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(57) An expander-integrated compressor (100A) has
a compression mechanism (2), an expansion mecha-
nism (3), a shaft (5), an oil pump (6), and an oil supply
amount regulating mechanism (30). The compression
mechanism (2) and the expansion mechanism (3) are
coupled to each other by the shaft (5) so that mechanical
power can be transmitted. The compression mechanism
(2) and the expansion mechanism (3) are arrayed verti-
cally in the closed casing (1). The oil pump (6) is provided
at a lower portion of the shaft (5). An oil supply passage
(29) is formed in the shaft (5) so as to extend in the axis
direction. The oil supply amount regulating mechanism
30 controls the amount of the oil to be supplied by the oil
pump (6) to the expansion mechanism (3).
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Description

TECHNICAL FIELD

[0001] The present invention relates to an expander-
integrated compressor and a refrigeration cycle appara-
tus using the same.

BACKGROUND ART

[0002] Recently, as natural resource issues and global
warming issues have become ever more serious, much
research and development efforts have been invested in
reducing energy consumption of refrigeration cycle ap-
paratuses, which are used for water heaters and air con-
ditioners. For example, conventional refrigeration cycle
apparatuses have a mechanism of expanding the refrig-
erant using an expansion valve, but there is an attempt
to employ a positive displacement expander in place of
the expansion valve in order to recover the energy of
expansion of the refrigerant and utilize it as auxiliary pow-
er for the compressor. By the recovery and utilization of
the expansion energy of the refrigerant, it can be expect-
ed to achieve about a 20% reduction in power usage
theoretically, or about a 10% reduction even with an ac-
tual apparatus. As a fluid machine that achieves such an
attempt, development of a fluid machine (expander-inte-
grated compressor), such as disclosed in JP
2005-299632 A, is underway at a rapid pace.
[0003] Fig. 11 is a vertical cross-sectional view illus-
trating a typical expander-integrated compressor. An ex-
pander-integrated compressor 200 has a two-stage ro-
tary type compression mechanism 121, a motor 122, a
two-stage rotary type expansion mechanism 123, and a
closed casing 120 that accommodates them. The com-
pression mechanism 121, the motor 122, and the expan-
sion mechanism 123 are coupled to each other by a shaft
124.
[0004] A bottom part of the closed casing 120 forms
an oil reservoir 125 for holding oil (refrigeration oil). An
oil pump 126 is fitted to a lower end portion of the shaft
124 in order to pump up the oil held in the oil reservoir
125. The oil pumped up by the oil pump 126 is supplied
to the compression mechanism 121 and the expansion
mechanism 123 via an oil supply passage 127 formed in
the shaft 124. Thereby, lubricity and sealing of the sliding
parts of the compression mechanism 121 and the expan-
sion mechanism 123 are ensured.
[0005] An oil return pipe 128 is disposed in an upper
part of the expansion mechanism 123. One end of the
oil return pipe 128 communicates with the oil supply pas-
sage 127 formed in the shaft 124, while the other end
opens below the expansion mechanism 123. Generally,
the oil is supplied excessively in order to ensure the re-
liability of the expansion mechanism 123. The excess oil
is returned via the oil return pipe 128 to the oil reservoir
125.
[0006] By disposing both the compression mechanism

121 and the expansion mechanism 123 in the closed
casing 120, there is an advantage in being able to lubri-
cate both the compression mechanism 121 and the ex-
pansion mechanism 123 by the oil held in the oil reservoir
125.

DISCLOSURE OF THE INVENTION

[0007] In the expander-integrated compressor 200
shown in Fig. 11, the oil pumped up from the oil reservoir
125 is heated by the compression mechanism 121 be-
cause it passes through the compression mechanism
121 that is at a high temperature. The oil heated by the
compression mechanism 121 is heated further by the
motor 122, and it reaches the expansion mechanism 123.
The oil having reached the expansion mechanism 123
is cooled by the expansion mechanism 123 that is at a
low temperature, and is thereafter discharged below the
expansion mechanism 123 via the oil return pipe 128.
The oil discharged from the expansion mechanism 123
and the oil return pipe 128 is heated again when passing
along a side face of the motor 122 and is also heated
when passing along a side face of the compression
mechanism 121. The oil then returns to the oil reservoir
125 of the closed casing 120.
[0008] As described above, the oil circulation between
the compression mechanism 121 and the expansion
mechanism 123 causes heat transfer from the compres-
sion mechanism 121 to the expansion mechanism 123.
Such heat transfer lowers the temperature of the refrig-
erant discharged from the compression mechanism 121,
and elevates the temperature of the refrigerant dis-
charged from the expansion mechanism 123. In terms
of air conditioners, this means a decrease of indoor heat-
ing capacity during heating, or a decrease of indoor cool-
ing capacity during cooling.
[0009] It is important to reduce the above-described
heat transfer as much as possible in order to improve
cycle efficiency. In particular, when the system operates
at high output power and the rotation speed of the ex-
pander-integrated compressor is correspondingly high,
the amount of the oil supplied by the oil pump 126, and
accordingly the quantity of heat transferred by the oil, is
great.
[0010] The present invention has been accomplished
in view of the foregoing circumstances, and it is an object
of the invention to reduce the heat transfer from the com-
pression mechanism to the expansion mechanism.
[0011] Accordingly, the present invention provides an
expander-integrated compressor including:

a compression mechanism for compressing a work-
ing fluid;
an expansion mechanism for recovering mechanical
power from the working fluid;
a shaft coupling the compression mechanism and
the expansion mechanism so as to transmit the me-
chanical power recovered by the expansion mech-
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anism to the compression mechanism;
a closed casing accommodating the compression
mechanism, the expansion mechanism, and the
shaft in such a manner that the compression mech-
anism and the expansion mechanism are arrayed
vertically, the closed casing having a bottom portion
utilized as an oil reservoir and an interior space to
be filled with the working fluid having been com-
pressed;
an oil pump provided at a lower portion of the shaft;
and
an oil supply passage for supplying oil in the oil res-
ervoir to the compression mechanism or the expan-
sion mechanism located in an upper part of the
closed casing by the oil pump, the oil supply passage
being formed in the shaft so as to extend in an axis
direction; and
an oil supply amount regulating mechanism, dis-
posed below the compression mechanism or the ex-
pansion mechanism located in the upper part of the
closed casing, for regulating the amount of the oil to
be supplied to the compression mechanism or the
expansion mechanism located in the upper part of
the closed casing through the oil supply passage.

