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(57)  To simplify a configuration for returning to un-
compressed gas a lubricant separated from gas dis-
charged from a compression chamber, while effectively
using the lubricant , a reciprocating compression appa-
ratus includes: a cylinder; a piston disposed in the cylin-
der to form a compression chamber therein; a drive sec-
tion for generating drive force for reciprocating the piston
in the cylinder; a separator for separating a lubricant from
gas discharged from the compression chamber; and a

RECIPROCATING COMPRESSION APPARATUS

return line forreturning the lubricant separated in the sep-
arator to a return destination where gas containing the
lubrication is present and a pressure is lower than that
in the separator. The return line includes a lubrication
cooling unit for cooling the lubricant flowing through the
return line and a drive section cooling section for cooling
the drive section with the lubricant which has been cooled
in the lubricant cooling unit 35.
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Description

BACKGROUND OF THE INVENTION

(FIELD OF THE INVENTION)

[0001] The presentinvention relates to a reciprocating
compression apparatus.

(DESCRIPTION OF THE RELATED ART)

[0002] Hitherto, as disclosed in JP 2004-116330 A, a
reciprocating compressor for compressing a working gas
in a compression chamber by reciprocating a plunger in
acylinderis known. This reciprocating compressor is pro-
vided with a lubricating oil flow passage which supplies
a lubricating oil for lubricating and sealing the outer pe-
riphery of the plunger.

[0003] Moreover, as disclosed in below, using a linear
motor for reciprocating a piston is also known. A fluid
machine disclosed in JP 2010-513779 A is provided with
a cooling medium circuit for cooling the linear motor.

(SUMMARY OF THE INVENTION)
(TECHNICAL PROBLEM)

[0004] JP 2004-116330 A discloses supplying the lu-
bricating oil to the outer periphery of the plunger through
a lubricating oil flow passage. However, JP 2004-116330
A discloses, as a configuration for supplying a lubricant,
no other configurations than the lubricating oil flow pas-
sage. On the other hand, JP 2010-513779 A discloses
the cooling medium circuit for cooling the linear motor for
reciprocating the piston. However, JP 2010-513779 A
merely indicates that, as a cooling medium, the same
cooling medium as a cooling medium for cooling a dis-
charged gas can be used.

[0005] The present invention has been made in view
of the above related art, and an object of the present
invention is to simplify a configuration for returning to an
uncompressed gas a lubricant separated from a gas dis-
charged from a compression chamber, while effectively
using the lubricant.

(SOLUTION TO PROBLEM)

[0006] To achieve the above object, the presentinven-
tion provides a reciprocating compression apparatus in-
cluding: a cylinder; a piston disposed in the cylinder in
such a manner as to form a compression chamber there-
in; a drive section which generates a drive force for re-
ciprocating the piston in the cylinder; a separator for sep-
arating a lubricant from a gas discharged from the com-
pression chamber; and a return line for returning the lu-
bricant separated in the separator to a return destination
in which a gas is present and a pressure is lower than
that in the separator, in which the return line is provided
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with a drive section cooling section for cooling the drive
section with the lubricant.

[0007] In the present invention, the lubricant is sepa-
rated in the separator from the gas which has been dis-
charged from the compression chamber. The lubricant
which has been separated in the separator is returned
through the return line to the return destination. In the
return line, the lubricant cools the drive section. Then,
the lubricant which has cooled the drive section is re-
turned to the return destination in which a gas is present
and a pressure is lower than that in the separator. Con-
sequently, a pressure-feed means for returning the lubri-
cant is unnecessary so that a configuration for returning
the lubricant to the uncompressed gas can be simplified.
Moreover, the lubricant is not only merely returned to the
gas, but effectively used for cooling the cooling parts.
Consequently, a configuration for cooling the drive sec-
tion which drives the piston can be simplified. According-
ly, newly adding a cooling circuit or the like is unneces-
sary, and thus simplifying a configuration as the recipro-
cating compression apparatus can be performed. Note
that the return destination is not limited to a portion in
which a pressure is constantly lower than that in the sep-
arator, but may be a portion in which a pressure is tem-
porarily lower than that in the separator.

[0008] The return line may include a piston internal
passage formed in the piston and communicating with
the compression chamber. In this case, the lubricant
which has cooled the drive section may be returned
through the piston internal passage into the compression
chamber as the return destination.

[0009] In this embodiment, the lubricant which has
cooled the drive section flows through the piston internal
passage formed in the piston and is returned into the
compression chamber. Thus, the lubricant can be directly
returned into the compression chamber in a constant
manner without being influenced by a position of the pis-
ton. A pressure in the compression chamber is lower than
a pressure on a discharge side during a process exclud-
ing agasdischarge process so that a differential pressure
between the pressure in the separator and the pressure
in the compression chamber allows the lubricant to flow
through the return line. Consequently, a pressure-feed
means for the lubricant is unnecessary.

[0010] The return line may include, in the cylinder, an
outflow part provided at a position constantly between
piston rings during reciprocation of the piston. In this
case, the lubricant may be returned to a space between
the piston rings as the return destination.

[0011] In this embodiment, the lubricant is supplied to
the space between the piston rings. Consequently, the
gas in the compression chamber can be prevented from
leaking into a gap between the cylinder and the piston.
A pressure in the space between the piston rings is ap-
proximately equal to or lower than a time average value
of the pressure in the compression chamber, and con-
sequently a pressure-feed means for the lubricant is un-
necessary.
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[0012] The return line may be connected to a suction
line connected to the cylinder. In this case, the lubricant
may be returned into the suction line as the return des-
tination. In this embodiment, the lubricant is returned to
the suction line in which a pressure is lower than that in
the compression chamber. Thus, a differential pressure
between the pressure in the separator and the pressure
in the suction line allows the lubricant to effectively return
to the gas.

[0013] Thereturnline may be, in the cylinder, connect-
ed to a portion at least temporarily communicating with
the compression chamber. In this case, the lubricant may
be returned into the compression chamber as the return
destination.

[0014] In this embodiment, if the portion to which the
return portion is connected temporarily communicates
with the compression chamber, the lubricant flows into
the compression chamber only when the return line com-
municates with the compression chamber. If the portion
to which the return portion is connected constantly com-
municates with the compression chamber, the lubricant
flows into the compression chamber without such a re-
striction.

[0015] The drive section cooling section may be con-
figured such that the lubricant flowing through the return
line is supplied to the drive section. In this embodiment,
the lubricant can effectively cool the drive section.

(EFFECTS OF THE INVENTION)

[0016] As described above, according to the present
invention, a configuration for returning to an uncom-
pressed gas the lubricant separated from a gas dis-
charged from the compression chamber can be simpli-
fied, while effectively using the lubricant.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017]

FIG. 1 is a diagram schematically illustrating a con-
figuration of a reciprocating compression apparatus
according to a first embodiment of the presentinven-
tion.

FIG. 2 is a diagram schematically illustrating a con-
figuration of a reciprocating compression apparatus
according to a second embodiment of the present
invention.

FIG. 3 is a diagram schematically illustrating a con-
figuration of a reciprocating compression apparatus
according to a third embodiment of the present in-
vention.

FIG. 4 is a diagram schematically illustrating a con-
figuration of a reciprocating compression apparatus
according to a fourth embodiment of the present in-
vention.

FIG. 5 is a diagram schematically illustrating a con-
figuration of a reciprocating compression apparatus
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according to a fifth embodiment of the present inven-
tion.

FIG. 6 is a diagram schematically illustrating a con-
figuration of a reciprocating compression apparatus
according to a modification of the second embodi-
ment of the present invention.

FIG. 7 is a diagram schematically illustrating a con-
figuration of a reciprocating compression apparatus
according to another embodiment of the present in-
vention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0018] Hereinafter, preferred embodiments of the
present invention will be described in detail with refer-
ence to the accompanying drawings.

(FIRST EMBODIMENT)

[0019] AsillustratedinFIG. 1, areciprocatingcompres-
sion apparatus 10 according to a first embodiment in-
cludes a cylinder 12, a piston 14 disposed in the cylinder
12, and a drive section 16 which generates a drive force
for reciprocating the piston 14. In this reciprocating com-
pression apparatus 10, a hydrogen gas, for example, is
a gas to be compressed.

[0020] An inner space 20 of the cylinder 12 in which
the piston 14 is housed is formed in a shape long in one
direction. This inner space 20 has a shape in which a
part having a large width, which is a length in a direction
orthogonal to alongitudinal direction (hereinafter referred
to as first space part 20a), and a part having a small width
(hereinafter referred to as second space part 20b) are
connected to each other. Note that the inner space 20 is
not limited to a shape in which space parts having lengths
different from each other are connected to each other.
The inner space 20 may be formed to have the same
width over the entire longitudinal direction.

[0021] In the cylinder 12, a portion forming the first
space part 20a and a portion forming the second space
part20b may be integrally formed, and may be separately
formed and then connected to each other.

[0022] The piston 14 includes afirst portion 14a having
a width corresponding to the width of the first space part
20a and a second portion 14b having a width correspond-
ing to the width of the second space part 20b. An end
part of the first portion 14a in the longitudinal direction is
connected to an end part of the second portion 14b in
the longitudinal direction, and the first portion 14a and
the second portion 14b are integrally formed. The first
portion 14a is housed in the first space part 20a. The
second portion 14b is disposed mainly in the second
space part 20b, while a portion on the first portion 14a
side enters thefirst space part 20a from the second space
part 20b.

[0023] In the first space part 20a, a portion between
the cylinder 12 and a tip part of the first portion 14a, which
is an end part on the side opposite to the second portion
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14b, is a first compression chamber 22a. In the second
space part 20b, a portion between the cylinder 12 and a
tip part of the second portion 14b, which is an end part
on the side opposite to the first portion 14a, is a second
compression chamber 22b. In other words, in the com-
pression apparatus 10 according to the first embodiment,
a compression chamber 22 including the first compres-
sion chamber 22a and the second compression chamber
22b is formed.

[0024] The drive section 16 is configured to include a
linear motor. Specifically, the drive section 16 includes a
coil 16a, which is an electromagnet, as a stator fixed on
an outer surface of the cylinder 12 and a magnet 16b
fixed on the piston 14 as a mover. The magnet 16b is
disposed on the first portion 14a in the piston 14. A re-
pelling force and an attractive force between the coil 16a
and the magnet 16b cause the piston 14 to reciprocate.
[0025] A suction line 26 through which a gas to be
drawn into the first compression chamber 22a flows, a
discharge line 27 through which the gas which has been
discharged from the second compression chamber 22b
flows, and a connection line 28 through which the first
compression chamber 22a and the second compression
chamber 22b communicate with each other are connect-
ed to the cylinder 12.

[0026] A connection line through which the suction line
26 and the compression chamber 22 (first compression
chamber 22a) communicate with each other is provided
with a check valve C1 which allows only a flow from the
suction line 26 to the compression chamber 22. A con-
nection line through which the compression chamber 22
(second compression chamber 22b) and the discharge
line 27 communicate with each other is provided with a
check valve C2 which allows only a flow from the com-
pression chamber 22 to the discharge line 27. A connec-
tion line through which the connection line 28 and the
first compression chamber 22a communicate with each
otheris provided with a check valve C3 which allows only
a flow from the first compression chamber 22a to the
connection line 28. A connection line through which the
connection line 28 and the second compression chamber
22b communicate with each other is provided with a
check valve C4 which allows only a flow from the con-
nection line 28 to the second compression chamber 22b.
Consequently, the gas flows through the connection line
28 from the first compression chamber 22a toward the
second compression chamber 22b. In other words, the
reciprocating compression apparatus 10 is configured as
the two-stage compression type compression apparatus
10 in which the gas which has been compressed in the
first compression chamber 22a is further compressed in
the second compression chamber 22b.

[0027] The discharge line 27 is provided with a sepa-
rator 30. The gas discharged from the reciprocating com-
pression apparatus 10 contains an ionic liquid as a lubri-
cant. The separator 30 separates the ionic liquid from
the gas which has been discharged from the compres-
sion chamber 22 (second compression chamber 22b).
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[0028] The separator 30 is connected to a return line
33. The return line 33 returns the ionic liquid separated
in the separator 30 to areturn destination in which a pres-
sure is lower than that in the separator 30. In this em-
bodiment, the return destination is set to be the first com-
pression chamber 22a.

[0029] The return line 33 includes a cylinder external
passage 33a which connects the separator 30 to the cyl-
inder 12, a cylinder internal passage 33b which pene-
trates a peripheral wall of the cylinder 12, and a piston
internal passage 33c provided in the piston 14. The piston
internal passage 33c is provided with a check valve 331.
[0030] The cylinder external passage 33a is provided
with a lubricant cooling unit 35 for cooling the ionic liquid
flowing through the return line 33. The lubricant cooling
unit 35 is configured to include a heat exchanger which
cools the ionic liquid with a cooling medium, such as cool-
ing water. Moreover, the cylinder external passage 33a
is provided with a pressure reducing valve 37. The pres-
sure reducing valve 37 may be also omitted.

[0031] The cylinder internal passage 33b is a passage
through which the exterior and interior of the cylinder 12
communicate with each other, in which an outer end part
(inflow end part) is connected to one end part (outflow
end part) of the cylinder external passage 33a. An inner
end part (outflow end part) of the cylinder internal pas-
sage 33b opens to the inner space 20. Specifically, the
ionic liquid is fed through the cylinder internal passage
33b from the exterior of the cylinder 12 to the interior of
the cylinder 12.

[0032] The piston internal passage 33c communicates
with the cylinder internal passage 33b through a gap be-
tween an inner wall surface of the cylinder 12 and an
outer peripheral surface of the piston 14. The piston in-
ternal passage 33c is formed to penetrate the piston 14,
in which one end part opens to a peripheral surface of
the first portion 14a and the other end part opens to a tip
surface of the first portion 14a. This tip surface faces the
first compression chamber 22a so that the other end part
(outflow end part) of the piston internal passage 33c
opens to the first compression chamber 22a. The piston
internal passage 33cis configured, such that the one end
part opens to the peripheral surface and the other end
part opens to the tip surface, so as to be bent therebe-
tween. Consequently, the ionic liquid which has passed
through the cylinder internal passage 33b radially flows
in from the peripheral surface of the piston 14, and then
the direction of a flow of the ionic liquid changes to a
longitudinal direction of the piston 14.

[0033] The return line 33 is provided with a drive sec-
tion cooling section 39 for cooling the drive section 16
with the ionic liquid which has been cooled in the lubricant
cooling unit 35. The drive section cooling section 39 in-
cludes a stator cooling part 39a for cooling the coil 16a
and a mover cooling part 39b for cooling the magnet 16b.
[0034] The stator cooling part 39a is configured to in-
clude a portion passing through the coil 16ain the cylinder
external passage 33a. In the stator cooling part 39a, the
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ionic liquid flowing through the cylinder external passage
33a is directly supplied to the coil 16a. The coil 16a is
covered by a case 42 such that the high-pressure ionic
liquid passes through the coil 16a without leaking to the
exterior. Note that the stator cooling part 39a may include
apassage radially penetrating the coil 16a and a passage
circumferentially penetrating the same. When this con-
figuration is employed, the coil 16a is cooled by the ionic
liquid flowing through the passages.

[0035] The mover cooling part 39b is configured to in-
clude a hole formed in the magnet 16b in the piston in-
ternal passage 33c. In the mover cooling part 39b, the
ionic liquid which has flown through the cylinder internal
passage 33b is directly supplied to the magnet 16b and
then flows into the hole. Note that the mover cooling part
39b may include a passage radially penetrating the mag-
net 16b and a passage circumferentially penetrating the
same. In this configuration, the magnet 16b is cooled by
the ionic liquid flowing through the passages.

[0036] In the reciprocating compression apparatus 10
according to the first embodiment, when the drive force
generated by the drive section 16 causes the piston 14
to work in a direction to expand the first compression
chamber 22a, the check valve C1 opens and the gas is
drawn from the suction line 26 into the first compression
chamber 22a. Subsequently, when the piston 14 works
in a direction to compress the first compression chamber
22a, the gasin thefirst compression chamber 22ais com-
pressed, then pressurized to equal to or higher than a
predetermined pressure, thereby causing the check
valve C3 to open, and discharged from the first compres-
sion chamber 22a to the connection line 28. This gas
contains the ionic liquid.

[0037] The gas in the connection line 28 is drawn into
the second compression chamber 22b by a work of the
piston 14 for expanding the second compression cham-
ber 22b. The gas in the second compression chamber
22b is further compressed by a work of the piston 14 for
compressing the second compression chamber 22b,
then pressurized to equal to or higher than a predeter-
mined pressure, thereby causing the check valve C2 to
open, and discharged from the second compression
chamber 22b to the discharge line 27. The gas dis-
charged to the discharged line 27 flows into the separator
30. In the separator 30, the ionic liquid is separated from
the gas. The gas from which the ionic liquid has been
separated is supplied to a supply destination.

[0038] A differential pressure between a pressure in
the separator 30 and a pressure in the first compression
chamber 22a allows the ionic liquid which has been sep-
arated in the separator 30 to flow through the return line
33. The ionic liquid flowing through the return line 33 is,
in the cylinder external passage 33a, cooled by the cool-
ing medium inthe lubricant cooling unit 35, and then cools
the coil 16a in the stator cooling part 39a. At this time,
the ionic liquid is directly supplied to the coil 16a to cool
the coil 16a. The ionic liquid which has cooled the coil
16a passes through the cylinder internal passage 33b
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and flows into the piston internal passage 33c. At this
time, a part of the ionic liquid flows into the gap between
the outer peripheral surface of the piston 14 and the inner
wall surface of the cylinder 12. Meanwhile, the other part
of the ionic liquid is directly supplied to the magnet 16b
and then enters the hole formed in the magnet 16b.
Thereby, the magnet 16b is cooled by the ionic liquid,
and this ionic liquid is fed into the first compression cham-
ber 22a. The check valve 331 is provided in the cylinder
internal passage 33b so that, even when the pressure in
the first compression chamber 22a is higher than that in
the return line 33, flows of the ionic liquid and the gas
from the first compression chamber 22a to the separator
30 can be prevented.

[0039] As described above, in the first embodiment,
the ionic liquid is separated in the separator 30 from the
gas which has been discharged from the second com-
pression chamber 22b. The ionic liquid which has been
separated in the separator 30 is returned through the
return line 33 to the return destination. In the return line
33, the ionic liquid is cooled in the lubricant cooling unit
35, and this cooled ionic liquid cools the drive section 16.
Then, the ionic liquid which has cooled the drive section
16 is returned to the return destination in which a gas
containing the ionic liquid is present and a pressure is
lower than thatin the separator 30. Consequently, a pres-
sure-feed means for returning the ionic liquid is unnec-
essary so that a configuration for returning the ionic liquid
to the uncompressed gas can be simplified. Moreover,
the ionic liquid is not only merely returned to the gas, but
effectively used for cooling the cooling parts. Conse-
quently, a configuration for cooling the drive section 16
which drives the piston 14 can be simplified. Accordingly,
newly adding a cooling circuit or the like is unnecessary,
and thus simplifying a configuration as the reciprocating
compression apparatus 10 can be performed.

[0040] Moreover, in the first embodiment, the ionic lig-
uid which has cooled the drive section 16 flows through
the piston internal passage 33c formed in the piston 14
and is returned into the first compression chamber 22a.
Thus, the ionic liquid can be directly returned into the first
compression chamber 22a in a constant manner without
being influenced by a position of the piston 14. The pres-
sure in the first compression chamber 22a is lower than
a pressure on a discharge side so that the differential
pressure between the pressure in the separator 30 and
the pressure in the first compression chamber 22a allows
the ionic liquid to flow through the return line 33. Conse-
quently, a pressure-feed means for the ionic liquid is un-
necessary.

[0041] Moreover, in the first embodiment, the ionic lig-
uid is directly supplied, or sprayed, to the coil 16a and
the magnet 16b, and the ionic liquid can thereby effec-
tively cool the drive section 16.

(SECOND EMBODIMENT)

[0042] FIG. 2 illustrates a second embodiment of the
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present invention. Note that the same reference numer-
als are given to the same elements as in the first embod-
iment and the detailed description thereof will be omitted
herein.

[0043] In the first embodiment, the return destination
of thereturnline 33 is the first compression chamber 223,
whereas, in the second embodiment, a return destination
of the return line 33 is a space between piston rings 45
arranged in the piston 14.

[0044] The inner space 20 of the cylinder 12 includes
the first space part 20a on the first compression chamber
22a side and the second space part 20b on the second
compression chamber 22b side. In the first embodiment,
the first space part 20a and the second space part 20b
have widths different from each other, whereas, in the
second embodiment, the first space part 20a and the
second space part 20b are configured to have the same
width. Note that, also in the second embodiment, similarly
to the first embodiment, the first space part 20a and the
second space part 20b may have widths different from
each other.

[0045] The piston 14 includes the first portion 14a
which forms the first compression chamber 22a and the
second portion 14b which forms the second compression
chamber 22b. In the second embodiment, the first portion
14a and the second portion 14b are configured to have
the same width. Note that, also in the second embodi-
ment, when, similarly to the first embodiment, the first
space part 20a and the second space part 20b have
widths different from each other, the first portion 14a and
the second portion 14b may have widths different from
each other.

[0046] On the peripheral surface of the piston 14, a
plurality of recess parts 14c are formed in such a manner
as to be longitudinally spaced from each other on each
of the first portion 14a and the second portion 14b. The
piston rings 45 are correspondingly fitted into these re-
cess parts 14c.

[0047] Thereturnline 33 includes the cylinder external
passage (first cylinder external passage) 33a, a cylinder
passage 33e, the piston internal passage 33c, a second
cylinder external passage 33f, and an outflow part 33g.
Through the first cylinder external passage 33a, the sep-
arator 30 and the cylinder passage 33e communicate
with each other. The cylinder passage 33e radially pen-
etrates the piston 14 in such a manner as to penetrate
at least two portions facing each other in the peripheral
wall of the cylinder 12. Consequently, the cylinder pas-
sage 33e includes a feeding portion 33h through which
the ionic liquid is fed from the exterior of the cylinder 12
to the interior of the cylinder 12 and a lead-out portion
33i through which the ionic liquid is led out of the interior
of the cylinder 12 to the exterior of the cylinder 12.
Through the second cylinder external passage 33f, the
cylinder passage 33e and the outflow part 33g commu-
nicate with each other. The outflow part 33g penetrates
the peripheral wall of the cylinder 12 in such a manner
as to constantly penetrate between the piston rings 45
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during reciprocation of the piston 14. A slight gap formed
between the outer peripheral surface of the piston 14 and
the inner wall surface of the cylinder 12 allows the ionic
liquid which has flown out from the outflow part 33g to
be fed to a space between the piston rings 45 within this
gap.

[0048] Consequently, in the second embodiment, the
ionic liquid is supplied to the space between the piston
rings 45 so that the gas in the compression chamber can
be prevented from leaking into the gap between the cyl-
inder 12 and the piston 14. A pressure in the space be-
tween the piston rings 45 is approximately equal to or
lower than the pressure in the first compression chamber
22a, and consequently a pressure-feed means for the
ionic liquid is unnecessary.

[0049] The other configurations, workings, and effects
will not be described but are similar to those according
to the above first embodiment.

(THIRD EMBODIMENT)

[0050] FIG. 3 illustrates a third embodiment of the
present invention. Note that the same reference numer-
als are given to the same elements as in the second
embodiment and the detailed description thereof will be
omitted herein.

[0051] In the second embodiment, the ionic liquid is
returned to the space between the piston rings 45. On
the other hand, in the third embodiment, the ionic liquid
is returned to the suction line 26. Specifically, the return
line 33 includes the first cylinder external passage 33a,
the cylinder passage 33e, the piston internal passage
33c, and the second cylinder external passage 33f. Dif-
ferently from the second embodiment, the cylinder pas-
sage 33e and the suction line 26 communicate with each
other through the second cylinder external passage 33f.
A pressure in the suction line 26 is constantly lower than
the pressure in the separator 30. Consequently, the pres-
sure reducing valve 37 is omitted.

[0052] In the third embodiment, the ionic liquid is re-
turned to the suction line 26 in which the pressure is lower
than that in the compression chamber 22. Thus, a differ-
ential pressure between the pressure in the separator 30
and the pressure in the suction line 26 allows the ionic
liquid to effectively return to the gas.

[0053] The other configurations, workings, and effects
will not be described but are similar to those according
to the above second embodiment.

(FOURTH EMBODIMENT)

[0054] FIG. 4 illustrates a fourth embodiment of the
present invention. Note that the same reference numer-
als are given to the same elements as in the second
embodiment and the detailed description thereof will be
omitted herein.

[0055] In the first to third embodiments, the drive sec-
tion 16 of the piston 14 is configured to include the linear
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motor which generates the drive force for linearly moving
the piston 14. On the other hand, in the fourth embodi-
ment, the drive section 16 of the piston 14 is configured
to include a motor which generates a rotational drive
force. The reciprocating compression apparatus 10 is
provided with a drive force conversion section 48 for con-
verting the rotational drive force generated by the drive
section 16 into a drive force for reciprocating the piston
14. This drive force conversion section 48 may be con-
figured to include a hypocycloid mechanism or a crank
mechanism. This reciprocating compression apparatus
10 is provided with the only one compression chamber
22 of a single-stage compression type.

[0056] The return line 33 includes the first cylinder ex-
ternal passage 33a, the cylinder passage 33e, and the
second cylinder external passage 33f. Through the first
cylinder external passage 33a, the separator 30 and the
cylinder passage 33e communicate with each other. The
cylinder passage 33e includes the feeding portion 33h
through which the ionic liquid is fed from the exterior of
the cylinder 12 to the interior of the cylinder 12 and the
lead-out portion 33i through which the ionic liquid is lead
out of the interior of the cylinder 12 to the exterior of the
cylinder 12. The feeding portion 33h and the lead-out
portion 33i open to a housing part 20c, in which the drive
section 16 is housed, in the inner space 20 of the cylinder
12. The feeding portion 33h is configured to directly sup-
ply the ionic liquid to the drive section 16. The lead-out
portion 33ileads out the ionic liquid collecting on a bottom
part in the housing part 20c. The cylinder passage 33e
and the suction line 26 communicate with each other
through the second cylinder external passage 33f. Note
that, in the fourth embodiment, the drive section 16 is not
disposed within the piston 14, and accordingly the piston
internal passage 33c is not provided.

[0057] In the fourth embodiment, the ionic liquid is re-
turned to the suction line 26 in which the pressure is lower
than that in the compression chamber 22. Thus, a differ-
ential pressure between the pressure in the separator 30
and the pressure in the suction line 26 allows the ionic
liquid to effectively return to the gas.

[0058] Note thatthe fourthembodimentincludes acon-
figuration in which the second cylinder external passage
33f of the return line 33 communicates with the suction
line 26, which is not limitative. The return line 33 may be
configured to include the cylinder internal passage (un-
illustrated) and directly communicate with the compres-
sion chamber 22. In this case, the return destination is
the compression chamber 22. A pressure in the com-
pression chamber 22 is not constantly lower than the
pressure in the separator 30 but temporarily (thatis, dur-
ing a process excluding a discharge process and includ-
ing at least an expansion process) lower than the pres-
sure in the separator 30. Consequently, providing a pres-
sure-feed means is unnecessary. In this manner, when
the ionic liquid which has been discharged from the com-
pression chamber 22 flows into the return line 33 without
passing through a space in which a pressure is higher
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than that in the compression chamber 22, the ionic liquid
is returned to the compression chamber 22 during a proc-
ess excluding a discharge process.

[0059] The return destination is not limited to the com-
pression chamber 22 but may be, as in the second em-
bodiment, the space between the piston rings 45 ar-
ranged in the piston 14.

[0060] The other configurations, workings, and effects
will not be described but are similar to those according
to the above second embodiment.

(FIFTH EMBODIMENT)

[0061] FIG. 5 illustrates a fifth embodiment of the
present invention. Note that the same reference numer-
als are given to the same elements as in the first embod-
iment and the detailed description thereof will be omitted
herein.

[0062] In the fourth embodiment, the piston 14 is com-
posed of the solid piston 14. On the other hand, in the
fifth embodiment, the piston 14 is configured to include
a liquid portion. Specifically, in this embodiment, the pis-
ton 14 includes a reception part 14d for receiving a drive
force directly from the drive section 16, a working part
14e disposed to be spaced from the reception part 14d,
and a liquid portion 14f composed of a working liquid
sandwiched between the reception part 14d and the
working part 14e. As the working liquid, oil, ionic liquid,
or the like is used. A liquid layer 14g made of the ionic
liquid is arranged on the working part 14e. In other words,
the compression apparatus 10 is configured as an ionic
COMpressor.

[0063] Similarly to the first embodiment, the drive sec-
tion 16 may be configured to include a linear motor. Al-
ternatively, similarly to the fourth embodiment, the drive
section 16 may be configured to include a motor which
generates a rotational drive force. In this case, the drive
force conversion section 48 is provided. Still alternatively,
in place of the reception part 14d, a pump other than a
piston type pump (e.g. rotation type pump) may be pro-
vided.

[0064] The separator 30 and the suction line 26 com-
municate with each other through the return line 33. The
return line 33 is provided with the drive section cooling
section 39. The drive section cooling section 39 is con-
figured such that the ionic liquid is directly supplied to the
drive section 16.

[0065] Note that the fifth embodiment includes a con-
figuration in which the return line 33 communicates with
the suction line 26, which is not limitative. The return line
33 may be configured to include the cylinder internal pas-
sage opening to the compression chamber 22 and di-
rectly communicate with the compression chamber 22.
In this case, the return destination is the compression
chamber 22. The pressure in the compression chamber
22 is lower than the pressure in the separator 30 during
a process excluding a discharge process, and conse-
quently a differential pressure between the pressure in
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the separator 30 and the pressure in the compression
chamber 22 allows the ionic liquid to flow.

[0066] The other configurations, workings, and effects
will not be described but are similar to those according
to the above first embodiment.

[0067] Although particular embodiments of the present
invention have been described above, the embodiments
disclosed herein are to be considered in all respects as
illustrative and not restrictive. The scope of the present
invention is defined by the terms of claims, rather than
the description of the embodiments as set forth above,
and is intended to include any modifications within the
scope and meaning equivalent to the terms of the claims.
[0068] Inthefirstembodiment, a cooling unitfor cooling
the gas and ionic liquid which are about to flow into the
separator 30 may be provided. In this case, the lubricant
cooling unit 35 may be omitted. This also applies to the
other embodiments.

