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(57)  Anoil separator (4) that separates oil contained
in refrigerant discharged from a compressor (3) and has
an oil separator main body (50) comprising a body portion
(52) and upper and lower end plates (53, 54) secured to
both the ends of the body portion (52), the oil separator
main body being vertically installed in an erected state
includes a refrigerant lead-in pipe (60) that is secured to
the oil separator main body so as to extend along a tan-
gential direction of the inner peripheral surface of the oil
separator main body and opened at one end thereof so
that the opened one end of the refrigerant lead-in pipe
faces the inner peripheral surface of the oil separator
main body, and a gas refrigerant lead-out pipe (70) that
penetrates through the lower end plate (54) in the vertical
direction of the oil separator main body and extends along
an axial line of the oil separator main body while one end
portion thereof is supported by the lower end plate (54),
wherein a refrigerant gas lead-out opening portion (71,
72) for taking in gas refrigerant from which oil is separated
in the oil separator main body is provided at at least one
of a center area of the gas refrigerant lead-in pipe and
the other end portion of the gas refrigerant lead-out pipe
at the upper end plate (53) side.

Oil separator for separating refrigerant and oil

FIG.2

71 53H 53

65
v v
4 X S 65A
65D )
65— | m 60
I 1N 65C
__—50
[ 52
70— H—
I\ g
|J\ ™54
T 8o
51 51
é;:z Lo #

Printed by Jouve, 75001 PARIS (FR)



1 EP 2 169 332 A2 2

Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The presentinventionrelates to an oil separator
for separating oil in refrigerant.

2. Description of the Related Art

[0002] A refrigerant circuit of an air conditioner or the
like has an oil separator, and oil contained in refrigerant
discharged from a compressor is separated from the re-
frigerant by using this oil separator.

[0003] This type oil separator is generally constructed
so that refrigerant containing oil is made to flow from the
side of the oil separator into the oil separator to separate
the oil from the refrigerant and the separated oil is dis-
charged from the lower portion of the oil separator while
the separated gas refrigerant is discharged from the up-
per portion of the oil separator (see JP-A-2008-101831
and JP-A-Hei-5-296610, for example).

[0004] Inthe oil separator as described above, a lead-
out pipe for leading out the separated gas refrigerant to
the outside is provided to the upper portion of the oil sep-
arator, so that a piping space is required to be provided
at the upper side of the oil separator. On the other hand,
there is a case where some layout of an air conditioner
needs to draw a lead-out pipe for separated gas refrig-
erant out of the lower portion of the oil separator. For
example, there is a case where the lead-out pipe must
be piped and connected from the lower portion of the oil
separator to a four-way valve as a connection destination
of the lead-out pipe in consideration of the structure of
the four-way valve.

[0005] When the installation position of the lead-out
pipe for the separated gas refrigerant is shifted from the
upper portion of the oil separator to the lower portion of
the oil separator, the lead-out pipe is required to extend
upwardly to some degree in the oil separator because
some level of oil pool (stock) must be secured at the inner
lower portion of the oil separator. Accordingly, when the
oil separator is transported, vibration under the transport
may induce core misalignment to the lead-out pipe, so
that it may be impossible to secure sufficient oil separa-
tion performance.

SUMMARY OF THE INVENTION

[0006] Therefore, the present invention has an object
to provide an oil separator which enables a lead-out pipe
for gas refrigerant to be drawn out from the lower portion
of the oil separator and also can secure the separation
performance of oil and prevent core misalignment of the
lead-out pipe for the gas refrigerant.

[0007] Inorderto attain the above object, according to
the present invention, an oil separator (4) that separates
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oil contained in refrigerant discharged from a compressor
(3) and has an oil separator main body (50) comprising
a body portion (52) and upper and lower end plates (53,
54) secured to both the ends of the body portion (52),
the oil separator main body being vertically installed in
an erected state, is characterized by further comprising:
a refrigerant lead-in pipe (60) that is secured to the oil
separator main body so as to extend along a tangential
direction of the inner peripheral surface of the oil sepa-
rator main body and opened at one end thereof so that
the opened one end of the refrigerant lead-in pipe faces
the inner peripheral surface of the oil separator main
body; and a gas refrigerant lead-out pipe (70) that pen-
etrates through the lower end plate (54) in the vertical
direction of the oil separator main body and extends along
an axial line of the oil separator main body while one end
portion thereof is supported by the lower endplate (54),
wherein a refrigerant gas lead-out opening portion (71,
72) for taking in gas refrigerant from which oil is separated
in the oil separator main body is provided at at least one
of a center area of the gas refrigerant lead-in pipe and
the other end portion of the gas refrigerant lead-out pipe
at the upper end plate (53) side.

[0008] The above oil separator according to claim 1
may further comprise a support member (65) having a
through hole (65A) through which the one endportion of
the gas refrigerant lead-out pipe penetrates, wherein the
support member is provided at the inside of the boundary
between the upper end plate and the body portion, the
refrigerant lead-in pipe is secured to an upper area of the
body portion so as to extend along a tangential direction
of the inner peripheral surface of the body portion, and
the one end of the refrigerant lead-in pipe is opened to
face the inner peripheral surface of the body portion.
[0009] In the above oil separator, the refrigerant gas
lead-out opening portion corresponds to the opened one
end (71) of the refrigerant gas lead-out pipe (70) at the
upper end plate side.

[0010] Inthe above oil separator, an annular space in
which centrifugal force is applied to the refrigerant flowing
from the refrigerant lead-in pipe while the refrigerant
swirls in the annular space is formed between the inner-
peripheral surface of thebodyportion and the outerpe-
ripheral surface of the refrigerant lead-out pipe, the oil
and the gas refrigerant are separated from each other in
the annular space by the centrifugal force concerned, the
separated oil pools in a lower area of the body portion,
and the separated gas refrigerant moves upward in the
annular space, passes through the support member (65),
and flows through the opening portion (71) into the re-
frigerant lead-out pipe, whereby the gas refrigerant is led
out to the lower side of the oil separator main body.
[0011] The oil separator may further comprises an oil
pipe (80) that penetrates from the inside of the oil sepa-
rator main body through the lower end plate and extends
to the outside of the oil separator main body, wherein the
oil pooling in the lower area of the body portion is passed
through the oil pipe and led out to the lower side of the
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oil separator main body.

[0012] Inthe above oil separator, the support member
(65) comprises amesh-shaped cover member (65B) cov-
ering the boundary between the upper end plate and the
body portion and cut and raised portions (65D) obtained
by cutting and raising a part of the mesh-shaped cover
member downwardly.

[0013] Inthe above oil separator, the refrigerant lead-
in pipe is secured to the upper end plate so as to extend
along atangential direction ofthe inner peripheral surface
of the upper end plate, the one end of the refrigerant lead-
in pipe is opened to face the inner peripheral surface of
the upper end plate, the gas refrigerant lead-out pipe is
fixed to the upper end plate while the opened one end of
the gas refrigerant lead-out pipe is closed by the inner
surface of the upper end plate, and the refrigerant gas
lead-out opening portion (72) is provided in the center
area of the refrigerant lead-out pipe.

[0014] In the above oil separator, the refrigerant gas
lead-out opening portion (72) comprises plural gas re-
frigerant lead-out holes (72), and a cap member (75) is
fixed to the outer peripheral portion of the refrigerant gas
lead-out pipe so as to cover the gas refrigerant lead-out
holes.

[0015] Inthe above oil separator, an annular space in
which centrifugal force is applied to the refrigerant flowing
from the refrigerant lead-in pipe while the refrigerant
swirls in the annular space is formed between the inner
peripheral surface of the body portion and the outer pe-
ripheral surface of the refrigerant lead-out pipe, the oil
and the gas refrigerant are separated from each other in
the annular space by the centrifugal force concerned, the
separated oil pools in a lower area of the body portion,
andthe separated gas refrigerant flows through the open-
ing portion covered by the cap member into the refriger-
ant gas lead-out pipe, whereby the refrigerant gas is led
out to the lower side of the oil separator main body.
[0016] The oil separator may further comprise an oil
pipe (80) that penetrates from the inside of the oil sepa-
rator main body through the lower end plate and extends
to the outside of the oil separator main body, wherein the
oil pooling in the lower area of the body portion is passed
through the oil pipe and led out to the lower side of the
oil separator main body.

[0017] According to the present invention, the oil sep-
arator main body comprises the body portion and the
upper and lower end plates and is disposed in an erected
state. The refrigerant lead-in pipe is secured to the upper
area of the body portion along the tangential direction of
the body portion, and one end thereof is opened to face
the inner peripheral surface of the body portion. The sup-
port member is provided at the inside of the boundary
between the upper end plate and the body portion, the
gas refrigerant lead-out pipe penetrates through the low-
er end plate while supported at one end portion thereof
by the lower end plate, extends along the axial line of the
body portion in the oil separator, penetrates through the
upper end plate while supported at the other end portion
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thereof by the upper end plate, and opened at one end
thereof so as to face the inner surface of the upper end
plate, thereby serving as the refrigerant gas take-in port.
Therefore, the refrigerant gas lead-out pipe can be sup-
ported at both the end portions thereof in the vertical di-
rection, and also oil, dust, etc. other than upwardly-as-
cending gas refrigerant can be prevented from invading
into the gas refrigerant lead-out pipe.

[0018] Furthermore, oil and gas refrigerant can be ef-
ficiently separated from each other by centrifugal sepa-
ration, and thus the oil separation performance can be
enhanced. Still furthermore, the oil separation perform-
ance can be ensured and the core misalignment of the
gas refrigerant lead-out pipe can be prevented even
when the gas refrigerant lead-out pipe can be drawn out
from the lower side of the oil separator.

[0019] In addition, the upward movement of foreign
materials other than the gas refrigerant can be prevented
by the mesh-shaped cover member and the cut and
raised portions, and even when the mesh-shaped cover
member clogs, the passing path through which the gas
refrigerant can pass can be ensured by the opening por-
tions which are generated by the cut and raised portions.
[0020] still furthermore, according to the present in-
vention, the oil separator main body comprises the body
portion and the upper and lower end plates and is dis-
posed in an erected state, and the refrigerant lead-in pipe
is secured to the upper end plate so as to extend along
the tangential direction of the inner peripheral surface of
the upper end plate, and one end of the refrigerant lead-
in pipe is opened to face the inner peripheral surface of
the end plate. The gas refrigerant lead-out pipe pene-
trates through the lower end plate while one end portion
thereofis supported by the lower end plate, extends along
the axial line of the body portion, and one end of the gas
refrigerant lead-out pipe is fixed to the inner surface of
the upper end plate while closed by the inner surface of
the upper end plate, whereby the gas refrigerant lead-
out pipe is supported at the other end portion thereof by
the upper end plate. Accordingly, the gasrefrigerant lead-
out pipe can be supported at both the end portions thereof
by the upper and lower end plates. The gas refrigerant
lead-out pipe is equipped with the gas refrigerant lead-
out holes in the center area thereof, and the cap member
is fixed to the gas refrigerant lead-out pipe so as to sur-
round (cover) the gas refrigerant lead-out holes. Accord-
ingly, oil and gas refrigerant can be efficiently separated
from each other by centrifugal separation, and the oil can
be prevented from directly invading into the gas refriger-
ant lead-out holes by the cap member. Therefore, the oll
separation performance can be ensured and the core
misalignment of the gas refrigerant lead-out pipe can be
prevented even when the gas refrigerant lead-out pipe
is drawn out from the lower side of the oil separator.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021]
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Fig. 1 is a diagram showing an air conditioner using
an oil separator according to the present invention;
Fig. 2 is a sectional side view of an oil separator
according to a first embodiment of the present inven-
tion;

Fig. 3 is a cross-sectional view of -1l of Fig. 2;
Fig. 4 is a sectional side view of a support member
together with the peripheral construction thereof;
Fig. 5 is a cross-sectional view of V-V of Fig. 2;
Fig. 6 is a side view of an oil separator according to
a second embodiment of the present invention;
Fig. 7 is a cross-sectional view of IlI-1ll of Fig. 6; and
Fig. 8 is a cross-sectional view of IV-IV of Fig. 6.

DETAILED DESCRIPTION OF PREFERRED EMBOD-
IMENTS

[0022] Preferred embodiments according to the
present invention will be described hereunder with refer-
ence to the accompanying drawings.

[0023] Fig. 1 is a diagram showing an embodiment of
an air conditioner using an oil separator according to the
present invention. Fig. 1 also shows the internal circuit
construction of an outdoor unit 100 used in a gas heat
pump (GHP) type air conditioner. In Fig. 1, the air con-
ditioner of this embodiment contains a refrigerant circuit
110represented by a solid line and a cooling water circuit
120 represented by a heavy solid line. Here, GHP means
that a compressor is driven by a gas engine.

[0024] The refrigerant circuit 110 of the outdoor unit
100 contains a gas engine 1, a compressor 3 connected
to the gas engine 1 through a V belt 2, an oil separator
4, afour-way valve 5, an outdoor heat exchanger 6 cooled
by air sucked by fans 17, an electrically-driven valve 7,
a plate heat exchanger 36 and an accumulator 11 which
are connected to one another from the compressor 3
through a refrigerant pipe in a clockwise direction, and
the accumulator 11 is connected to the compressor,
whereby refrigerant is circulated in the refrigerant circuit
110. An indoor unit (not shown) is provided at the left
side of Fig. 1, and the refrigerant pipe is connected to
the indoor unit through opening/closing valves 9 and 10.
[0025] Furthermore, solid-line arrows in Fig. 1 repre-
sent the flow of refrigerant in a refrigeration (cooling) cy-
cle, and dashed-line arrows in Fig. 1 represent the flow
of refrigerant in a heating cycle. By switching the four-
way valve 5, the cooling/heating operations can be
switched to each other.

[0026] As shownin Fig. 1, the refrigerant circuit 110 is
equipped with a bypass valve 12 as an electrically-driven
valve, a liquid valve 13 as an electrically-driven valve, a
pressure switch 14, a high-pressure side pressure sensor
15, a low-pressure side pressure sensor 16, a check
valve 18, a sub cooler 19 and a dry core 8.

[0027] The cooling water circuit 120 in the outdoor unit
100 contains a hot water three-way valve 37 (which is
also called as an electrically-driven cooler three-way
valve),a cooling water three-way valve 20, a radiator 39,
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an electrically-driven valve 40, a reservoir tank 22 and a
coolingwater pump 21 which are successively connected
from the gas engine 1 through a cooling water pipe, and
the cooing water pump 21 is connected to an exhaust
gas heat exchanger 23 of the gas engine 1, whereby
cooing water is circulated in the cooling water circuit 120.
Reference numeral 38 represents a buffer tank connect-
ed to the exhaust gas heat exchanger 23. Furthermore,
an exhaust muffler 24 is connected to the exhaust gas
heat exchanger 23, and an exhaust top 25 and a drain
filter 26 are connected to the exhaust muffler 24.
[0028] AsshowninFig. 1, the gas engine 1 is connect-
ed to combustion gas shutoff valves 27, a zero governor
28, a fuel adjusting valve 29 as an electrically-driven
valve, an air cleaner 30, a stepping motor 31, a sub oil
pan 32 containing an oil level switch 33, an oil pump 34
and an oil catcher 35. Gas as fuel is supplied into the gas
engine 1 by the opening/closing operation of the com-
bustion gas shutoff valve 27 and the motion of the step-
ping motor 31.

[0029] Inthe cooling water circuit 120, the heavy solid-
line arrows in Fig. 1 represent the flow of the cooling
water under refrigeration cycle. During refrigeration cy-
cle, the cooling water flowing out from the gas engine 1
flows through the hot water three-way valve 37 and the
cooling water three-way valve 20, and further flows to
the radiator 39 to be cooled. Then, the cooling water is
passed through the electrically-driven valve 40, and
pumped back to the cooling water pump 21.

[0030] The dashed-line arrows in Fig. 1 represent the
flow of the cooling water during heating cycle. During
heating cycle, a flow amount of 90% or more of cooling
water flowing out from the gas engine 1 is pumped back
from the hot-water three-way valve 37 to the cooling wa-
ter pump 21 by the cooling water pump 21.

[0031] Next, the oil separator 4 used in the air condi-
tioner will be described.

[0032] The refrigerant discharged from the compres-
sor 3 contains lubrication oil for the compressor 3. As
shown in Fig. 1, the oil separator 4 is disposed at the
discharge side of the compressor 3 in the refrigerant cir-
cuit 110. The oil separator 4 separates the oil from the
refrigerant which is discharged from the compressor 3
and contains the oil, returns the separated oil to the suc-
tion side of the compressor 3 and supplies the four-way
valve 5 with gas refrigerant from which the oil is removed.
[0033] Fig.2isaside sectional view of the oil separator
4, and Fig. 3 is a cross-sectional view of IlI-11l of Fig. 2.
As shownin Fig. 2, the oil separator 4 has an oil separator
main body as a cylindrical container, a refrigerant intro-
ducing pipe 60 for introducing oil discharged from the
compressor 3 into the oil separator main body 50, a gas
refrigerant lead-out pipe 70 for leading out gas refrigerant
in the oil separator main body 50 to the outside of the oil
separator 4, and an oil pipe 80 (see Fig. 3) for leading
out the oil in the oil separator main body 50 to the outside
of the oil separator.

[0034] The oil separator main body 50 is provided with



7 EP 2 169 332 A2 8

apair of rightand leftleg portions 51, and the oil separator
main body 50 is disposed in vertical position by the leg
portions 51 so as to stand erect and be spaced from the
ground plane (the bottom plate of the outdoor unit 100).
[0035] This ail separator main body 50 is constructed
by a cylindrical body portion 52, and a pair of upper and
lower end covers 53 and 54 which close the upper and
lower openings of the body portion 52. The pair of right
and left leg portions 51 are joined to the outer peripheral
portion of the end cover 54 at the lower end by welding
or the like.

[0036] The refrigerant introducing pipe 60 is secured
to an upper area of the body portion 52, and introduces
refrigerant from the upper side of the oil separator 4 into
the upper portion of the inside of the oil separator main
body 50. As described in more detail, as shown in Fig.
3, therefrigerantintroducing pipe 60 straightly penetrates
through the end cover 53 along the tangent direction of
the wall of the body portion 52, and one end side thereof
is opened at a position proximate to a predetermined
area on the inner surface of the end cover 53. In side
view, it is fixed to the body portion 52 so as to penetrate
through the body portion 52 in a substantially horizontal
direction as shown in Fig. 2. Accordingly, as shown in
Fig. 3, the refrigerant lead-in pipe 60 is disposed in the
neighborhood of the inner peripheral surface of the body
portion 52 so as to avoid the axial line LO of the oil sep-
arator main body 50 (which is coincident with the axial
line of the body portion 52), and leads high-pressure re-
frigerant (refrigerant containing oil) discharged from the
compressor 3 along the inner peripheral surface of the
body portion 52 into the oil separator main body 50.
[0037] Furthermore, one end portion (opening portion)
62 of the refrigerant lead-in pipe 60 inside the body por-
tion 52 is designed to be downwardly inclined (as if it is
obliquely cut) in top view so that the opening edge 60A
of the opening portion 62 which is nearer to the axial line
LO is longer in pipe length than the opening edge 60B of
the opening portion 62 which is farther from the axial line
LO (nearer to the inner surface of the body portion 52),
whereby the opening portion 62 of the refrigerant lead-
in pipe 60 is oriented along the inner peripheral surface
of the body portion 52.

[0038] Accordingly, when refrigerant is discharged
from the refrigerant lead-in pipe 60, the refrigerant does
spread to the axial line LO side, and thus the refrigerant
can be introduced

into the oil separator main body 50 while flowing along
the inner peripheral surface of the body portion 52. The
exterior portion (upstream portion) of the refrigerant lead-
in pipe 60 at the outside of the body portion 52 is designed
to be bent substantially in L-shape and then extend up-
wardly as shown in Fig. 2, whereby the refrigerant lead-
in pipe 60 can be connected to the discharge side of the
compressor 3 at the upper side of the oil separator 4.
[0039] The gas refrigerant lead-out pipe 70 is a pipe
for leading out from the lower portion of the oil separator
4 gas refrigerant from which oil is separated in the oll
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separator main body 50. As shown in Fig. 2, the gas
refrigerant lead-out pipe 70 upwardly penetrates through
the lower end plate 54 from the just lower side of the oil
separator main body 50, extends along the axial line LO
of the body portion 52, penetrates through a support
member 65 supported on the inner surface at the bound-
ary between the body portion 52 and the upper end plate
53 so as to be supported by the support member 65 and
extends to the top surface (inner surface) 53H of the up-
per end plate 53. One opened end of the gas refrigerant
lead-out pipe 70 at the upper end plate 53 serves as a
refrigerant gas take-in port 71.

[0040] Here, Fig. 4 is a side sectional view showing
the support member 65 together with the peripheral con-
struction thereof, and Fig. 5 is a cross-sectional view of
V-V of Fig. 2, that is, shows the support member 65 to-
gether with the peripheral construction thereof from the
upper side.

[0041] AsshowninFigs. 4 and 5, the support member
65 has a through hole 65A at the center thereof, and the
refrigerantlead-in pipe 60 penetrates through the through
hole and is held there. The support member 65 is formed
of a rigid member which evaginates upwardly (for exam-
ple, like a dome) and is substantially disc-shaped. In this
embodiment, it is formed of a mesh member obtained by
knitting a wire rod such as a metal wire (for example,
stainless wire or the like) having resistance to corrosion
like a net.

[0042] This support member 65 has a mesh-shaped
cover member 65B which expands around the through
hole 65A to cover the boundary between the body portion
52 of the oil separator main body 50 and the upper end
plate 53, and plural cut and raised portions 65c formed
in the mesh-shaped cover member 65B.

[0043] The outer diameter of the mesh-shaped cover
member 65B is set to such a value that the mesh-shaped
cover member can be sandwiched between the body por-
tion 52 of the oil separator main body 50 and the end
plate 53 (the outer diameter of the mesh-shaped cover
member 65B is between the inner and outer diameters
of the body portion 52). That is, the mesh-shaped cover
member 65B is put on the upper end face of the body
portion 52, and the upper end plate 53 is covered on the
upper end face of the body portion 52, whereby the outer
peripheral edge of the mesh-shaped cover member 65B
is sandwiched between the body portion 52 and the upper
end plate 53. Accordingly, the support member 65 can
be easily supported in the oil separator main body 50
without moving the support member 65 in the up-and-
down direction and right-and-left direction.

[0044] Furthermore, the mesh-shaped cover member
65B is designed to be upwardly convexed around the
axial line LO, and thus has a convex shape, whereby the
strength of the support member 65 can be more en-
hanced as compared with a case where it is designed to
be flat. The enhancement of the strength of the support
member 65 can ensure sufficient support strength of the
support member 65 to the oil separator main body 50,
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and also sufficient support strength of the gas refrigerant
lead-out pipe 70to the support member 65 can be ensure.
[0045] Furthermore, the upward convex shape as de-
scribed above increases the surface area of the mesh-
shaped cover member 65B. As described later, the
mesh-shaped cover member 65B functions as a filter for
passing gas refrigerant therethrough to the upper side
and preventing other contents (oil, dust, etc. contained
in refrigerant) frompassing therethrough, and thus the
filter area canbe also increased by increasing the surface
area of the mesh-shaped cover member 65B.

[0046] The plural cut and raised portions 6C is formed
integrally with the mesh-shaped cover member 65B by
cutting and raising a part of the mesh-shaped cover mem-
ber 65B downwardly. As described in detail, these cut
and raised portions 65C are formed at a predetermined
angular interval along the peripheral direction around the
axial line LO. In this embodiment, they are formed at an
angular interval of 22.5°, thereby forming eight cut and
raised portions 65C.

[0047] As shown in Fig. 5, the cut and raised portions
65C are cut and raised so as to face the flow (the flow
indicated by arrows in Fig. 5) of the refrigerant which is
discharged from the gas refrigerant lead-in pipe 70 and
flows along the inner peripheral surface of the oil sepa-
rator main body 50, whereby the refrigerant is prevented
from moving to the space above the support member 65.
[0048] Furthermore, the mesh-shaped cover member
65B is cut and downwardly raised, and thus plural (eight
in this embodiment) opening portions 65D opened in the
vertical direction are formed at the cut and raised por-
tions, so that upward flow of gas refrigerant in the oll
separator main body 50 is not disturbed, and thus the
gasrefrigerant can be smoothly moved through the open-
ing portions 65D into the space above the support mem-
ber 65.

[0049] Next, an oil separating operation of the oil sep-
arator 4 will be described.

[0050] Refrigerant discharged from the compressor
while containing oil flows through the refrigerant lead-in
pipe 60 into the upper area of the body portion 52 of the
oil separator main body 50 in the oil separator 4 (see Fig.
2). The refrigerant discharged from the compressor 3 is
high-pressure refrigerant, and also the refrigerant lead-
in pipe 60 introduces the refrigerant along the inner pe-
ripheral surface of the body portion 52. Therefore, the
refrigerant flows while swirling along the inner peripheral
surface of the oil separator main body 50 (the flow indi-
cated by an arrow of Fig. 3), and thus some of the refrig-
erant upwardly ascends while violently swirling.

[0051] As aresult, the oil contained in the refrigerant
spatters outwardly in the radial direction by centrifugal
force due to the difference in density between the refrig-
erant and the oil, whereby the gas refrigerant and the oil
are separated from each other. That is, the oil separator
4 is constructed as a so-called cyclone type oil separator
for separating refrigerant and oil from each other by cen-
trifugal separation.
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[0052] In this case, in the oil separator 4, the gas re-
frigerant lead-out pipe 70 is disposed along the axial line
LO of the oil separator main body 50. Accordingly, the
inner peripheral surface of the oil separator main body
50 and the outer peripheral surface of the gas refrigerant
lead-out pipe 70 are disposed concentrically with each
other (see Fig. 4), and the interval between the inner
peripheral surface and the outer peripheral surface can
be made uniform in the peripheral direction. Therefore,
the passage width of an annular space in which the re-
frigerant swirls can be made uniform, and thus the flow
of the refrigerant is not disturbed.

[0053] The centrifugally separated oil is basically lig-
uid. Therefore, it drops downwardly due to its own weight
and pools at the bottom portion of the oil separator main
body 50. The oil pooling at the bottom portion of the oil
separator main body 50 is passed through an oil pipe 80
provided at the bottom portion, and returned to the suc-
tion side of the compressor 3.

[0054] On the other hand, the gas refrigerant from
which the oil is separated in the oil separator 4 is gas.
Therefore, it flows to a higher side than the oil, passes
through the support member 65, enters the space be-
tween the support member 65 and the upper end plate
53, enters the open end of the gas refrigerant lead-out
pipe 70 which is upwardly opened in this space, and then
is supplied to the four-way valve 5.

[0055] The refrigerant discharged from the compres-
sor is high-pressure refrigerant. Therefore, there is a
case where the refrigerant which enters the oil separator
main body 50 through the refrigerant lead-in pipe 60 im-
pinges against the inner peripheral surface of the oil sep-
arator main body 50 and thus a part of the refrigerant (oil,
dust, etc. other than the refrigerant) spatters upwardly,
or there is a case where a part of the refrigerant spatters
upwardly due to vigorous flow caused swirling in the oil
separator main body 50.

[0056] According to this embodiment, the oil separator
is provided with the support member 65 covering the
boundary portion between the upper end plate 53 and
the body portion 52 of the oil separator main body 50,
and the support member 65 is formed of the net-like
mesh-shaped cover member 65B. Therefore, the support
member 65 can be made to function as afilter for allowing
only the gas refrigerant to pass upwardly therethrough
and preventing the other contents (oil, dust, etc.) from
passing therethrough.

[0057] In addition, the plural cut and raised portions
65C are formed integrally with the mesh-shaped cover
member 65B of the support member 65. Therefore, the
refrigerant is guided downwardly by the cut and raised
portions 65C and thus the oil, etc. can be prevented from
moving upwardly. Furthermore, the vertically-penetrat-
ing opening portions 65D are formed by forming the cut
and raised portions 65C. Therefore, even when the
mesh-shaped cover member 65B clogs due to long-term
use or the like, the passage route of the gas refrigerant
can be continually ensured, and the lifetime of the ail
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separator 4 can be increased.

[0058] As described above, according to the oil sepa-
rator 4 of this embodiment, the refrigerant lead-in pipe
60 is secured to the upper area of the body portion 52
so as to extend along the tangential direction of the body
portion 52, and the pipe line thereof is designed so as to
be opened to face the inner peripheral surface of the
body portion 52. The support member 65 is provided at
the inside of the boundary between the upper end plate
53 and the body portion 52. Furthermore, the gas refrig-
erant lead-out pipe 70 penetrates through the lower end
plate 54, extends along the axial line LO of the body por-
tion 52, and penetrates through the support member 65
while supported by the support member 65, and the pipe
line of the gas refrigerant lead-out pipe 70 is opened to
face the top surface (inner surface) 53H of the upper end
plate 53 and serve as the refrigerant gas take-in port.
Accordingly, the lower portion of the gas refrigerant lead-
out pipe 70 is supported by the lower end plate 54, and
also the upper portion of the gas lead-out pipe 70 is sup-
ported by the support member 65 between the upper end
plate 53 and the body portion 52, whereby the gas refrig-
erant lead-out pipe 70 can be supported at both the ends
thereof.

[0059] Therefore, evenwhenthe lead-out pipe 70 must
be designed to be long so that it is drawn out from the
lower portion of the oil separator, the sufficient support
strength of the gas refrigerant lead-out pipe 70 can be
ensured, and the situation that coremisalignment or the
like occurs due to impact, engine vibration or the like
during transport can be surely prevented.

[0060] In addition, the gas refrigerant lead-out pipe 70
penetrate through the lower end plate 54, extends along
the axial line LO of the body portion 52, penetrates
through the support member 65 while supported by the
support member 65, and is opened to face the top surface
(inner surface) 53H of the upper end plate and serve as
the refrigerant gas take-in port. