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(54) COMPRESSOR INTEGRAL WITH EXPANDER

(57) An expander-compressor unit (200A) includes
a closed casing (1), a compression mechanism (2), an
expansion mechanism (3), a shaft (5), and an oil pump
(6). The shaft (5) couples the compression mechanism
(2) to the expansion mechanism (3) so that power recov-
ered by the expansion mechanism (3) is transferred to
the compression mechanism (2). The oil pump (6) is dis-
posed between the compression mechanism (2) and the
expansion mechanism (3), and supplies an oil held in an
oil reservoir (25) to the compression mechanism (2). An
oil supply passage (29) is formed in the shaft (5) so that
the oil discharged from the oil pump (6) can be supplied
to the compression mechanism (2). A lower end (29e) of
the oil supply passage (29) is located below an inlet (29p)
of the oil supply passage (29) formed in an outer circum-
ferential surface of the shaft (5).
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Description

TECHNICAL FIELD

[0001] The present invention relates to an expander-
compressor unit including a compression mechanism for
compressing a fluid and an expansion mechanism for
expanding the fluid.

BACKGROUND ART

[0002] As an example of fluid machines having an ex-
pansion mechanism and a compression mechanism, an
expander-compressor unit conventionally has been
known. Fig. 15 is a vertical cross-sectional view of an
expander-compressor unit described in JP 2005-299632
A.
[0003] An expander-compressor unit 103 includes a
closed casing 120, a compression mechanism 121, a
motor 122, and an expansion mechanism 123. A shaft
124 couples the motor 122, the compression mechanism
121, and the expansion mechanism 123. The expansion
mechanism 123 recovers power from a working fluid
(such as a refrigerant) expanding, and provides the re-
covered power to the shaft 124. Thereby, the power con-
sumption of the motor 122 for driving the compression
mechanism 121 is reduced, and the coefficient of per-
formance of a system using the expander-compressor
unit 103 is increased.
[0004] The closed casing 120 has a bottom portion 125
utilized as an oil reservoir. An oil pump 126 is provided
at a lower end of the shaft 124 in order to pump up an oil
held in the bottom portion 125 to an upper part of the
closed casing 120. The oil pumped up by the oil pump
126 is supplied to the compression mechanism 121 and
the expansion mechanism 123 through an oil supply pas-
sage 127 formed in the shaft 124. Thereby, lubrication
and sealing are ensured in sliding parts of the compres-
sion mechanism 121 and those of the expansion mech-
anism 123.
[0005] An oil return passage 128 is provided at an up-
per part of the expansion mechanism 123. One end of
the oil return passage 128 is connected to the oil supply
passage 127 formed in the shaft 124, and the other end
thereof opens downwardly below the expansion mecha-
nism 123. Generally, the oil is supplied excessively for
ensuring the reliability of the expansion mechanism 123.
The excess oil is discharged downwardly below the ex-
pansion mechanism 123 through the oil return passage
128.
[0006] Usually, the amount of the oil contained in the
working fluid is different between the compression mech-
anism 121 and the expansion mechanism 123. Thus, in
the case where the compression mechanism 121 and
the expansion mechanism 123 are accommodated in
separate closed casings, a means for adjusting the
amount of the oil in the two closed casings is essential
in order to prevent the amount of the oil from being ex-

cessive or deficient. In contrast, the expander-compres-
sor unit 103 shown in Fig. 11 intrinsically is free from the
problem of the excess or deficient oil amount because
the compression mechanism 121 and the expansion
mechanism 123 are accommodated in the same closed
casing 120.
[0007] In the expander-compressor unit 103, the oil
pumped up from the bottom portion 125 is heated by the
compression mechanism 121 because the oil passes
through the compression mechanism 121 having a high
temperature. The oil heated by the compression mech-
anism 121 is heated further by the motor 122 and reaches
the expansion mechanism 123. The oil that has reached
the expansion mechanism 123 is cooled by the expan-
sion mechanism 123 having a low temperature, and
thereafter is discharged downwardly below the expan-
sion mechanism 123 through the oil return passage 128.
The oil discharged from the expansion mechanism 123
is heated when passing along a side face of the motor
122. The oil is heated further also when passing along a
side face of the compression mechanism 121, and re-
turns to the bottom portion 125 of the closed casing 120.
[0008] As described above, the oil circulates between
the compression mechanism and the expansion mech-
anism so that the heat is transferred from the compres-
sion mechanism to the expansion mechanism via the oil.
This heat transfer lowers the temperature of the working
fluid discharged from the compression mechanism and
raises the temperature of the working fluid discharged
from the expansion mechanism, hindering the increase
in the coefficient of performance of the system using the
expander-compressor unit.

DISCLOSURE OF INVENTION

[0009] The present invention has been accomplished
in view of the foregoing. The present invention is intended
to suppress the heat transfer from a compression mech-
anism to an expansion mechanism in an expander-com-
pressor unit.
[0010] In order to achieve the above-mentioned object,
the present inventors disclose, in International Applica-
tion PCT/JP2007/058871 (filing date April 24, 2007, pri-
ority date May 17, 2006) preceding the present applica-
tion, an expander-compressor unit including: a closed
casing having a bottom portion utilized as an oil reservoir;
a compression mechanism disposed in the closed casing
so as to be located above or below an oil level of an oil
held in the oil reservoir; an expansion mechanism dis-
posed in the closed casing so that a positional relation-
ship of the expansion mechanism with respect to the oil
level is vertically opposite to that of the compression
mechanism; a shaft coupling the compression mecha-
nism and the expansion mechanism; and an oil pump
disposed between the compression mechanism and the
expansion mechanism and configured to supply the oil
filling a surrounding space of the compression mecha-
nism or the expansion mechanism to the compression
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mechanism or the expansion mechanism located above
the oil level.
[0011] In the above-mentioned expander-compressor
unit, the vertical positional relationship between the com-
pression mechanism and the expansion mechanism is
not limited. However, when the compression mechanism
is disposed above the oil level and the expansion mech-
anism is disposed below the oil level, higher effect of
preventing the heat transfer via the oil can be obtained.
Also, it has been found that adding the following improve-
ments can enhance further the effect of preventing the
heat transfer.
[0012] More specifically, the present invention pro-
vides an expander-compressor unit including:

a closed casing having a bottom portion utilized as
an oil reservoir, and an internal space filled with a
working fluid that has been compressed and has a
high pressure;
a compression mechanism disposed at an upper po-
sition in the closed casing, the compression mech-
anism being configured to compress the working flu-
id and discharge the working fluid to the internal
space of the closed casing;
an expansion mechanism disposed at a lower posi-
tion in the closed casing so that a surrounding space
thereof is filled with an oil held in the oil reservoir,
the expansion mechanism being configured to re-
cover power from the working fluid expanding;
a shaft coupling the compression mechanism to the
expansion mechanism so that the power recovered
by the expansion mechanism is transferred to the
compression mechanism;
an oil pump for supplying the oil held in the oil res-
ervoir to the compression mechanism, the oil pump
being disposed between the compression mecha-
nism and the expansion mechanism in an axial di-
rection of the shaft, and
an oil supply passage formed in the shaft so that the
oil discharged from the oil pump can be supplied to
the compression mechanism, the oil supply passage
having a lower end located below an inlet formed in
an outer circumferential surface of the shaft.