[0069] In the first embodiment, a valve other than the
pressure reducing valve 37 which can regulate a pres-
sure or flow rate of the ionic liquid in the return line 33
may be used. If the ionic liquid does not excessively flow
into the return line 33, the pressure reducing valve 37
may be omitted. This also applies to the second embod-
iment.

[0070] In the second embodiment, a configuration in
which the ionic liquid is returned between the pistonrings
45 arranged on a side nearthe firstcompression chamber
22a rather than the second compression chamber 22b
is illustrated, which is, however, not limitative. As illus-
trated in FIG. 6, the return line 33 may be provided with
another second cylinder external passage 33m through
which the cylinder passage 33e and an outflow part 33n
connected to the piston rings 45 arranged on a side near
the second compression chamber 22b rather than the
first compression chamber 22a communicate with each
other. The second cylinder external passage 33m is pro-
vided with a check valve 332. The ionic liquid which has
flown out from the outflow part 33n is fed to the space
between the piston rings 45.

[0071] Asillustratedin FIG.7,the gas of the same pres-
sure may be fed through one flow passage to the first
and second compression chambers 22a, 22b on respec-
tive sides of the piston 14. The gas pressurized in the
first compression chamber 22a and the gas pressurized
in the second compression chamber 22b are discharged
at respective pressures similar to each other, and flow
into the separator 30. In FIG. 7, the ionic liquid which has
passed from the separator 30 through the piston internal
passage 33c is fed to the spaces between the piston
rings 45 near the respective first and second compres-
sion chambers 22a, 22b through the two second cylinder
external passages 33f, 33m and the two outflow parts
33g, 33n. In this embodiment, the suction line 26 is
branched halfway, and the gas flowing through the suc-
tion line 26 is split and drawn into the first compression
chamber 22a and the second compression chamber 22b.
The connection line 28 is omitted, and the discharge line
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27 is branched halfway and connected to the first com-
pression chamber 22a and the second compression
chamber 22b. The gas compressed in the first compres-
sion chamber 22a and the gas compressed in the second
compression chamber 22b each flow through the dis-
charge line 27 and fed to the separator 30.

[0072] To simplify a configuration for returning to un-
compressed gas a lubricant separated from gas dis-
charged from a compression chamber, while effectively
using the lubricant , a reciprocating compression appa-
ratus includes: a cylinder; a piston disposed in the cylin-
der to form a compression chamber therein; a drive sec-
tion for generating drive force for reciprocating the piston
in the cylinder; a separator for separating a lubricant from
gas discharged from the compression chamber; and a
return line for returning the lubricant separated in the sep-
arator to a return destination where gas containing the
lubrication is present and a pressure is lower than that
in the separator. The return line includes a lubrication
cooling unit for cooling the lubricant flowing through the
return line and a drive section cooling section for cooling
the drive section with the lubricant which has been cooled
in the lubricant cooling unit 35.

Claims
1. Areciprocating compression apparatus comprising:

a cylinder;

a piston disposed in the cylinder in such a man-
ner as to form a compression chamber therein;
a drive section which generates a drive force for
reciprocating the piston in the cylinder;

a separator for separating a lubricant from a gas
discharged from the compression chamber; and
areturn line for returning the lubricant separated
in the separator to a return destination in which
a gas is present and a pressure is lower than
that in the separator,

wherein the return line is provided with a drive
section cooling section for cooling the drive sec-
tion with the lubricant.

2. Thereciprocating compression apparatus according
to claim 1,
wherein the return line includes a piston internal pas-
sage formed in the piston and communicating with
the compression chamber, and
the lubricant which has cooled the drive section is
returned through the piston internal passage into the
compression chamber as the return destination.

3. Thereciprocating compression apparatus according
to claim 1,
wherein the return line includes, in the cylinder, an
outflow part provided at a position constantly be-
tween piston rings during reciprocation of the piston,
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and
the lubricant is returned to a space between the pis-
ton rings as the return destination.

The reciprocating compression apparatus according
to claim 1,

wherein the return line is connected to a suction line
connected to the cylinder, and

the lubricant is returned into the suction line as the
return destination.

The reciprocating compression apparatus according
to claim 1,

wherein the return line is, in the cylinder, connected
to a portion at least temporarily communicating with
the compression chamber, and

the lubricant is returned into the compression cham-
ber as the return destination.

The reciprocating compression apparatus according
to any one of claims 1-5,

wherein the drive section cooling section is config-
ured such that the lubricant flowing through the re-
turn line is supplied to the drive section.
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