[0012] In another aspect, the present invention pro-
vides a refrigeration cycle apparatus including:

an expander-integrated compressor according to the
present invention;
a radiator for cooling the refrigerant compressed by
the compression mechanism of the expander-inte-
grated compressor; and
an evaporator for evaporating refrigerant expanded
by the expansion mechanism of the expander-inte-
grated compressor.

[0013] In yet another aspect, the present invention pro-
vides an expander-integrated compressor including:

a compression mechanism for compressing a work-
ing fluid;
an expansion mechanism for recovering mechanical
power from the working fluid;
a shaft coupling the compression mechanism and
the expansion mechanism so as to transmit the me-
chanical power recovered by the expansion mech-
anism to the compression mechanism;
a closed casing accommodating the compression
mechanism, the expansion mechanism, and the
shaft, the closed casing having a bottom portion uti-
lized as an oil reservoir and an interior space to be
filled with the working fluid having been compressed;
an oil pump provided at an end portion of the shaft;
an oil supply passage for supplying oil in the oil res-
ervoir by the oil pump to the compression mecha-
nism or the expansion mechanism that is located in
a far side, viewed from the oil pump, with respect to

an axis direction of the shaft, the oil supply passage
being formed in the shaft so as to extend in the axis
direction; and
an oil supply amount regulating mechanism for reg-
ulating the amount of the oil to be supplied to the
compression mechanism or the expansion mecha-
nism through the oil supply passage.

[0014] The above-described expander-integrated
compressor of the present invention is provided with the
oil supply amount regulating mechanism. Therefore, an
appropriate amount of oil can be supplied to the com-
pression mechanism or the expansion mechanism re-
gardless of the rotation speed of the shaft. As a result, it
is possible to reduce the heat transfer from the compres-
sion mechanism to the expansion mechanism that results
from the oil circulation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015]

Fig. 1 is a vertical cross-sectional view illustrating an
expander-integrated compressor according to a first
embodiment of the present invention.
Fig. 2A is a horizontal cross-sectional view taken
along line IIA-IIA of the expansion mechanism.
Fig. 2B is a horizontal cross-sectional view taken
along line IIB-IIB of an expansion mechanism.
Fig. 3 is a partially enlarged view of Fig. 1.
Fig. 4 is a view illustrating a modified embodiment
of an oil supply amount regulating mechanism.
Fig. 5 is a vertical cross-sectional view illustrating an
expander-integrated compressor according to a sec-
ond embodiment of the present invention.
Fig. 6 is a partially enlarged view of Fig. 5.
Fig. 7 is a vertical cross-sectional view illustrating an
expander-integrated compressor according to a third
embodiment of the present invention.
Fig. 8 is a partially enlarged view of Fig. 7.
Fig. 9 is a vertical cross-sectional view illustrating an
expander-integrated compressor according to a
fourth embodiment of the present invention.
Fig. 10 is a configuration diagram of a refrigeration
cycle apparatus using the expander-integrated com-
pressor.
Fig. 11 is a vertical cross-sectional view illustrating
a conventional expander-integrated compressor.

BEST MODE FOR CARRYING OUT THE INVENTION

(First Embodiment)

[0016] Fig. 1 is a vertical cross-sectional view illustrat-
ing an expander-integrated compressor according to a
first embodiment of the present invention. An expander-
integrated compressor 100A has a closed casing 1, a
compression mechanism 2, an expansion mechanism 3,
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a motor 4, a shaft 5, an oil pump 6, and an oil supply
amount regulating mechanism 30. The compression
mechanism 2 is disposed in a lower part of the closed
casing 1. The expansion mechanism 3 is disposed in an
upper part of the closed casing 1. The motor 4 is disposed
between the compression mechanism 2 and the expan-
sion mechanism 3. The compression mechanism 2, the
motor 4, and the expansion mechanism 3 are coupled to
each other by the shaft 5 so that mechanical power can
be transmitted. The oil pump 6 is provided at a lower
portion of the shaft 5. The oil supply amount regulating
mechanism 30 is for regulating the amount of the oil to
be supplied to the expansion mechanism 3. In the present
embodiment, a regulating valve (typically a needle valve)
is employed as the oil supply amount regulating mecha-
nism 30.
[0017] The motor 4 drives the shaft 5 to operate the
compression mechanism 2. The expansion mechanism
3 recovers mechanical power from the expanding work-
ing fluid, and supplies the mechanical power to the shaft
5 to assist the motor 4 to drive the shaft 5. The working
fluid is, for example, a refrigerant such as carbon dioxide
and hydrofluorocarbon.
[0018] In the present embodiment, the arrangement of
the compression mechanism 2, the motor 4, and the ex-
pansion mechanism 3 is determined in such a manner
that the axis direction of the shaft 5 is in agreement with
the vertical direction. However, the positional relationship
between the compression mechanism 2 and the expan-
sion mechanism 3 may be opposite of that in the present
embodiment. In other words, the compression mecha-
nism 2 may be disposed in an upper part of the closed
casing 1, and the expansion mechanism 3 may be dis-
posed in a lower part of the closed casing 1.
[0019] The closed casing 1 has an interior space 24
for accommodating various components. The interior
space 24 of the closed casing 1 is filled with the refrigerant
compressed by the compression mechanism 2. A bottom
portion of the closed casing 1 is utilized as an oil reservoir
25. The oil is used for ensuring lubrication and sealing
on the sliding parts of the compression mechanism 2 and
the expansion mechanism 3. The amount of the oil in the
oil reservoir 25 is controlled so that the oil level is below
the motor 4. This prevents a decrease of the efficiency
of the motor and an increase of the oil discharge amount
to the refrigerant circuit, which result from the agitation
of the oil by the rotor of the motor 4. Since the temperature
of the compression mechanism 2 becomes high during
operation of the expander-integrated compressor 100A,
the temperature of the oil held in the oil reservoir 25 be-
comes accordingly high.
[0020] The compression mechanism 2 has cylinders
17 and 18, pistons 7 and 8, and bearing members 10 and
11, and it has the same structure as that of the conven-
tional two-stage rotary compressor. A suction pipe 13 is
connected to the cylinder 17, and a suction pipe 14 is
connected to the cylinder 18. The refrigerant is guided
to compression chambers 19 and 20, formed in the re-

spective cylinders 17 and 18, through the suction pipes
13 and 14. The refrigerant compressed in the compres-
sion chambers 19 and 20 is discharged to the interior
space 24 of the closed casing 19. A discharge pipe 15
is connected to the closed casing 1 so that an opening
thereof is located between the motor 4 and the expansion
mechanism 3. The refrigerant discharged to the interior
space 24 flows upward through a region surrounding the
motor 4. The refrigerant is then guided through the dis-
charge pipe 15 to a flow passage outside the closed cas-
ing 1. At that time, the refrigerant and the oil can be sep-
arated from each other by a gravitational force or a cen-
trifugal force.
[0021] In the present embodiment, a rotary-type fluid
mechanism is employed as the compression mechanism
2. The "rotary type" includes not only a rolling piston type,
in which a vane slides along the outer circumferential
surface of a piston, and a sliding vane type, in which a
vane slides along the inner circumferential surface of a
cylinder, but also a swing piston type, in which a piston
and a vane are integrally formed. In addition, the type of
the compression mechanism 2 is not limited to the rotary
type. It is also possible to employ other types of fluid
mechanisms, such as a scroll type, a reciprocating type,
and a screw type, as the compression mechanism 2. The
same applies to the later-described expansion mecha-
nism 3.
[0022] The motor 4 has a stator 21 fixed to the closed
casing 1 and a rotor 22 fixed to the shaft 5. Electric power
is supplied to the motor 4 through a terminal (not shown)
disposed at the top of the closed casing 1.
[0023] An oil supply passage 29 communicating with
sliding parts of the expansion mechanism 3 is formed in
the shaft 5 so as to extend in the axis direction. This is
desirable because, when forming the oil supply passage
29 inside the shaft 5, the problems associated with an
increase in the parts count and parts layout do not arise.
The oil is supplied to sliding parts of the expansion mech-
anism 3 through the oil supply passage 29.
[0024] In the present embodiment, the oil supply pas-
sage 29 does not open in the upper end face of the shaft
5. In this way, the oil does not flow out over the expansion
mechanism 3, unlike the conventional example de-
scribed with reference to Fig. 11. Thereby, the oil is less
easily cooled by the expansion mechanism 3.
In other words, the heat transfer from the compression
mechanism 2 to the expansion mechanism 3 can be re-
duced more effectively. However, the oil supply passage
29 may open in the upper end face of the shaft 5.
[0025] The shaft 5 may be made of a single compo-
nent, or may be made by combining (coupling) a plurality
of components together. Specifically, the shaft 5 may in-
clude a first shaft on the compression mechanism 2 side
and a second shaft on the expansion mechanism 3 side.
The first shaft and the second shaft may be coupled di-
rectly by fitting them onto each other, or may be coupled
to each other via another component (coupler). When
the shaft 5 is made of a combination of a plurality of com-
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ponents, assembling, especially alignment between the
compression mechanism 2 and the expansion mecha-
nism 3, becomes easy.
[0026] The expansion mechanism 3 has a first cylinder
42, a second cylinder 44 having an inner diameter larger
than the inner diameter of the first cylinder 42, an inter-
mediate plate 43 partitioning the first cylinder 42 and the
second cylinder 44. The first cylinder 42 and the second
cylinder 44 are disposed concentrically with each other.
As illustrated in Figs. 2A and 2B, the expansion mecha-
nism 3 further has a first piston 46, a first vane 48, a first
spring 50, a second piston 47, a second vane 49, and a
second spring 51.
[0027] As illustrated in Fig. 2A, the first piston 46 is
fitted with an eccentric portion 5c of the shaft 5, and it
performs eccentric rotational motion in the first cylinder
42. The first vane 48 is retained reciprocably in a vane
groove 42a formed in the first cylinder 42. One end of
the first vane 48 is in contact with the first piston 46. The
first spring 50 is in contact with the other end of the first
vane 48, and biases the first vane 48 toward the first
piston 46.
[0028] As illustrated in Fig. 2B, the second piston 47
is fitted with an eccentric portion 5d of the shaft 5, and it
performs eccentric rotational motion in the second cylin-
der 44. The second vane 49 is retained reciprocably in
a vane groove 44a formed in the second cylinder 44. One
end of the second vane 49 is in contact with the second
piston 47. The second spring 51 is in contact with the
other end of the second vane 49, and biases the second
vane 49 toward the second piston 47.
[0029] The expansion mechanism 3 further has a bear-
ing member 45 and a bearing member 41. The bearing
member 41 is fitted to the closed casing 1 with no clear-
ance between them. The components such as the cylin-
ders and the intermediate plate are fixed to the closed
casing 1 via the bearing member 41. The bearing mem-
ber 41 and the intermediate plate 43 sandwiches the first
cylinder 42 from the top and bottom, and the intermediate
plate 43 and the bearing member 45 sandwiches the sec-
ond cylinder 44 from the top and bottom. Sandwiching
the bearing member 45, the intermediate plate 43, and
the bearing member 41 forms working chambers 55 and
56 in the first cylinder 42 and the second cylinder 44,
respectively.
[0030] As illustrated in Fig. 2A, a suction-side working
chamber 55a (first suction-side space) and a discharge-
side working chamber 55b (first discharge-side space)
are formed inside the first cylinder 42. The working cham-
ber 55a and the working chamber 55b are partitioned by
the first piston 46 and the first vane 48. As illustrated in
Fig. 2B, a suction-side working chamber 56a (second
suction-side space) and a discharge-side working cham-
ber 56b (second discharge-side space) are formed inside
the second cylinder 44. The working chamber 56a and
the working chamber 56b are partitioned by the second
piston 47 and the second vane 49. The total volumetric
capacity of the two working chambers 56a and 56b in the

second cylinder 44 is greater than the total volumetric
capacity of the two working chambers 55a and 55b in the
first cylinder 42. The discharge-side working chamber
55b of the first cylinder 42 and the suction-side working
chamber 56a of the second cylinder 44 are brought into
communication with each other through a through hole
43a formed in the intermediate plate 43, so that they can
function as a single working chamber (an expansion
chamber).
[0031] The method for making the total volumetric ca-
pacity of the working chambers 56a and 56b greater than
the total volumetric capacity of the working chambers
55a and 55b is not limited to the method of varying the
inner diameters of the first cylinder 42 and the second
cylinder 44. It is also possible to employ the method of
appropriately setting the thicknesses of the cylinders 42
and 44 or the outer diameters of the pistons 46 and 47.
[0032] The expansion mechanism 3 further has a suc-
tion pipe 52 serving as a suction passage for directly
drawing the refrigerant that has not yet been expanded
from a flow passage external to the closed casing 1, and
a discharge pipe 53 serving as a discharge passage for
directly discharging the refrigerant that has been expand-
ed to a flow passage external to the closed casing 1.
Specifically, the suction pipe 52 is directly inserted in the
first cylinder 42 so that the refrigerant can be guided from
the flow passage external to the closed casing 1 to the
working chamber 55 of the first cylinder 42. The discharge
pipe 53 is directly inserted in the second cylinder 44 so
that the refrigerant can be guided from the working cham-
ber 56 of the second cylinder 44 to the flow passage
external to the closed casing 1. The suction pipe 52 may
be inserted in the bearing member 41, and the discharge
pipe 53 may be inserted in the bearing member 45.
[0033] The refrigerant that has not yet been expanded
passes through the suction pipe 52 and flows into the
working chamber 55a of the first cylinder 42. The working
fluid having flowed into the working chamber 55a of the
first cylinder 42 moves to the working chamber 55b in
association with rotation of the shaft 5, and it expands
and reduces its pressure in the expansion chamber
formed by the working chamber 55b, the through hole
43a, and the working chamber 56a, while rotating the
shaft 5. The refrigerant having expanded is guided to the
outside of the closed casing 1 through the working cham-
ber 56b and the discharge pipe 53.
[0034] The location at which the oil pump 6 is provided
is a lower portion of the shaft 5. Specifically, the oil pump
6 is disposed in the oil supply passage 29 in a lower
portion of the shaft 5. Disposing the oil pump 6 in the oil
supply passage 29 eliminates the need to provide an oil
supply pipe separately.
[0035] The oil pump 6 is operated by the mechanical
power supplied from the shaft 5. In the present embodi-
ment, a velocity type pump (turbine pump) is employed
as the oil pump 6. Specifically, the oil pump 6 has a pump
blade 6a and a blade stopper 6b. The pump blade 6a is
fixed to the shaft 5 by the blade stopper 6b. Rotation of
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the pump blade 6a together with the shaft 5 causes the
oil to be pumped upward. Generally, the rotation speed
of the oil pump 6 is equal to the rotation speed of the
shaft 5. Therefore, as the rotation speed of the shaft 5
increases, the delivery capacity and delivery pressure of
the oil pump 6 increases accordingly. However, since the
effectiveness of the oil supply amount regulating mech-
anism 30 increases as the delivery pressure of the oil
pump 6 increases, the amount of the oil to be supplied
to the expansion mechanism 3 is not proportional to the
rotation speed of the shaft 5.
[0036] The type of the oil pump is not limited to the
velocity type pump, and a positive displacement pump
may be used. Examples of the positive displacement
pump include a rotary type oil pump and a TROCHOID
pump (registered trademark of Nippon Oil Pump Co.,
Ltd.). However, the velocity type pump is better suited
for the oil supply amount regulating mechanism 30 in the
present embodiment than the positive displacement
pump. The reason is that no oil escape route is provided
in the present embodiment, as it is provided in the later-
described second and third embodiments.
[0037] The oil supply amount regulating mechanism
30 includes a structure for preventing the amount of the
oil to be supplied to the expansion mechanism 3 through
the oil supply passage 29 from increasing correspond-
ingly to an increase of the rotation speed of the shaft 5.
As described previously, it is important to reduce the heat
transfer from the compression mechanism 2 to the ex-
pansion mechanism 3 resulting from the oil circulation
as much as possible, in order to improve the efficiency
of a refrigeration cycle apparatus (see Fig. 10) using the
expander-integrated compressor 100A. When the rota-
tion speed of the shaft 5 increases, the delivery capacity
and delivery pressure of the oil pump 6 tend to increase.
However, excessive supply of the oil is prevented by the
workings of the oil supply amount regulating mechanism
30. In some cases, the oil supply amount to the expansion
mechanism 3 can be maintained at almost a constant
level regardless of the rotation speed of the shaft 5. As
a result, it is possible to reduce the heat transfer from the
compression mechanism 2 to the expansion mechanism
3 that results from the oil circulation.
[0038] In the present embodiment, the oil supply
amount regulating mechanism 30 is provided in the oil
supply passage 29. For this reason, it is unnecessary to
provide a dedicated space for the oil supply amount reg-
ulating mechanism 30. The location at which the oil sup-
ply amount regulating mechanism 30 should be provided
may be below the expansion mechanism 3, which is lo-
cated in the upper part of the closed casing 1. Typically,
the oil supply amount regulating mechanism 30 is pro-
vided between the working chamber 20 of the compres-
sion mechanism 2 and the motor 4 with respect to the
axis direction of the shaft 5.
[0039] Fig. 3 is a partially enlarged view of Fig. 1. As
illustrated in Fig. 3, the oil supply amount regulating
mechanism 30 has a valve seat 31, a needle 32 (valve

body), a spring 33, and a needle stopper 34. The valve
seat 31 has an orifice shape whose inner diameter de-
creases toward the expansion mechanism 3. The needle
32 is disposed so as to face the valve seat 31. The needle
32 has a leading end portion in a circular conic shape.
The spring 33 is disposed between the valve seat 31 and
the needle 32 so that a gap through which the oil can
flow is formed between the valve seat 31 and the needle
32. The spring 33 expands and contracts according to a
pressure change of the oil in the oil supply passage 29,
so that the gap between the valve seat 31 and the needle
32 can be adjusted. The needle stopper 34 for defining
the range of motion of the needle 32 is disposed opposite
the valve seat 31 across the needle 32. The valve seat
31 or the needle stopper 34 may be formed by a portion
of the shaft 5.
[0040] With the oil supply amount regulating mecha-
nism 30, the oil to be supplied to the expansion mecha-
nism 3 flows through the oil supply passage 29 and hits
the back face of the needle 32. Thereafter, the oil passes
through the surrounding region of the needle 32 and flows
toward the valve seat 31. The oil hitting the back face of
the needle 32 presses the needle 32 toward the valve
seat 31 with a force corresponding to the flow rate of the
oil. The needle 32 is pushed back with a force in propor-
tion to the displacement of the spring 33. Specifically, the
area of the gap between the valve seat 31 and the needle
32 (the cross-sectional area of the gap) changes accord-
ing to the flow rate of the oil. While the oil feeding capa-
bility of the oil pump 6 becomes higher in proportional to
an increase of the rotation speed of the shaft 5, the re-
sistance to the oil flow increases because the gap be-
tween the valve seat 31 and the needle 32 narrows. As
a result, the amount of the oil to be supplied is restricted
(optimized).
[0041] Even when the shaft 5 revolves at a high speed,
an unnecessarily great amount of the oil is not supplied
to the expansion mechanism 3 because of the workings
of the oil supply amount regulating mechanism 30. In
other words, an appropriate amount of the oil can be sup-
plied to the expansion mechanism 3. As a result, it is
possible to reduce the heat transfer from the compres-
sion mechanism 2 to the expansion mechanism 3 that
results from the oil circulation. Moreover, since excess
oil is not supplied to the expansion mechanism 3, it is
possible to prevent the working fluid from mixing with a
large amount of the oil in the expansion mechanism 3.
Thus, it is possible to prevent a considerable decrease
in heat exchange efficiency resulting from the excess oil
flowing into an evaporator 102 (see Fig. 10). As illustrated
in Fig. 4, the effect of optimizing the oil supply amount
can be obtained by providing only the valve seat 31 in
the oil supply passage 29. That is, by merely providing
an orifice in the oil supply passage 29, the oil can be
prevented from being excessively supplied to the expan-
sion mechanism 3 because the pressure loss at the ori-
fice increases proportionally to an increase of the oil flow
rate.
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[0042] In the present embodiment, the oil of the oil sup-
ply passage 29 is supplied only to the expansion mech-
anism 3. However, the oil of the oil supply passage 29
may also be supplied to the compression mechanism 2.

(Second Embodiment)

[0043] Fig. 5 is a vertical cross-sectional view illustrat-
ing an expander-integrated compressor according to a
second embodiment of the present invention. As illus-
trated in Fig. 5, a main difference between an expander-
integrated compressor 100B of the present embodiment
and the expander-integrated compressor 100A of the first
embodiment is in the oil supply amount regulating mech-
anism. The same parts as those in the embodiment
shown in Fig. 1 will be designated by the same reference
numerals, and the descriptions thereof will be omitted.
[0044] Fig. 6 is a partially enlarged view of Fig. 5. In
the present embodiment, a branch passage 29s branch-
ing in a radial direction from the oil supply passage 29
and opening in an outer circumferential surface of the
shaft5 is formed in the shaft 5. An oil supply amount reg-
ulating mechanism 60 is provided in the branch passage
29s. In this way, mounting of the oil supply amount reg-
ulating mechanism 60 is possible from the outside of the
shaft 5, so assembling is easier than that in the first em-
bodiment. Moreover, this is suitable also in the case
where the oil pump is a positive displacement pump be-
cause the branch passage 29s behaves as an oil escape
route.
[0045] As illustrated in Fig. 6, the oil supply amount
regulating mechanism 60 has a valve seat 61, a needle
62, a spring 63, and a needle stopper 64. The valve seat
61 has an orifice shape whose inner diameter decreases
toward the oil supply passage 29. The valve seat 61 is
disposed at a portion of the branch passage 29s that
faces the oil supply passage 29. The needle 62 in a cir-
cular conic shape is disposed so as to face the valve seat
61. The needle 62 is displaceable in a direction toward
the valve seat 61 and a direction away from the valve
seat 61 (radial directions of the shaft 5). The needle stop-
per 64 is disposed at a portion of the branch passage
29s that faces an outside of the shaft 5. The needle stop-
per 64 defines the range of motion of the needle 62. The
spring 63 is disposed between the needle 62 and the
needle stopper 64.
[0046] A bearing member 10 has a bearing portion 10a
that supports the shaft 5. The bearing portion 10a covers
an outer circumferential surface of the shaft 5 at a location
where the branch passage 29s is formed. A circular
chamber 67 is formed in an inner circumferential surface
of the bearing portion 10a. The branch passage 29s
opens toward the chamber 67. An oil discharge passage
66 for connecting the chamber 67 and the interior space
24 of the closed casing 1 is further formed in the bearing
portion 10a so as to penetrate through the bearing portion
10a in a radial direction. By the branch passage 29s, the
chamber 67, and the oil discharge passage 66, the oil

can flow from the oil supply passage 29 to the interior
space 24 of the closed casing 1.
[0047] When the internal pressure of the oil supply pas-
sage 29 is lower than a predetermined pressure, the oil
supply amount regulating mechanism 60 is brought to a
closed state. The closed state refers to a state in which
the branch passage 29s is closed by the needle 62 being
fitted into the valve seat 61. In the closed state, the oil
cannot flow through the branch passage 29s. On the oth-
er hand, when the rotation speed of the shaft 5 increases
and the internal pressure of the oil supply passage 29
thereby becomes higher than a predetermined pressure,
the oil supply amount regulating mechanism 60 is
brought to an open state. The open state refers to a state
in which the needle 62 is detached from the valve seat
61 so that a gap is formed between the valve seat 61 and
the needle 62. In the open state, the oil can flow through
the branch passage 29s.
[0048] When the internal pressure of the oil supply pas-
sage 29 becomes higher than the predetermined pres-
sure, the oil enters the branch passage 29s through the
valve seat 61 while displacing the needle 62. The force
of the oil that displaces the needle 62 is proportional to
the internal pressure of the oil supply passage 29. On
the condition that the outward load that is applied to the
needle 62 by the oil in the oil supply passage 29 and the
like (more specifically, the pressure of the oil and the
centrifugal force) exceeds the force by which the spring
63 pushes the needle 62 when the oil supply amount
regulating mechanism 60 is in the closed state, the oil
supply amount regulating mechanism 60 switches from
the closed state to the open state.
[0049] In other words, when the rotation speed of the
shaft 5 increases and the oil is fed into the oil supply
passage 29 in an amount greater than is necessary, the
increase of the internal pressure of the oil supply passage
29 brings the oil supply amount regulating mechanism
60 into the open state. When the oil supply amount reg-
ulating mechanism 60 is brought into the open state, part
of the oil flowing through the oil supply passage 29 is
guided to the outside of the shaft 5 through the branch
passage 29s. The oil having flowed out of the shaft 5 is
discharged to the interior space 24 of the closed casing
1 through the chamber 67 and the oil discharge passage
66 formed in the bearing portion 10a of the bearing mem-
ber 10. As a result, the amount of the oil to be supplied
to the expansion mechanism 3 is optimized. Thus, in the
present embodiment, the oil supply amount regulating
mechanism 60 is constructed by a relief valve.
[0050] In addition, in the present embodiment, the oil
is allowed to escape to the outside of the shaft 5 through
the branch passage 29s. For this reason, when the oil
supply amount regulating mechanism 60 is brought into
the open state, a difference in the flow rate of the oil in
the oil supply passage 29 arises between the positions
before and after the oil supply amount regulating mech-
anism 60. Specifically, the flow rate is high between the
oil supply amount regulating mechanism 60 and the oil
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pump 6, and the flow rate is low between the expansion
mechanism 3 and the oil supply amount regulating mech-
anism 60. It is preferable that the portion at which the
flow rate of the oil is high be farther away from the ex-
pansion mechanism 3, from the view point of reducing
the heat transfer from the compression mechanism 2 to
the expansion mechanism 3 that results from the oil cir-
culation. Therefore, it is desirable that the branch pas-
sage 29s be formed in a portion of the shaft 5 that is
between the motor 4 and the compression mechanism 2.

(Third Embodiment)

[0051] Fig. 7 is a vertical cross-sectional view illustrat-
ing an expander-integrated compressor according to a
third embodiment of the present invention. As illustrated
in Fig. 7, a main difference between an expander-inte-
grated compressor 100C of the present embodiment and
the expander-integrated compressor 100A of the first em-
bodiment is in the oil supply amount regulating mecha-
nism.
[0052] Fig. 8 is a partially enlarged view of Fig. 7. In
the present embodiment, a branch passage 29t branch-
ing in a radial direction from the oil supply passage 29
and opening in an outer circumferential surface of the
shaft 5 is formed in the shaft 5. An oil supply amount
regulating mechanism 70 is provided exteriorly of the
shaft so that the oil is guided to the interior space 24 of
the closed casing 1 through the branch passage 29t.
Since the oil supply amount regulating mechanism 70 is
provided exteriorly of the shaft 5, a larger space than is
available in the preceding two embodiments can be en-
sured for the oil supply amount regulating mechanism 70.
[0053] The present embodiment is similar to the sec-
ond embodiment in the respect that the branch passage
29t is formed in the shaft 5 as an oil escape route. On
the other hand, the present embodiment is different from
the second embodiment in the respect that the oil supply
amount regulating mechanism 70 does not rotate togeth-
er with the shaft 5. This is suitable also in the case where
the oil pump is a positive displacement pump because
the branch passage 29t behaves as an oil escape route.
[0054] As illustrated in Fig. 8, in the present embodi-
ment, the oil supply amount regulating mechanism 70 is
provided inside the bearing member 10. The bearing
member 10 has the bearing portion 10a that supports the
shaft 5. The bearing portion 10a covers an outer circum-
ferential surface of the shaft 5 at a location where the
branch passage 29t is formed. A circular chamber 77 is
formed in an inner circumferential surface of the bearing
portion 10a. The branch passage 29t opens toward the
chamber 77. An oil discharge passage 76 is further
formed in the bearing portion 10a, as a passage for con-
necting the chamber 77 and the interior space 24 of the
closed casing 1. The oil supply amount regulating mech-
anism 70 is provided in the oil discharge passage 76.
[0055] The oil supply amount regulating mechanism
70 has a valve seat 71, a valve body 72, a spring 73, and

a valve body stopper 74. The oil discharge passage 76
includes a portion having a T-shaped cross-sectional
shape along the flow direction of the oil. The valve seat
71 is disposed in the T-shaped portion. The valve body
72 in a spherical shape is disposed so as to face the
valve seat 71. The valve body stopper 74 is disposed
opposite the valve seat 71 across the valve body 72. The
valve body stopper 74 defines the range of motion of the
valve body 72. The spring 73 is disposed between the
valve body 72 and the valve body stopper 74. It should
be noted that the structure of the oil supply amount reg-
ulating mechanism 70 may be the same as that in the
second embodiment.
[0056] When the internal pressure of the oil supply pas-
sage 29 is lower than a predetermined pressure, the oil
supply amount regulating mechanism 70 is brought to a
closed state. The closed state refers to a state in which
the oil discharge passage 76 is closed by the valve body
72 being fitted into the valve seat 71. In the closed state,
the oil cannot flow through the oil discharge passage 76.
On the other hand, when the rotation speed of the shaft
5 increases and the internal pressure of the oil supply
passage 29 thereby becomes higher than the predeter-
mined pressure, the oil supply amount regulating mech-
anism 70 is brought to an open state. The open state
refers to a state in which the valve body 72 is detached
from the valve seat 71 so that a gap is formed between
the valve seat 71 and the valve body 72. In the open
state, the oil can flow through the oil discharge passage
76.
[0057] When the internal pressure of the oil supply pas-
sage 29 becomes higher than the predetermined pres-
sure, the oil displaces the valve body 72, causing the oil
discharge passage 76 to open. The force of the oil that
displaces the valve body 72 is proportional to the internal
pressure of the oil supply passage 29. On the condition
that the load that is applied to the valve body 72 by the
oil in the oil supply passage 29 exceeds the force by
which the spring 73 pushes the needle 72 when the oil
supply amount regulating mechanism 70 is in the closed
state, the oil supply amount regulating mechanism 70
switches from the closed state to the open state.
[0058] In other words, when the rotation speed of the
shaft 5 increases and the oil is fed into the oil supply
passage 29 in an amount greater than is necessary, the
increase of the internal pressure of the oil supply passage
29 brings the oil supply amount regulating mechanism
70 into the open state. When the oil supply amount reg-
ulating mechanism 70 is brought into the open state, part
of the oil flowing through the oil supply passage 29 is
guided to the outside of the shaft 5 through the branch
passage 29t. The oil having flowed out of the shaft 5 is
discharged to the interior space 24 of the closed casing
1 through the chamber 77 and the oil discharge passage
76 each formed in the bearing portion 10a of the bearing
member 10. As a result, the amount of the oil to be sup-
plied to the expansion mechanism 3 is optimized. Thus,
in the present embodiment as well, the oil supply amount
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regulating mechanism 70 is constructed by a relief valve.
[0059] It should be noted that the oil supply amount
regulating mechanism 70 may be disposed at an outlet
of the oil discharge passage 76, or may be disposed in
the chamber 77.
[0060] In the present embodiment as well, the oil is
allowed to escape to the outside of the shaft 5 through
the branch passage 29t. Therefore, it is desirable that
the branch passage 29t be formed in a portion of the
shaft 5 that is between the motor 4 and the compression
mechanism 2, which is located in the lower part of the
closed casing 1.

(Fourth Embodiment)

[0061] In an expander-integrated compressor 100D of
the present embodiment, the axis direction of the shaft
5 is parallel to the horizontal direction, as illustrated in
Fig. 9. The oil reservoir 25 is formed along the longitudinal
direction of the closed casing 1. A partition wall 27 is
provided between the expansion mechanism 3 and the
motor 4. The partition wall 27 divides the interior space
24 into a space on the expansion mechanism 3 side and
a space on the compression mechanism 2 side. The mo-
tor 4 is disposed also in the space on the compression
mechanism 2 side. This partition wall 27 also has the
function to reduce the heat transfer from the compression
mechanism 2 and the motor 4 to the expansion mecha-
nism 3. The partition wall 27 has a passage 27h allowing
the oil to flow therethrough.
[0062] A positive displacement-type the oil pump 26 is
provided at an end portion of the shaft 5. The oil pump
26, the expansion mechanism 3, the motor 4, and the
compression mechanism 2 are arrayed in that order
along the axis direction of the shaft 5. The oil supply
amount regulating mechanism 60 is the same one as
described with reference to Fig. 6 in the third embodi-
ment. A nozzle 26k of the oil pump 26 extends toward
the oil reservoir 25 so that it can draw the oil in the oil
reservoir 25. The oil drawn by the oil pump 26 is supplied
through the oil supply passage 29 to the compression
mechanism 2 located in the far side, viewed from the oil
pump 26, with respect to the axis direction the shaft 5.
In the present embodiment, the oil from the oil pump 26
is also supplied to the expansion mechanism 3, which is
located on the near side, viewed from the oil pump 26.
The oil discharged from the oil supply passage 29 through
the oil supply amount regulating mechanism 60 returns
to the space on the expansion mechanism 3 side.
[0063] As in the foregoing embodiments, the oil supply
amount regulating mechanism 60 prevents excessive
supply of the oil. Thereby, the heat transfer from the com-
pression mechanism 2 to the expansion mechanism 3 is
suppressed. In the embodiment shown in Fig. 9, the oil
pump 26 is provided in the expansion mechanism 3 side.
However, it is possible to provide the oil pump 26 in the
compression mechanism 2 side. It is also possible to pro-
vide the oil supply amount regulating mechanism 30 (first

embodiment) or the oil supply amount regulating mech-
anism 70 (third embodiment), in place of the oil supply
amount regulating mechanism 60.

INDUSTRIAL APPLICABILITY

[0064] The expander-integrated compressor accord-
ing to the present invention may be suitably applied to,
for example, refrigeration cycle apparatuses (heat
pumps) for air conditioners, water heaters, driers, or re-
frigerator-freezers. As illustrated in Fig. 10, a refrigeration
cycle apparatus 110 includes: an expander-integrated
compressor 100A (, 100B, 100C, or 100D); a radiator
101 for cooling the refrigerant compressed by the com-
pression mechanism 2; and an evaporator 114 for evap-
orating the refrigerant expanded by the expansion mech-
anism 3. The compression mechanism 2, the radiator
101, the expansion mechanism 3, and the evaporator
102 are connected by pipes, to form a refrigerant circuit.
[0065] For example, when refrigeration cycle appara-
tus 110 is applied to an air conditioner, it is possible to
prevent a decrease in heating capacity caused by a de-
creased discharge temperature of the compression
mechanism 2 during heating operation, and a decrease
in cooling capacity caused by an increased discharge
temperature of the expansion mechanism 3 during cool-
ing operation, by reducing the heat transfer from the com-
pression mechanism 2 to the expansion mechanism 3.
As a result, the coefficient of performance of the air con-
ditioner is improved.

Claims

1. An expander-integrated compressor comprising:

a compression mechanism for compressing a
working fluid;
an expansion mechanism for recovering me-
chanical power from the working fluid;
a shaft coupling the compression mechanism
and the expansion mechanism so as to transmit
the mechanical power recovered by the expan-
sion mechanism to the compression mecha-
nism;
a closed casing accommodating the compres-
sion mechanism, the expansion mechanism,
and the shaft in such a manner that the com-
pression mechanism and the expansion mech-
anism are arrayed vertically, the closed casing
having a bottom portion utilized as an oil reser-
voir and an interior space to be filled with the
working fluid having been compressed;
an oil pump provided at a lower portion of the
shaft;
an oil supply passage for supplying oil in the oil
reservoir to the compression mechanism or the
expansion mechanism located in an upper part
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of the closed casing by the oil pump, the oil sup-
ply passage being formed in the shaft so as to
extend in an axis direction; and
an oil supply amount regulating mechanism, dis-
posed below the compression mechanism or the
expansion mechanism located in the upper part
of the closed casing, for regulating the amount
of the oil to be supplied to the compression
mechanism or the expansion mechanism locat-
ed in the upper part of the closed casing through
the oil supply passage.

2. The expander-integrated compressor according to
claim 1, wherein:

a branch passage is formed in the shaft, the
branch passage branching in a radial direction
from the oil supply passage and opening in an
outer circumferential surface of the shaft; and
the oil supply amount regulating mechanism is
provided in the branch passage.

3. The expander-integrated compressor according to
claim 2, further comprising:

a motor, disposed between the compression
mechanism and the expansion mechanism, for
driving the shaft; and wherein
the branch passage is formed in a portion of the
shaft that is between the motor and the com-
pression mechanism or the expansion mecha-
nism located in a lower part of the closed casing.

4. The expander-integrated compressor according to
claim 1, wherein the oil supply amount regulating
mechanism includes a structure for preventing the
amount of the oil to be supplied to the compression
mechanism or the expansion mechanism through
the oil supply passage, from increasing correspond-
ingly to an increase of a rotation speed of the shaft.

5. The expander-integrated compressor according to
claim 1, wherein the oil supply amount regulating
mechanism includes an orifice, a needle valve, or a
relief valve.

6. The expander-integrated compressor according to
claim 1, wherein the oil supply amount regulating
mechanism is provided in the oil supply passage.

7. The expander-integrated compressor according to
claim 1, wherein:

a branch passage is formed in the shaft, the
branch passage branching in a radial direction
from the oil supply passage and opening in an
outer circumferential surface of the shaft; and
the oil supply amount regulating mechanism is

provided exteriorly of the shaft so that the oil is
guided to the interior space of the closed casing
through the branch passage.

8. The expander-integrated compressor according to
claim 1, wherein the oil supply amount regulating
mechanism includes a valve seat, a valve body dis-
posed so as to face the valve seat, and a spring for
regulating a gap between the valve seat and the
valve body by expanding and contracting according
to a pressure change of the oil in the oil supply pas-
sage.

9. The expander-integrated compressor according to
claim 8, wherein the shape of the valve body is spher-
ical.

10. The expander-integrated compressor according to
claim 7, further comprising:

a chamber provided so as to face the shaft at a
location at which the branch passage is formed;
and wherein
the oil supply amount regulating mechanism is
disposed in the chamber or on a path connecting
the chamber and the interior space of the closed
casing.

11. The expander-integrated compressor according to
claim 1, wherein the oil pump is a velocity type pump.

12. A refrigeration cycle apparatus comprising:

an expander-integrated compressor according
to claim 1;
a radiator for cooling the refrigerant compressed
by the compression mechanism of the expand-
er-integrated compressor; and
an evaporator for evaporating the refrigerant ex-
panded by the expansion mechanism of the ex-
pander-integrated compressor.

13. An expander-integrated compressor comprising:

a compression mechanism for compressing a
working fluid;
an expansion mechanism for recovering me-
chanical power from the working fluid;
a shaft coupling the compression mechanism
and the expansion mechanism so as to transmit
the mechanical power recovered by the expan-
sion mechanism to the compression mecha-
nism;
a closed casing accommodating the compres-
sion mechanism, the expansion mechanism,
and the shaft, the closed casing having a bottom
portion utilized as an oil reservoir and an interior
space to be filled with the working fluid having
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been compressed;
an oil pump provided at an end portion of the
shaft;
an oil supply passage for supplying oil in the oil
reservoir by the oil pump to the compression
mechanism or the expansion mechanism that is
located in a far side, viewed from the oil pump,
with respect to an axis direction of the shaft, the
oil supply passage being formed in the shaft so
as to extend in the axis direction; and an oil sup-
ply amount regulating mechanism for regulating
the amount of the oil to be supplied to the com-
pression mechanism or the expansion mecha-
nism through the oil supply passage.
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