[0013] As the expander-compressor unit of the present
invention, a so-called high pressure shell type unit in
which a closed casing is filled with a high temperature,
high pressure working fluid is employed. The compres-
sion mechanism that has a high temperature during op-
eration is disposed at the upper position in the closed
casing. The expansion mechanism that has a low tem-
perature during operation is disposed at the lower posi-
tion in the closed casing. The oil for lubricating the com-
pression mechanism and the expansion mechanism is
held in the bottom portion of the closed casing. The oil
pump is disposed between the compression mechanism
and the expansion mechanism, and the oil is supplied to
the compression mechanism from the oil pump through

the oil supply passage formed in the shaft. The oil drawn
into the oil pump is supplied to the upper-located com-
pression mechanism without passing through the lower-
located expansion mechanism. In other words, it is pos-
sible to avoid having the expansion mechanism located
on a circulation passage for the oil lubricating the com-
pression mechanism. Thereby, the heat transfer from the
compression mechanism to the expansion mechanism
via the oil is suppressed.
[0014] Furthermore, in the present invention, the lower
end of the oil supply passage formed in the shaft is lo-
cated below the inlet of the oil supply passage. Accord-
ingly, the oil stays in a portion of the oil supply passage
below the inlet. This makes it unlikely for the heat to be
transferred to the expansion mechanism via the shaft
serving as a heat conductive passage because the oil
has a lower heat conductivity than that of the material
(usually metal) constituting the shaft.

BRIEF DESCRIPTION OF DRAWINGS

[0015]

Fig. 1 is a vertical cross-sectional view of an expand-
er-compressor unit according to Embodiment 1 of
the present invention.
Fig. 2A is a transverse cross-sectional view of the
expander-compressor unit shown in Fig. 1 taken
along the line IIA-IIA.
Fig. 2B is a transverse cross-sectional view taken
along the line IIB-IIB in the same manner.
Fig. 3 is a partially enlarged view of Fig. 1.
Fig. 4 is a plan view of an oil pump.
Fig. 5 is a schematic view showing an oil supply
groove formed in an outer circumferential surface of
a second shaft.
Fig. 6 is an enlarged cross-sectional view showing
another form of an oil supply passage.
Fig. 7 is an enlarged cross-sectional view showing
still another form of the oil supply passage.
Fig. 8 is an enlarged cross-sectional view showing
still another form of the oil supply passage.
Fig. 9 is an enlarged cross-sectional view showing
still another form of the oil supply passage.
Fig. 10 is a vertical cross-sectional view of an ex-
pander-compressor unit according to Embodiment
2 of the present invention.
Fig. 11 is a partially enlarged view of Fig. 10.
Fig. 12 is a plan view of the oil pump taken along the
line XII-XII in Fig. 11.
Fig. 13A is a cross-sectional view of a piston with an
oil retaining groove formed in a lower face thereof.
Fig. 13B is a cross-sectional view of a piston with an
angled lower face.
Fig. 14 is a configuration diagram of a refrigeration
cycle apparatus using the expander-compressor
unit.
Fig. 15 is a cross-sectional view of a conventional
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expander-compressor unit.

BEST MODE FOR CARRYING OUT THE INVENTION

[0016] Hereinbelow, embodiments of the present in-
vention will be described with reference to the accompa-
nying drawings.

(Embodiment 1)

[0017] Fig. 1 is a vertical cross-sectional view of an
expander-compressor unit according to Embodiment 1
of the present invention. Fig. 2A is a transverse cross-
sectional view of the expander-compressor unit shown
in Fig. 1 taken along the line IIA-IIA. Fig. 2B is a transverse
cross-sectional view of the expander-compressor unit
shown in Fig. 1 taken along the line IIB-IIB. Fig. 3 is a
partially enlarged view of Fig. 1.
[0018] As shown in Fig. 1, an expander-compressor
unit 200A according to the Embodiment 1 includes a
closed casing 1, a scroll-type compression mechanism
2 disposed at an upper portion in the closed casing 1, a
two-stage rotary-type expansion mechanism 3 disposed
at a lower portion in the closed casing 1, a motor 4 dis-
posed between the compression mechanism 2 and the
expansion mechanism 3, a shaft 5 coupling the compres-
sion mechanism 2, the expansion mechanism 3, and the
motor 4, an oil pump 6 disposed between the motor 4
and the expansion mechanism 3, and a heat insulating
structure 30 disposed between the expansion mecha-
nism 3 and the oil pump 6. The motor 4 drives the shaft
5 so as to operate the compression mechanism 2. The
expansion mechanism 3 recovers power from a working
fluid expanding and applies it to the shaft 5 to assist the
driving of the shaft 5 by the motor 4. The working fluid is,
for example, a refrigerant such as carbon dioxide and
hydrofluorocarbon.
[0019] In this description, an axial direction of the shaft
5 is defined as a vertical direction, a side on which the
compression mechanism 2 is disposed is defined as an
upper side, and a side on which the expansion mecha-
nism 3 is disposed is defined as a lower side. Further-
more, although the scroll-type compression mechanism
2 and the rotary-type expansion mechanism 3 are em-
ployed in the present embodiment, the types of the com-
pression mechanism 2 and the expansion mechanism 3
are not limited to these. They may be another type of
positive displacement mechanism. For example, both of
the compression mechanism and the expansion mech-
anism may be the rotary-type or the scroll-type.
[0020] As shown in Fig. 1, the closed casing 1 has a
bottom portion utilized as an oil reservoir 25, and an in-
ternal space 24 above the oil reservoir is filled with the
working fluid. An oil is used for ensuring lubrication and
sealing of sliding parts of the compression mechanism 2
and the expansion mechanism 3. The amount of the oil
held in the oil reservoir 25 is adjusted so that an oil level
SL (see Fig. 3) is present above an oil suction port 62q

of the oil pump 6 and below the motor 4 in a state where
the closed casing 1 is placed upright, i.e., in a state where
the posture of the closed casing 1 is determined so that
the axial direction of the shaft 5 is parallel to the vertical
direction. In other words, the locations of the oil pump 6
and the motor 4, and the shape and size of the closed
casing 1 for accommodating these elements are deter-
mined so that the oil level of the oil is present between
the oil suction port 62q of the oil pump 6 and the motor 4.
[0021] The oil reservoir 25 includes an upper tank 25a
in which the oil suction port 62q of the oil pump 6 is located
and a lower tank 25b in which the expansion mechanism
3 is located. The upper tank 25a and the lower tank 25b
are separated from each other by a member (specifically,
a partition plate 31 to be described later) composing the
heat insulating structure 30. A surrounding space of the
oil pump 6 is filled with the oil held in the upper tank 25a,
and a surrounding space of the expansion mechanism 3
is filled with the oil held in the lower tank 25b. The oil held
in the upper tank 25a is used mainly for the compression
mechanism 2, and the oil held in the lower tank 25b is
used mainly for the expansion mechanism 3.
[0022] The oil pump 6 is disposed between the com-
pression mechanism 2 and the expansion mechanism 3
in the axial direction of the shaft 5 so that the oil level of
the oil held in the upper tank 25a is present above the oil
suction port 62q. A support frame 75 is disposed between
the motor 4 and the oil pump 6. The support frame 75 is
fixed to the closed casing 1. The oil pump 6, the heat
insulating structure 30, and the expansion mechanism 3
are fixed to the closed casing 1 via the support frame 75.
A plurality of through holes 75a are formed in an outer
peripheral portion of the support frame 75 so that the oil
that lubricated the compression mechanism 2 and the oil
that has been separated from the working fluid dis-
charged to the internal space 24 of the closed casing 1
can return to the upper tank 25a. The number of the
through hole 75a may be one.
[0023] The oil pump 6 draws the oil held in the upper
tank 25a, and supplies the oil to the sliding parts of the
compression mechanism 2. The oil returning to the upper
tank 25a through the through holes 75a of the support
frame 75 after lubricating the compression mechanism
2 has a relatively high temperature because it has been
heated by the compression mechanism 2 and the motor
4. The oil that has returned to the upper tank 25a is drawn
into the oil pump 6 again. On the other hand, the oil held
in the lower tank 25b is supplied to the sliding parts of
the expansion mechanism 3. The oil that lubricated the
sliding parts of the expansion mechanism 3 is returned
directly to the lower tank 25b. The oil held in the lower
tank 25b has a relatively low temperature because it has
been cooled by the expansion mechanism 3. By dispos-
ing the oil pump 6 between the compression mechanism
2 and the expansion mechanism 3 and supplying the oil
to the compression mechanism 2 by using the oil pump
6, it is possible to keep a circulation passage for the high
temperature oil lubricating the compression mechanism
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2 away from the expansion mechanism 3. In other words,
the circulation passage for the high temperature oil lubri-
cating the compression mechanism 2 can be separated
from a circulation passage for the low temperature oil
lubricating the expansion mechanism 3. Thereby, the
heat transfer from the compression mechanism 2 to the
expansion mechanism 3 via the oil is suppressed.
[0024] Although the effect of suppressing the heat
transfer can be obtained with only the oil pump 6 disposed
between the compression mechanism 2 and expansion
mechanism 3, the addition of the heat insulating structure
30 can enhance this effect significantly.
[0025] When the expander-compressor unit 200A is
being operated, the oil held in the oil reservoir 25 has a
relatively high temperature in the upper tank 25a and has
a relatively low temperature in a surrounding space of
the expansion mechanism 3 located in the lower tank
25b. The heat insulating structure 30 restricts a flow of
the oil between the upper tank 25a and the lower tank
25b so as to maintain the state in which the high temper-
ature oil is held in the upper tank 25a and the low tem-
perature oil is held in the lower tank 25b. Furthermore,
the presence of the heat insulating structure 30 increases
a distance between the oil pump 6 and the expansion
mechanism 3 in the axial direction. This also makes it
possible to reduce the amount of the heat transfer from
the oil filling the surrounding space of the oil pump 6 to
the expansion mechanism 3. The flow of the oil between
the upper tank 25a and the lower tank 25b is restricted
but not prohibited by the heat insulating structure 30. The
flow of the oil from the upper tank 25a to the lower tank
25b and vice versa can occur so as to balance the oil
amount.
[0026] Hereinafter, each component will be described
in further detail.

«Compression mechanism 2»

[0027] The scroll-type compression mechanism 2 in-
cludes an orbiting scroll 7, a stationary scroll 8, an Old-
ham ring 11, a bearing member 10, a muffler 16, a suction
pipe 13, and a discharge pipe 15. The orbiting scroll 7 is
fitted with an eccentric pivot 5a of the shaft 5, and the
self-rotation of the orbiting scroll 7 is restrained by the
Oldham ring 11. The orbiting scroll 7, with a spiral shaped
lap 7a thereof meshing with a lap 8a of the stationary
scroll 8, scrolls in association with the rotation of the shaft
5. A crescent-shaped working chamber 12 formed be-
tween the laps 7a and 8a moves from outside to inside
so as to reduce its volumetric capacity, and thereby the
working fluid drawn from the suction pipe 13 is com-
pressed. The compressed working fluid passes through
a discharge port 8b formed at a center of the stationary
scroll 8, an internal space 16a of the muffler 16, and a
flow passage 17 penetrating through the stationary scroll
8 and the bearing member 10, in this order. The working
fluid then is discharged to the internal space 24 of the
closed casing 1. The oil that has reached the compres-

sion mechanism 2 through an oil supply passage 29
formed in the shaft 5 lubricates sliding surfaces between
the orbiting scroll 7 and the eccentric pivot 5a and sliding
surfaces between the orbiting scroll 7 and the stationary
scroll 8. The working fluid discharged to the internal
space 24 of the closed casing 1 is separated from the oil
by a gravitational force or centrifugal force while staying
in the internal space 24. Thereafter, the working fluid is
discharged to a gas cooler through a discharge pipe 15.

«Motor 4»

[0028] The motor 4 for driving the compression mech-
anism 2 via the shaft 5 includes a stator 21 fixed to the
closed casing 1 and a rotor 22 fixed to the shaft 5. Electric
power is supplied from a terminal (not shown) disposed
at the upper part of the closed casing 1 to the motor 4.
The motor 4 may be either a synchronous machine or an
induction machine. The motor 4 is cooled by the oil con-
tained in the working fluid discharged from the compres-
sion mechanism 2.

«Shaft 5»

[0029] The oil supply passage 29 leading to the sliding
parts of the compression mechanism 2 is formed in the
shaft 5 so as to extend in the axial direction. The oil dis-
charged from the oil pump 6 is fed into the oil supply
passage 29. The oil fed into the oil supply passage 29 is
supplied to each of the sliding parts of the compression
mechanism 2 without passing through the expansion
mechanism 3. With such a configuration, the heat trans-
fer from the compression mechanism 2 to the expansion
mechanism 3 via the oil can be suppressed effectively
because the oil flowing toward the compression mecha-
nism 2 is not cooled by the expansion mechanism 3.
Moreover, the formation of the oil supply passage 29 in
the shaft 5 is desirable because neither an increase in
the parts count nor a problem of layout of the parts arises
additionally.
[0030] Furthermore, in the present embodiment, the
shaft 5 includes a first shaft 5s located on a side of the
compression mechanism 2, and a second shaft 5t cou-
pled to the first shaft 5s and located on a side of the
expansion mechanism 3. The oil supply passage 29 lead-
ing to the sliding parts of the compression mechanism 2
is formed in the first shaft 5s and the second shaft 5t so
as to extend in the axial direction. The first shaft 5s and
the second shaft 5t are coupled to each other with a cou-
pler 63 so that the power recovered by the expansion
mechanism 3 is transferred to the compression mecha-
nism 2. However, the first shaft 5s and the second shaft
5t may be engaged directly to each other without using
the coupler 63. Furthermore, it also is possible to use a
shaft formed of a single component.
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«Expansion mechanism 3»

[0031] The expansion mechanism 3 includes a first cyl-
inder 42, a second cylinder 44 with a larger thickness
than that of the first cylinder 42, and an intermediate plate
43 for separating the cylinders 42 and 44 from each other.
The first cylinder 42 and the second cylinder 44 are dis-
posed concentrically with each other. The expansion
mechanism 3 further includes: a first piston 46 that allows
an eccentric portion 5c of the shaft 5 to be fitted thereinto
and performs eccentric rotational motion in the first cyl-
inder 42; a first vane 48 that is retained reciprocably in a
vane groove 42a (see Fig. 2A) of the first cylinder 42 and
is in contact with the first piston 46 at one end; a first
spring 50 that is in contact with the other end of the first
vane 48 and pushes the first vane 48 toward the first
piston 46; a second piston 47 that allows an eccentric
portion 5d of the shaft 5 to be fitted thereinto and performs
eccentric rotational motion in the second cylinder 44; a
second vane 49 that is retained reciprocably in a vane
groove 44a (see Fig. 2B) of the second cylinder 44 and
is in contact with the second piston 47 at one end; and
a second spring 51 that is in contact with the other end
of the second vane 49 and pushes the second vane 49
toward the second piston 47.
[0032] The expansion mechanism 3 further includes
an upper bearing member 45 and a lower bearing mem-
ber 41 disposed so as to sandwich the first cylinder 42,
the second cylinder 44, and the intermediate plate 43
therebetween. The intermediate plate 43 and the lower
bearing member 41 sandwich the first cylinder 42 from
the top and bottom, and the upper bearing member 45
and the intermediate plate 43 sandwich the second cyl-
inder 44 from the top and bottom. Sandwiching the first
cylinder 42 and the second cylinder 44 by the upper bear-
ing member 45, the intermediate plate 43, and the lower
bearing member 41 forms, in the first cylinder 42 and the
second cylinder 44, working chambers whose volumetric
capacities vary in accordance with the rotations of the
pistons 46 and 47. Like the compression mechanism 2,
the expansion mechanism 3 also includes a suction pipe
52 and a discharge pipe 53.
[0033] As shown 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 in the first cylinder 42. The suction-side work-
ing chamber 55a and the discharge-side working cham-
ber 55b are demarcated by the first piston 46 and the
first vane 48. As shown in Fig. 2B, a suction-side working
chamber 56a (second suction-side space) and a dis-
charge-side working chamber 56b (second discharge-
side space) are formed in the second cylinder 44. The
suction-side working chamber 56a and the discharge-
side working chamber 56b are demarcated 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 larger than the total volumetric ca-
pacity of the two working chambers 55a and 55b in the

first cylinder 42. The discharge-side working chamber
55b in the first cylinder 42 and the suction-side working
chamber 56a of the second cylinder 44 are connected to
each other via a through hole 43a formed in the interme-
diate plate 43 so as to function as a single working cham-
ber (expansion chamber). The working fluid having a high
pressure flows through the suction pipe 52 and a suction
passage 54, and then flows into the working chamber
55a of the first cylinder 42 through a suction port 41a
formed in the lower bearing member 41. The working
fluid that has flowed into the working chamber 55a of the
first cylinder 42 expands and reduces its pressure in the
expansion chamber composed of the working chambers
55a and 55b while rotating the shaft 5. Then, the working
fluid is guided to the outside through a discharge port
45a and the discharge pipe 53.
[0034] As described above, the expansion mechanism
3 is a rotary-type mechanism including: the cylinders 42
and 44; the pistons 46 and 47 disposed in the cylinders
42 and 44 so that the eccentric portions 5c and 5d of the
shaft 5 are fitted thereinto, respectively; and the bearing
members 41 and 45 (closing members) that close the
cylinders 42 and 44, respectively, and form the expansion
chamber together with the cylinders 42 and 44 and the
pistons 46 and 47. In a rotary-type fluid mechanism, it is
necessary to lubricate a vane that partitions a space in
the cylinder into two spaces due to its structural limita-
tions. When the entire mechanism is immersed in the oil,
the vane can be lubricated in a remarkably simple man-
ner, specifically, by exposing a rear end of the vane
groove in which the vane is disposed to an interior of the
closed casing 1. The vanes 48 and 49 are lubricated in
such a manner also in the present embodiment.
[0035] The oil supply to other parts (the bearing mem-
bers 41 and 45, for example) can be performed by, for
example, forming a groove 5k in an outer circumferential
surface of the second shaft 5t so as to extend from a
lower end of the second shaft 5t toward the cylinders 42
and 44 of the expansion mechanism 3, as shown in Fig.
5. The pressure applied to the oil held in the oil reservoir
25 is higher than the pressure applied to the oil that is
lubricating the cylinders 42 and 44 and the pistons 46
and 47. Thus, the oil can be supplied to the sliding parts
of the expansion mechanism 3 by flowing through the
groove 5k formed in the outer circumferential surface of
the second shaft 5t without the aid of the oil pump.

«Oil pump 6»

[0036] As shown in Fig. 3, the oil pump 6 is a positive
displacement pump configured to pump the oil by an in-
crease or decrease in the volumetric capacity of the work-
ing chamber as the shaft 5 rotates. A hollow relay mem-
ber 71 accommodating the coupler 63 is provided adja-
cent to the oil pump 6. The shaft 5 extends so as to pen-
etrate through centers of the oil pump 6 and the relay
member 71.
[0037] Fig. 4 shows a plan view of the oil pump 6. The
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oil pump 6 includes a piston 61 attached to the eccentric
portion of the shaft 5 (the second shaft 5t), and a housing
62 (cylinder) accommodating the piston 61. A crescent-
shaped working chamber 64 is formed between the pis-
ton 61 and the housing 62. More specifically, the oil pump
6 employs a rotary-type fluid mechanism. In the housing
62, there are formed an oil suction passage 62a connect-
ing the oil reservoir 25 (specifically the upper tank 25a)
to the working chamber 64, and an oil discharge passage
62b and a relay passage 62c connecting the working
chamber 64 to the oil supply passage 29 (see Fig. 3).
The piston 61 performs eccentric rotational motion in the
housing 62 as the second shaft 5t rotates. Thereby, the
volumetric capacity of the working chamber 64 increases
or decreases, so that the oil is drawn thereinto and dis-
charged therefrom. Such a mechanism does not convert
the rotational motion of the second shaft 5t into another
motion by a cam mechanism or the like but directly utilizes
it as the motion for pumping the oil. Therefore, the mech-
anism has the advantage of the mechanical loss being
small. Moreover, the mechanism is highly reliable be-
cause it has a relatively simple structure.
[0038] The oil pump 6 and the relay member 71 are
disposed vertically adjacent to each other in the axial
direction so that an upper face of the housing 62 of the
oil pump 6 is in contact with a lower face of the relay
member 71. The relay member 71 is closed by the upper
face of the housing 62. Furthermore, the relay member
71 has a bearing portion 76 for supporting the shaft 5
(the first shaft 5s). In other words, the relay member 71
also has a function as a bearing for supporting the shaft )
5. In order to lubricate the bearing portion 76, the oil sup-
ply passage 29 formed in the shaft 5 is branched in a
section corresponding to the bearing portion 76. The sup-
port frame 75 may have a portion equivalent to the bear-
ing portion 76. Furthermore, the support frame 75 and
the relay member 71 may be formed of a single compo-
nent.
[0039] The first shaft 5s and the second shaft 5t are
coupled to each other with the coupler 63. The coupler
63 is disposed in an internal space 70h of the relay mem-
ber 71. The first shaft 5s and the coupler 63 are coupled
to each other so as to rotate synchronously by, for ex-
ample, allowing a groove formed in an outer circumfer-
ential surface of the first shaft 5s to be engaged with a
groove formed in an inner circumferential surface of the
coupler 63. The second shaft 5t and the coupler 63 also
can be fixed to each other in the same manner. The cou-
pler 63 rotates synchronously with the first shaft 5s and
the second shaft 5t in the relay member 71. The torque
applied to the second shaft 5t by the expansion mecha-
nism 3 is transferred to the first shaft 5s via the coupler 63.
[0040] The oil supply passage 29 is formed across the
first shaft 5s and the second shaft 5t. A coupling portion
of the shaft 5, an inlet 29p of the oil supply passage 29,
and a main body of the oil pump 6 are arranged in this
order from a side closer to the compression mechanism
2. The inlet 29p of the oil supply passage 29 is formed

in the outer circumferential surface of the second shaft
5t, between an upper end portion of the second shaft 5t
and the portion (eccentric portion) of the second shaft 5t
fitted into the piston. The relay passage 62c is an annular
space surrounding the second shaft 5t in its circumfer-
ential direction. The inlet 29p of the oil supply passage
29 faces the annular space.
[0041] The oil discharged from the oil pump 6 is guided
to the oil supply passage 29 through the oil discharge
passage 62b and the relay passage 62c. The relay mem-
ber 71 serves as a housing for accommodating the cou-
pler 63 as well as a bearing for the shaft 5. The internal
space 70h of the relay member 71 may be filled with the
oil.

«Heat insulating structure 30»

[0042] As shown in Fig. 1, the heat insulating structure
30 is composed of a separate component from the upper
bearing member 45 (closing member) of the expansion
mechanism 3. This makes it possible to ensure a suffi-
cient distance from the oil pump 6 to the second cylinder
44, and obtain a higher heat insulation effect.
[0043] Specifically, the heat insulating structure 30 in-
cludes the partition plate 31 separating the upper tank
25a from the lower tank 25b, and spacers 32 and 33
disposed between the partition plate 31 and the expan-
sion mechanism 3. The spacers 32 and 33 form, between
the partition member 31 and the expansion mechanism
3, a space filled with the oil held in the lower tank 25b.
The oil itself filling the space ensured by the spacers 32
and 33 serves as a heat insulator and forms a thermal
stratification in the axial direction.
[0044] An upper face of the partition plate 31 is in con-
tact with a lower face of the housing 62 of the oil pump
6. That is, the working chamber 64 in the housing 62 is
closed by the upper face of the partition plate 31. The
partition member 31 has, at a center thereof, a through
hole for allowing the shaft 5 to extend therethrough. The
material constituting the partition plate 31 may be metal
such as carbon steel, cast iron, and alloy steel. The thick-
ness of the partition plate 31 is not particularly limited,
and does not need to be uniform as in the present em-
bodiment, either.
[0045] Preferably, the shape of the partition plate 31
conforms to the lateral cross sectional shape of the
closed casing 1 (see Fig. 2). In the present embodiment,
the partition plate 31 with a circular outer shape is em-
ployed. The size of the partition plate 31 is not limited as
long as it can restrict sufficiently the oil flow between the
upper tank 25a and the lower tank 25b. Specifically, it is
appropriate when the partition plate 31 has an outer di-
ameter almost equal to or slightly smaller than an inner
diameter of the closed casing 1.
[0046] As shown in Fig. 1, a gap 77 is formed between
an inner surface of the closed casing 1 and an outer cir-
cumferential surface of the partition plate 31. The width
of the gap 77 may be the minimum necessary so as to
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allow the oil to flow between the upper tank 25a and the
lower tanks 25b. For example, it may be 0.5 mm to 1 mm
in terms of a length in a radial direction of the shaft 5.
This makes it possible to keep the oil flow between the
upper tank 25a and the lower tank 25b to the minimum
necessary.
[0047] The gap 77 may or may not be formed around
an entire circumference of the partition plate 31. For ex-
ample, a cut out serving as the gap 77 may be provided
at one or more locations in an outer peripheral portion of
the partition plate 31. Instead of the gap 77 or together
with the gap 77, a through hole (micropore) that allows
the oil to flow therethrough may be formed in the partition
plate 31. It is desirable that such a through hole be spaced
apart from (not be overlapped in the vertical direction
with) the oil suction port 62q of the oil pump 6 and the
through hole 75a of the support frame 75, along a lateral
direction perpendicular to the vertical direction. This is
because such a positional relationship allows the high
temperature oil to be drawn into the oil pump 6 preferen-
tially, and lowers the possibility of the high temperature
oil moving to the lower tank 25b through the through hole
of the partition plate 31.
[0048] The spacers 32 and 33 include a first spacer 32
disposed around the shaft 5 and a second spacer 33
disposed radially outside of the first spacer 32. In the
present embodiment, the first spacer 32 is circular cylin-
drical and functions as a cover for covering the second
shaft 5t. Furthermore, the first spacer 32 may function
as a bearing for supporting the second shaft 5t. The sec-
ond spacer 33 may be a bolt or a screw used for fixing
the expansion mechanism 3 to the support frame 75, a
member with a hole for allowing the bolt or screw to ex-
tend therethrough, or a member for merely ensuring a
space. Furthermore, the spacers 32 and 33 may be in-
tegrated with the partition plate 31. In other words, the
spacers 32 and 33 may be welded or brazed to the par-
tition plate 31, or the spacers 32, 33 and the partition
plate 31 may be an integrated member.
[0049] A portion of the second shaft 5t above the par-
tition plate 31 has a high temperature because it extends
through the oil pump 6 and projects into the relay member
71. Thus, when the second shaft 5t is exposed to the
space formed by the heat insulating structure 30 and is
in contact with the oil held in the lower tank 25b, the heat
transfer from the upper tank 25a to the lower tank 25b
tends to occur easily via the second shaft 5t. Covering
the second shaft 5t with the first spacer 32 as in the
present embodiment can prevent the oil filling the space
formed by the heat insulating structure 30 from contacting
the second shaft 5t directly and being heated. That is,
the heat transfer via the second shaft 5t can be sup-
pressed by the first spacer 32. Also, the first spacer 32
can prevent the second shaft 5t from stirring the oil held
in the lower tank 25b.
[0050] The effect of suppressing the heat transfer via
the second shaft 5t is enhanced further when the first
spacer 32 has a lower heat conductivity than those of the

partition plate 31 and the second shaft 5t. For example,
the partition plate 31 and the second shaft 5t may be
made of cast iron, and the first spacer 32 may be made
of stainless steel such as SUS 304. For the same reason,
it is desirable that the second spacer 33 also be made
of metal with a low heat conductivity. Of course, the par-
tition plate 31 and the second shaft 5t may be made of
stainless steel with a low heat conductivity. The high/low
of the heat conductivity means high/low in an ordinary
temperature range of the oil (0°C to 100°C, for example)
during operation of the expander-compressor unit 200A.

«Oil supply passage 29»

[0051] Originally, the oil supply passage 29 is provided
to supply the oil. In the present invention, however, the
oil supply passage 29 itself also has a function of sup-
pressing the heat transfer. Specifically, as shown in Fig.
1 and Fig. 3, a lower end 29e of the oil supply passage
29 is located below the inlet 29p formed in the outer cir-
cumferential surface of the shaft 5. The oil supply pas-
sage 29 dead-ends at the lower end 29e, and thus the
oil stays in a portion of the oil supply passage 29 below
the inlet 29p. Since the heat conductivity of the oil is lower
than that of the shaft 5, the heat insulation effect can be
obtained by allowing the oil to stay therein.
[0052] The diameter of the oil supply passage 29 is
not particularly limited. There is no problem in increasing
the diameter of the oil supply passage 29 to some extent
within the range that allows the shaft 5 to have a sufficient
strength. In such a configuration, the oil tends to stay
easily in the oil supply passage 29, increasing the heat
insulation effect. For example, the oil supply passage 29
may be formed so that the oil supply passage 29 has a
radius larger than the wall thickness of the shaft 5 (5t) in
the radial direction. The number of the inlet 29p of the oil
supply passage 29 is not limited to one. The inlets 29p
may be provided at a plurality of locations on the shaft 5
along its circumferential direction. When a plurality of the
inlets 29p are provided, the flow velocity of the oil flowing
into the oil supply passage 29 is lowered. Thereby, the
oil tends to stay stably in the portion of the oil supply
passage 29 below the inlet 29p.
[0053] In the present embodiment, the inlet 29p of the
oil supply passage 29 is located above the main body of
the oil pump 6, and the oil supply passage 29 includes a
portion that is overlapped with the main body of the oil
pump 6 along the axial direction. The main body of the
oil pump 6 means a portion in which the piston 61 and
the working chamber 64 are located. As described ear-
lier, the oil pump 6 draws the oil having a relatively high
temperature, and the oil is guided to the oil supply pas-
sage 29. Thus, the oil pump 6 itself also has a relatively
high temperature when the expander-compressor unit
200A is being operated. When the inlet 29p of the oil
supply passage 29 is located above the main body of the
oil pump 6, and the portion in which the oil stays is over-
lapped with the oil pump 6 along the axial direction, the
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heat transfer from the oil pump 6 to the shaft 5 (5t) can
be suppressed. Specifically, in the present embodiment,
the oil supply passage 29 is formed so that the lower end
29e is located at the height at which the partition plate
31 is located.
[0054] Usually, the oil supply passage 29 is formed in
the shaft 5 by drilling the shaft 5 with a drill. Due to re-
quirements for processing, the lower end 29e of the oil
supply passage 29 certainly is located approximately 2
mm to 3 mm below the inlet 29p. Such a very minor gap
generated from the requirements for processing does not
allow the oil to stay therein, and this does not mean that
the lower end 29e of the oil supply passage 29 is located
below the inlet 29p. In order to allow the oil to stay in the
oil supply passage 29 and obtain the heat insulation ef-
fect, it is preferable that approximately 10 mm, for exam-
ple, is ensured for the portion of the oil supply passage
29 below the inlet 29p.
[0055] Moreover, as shown in Fig. 6, the oil supply pas-
sage 29 may include a portion overlapped with the heat
insulating structure 30 along the axial direction. Such a
configuration increases further the effect of suppressing
the heat transfer from the oil pump 6 to the shaft 5 (5t).
Specifically, it is preferable that the lower end 29e of the
oil supply passage 29 is positioned within the range of
the spacers 32 and 33 in the axial direction.
[0056] As shown in Fig. 7, the expansion mechanism
3 of the present embodiment has, on the side of the com-
pression mechanism 2, the upper bearing member 45
for supporting the shaft 5 (5t). Thus, it is desirable that
the lower end 29e of the oil supply passage 29 be located
above the upper bearing member 45. That is, the oil sup-
ply passage 29 ends above the upper bearing member
45. Such a configuration prevents a portion supported
by the upper bearing member 45 from being hollow,
which is preferable from the view point of ensuring the
strength of the shaft 5 (5t) and suppressing the warpage
of the shaft 5 (5t).
[0057] As shown in Fig. 8, the oil supply passage 29
may have a trap 80 for suppressing the flow of the oil.
The trap 80 is provided below the inlet 29p. With the trap
80, the oil tends to stay easily. The trap 80 may be pro-
vided in contact with or spaced apart from the lower end
29e of the oil supply passage 29. In the example shown
in Fig. 8, the trap 80 is located between the inlet 29p and
the lower end 29e. The trap 80 is not limited as long as
it enhances the effect of allowing the oil to stay, and the
form thereof is not particularly limited. For example, a
mesh made of metal or resin can be used as the trap 80.
Preferably, the diameter of the oil supply passage 29 is
reduced at a portion 29s below the trap 80 so that the
trap 80 is seated and positioned.
[0058] Alternatively, as shown in Fig. 9, a heat insulat-
ing material 82 may be inserted inside the shaft 5 (5t),
on a side closer to the expansion mechanism 3 than the
lower end 29e of the oil supply passage 29. In this case,
an upper end of the heat insulating material 82 coincides
with the lower end 29e of the oil supply passage 29. The

insertion of the heat insulating material 82 increases the
heat resistance of the shaft 5 (5t) and makes it further
unlikely for the heat to be transferred via the shaft 5 (5t)
serving as a heat conductive passage. Preferably, the
heat insulating material 82 is made of a material, such
as resin, ceramic, and glass, having a lower heat con-
ductivity than that of the metal constituting the shaft 5.
The heat insulating material 82 may be provided in the
oil supply passage 29 instead of or together with the trap
80 described with reference to Fig. 8.

(Embodiment 2)

[0059] Fig. 10 is a vertical cross-sectional view of an
expander-compressor unit according to Embodiment 2
of the present invention. Fig. 11 is a partially enlarged
view of Fig. 10. The transverse cross-sectional view of
the expander-compressor unit shown in Fig. 10 taken
along the line IIA-IIA is the same as in Fig. 2A, and the
transverse cross-sectional view taken along the line IIB-
IIB is the same as in Fig. 2B.
[0060] In an expander-compressor unit 200B accord-
ing to the Embodiment 2, the configuration of the oil pump
6 itself and the configuration around it are different from
those in the expander-compressor unit 200A according
to the Embodiment 1. The configurations of other com-
ponents in the expander-compressor unit 200B accord-
ing to the Embodiment 2 are basically the same as those
in the expander-compressor unit 200A according to the
Embodiment 1. Thus, these components are indicated
by the same reference numerals and explanations there-
of are omitted. In the Embodiment 2, the partition plate
31 of the Embodiment 1 is referred to as a partition mem-
ber 31.
[0061] In the present embodiment, the partition mem-
ber 31, which separates the upper tank 25a from the low-
er tank 25b and restricts the oil flow therebetween, is in
the shape of a disk slightly smaller than a cross section
of the internal space 24 of the closed casing 1. A slight
amount of the oil is allowed to flow through a gap 31a
(see Fig. 3) formed between an end face of the partition
member 31 and an inner circumferential surface of the
closed casing 1. The partition member 31 has, at a center
thereof, a through hole 31b (see Fig. 11) for allowing the
shaft 5 to extend therethrough. Although the diameter of
the through hole 31b is set slightly larger than that of the
shaft 5 in the present embodiment, it may be set equiv-
alent to the diameter of the shaft 5.
[0062] The partition member 31 is not limited as long
as it serves to separate the upper tank 25a and the lower
tank 25b from each other and restrict the oil flow between
the upper tank 25a and the lower tank 25b. The shape
and configuration of the partition member 31 can be se-
lected appropriately. For example, it also is possible that
the partition member 31 has a diameter equal to an inner
diameter of the closed casing 1, and the partition member
31 is provided with a through hole or a cut out from the
end face for allowing the oil to flow therethrough. Alter-
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natively, the partition member 31 may be formed into a
hollow shape (for example, a reel shape) with a plurality
of components so that the oil can be held therein tempo-
rarily.
[0063] In the present embodiment, the shaft 5 has, at
a position slightly above the oil pump 6, the inlet (intro-
duction inlet) 29p (see Fig. 11) for introducing the oil into
the oil supply passage 29. The oil discharged upward
from the oil pump 6 is fed into the oil supply passage 29
through an after-mentioned introduction passage 74 and
the inlet 29p. The oil fed into the oil supply passage 29
is supplied to each of the sliding parts of the compression
mechanism 2 without passing through the expansion
mechanism 3. With such a configuration, the heat trans-
fer from the compression mechanism 2 to the expansion
mechanism 3 via the oil can be suppressed effectively
because the oil flowing toward the compression mecha-
nism 2 is not cooled by the expansion mechanism 3.
Moreover, the formation of the oil supply passage 29 in
the shaft 5 is desirable because neither an increase in
the parts count nor a problem of layout of the parts arises
additionally. As in the Embodiment 1, the lower end 29e
of the oil supply passage 29 is located below the inlet
29p formed in the outer circumferential surface of the
shaft 5. Below the inlet 29p, the oil supply passage 29
can have any of the configurations described with refer-
ence to Fig. 3 and Figs. 6 to 9 in the Embodiment 1.
[0064] As shown in Fig. 11, the oil pump 6 is a positive
displacement pump configured to pump the oil by an in-
crease or decrease in the volumetric capacity of the work-
ing chamber as the shaft 5 rotates. An introduction mem-
ber 73 and the relay member 71 are disposed in this order
above the oil pump 6. The shaft 5 penetrates through
centers of the introduction member 73 and the relay
member 71. The oil pump 6 is fixed to the support frame
75 via these members 73 and 71.
[0065] The relay member 71 has the internal space
70h for accommodating the coupler 63, and the bearing
portion 76 for supporting the shaft 5 (the first shaft 5s).
In other words, the relay member 71 serves as a housing
for the coupler 63 as well as a bearing for the shaft 5.
The support frame 75 may have a portion equivalent to
the bearing portion 76. Furthermore, the support frame
75 and the relay member 71 may be formed of a single
component. The introduction member 73 has the shape
of a plate that is squashed in the vertical direction.
[0066] Fig. 12 shows a plan view of the oil pump 6.
The shaft 5 (the second shaft 5t) has an eccentric portion
5e at a position corresponding to the oil pump 6. The oil
pump 6 has the piston 61 that allows the eccentric portion
5e of the shaft 5 to be fitted thereinto and performs ec-
centric motion, and the housing 62 (cylinder) accommo-
dating the piston 61. The crescent-shaped working
chamber 64 is formed between the piston 61 and the
housing 62. More specifically, the oil pump 6 employs a
rotary-type fluid mechanism. As shown in Fig. 12, in the
present embodiment, the oil pump 6 has a configuration
in which the piston 61 cannot self-rotate. However, the

oil pump 6 is not limited as long as it is a positive dis-
placement pump. The oil pump 6 may be another rotary-
type pump in which a slide vane is provided and the piston
61 can self-rotate, or may be a gear-type pump such as
a trochoid pump.
[0067] In the housing 62, there are formed the suction
passage 62a connecting the upper tank 25a of the oil
reservoir 25 to the working chamber 64, and the dis-
charge passage 62b that allows the oil to escape from
the working chamber 64. The suction passage 62a ex-
tends on a straight line along an upper face of the housing
62. The discharge passage 62b is in the shape of a
groove that recesses from an inner circumferential sur-
face of the housing 62 toward outside in a radial direction.
The suction port 62q is formed by an outside opening of
the suction passage 62a, and the discharge port is
formed by an upper opening of the discharge passage
62b. A lower opening of the discharge passage 62b is
closed by the partition member 31. When the piston 61
performs eccentric motion in the housing 62 as the sec-
ond shaft 5t rotates, the volumetric capacity of the work-
ing chamber 64 increases or decreases accordingly, so
that the oil is drawn thereinto from the suction port 62q
and the oil is discharged upward from the discharge port.
Such a mechanism does not convert the rotational motion
of the second shaft 5t into another motion by a cam mech-
anism or the like but directly utilizes it as the motion for
pumping the oil. Therefore, the mechanism has the ad-
vantage of the mechanical loss being small. Moreover,
the mechanism is highly reliable because it has a rela-
tively simple structure.
[0068] As shown in Fig. 11, the introduction member
73 is disposed adjacent to the housing 62 so that a lower
face of the introduction member 73 is in contact with the
upper face of the housing 62, and the partition member
31 is disposed adjacent to the housing 62 so that the
upper face of the partition member 31 is in contact with
the lower face of the housing 62. Thereby, the working
chamber 64 is closed by the introduction member 73 from
the top and is closed by the partition member 31 from
the bottom, and the piston 61 slides on the partition mem-
ber 31. That is, the introduction member 73 and the par-
tition member 31 serve also as closing members closing
the working chamber 64. The housing 62 may be inte-
grated with the partition member 31. An additional closing
member that is adjacent to the housing 62 and closes
the working chamber 64 from the bottom may be dis-
posed between the oil pump 6 and the partition member
31. In this case, the closing member may be comparable
to the housing 62 in size.
[0069] The introduction member 73 is provided with
the introduction passage 74 allowing the discharge port
of the oil pump 6 to be communicated with the inlet 29p
of the oil supply passage 29. Specifically, an annular
stepped portion 73a obtained by recessing upwardly a
circumferential portion of the introduction member 73 sur-
rounding the shaft 5, and a groove 73b extending out-
wardly in a radial direction of the shaft 5 from the stepped
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portion 73a to a position corresponding to the discharge
port of the oil pump 6 are formed in the lower face of the
introduction member 73. The stepped portion 73a and
the groove 73b constitute the introduction passage 74.
The inlet 29p of the oil supply passage 29 is provided in
a portion of the shaft 5 facing a space formed by the
stepped portion 73a, and is opened laterally to the space.
The oil discharged upward from the discharge port of the
oil pump 6 is fed into the stepped portion 73a through
the groove 73b, and is introduced from here to the oil
supply passage 29 through the inlet 29p rotating together
with the shaft 5. The stepped portion 73a has an outer
diameter smaller than the diameter of the smallest tra-
jectory circle among those formed by the piston 61 per-
forming eccentric motion. Thus, the space in the stepped
portion 73a is closed by the piston 61 and a stepped
portion 5e of the shaft 5 from the bottom, and the intro-
duction passage 74 always faces an upper face of the
piston 61. The stepped portion 73a does not need to be
circular annular, and the shape thereof can be selected
appropriately. Moreover, the number of the inlet 29p does
not need to be one. A plurality of the introduction inlets
29p may be provided in accordance with the shape of
the stepped portion 73a.
[0070] Furthermore, in the present embodiment, the
eccentric portion 5e of the shaft 5 has a smaller thickness
than that of the piston 61, and is disposed at a lower
position inside the piston 61.
[0071] As described above, in the expander-compres-
sor unit 200B of the present embodiment, the lower end
29e of the oil supply passage 29 is located below the
inlet 29p. Therefore, as in the Embodiment 1, the oil stays
below the inlet 29p, and thereby the heat insulation effect
can be obtained.
[0072] Furthermore, in the present embodiment, the
oil held in the oil reservoir 25 is discharged upward from
the oil pump 6, and then introduced into the oil supply
passage 29 formed in the shaft 5 through the introduction
passage 74 located above the oil pump 6 and the inlet
29p. Thus, the oil discharged from the oil pump 6 is sup-
plied to the compression mechanism 2 without approach-
ing the expansion mechanism 3. This makes it further
unlikely for the heat to be transferred to the expansion
mechanism 3 from the oil discharged from the oil pump
6. As a result, the effect of suppressing the heat transfer
via the oil can be enhanced further.
[0073] Moreover, in the present embodiment, the par-
tition member 31 is provided and the suction port 62q of
the oil pump 6 is located above the partition member 31.
Thus, a lubrication passage for the oil lubricating the com-
pression mechanism 2 is formed above the partition
member 31, making it unlikely for the heat to be trans-
ferred to the expansion mechanism 3 also from the oil to
be drawn into the oil pump 6.
[0074] Furthermore, since the piston 61 of the oil pump
6 slides on the partition member 31 and the introduction
passage 74 faces the upper face of the piston 6, the oil
flowing through the introduction passage 74 pushes the

piston 61 against the partition member 31. Thereby, the
sealing between a lower face 61a of the piston 61 and
the upper face of partition member 31 is enhanced, mak-
ing it possible to prevent the high temperature oil from
leaking below the partition member 31 from a gap ther-
ebetween (more specifically, through the through hole
31b of the partition member 31). This effect also can be
obtained in the same manner when a gear-type oil pump
with internal teeth movable along the shaft 5 is used.
[0075] Since the eccentric portion 5e of the shaft 5 is
disposed at a lower position inside the piston 62, a suf-
ficient buffer space can be ensured in immediate front of
the inlet 29p, and the oil can be supplied to the oil supply
passage 29 stably.
[0076] Here, a treatment for enhancing the slidability
preferably is applied to the lower face 61a of the piston
61. The purpose of this is to move the piston 61 smoothly
because the lower face 61a of the piston 61 is pushed
against the upper face of the partition member 31 in the
present embodiment. For example, it is conceivable to
coat the lower face 61a of the piston 61 with a DLC (dia-
mond like carbon) film or a nitride, or apply shot peening
to the lower face 61a to form minute projections and de-
pressions thereon. Alternatively, as shown in Fig. 13A,
a plurality of annular grooves 61b may be provided in the
lower face 61a of the piston 61 to form concentric circles
so that the oil is retained in the grooves 61b. Or, as shown
in Fig. 13B, the lower face 61a of the piston 61 may be
slightly angled upwardly toward the outside in a radial
direction so that the oil is supplied automatically between
the lower face 61a and the upper face of the partition
member 31 as the piston 61 moves.
[0077] Still alternatively, the treatment (such as coat-
ing and peening) for enhancing the slidability may be
applied only to the upper face (a region surrounded by
the housing 62) of the partition member 31 on which the
lower face 61a of the piston 61 slides, or may be applied
to both of the lower face 61a of the piston 61 and the
upper face of the partition member 31.
[0078] The present embodiment uses the oil pump 6
in which the housing 62 has the discharge passage 62b.
However, it also is possible to omit the discharge passage
62b. In this case, a part of the working chamber 64 that
opens to the groove 73b formed in the introduction mem-
ber 73, in other words, a region in which the groove 73b
is overlapped with the working chamber 64 when viewed
in plane, serves as the discharge port of the oil pump 6.
[0079] In the Embodiment 2, the lower end 29e of the
oil supply passage 29 is located below the inlet 29p. How-
ever, the effect of suppressing the heat transfer from the
compression mechanism to the expansion mechanism
via the oil can be obtained even when the lower end 29e
of the oil supply passage 29 is located at the same height
as that of the inlet 29p.
[0080] More specifically, in the configuration according
to the Embodiment 2, the oil pump is disposed between
the compression mechanism and the expansion mech-
anism, and the oil discharged from the oil pump is sup-
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plied to the compression mechanism through the oil sup-
ply passage formed in the shaft. Therefore, the oil drawn
into the oil pump is supplied to the upper-located com-
pression mechanism without passing through the lower-
located expansion mechanism, and then is returned to
the oil reservoir. By disposing the oil pump between the
compression mechanism and the expansion mechanism
and supplying the oil to the compression mechanism with
the oil pump in this way, it is possible to keep the circu-
lation passage for the oil lubricating the compression
mechanism away from the expansion mechanism. In oth-
er words, it is possible to avoid having the expansion
mechanism located on the circulation passage of the oil
lubricating the compression mechanism. Thereby, the
heat transfer from the compression mechanism to the
expansion mechanism via the oil can be suppressed.
[0081] Furthermore, in the configuration according to
the Embodiment 2, the oil held in the oil reservoir is dis-
charged upward from the oil pump, and then introduced
into the oil supply passage formed in the shaft through
the introduction passage located above the oil pump and
the inlet. Therefore, the oil discharged from the oil pump
is supplied to the compression mechanism without ap-
proaching the expansion mechanism. This makes it fur-
ther unlikely for the heat to be transferred to the expan-
sion mechanism from the oil discharged from the oil
pump. As a result, the effect of suppressing the heat
transfer via the oil can be enhanced further.

INDUSTRIAL APPLICABILITY

[0082] The expander-compressor unit according to the
present invention suitably may be applied to, for example,
refrigeration cycle apparatuses (heat pumps) for air con-
ditioners, water heaters, driers, and refrigerator-freezers.
As shown in Fig. 14, the refrigeration cycle apparatus
110 includes the expander-compressor unit 200A (or
200B), a radiator 112 for radiating heat from the refrig-
erant compressed by the compression mechanism 2, and
an evaporator 114 for evaporating the refrigerant ex-
panded by the expansion mechanism 3. The compres-
sion mechanism 2, the radiator 112, the expansion mech-
anism 3, and the evaporator 114 are connected with
pipes so as to form a refrigerant circuit.
[0083] For example, in the case where the refrigeration
cycle apparatus 110 is applied to an air conditioner, sup-
pressing the heat transfer from the compression mech-
anism 2 to the expansion mechanism 3 can prevent a
decrease in the heating capacity due to a decrease in
the discharge temperature of the compression mecha-
nism 2 during a heating operation and prevent a decrease
in the cooling capacity due to an increase in the discharge
temperature of the expansion mechanism 3 during a
cooling operation. As a result, the coefficient of perform-
ance of the air conditioner is increased.

Claims

1. An expander-compressor unit comprising:

a closed casing having a bottom portion utilized
as an oil reservoir, and an internal space filled
with a working fluid that has been compressed
and has a high pressure;
a compression mechanism disposed at an up-
per position in the closed casing, the compres-
sion mechanism being configured to compress
the working fluid and discharge the working fluid
to the internal space of the closed casing;
an expansion mechanism disposed at a lower
position in the closed casing so that a surround-
ing space thereof is filled with an oil held in the
oil reservoir, the expansion mechanism being
configured to recover power from the working
fluid expanding;
a shaft coupling the compression mechanism to
the expansion mechanism so that the power re-
covered by the expansion mechanism is trans-
ferred to the compression mechanism;
an oil pump for supplying the oil held in the oil
reservoir to the compression mechanism, the oil
pump being disposed between the compression
mechanism and the expansion mechanism in
an axial direction of the shaft, and
an oil supply passage formed in the shaft so that
the oil discharged from the oil pump can be sup-
plied to the compression mechanism, the oil
supply passage having a lower end located be-
low an inlet formed in an outer circumferential
surface of the shaft.

2. The expander-compressor unit according to claim 1,
wherein the inlet of the oil supply passage is located
above a main body of the oil pump, and the oil supply
passage includes a portion that is overlapped with
the main body of the oil pump along the axial direc-
tion.

3. The expander-compressor unit according to claim 1,
further comprising a heat insulating structure provid-
ed between the oil pump and the expansion mech-
anism in the axial direction of the shaft, the heat in-
sulating structure being configured to restrict a flow
of the oil between an upper tank in which a suction
port of the oil pump is located and a lower tank in
which the expansion mechanism is located, and
thereby suppress heat transfer from the upper tank
to the lower tank,
wherein the oil supply passage includes a portion
overlapped with the heat insulating structure along
the axial direction.

4. The expander-compressor unit according to claim 3,
wherein the heat insulating structure includes a par-
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tition plate separating the upper tank from the lower
tank, and a spacer that is disposed between the par-
tition plate and the expansion mechanism and forms,
between the partition plate and the expansion mech-
anism, a space filled by the oil held in the lower tank.

5. The expander-compressor unit according to claim 1,
wherein the expansion mechanism has, on a side of
the compression mechanism, an upper bearing
member for supporting the shaft, and the lower end
of the oil supply passage is located above the upper
bearing member.

6. The expander-compressor unit according to claim 1,
wherein the oil supply passage has a trap, provided
below the inlet, for suppressing a flow of the oil.

7. The expander-compressor unit according to claim 1,
wherein a heat insulating material is inserted inside
the shaft, on a side closer to the expansion mecha-
nism than the lower end of the oil supply passage.

8. The expander-compressor unit according to claim 1,
wherein:

the oil pump draws the oil held in the oil reservoir
through a suction port and discharges the oil up-
ward through a discharge port;
in the shaft, the inlet of the oil supply passage
is provided above the oil pump; and
the expander-compressor unit further compris-
es an introduction passage allowing the dis-
charge port of the oil pump to be communicated,
above the oil pump, with the inlet of the oil supply
passage.

9. The expander-compressor unit according to claim 8,
wherein:

the shaft has an eccentric portion at a position
corresponding to the oil pump;
the oil pump has a piston that allows the eccen-
tric portion of the shaft to be fitted thereinto and
performs eccentric motion, and a housing ac-
commodating the piston;
the introduction passage faces an upper face of
the piston; and
the expander-compressor unit further compris-
es a closing member disposed below the oil
pump and adjacent to the housing so that the
piston slides on a surface of the closing member.

10. The expander-compressor unit according to claim 9,
wherein the eccentric portion of the shaft has a small-
er thickness than that of the piston, and is disposed
at a lower position inside the piston.

11. The expander-compressor unit according to claim 9,

wherein a treatment for enhancing slidability is ap-
plied to at least one of a lower face of the piston and
an upper face of the closing member on which the
lower face of the piston slides.

12. The expander-compressor unit according to claim 9,
wherein above the oil pump, an introduction member
through which the shaft penetrates is disposed ad-
jacent to the housing, and the introduction member
is provided with the introduction passage.

13. The expander-compressor unit according to claim
12, wherein an annular stepped portion obtained by
recessing upwardly a circumferential portion of the
introduction member surrounding the shaft, and a
groove extending outwardly in a radial direction of
the shaft from the stepped portion are formed in a
lower face of the introduction member, the stepped
portion and the groove constitute the introduction
passage, and the inlet of the oil supply passage is
opened to a space formed by the stepped portion.

14. The expander-compressor unit according to claim 9,
wherein the closing member is a partition member
that is disposed between the oil pump and the ex-
pansion mechanism, partitions the oil reservoir into
an upper tank in which the suction port of the oil
pump is located and a lower tank in which the ex-
pansion mechanism is located, and restricts a flow
of the oil between the upper tank and the lower tank.

15. A refrigeration cycle apparatus comprising the ex-
pander-compressor unit according to claim 1.
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