 34 is reduced
and the quantity of the refrigerating machine oil 50 stored
in the compressor shell 15 is increased. Therefore, the
level of the outlet 42 of the expander shell 34 may be set
depending on the minimum necessary quantity of oil in
the compressor shell 15.
[0075] With the configuration described above, the re-
frigerating machine oil 50 in the expander shell 34 can
be returned to the compressor 1, and thus, when the
quantity of the refrigerating machine oil 50 contained in
the refrigerant that is discharged from the compressor 1
(quantity of the oil that is taken out) is large at, for exam-
ple, a startup, depletion of the refrigerating machine oil
50 in the compressor shell 15 can be suppressed.
[0076] Further, when the refrigerating machine oil 50
in the expander shell 34 is excessively stored, the refrig-
erating machine oil 50 can be returned into the compres-
sor shell 15.
[0077] Further, even when, for example, the configu-
ration in the expander 3 or other factors impose a limit
and the outlet 42 cannot be formed at a desired position,
the oil can be returned to the compressor 1 irrespective
of the level of the outlet 42 of the expander shell 34.

Embodiment 4

[0078] In Embodiment 4 of the present invention, dif-
ferences from Embodiment 1 are mainly described. Like
reference numerals are used to designate components
that are the same as those in Embodiment 1, and de-
scription thereof is omitted.
[0079] Fig. 4 is a diagram for illustrating a configuration
of a refrigeration cycle apparatus 100 according to Em-
bodiment 4 of the present invention.
[0080] As illustrated in Fig. 4, the refrigeration cycle
apparatus 100 according to Embodiment 4 further in-
cludes, in addition to the configuration of Embodiment 1
described above, a first bypass pipe 23 configured to
branch off from the low-pressure pipe 22 to join the suc-
tion-side pipe 21 of the compressor 1. Specifically, the
first bypass pipe 23 branches off from the passage from
the evaporator (the load-side heat exchanger 2 or the
heat source-side heat exchanger 4) to the inlet 41 of the

expander shell 34 to join the passage from the outlet 42
of the expander shell 34 to the compressor 1.
[0081] In this case, the refrigerant liquefied by the con-
denser (the load-side heat exchanger 2 or the heat
source-side heat exchanger 4) flows into the expansion
unit 31 in the expander 3, and thus, the temperature of
the refrigerant flowing through the expansion unit 31 is
lower than the temperature of the refrigerant flowing into
the expander shell 34. Therefore, the refrigerant in the
expansion unit 31 and the refrigerant flowing into the ex-
pander shell 34 exchange heat therebetween.
[0082] In Embodiment 4, part of the refrigerant flowing
out from the evaporator flows from the pipe 10 into the
expander shell 34, and another part thereof flows from
the first bypass pipe 23 into the suction-side pipe 21 of
the compressor 1.
[0083] Thus, the flow rate of the refrigerant flowing into
the expander shell 34 is reduced compared with a case
in which the entire refrigerant flowing out from the evap-
orator flows into the expander shell 34. Accordingly, the
heat exchange quantity between the refrigerant in the
expansion unit 31 and the refrigerant flowing into the ex-
pander shell 34 can be reduced.
[0084] Therefore, increase in enthalpy of the refriger-
ant flowing into the evaporator can be suppressed to al-
leviate reduction in refrigeration capacity.
[0085] Further, excess supply of the refrigerating ma-
chine oil 50 into the expander shell 34 can be suppressed.
Therefore, a situation in which the oil level of the refrig-
erating machine oil 50 in the expander shell 34 reaches
the power generator 32 can be suppressed.
[0086] In the configuration described above, the size
of the expander 3 is smaller than the size of the com-
pressor 1, and thus, the quantity of the refrigerating ma-
chine oil 50 contained in the refrigerant flowing out from
the expander shell 34 (quantity of oil that is taken out) is
smaller than the quantity of the refrigerating machine oil
50 contained in the refrigerant that is discharged from
the compressor 1. That is, it is sufficient that a quantity
of the oil that is smaller than the quantity of the oil that is
taken out of the compressor 1 is supplied to the expander
3.
[0087] Therefore, the length and the diameter of the
low-pressure pipe 22 or the first bypass pipe 23 are se-
lected so that the flow rate of the refrigerant that passes
through the low-pressure pipe 22 may be lower than the
flow rate of the refrigerant that passes through the first
bypass pipe 23.
[0088] As described above, by supplying the refriger-
ant and the oil at an appropriate refrigerant flow rate and
an appropriate oil flow rate to the expander 3, the heat
exchange quantity in the expansion unit 31 can be sup-
pressed, and depletion of the refrigerating machine oil
50 in the expander shell 34 can be suppressed.
[0089] A flow control valve or other components may
be arranged to the low-pressure pipe 22 or the first by-
pass pipe 23 to control the flow rate of the refrigerant
flowing into the expander shell 34. For example, the con-
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troller 200 may increase the flow rate of the refrigerant
flowing into the expander shell 34 to increase the oil quan-
tity of the stored refrigerating machine oil 50 when the oil
quantity of the refrigerating machine oil 50 in the expand-
er shell 34 is smaller than the preset oil quantity.
[0090] The oil quantity in the expander shell 34 may
be determined, for example, by providing an oil level in-
dicator, or by measuring the shell temperature with a tem-
perature sensor, e.g., a thermistor.

(Modified Example)

[0091] The configuration described above in Embodi-
ment 3 and the configuration described in Embodiment
4 may be combined.
[0092] For example, as illustrated in Fig. 5, the config-
uration of Embodiment 1 may further additionally include
the oil return pipe 52 configured for causing the refriger-
ating machine oil 50 in the expander shell 34 to flow into
the suction-side pipe 21 of the compressor 1, and the
first bypass pipe 23 configured to branch off from the
passage from the evaporator to the inlet 41 of the ex-
pander shell 34 to join the passage from the outlet 42 of
the expander shell 34 to the compressor 1. Such a con-
figuration can achieve effects similar to those described
above.

Embodiment 5

[0093] In Embodiment 5 of the present invention, dif-
ferences from Embodiment 1 are mainly described. Like
reference numerals are used to designate components
that are the same as those in Embodiment 1, and de-
scription thereof is omitted.
[0094] Fig. 6 is a diagram for illustrating a configuration
of a refrigeration cycle apparatus 100 according to Em-
bodiment 5 of the present invention.
[0095] As illustrated in Fig. 6, the refrigeration cycle
apparatus 100 according to Embodiment 5 includes, in
addition to the configuration of Embodiment 1, a second
bypass pipe 61 configured to branch off from the passage
(inlet pipe 35) from the condenser to the expansion unit
31 for causing the refrigerant to flow into the inlet 41 of
the expander shell 34.
[0096] Further, a decompression unit, e.g., a capillary
tube 63 configured to decompress the refrigerant flowing
through the second bypass pipe 61, and a heat exchang-
er 60 configured to exchange heat between the refriger-
ant branched off to the second bypass pipe 61 to be de-
compressed and the refrigerant flowing through the inlet
pipe 35 (refrigerant flowing from the condenser into the
expansion unit) are arranged to the second bypass pipe
61.
[0097] The outlet 42 of the expander shell 34 in Em-
bodiment 5 joins the suction-side pipe 21 of the compres-
sor 1 through an outlet pipe 20. A decompression unit,
e.g., a capillary tube 24, which is configured to decom-
press the refrigerant, is formed in the outlet pipe 20.

[0098] Further, in Embodiment 5, the suction-side pipe
21 of the compressor 1 is connected to the evaporator
(the load-side heat exchanger 2 or the heat source-side
heat exchanger 4) through the first four-way valve 5.
[0099] With regard to operation of Embodiment 5, dif-
ferences from Embodiment 1 are mainly described.
[0100] The refrigerant flowing out from the condenser
passes through the second four-way valve 6, and flows
into the inlet pipe 35. Part of the refrigerant flowing
through the inlet pipe 35 flows into the second bypass
pipe 61. The refrigerant flowing into the second bypass
pipe 61 is decompressed by the capillary tube 63 and
the temperature thereof falls. The heat exchanger 60 ex-
changes heat between the refrigerant that is decom-
pressed by the capillary tube 63 to have the lowered tem-
perature and the high-pressure refrigerant flowing from
the inlet pipe 35 into the expansion unit 31 so that the
refrigerant decompressed by the capillary tube 63 turns
into gas refrigerant.
[0101] The gas refrigerant flows into the inlet 41 of the
expander shell 34. Then, after the refrigerating machine
oil 50 contained in the refrigerant is separated, the refrig-
erant flows from the outlet 42 to the outlet pipe 20. Then,
after the refrigerant is decompressed by the capillary tube
24, the refrigerant joins the suction-side pipe 21 of the
compressor 1.
[0102] There may be employed a configuration in
which the refrigerant is decompressed through adjust-
ment of the pipe diameters and the lengths of the second
bypass pipe 61 and the outlet pipe 20 without arranging
the decompression units, e.g., the capillary tubes 24 and
63.
[0103] Instead of the capillary tube 63, a decompres-
sion device with a variable flow rate may be arranged.
Arrangement of such a decompression device with a var-
iable flow rate enables keeping appropriate temperature
of the refrigerant flowing into the expander shell depend-
ing on the operation state, and the power generator 32
can be effectively cooled. Further, occurrence of tran-
sient liquid return (liquid backflow) into the expander shell
34 can be prevented to suppress lowering of oil concen-
tration in the expander shell 34.
[0104] With the configuration described above, the re-
frigerant flowing into the expander shell 34 can be
brought into a gas state, and thus, even when, for exam-
ple, liquid backflow in which the refrigerant in a liquid
state flows out from the evaporator occurs, the refrigerant
in the liquid state can be prevented from flowing into the
expander shell 34. Therefore, the refrigerant in the liquid
state can be prevented from being mixed into the refrig-
erating machine oil 50, and the oil concentration can be
prevented from being lowered.
[0105] Further, by setting the pressure of the refriger-
ant flowing through the second bypass pipe 61, the pres-
sure and the temperature in the expander shell 34 can
be set at desired values. Therefore, by lowering the tem-
perature in the expander shell 34, temperature rise of the
power generator 32 can be suppressed, and reduction
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in efficiency of the power generator 32 can be sup-
pressed.

(Modified Example 1)

[0106] The configuration described above in Embodi-
ment 3 and the configuration described in Embodiment
5 may be combined.
[0107] For example, as illustrated in Fig. 7, the config-
uration of Embodiment 5 may further additionally include
the oil return pipe 52 configured for causing the refriger-
ating machine oil 50 in the expander shell 34 to flow into
the suction-side pipe 21 of the compressor 1. Such a
configuration can achieve effects similar to those de-
scribed above.
[0108] Further, by setting the pressure in the expander
shell 34 to be higher than that of the refrigerant passing
through the expansion unit 31, there can be attained oil
supply using a pressure difference as a method of sup-
plying the refrigerating machine oil 50 stored in the ex-
pander shell 34 to the expansion unit 31 and the power
generator 32, and the reliability of the expander 3 is im-
proved. Further, the pressure on the suction side of the
compressor 1 is lower than the pressure in the expander
shell 34, and thus, the refrigerating machine oil 50 in the
expander shell 34 can be returned to the compressor 1
without fail by using the pressure difference.

(Modified Example 2)

[0109] As illustrated in Fig. 8, in addition to the config-
uration described in Embodiment 5, there may be further
arranged a third bypass pipe 65 configured to branch off
from the passage from the evaporator to the compressor
1 (low-pressure pipe 22) to join the second bypass pipe
61 at a downstream side of the heat exchanger 60.
[0110] With such a configuration, even when the re-
frigerant, which flows out from the evaporator and then
passes through the low-pressure pipe 22, is in a moist
state, the refrigerant in the moist state and the refrigerant,
which passes through the second bypass pipe 61 and is
brought into the gas state by the heat exchanger 60, join
together. Thus, the refrigerant in the moist state can be
heated and liquid backflow to the expander shell 34 can
be suppressed.

Embodiment 6

[0111] With regard to Embodiment 6 of the present in-
vention, differences from Embodiment 5 are mainly de-
scribed. Like reference numerals are used to designate
components that are the same as those in Embodiment
5, and description thereof is omitted.
[0112] Fig. 9 is a diagram for illustrating a configuration
of a refrigeration cycle apparatus 100 according to Em-
bodiment 6 of the present invention.
[0113] As illustrated in Fig. 9, the refrigeration cycle
apparatus 100 according to Embodiment 6 includes, in

addition to the configuration of Embodiment 5, an oil sep-
arator 7 configured to separate the refrigerating machine
oil 50 contained in the refrigerant that is discharged from
the compressor 1, and a fourth bypass pipe 13 configured
to join the refrigerating machine oil 50 separated by the
oil separator 7 to the refrigerant decompressed by the
second bypass pipe 61. In Embodiment 6, the heat ex-
changer 60 is unnecessary.
[0114] Further, in Embodiment 6, the discharge-side
pipe 10 of the compressor 1 is connected to the oil sep-
arator 7. Further, the oil separator 7 and the first four-
way valve 5 are connected through the gas pipe 11.
[0115] As described in Modified Example 1 of Embod-
iment 5, the configuration in which the oil return pipe 52
configured to cause the refrigerating machine oil 50 in
the expander shell 34 to flow into the suction-side pipe
21 of the compressor 1 is arranged may be employed.
[0116] In the refrigeration cycle apparatus 100 accord-
ing to Embodiment 6, the high-temperature and high-
pressure refrigerant discharged from the compressor 1
flows into the oil separator 7 through the pipe 10. In the
oil separator 7, at least part of the refrigerating machine
oil 50 contained in the refrigerant is separated. The re-
frigerating machine oil 50 separated by the oil separator
7 joins the low-pressure liquid refrigerant flowing through
the second bypass pipe 61 through the fourth bypass
pipe 13. The low-pressure liquid refrigerant flowing
through the second bypass pipe 61 joins the high-tem-
perature refrigerating machine oil 50 to be heated and
turned into refrigerant in a gas state. The gasified refrig-
erant and the refrigerating machine oil 50 flow from the
inlet 41 into the expander shell 34.
[0117] On the other hand, the gas refrigerant separat-
ed by the oil separator 7 passes through the gas pipe 11,
and flows into the condenser (the load-side heat ex-
changer 2 or the heat source-side heat exchanger 4)
through the first four-way valve 5.
[0118] With the configuration described above, the re-
frigerant flowing into the expander shell 34 can be
brought into a gas state, and thus, even when, for exam-
ple, liquid backflow in which the refrigerant in a liquid
state flows out from the evaporator occurs, the refrigerant
in the liquid state can be prevented from flowing into the
expander shell 34. Therefore, the refrigerant in the liquid
state can be prevented from being mixed into the refrig-
erating machine oil 50, and the oil concentration can be
prevented from being lowered.
[0119] Further, by setting the pressure of the refriger-
ant flowing through the second bypass pipe 61, the pres-
sure and the temperature in the expander shell 34 can
be set at desired values. Therefore, by lowering the tem-
perature in the expander shell 34, temperature rise of the
power generator 32 can be suppressed, and reduction
in efficiency of the power generator 32 can be sup-
pressed.
[0120] Further, the low-temperature refrigerant flowing
through the second bypass pipe 61 can cool the high-
temperature refrigerating machine oil 50, and thus, tem-
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perature rise of the power generator 32 can be sup-
pressed.
[0121] Further, the refrigerating machine oil 50 can be
supplied from the oil separator 7, and thus, a sufficient
quantity of the oil can be supplied into the expander shell
34.

Embodiment 7

[0122] In Embodiment 7 of the present invention, dif-
ferences from Embodiment 1 are mainly described. Like
reference numerals are used to designate components
that are the same as those in Embodiment 1, and de-
scription thereof is omitted.
[0123] Fig. 10 is a diagram for illustrating a configura-
tion of a refrigeration cycle apparatus 100 according to
Embodiment 7 of the present invention.
[0124] As illustrated in Fig. 10, the refrigeration cycle
apparatus 100 according to Embodiment 7 further in-
cludes, in addition to the configuration of Embodiment 1,
a fifth bypass pipe 37 configured to branch off from the
inlet pipe 35 to join the outlet pipe 36 and a second ex-
pansion valve 38 arranged to the fifth bypass pipe 37 and
configured to expand the refrigerant.
[0125] The fifth bypass pipe 37 branches off from the
passage (inlet pipe 35) from the condenser to the expan-
sion unit 31 to join the passage (outlet pipe 36) from the
expansion unit 31 to the evaporator.
[0126] The second expansion valve 38 is, for example,
an electronically controlled expansion valve with a vari-
able opening degree. The controller 200 controls the
opening degree of the second expansion valve 38 in ac-
cordance with a preset condition.
[0127] There may be employed a configuration in
which an on-off valve configured to open and close the
passage of the fifth bypass pipe 37 is provided and the
opening degree of the second expansion valve 38 is
fixed. In this case, the controller 200 controls the on-off
valve.
[0128] When the opening degree of the second expan-
sion valve 38 is fully closed, the refrigerant flowing
through the inlet pipe 35 does not flow through the fifth
bypass pipe 37. In this case, the operation is similar to
that in Embodiment 1.
[0129] On the other hand, when the second expansion
valve 38 is opened, the refrigerant flowing through the
inlet pipe 35 flows through the fifth bypass pipe 37. The
refrigerant flowing through the fifth bypass pipe 37 is de-
compressed by the second expansion valve 38. At this
time, the flow rate of the refrigerant flowing to the expan-
sion unit 31 is reduced, and thus, the drive of the expan-
sion unit 31 is stopped. An on-off valve or other compo-
nents may be arranged to the inlet pipe 35 or the outlet
pipe 36 to completely stop the flow of the refrigerant into
the expansion unit 31.
[0130] The refrigerant decompressed by the second
expansion valve 38 joins the outlet pipe 36, passes
through the second four-way valve 6, and flows into the

evaporator.
[0131] Next, control of the second expansion valve 38
by the controller 200 is described.
[0132] When a preset condition is satisfied, the con-
troller 200 opens the second expansion valve 38, causes
the refrigerant to flow through the fifth bypass pipe 37,
and stops the drive of the expansion unit 31.
[0133] The preset condition in this case is, for example,
at least one of the following conditions (1) to (3).

(1) The period of time elapsed since a startup of the
compressor 1 is equal to or shorter than a preset
period of time.
(2) The quantity of the refrigerating machine oil 50
in the expander shell 34 is equal to or smaller than
a preset quantity.
(3) The rotation speed of the expansion unit 31 is
equal to or higher than a preset upper limit, or equal
to or lower than a preset lower limit.

[0134] With the configuration described above, when
the preset condition is satisfied, the drive of the expansion
unit 31 can be stopped.
[0135] That is, by stopping the drive of the expansion
unit 31 when the period of time elapsed since a startup
of the compressor 1 is equal to or shorter than the preset
period of time, the drive of the expansion unit 31 can be
prevented until the discharge pressure of the compressor
1 is sufficiently increased, and liquid backflow into the
compressor 1 and the like can be suppressed.
[0136] Further, by stopping the drive of the expansion
unit 31 when the refrigerating machine oil 50 in the ex-
pander shell 34 is reduced to the preset quantity or less,
breakage of the expander 3 can be prevented.
[0137] Further, by stopping the drive of the expansion
unit 31 when the rotation speed of the expansion unit 31
is equal to or higher than the preset upper limit, or equal
to or lower than the preset lower limit, the expansion unit
31 can be driven at the rotation speed falling within a
desired range.
[0138] The configuration of Embodiment 7 can also be
applied to any of Embodiments 1 to 6.

Reference Signs List

[0139]

1 compressor 2 load-side heat exchanger 3 expand-
er 4 heat source-side heat exchanger 5 first four-way
valve 6 second four-way valve
7 oil separator 10 pipe 11 gas pipe 13 fourth bypass
pipe 15 compressor shell 17 electric motor unit 18
compression unit 20 outlet pipe
21 pipe 22 low-pressure pipe 23 first bypass pipe 24
capillary tube 31 expansion unit 32 power generator
33 rotation shaft 34 expander shell 35 inlet pipe 36
outlet pipe 37 fifth bypass pipe 38 second expansion
valve 41 inlet 42 outlet 43 expansion unit inlet 44
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expansion unit outlet 45 oil outlet 50 refrigerating ma-
chine oil 52 oil return pipe 54 on-off valve 60 heat
exchanger 61 second bypass pipe 63 capillary tube
65 third bypass pipe 100 refrigeration cycle appara-
tus 200 controller

Claims

1. A refrigeration cycle apparatus comprising a refrig-
erant circuit,
the refrigerant circuit comprising a compressor, a
condenser, an expander, and an evaporator, which
are connected by pipes so that refrigerant is circu-
lated through the refrigerant circuit,
the expander comprising:

an expander shell defining an outer shell of the
expander;
an expansion unit arranged in the expander
shell, the expansion unit being configured to ex-
pand the refrigerant flowing out from the con-
denser to generate driving force, and configured
for causing the expanded refrigerant to flow into
the evaporator; and
a power generator arranged in the expander
shell, the power generator being configured to
rotate by the driving force generated by the ex-
pansion unit,
the expander shell including:

an inlet configured for allowing the refriger-
ant to flow into; and
an outlet configured for allowing the refrig-
erant flowed from the inlet to flow into a suc-
tion-side pipe of the compressor,

the expander shell being configured such that refrig-
erating machine oil contained in the refrigerant is
stored therein, and is supplied to at least one of the
expansion unit and the power generator.

2. The refrigeration cycle apparatus of claim 1, wherein
the outlet of the expander shell is formed at a position
higher than an oil level of a preset necessary quantity
of the refrigerating machine oil to be stored in the
expander shell.

3. The refrigeration cycle apparatus of claim 1 or 2,
further comprising an oil return pipe configured for
causing the refrigerating machine oil in the expander
shell to flow into the suction-side pipe of the com-
pressor.

4.  The refrigeration cycle apparatus of any one of
claims 1 to 3, wherein the refrigerant flowing out from
the evaporator flows into the expander shell from the
inlet of the expander shell.

5. The refrigeration cycle apparatus of claim 4, further
comprising a first bypass pipe configured to branch
off from a passage from the evaporator to the inlet
of the expander shell and to join a passage from the
outlet of the expander shell to the compressor.

6. The refrigeration cycle apparatus of claim 5, wherein
a flow rate of the refrigerant flowing into the expander
shell from the inlet of the expander shell is lower than
a flow rate of the refrigerant passing through the first
bypass pipe.

7. The refrigeration cycle apparatus of any one of
claims 1 to 3, further comprising:

a second bypass pipe configured to branch off
from a passage from the condenser to the ex-
pansion unit, to decompress the refrigerant and
to cause the refrigerant to flow into the inlet of
the expander shell; and
a heat exchanger configured to exchange heat
between the refrigerant branched off and de-
compressed at the second bypass pipe and the
refrigerant flowing from the condenser into the
expansion unit.

8. The refrigeration cycle apparatus of claim 7, wherein
a pressure of the refrigerant in the expander shell is
higher than a pressure of the refrigerant flowing out
from the expansion unit.

9. The refrigeration cycle apparatus of claim 7 or 8,
further comprising a third bypass pipe configured to
branch off from a passage from the evaporator to
the compressor and to join the second bypass pipe
at a downstream side of the heat exchanger.

10. The refrigeration cycle apparatus of any one of
claims 1 to 3, further comprising:

a second bypass pipe configured to branch off
from a passage from the condenser to the ex-
pansion unit, to decompress the refrigerant and
to cause the refrigerant to flow into the inlet of
the expander shell;
an oil separator configured to separate the re-
frigerating machine oil contained in the refriger-
ant discharged from the compressor; and
a fourth bypass pipe configured to join the re-
frigerating machine oil separated by the oil sep-
arator to the refrigerant decompressed at the
second bypass pipe.

11. The refrigeration cycle apparatus of any one of
claims 1 to 10, further comprising:

a fifth bypass pipe configured to branch off from
a passage from the condenser to the expansion
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unit and to join a passage from the expansion
unit to the evaporator; and
a second expansion valve arranged to the fifth
bypass pipe and configured to expand the re-
frigerant,
wherein, when a preset condition is satisfied,
the refrigerant is caused to flow through the fifth
bypass pipe.

12. The refrigeration cycle apparatus of claim 11, where-
in the preset condition comprises at least one of:

a condition that a period of time elapsed since
a startup of the compressor is equal to or shorter
than a preset period of time;
a condition that a quantity of the refrigerating
machine oil in the expander shell is equal to or
smaller than a preset quantity; and
a condition that a rotation speed of the expan-
sion unit is equal to or higher than a preset upper
limit, or equal to or lower than a preset lower limit.
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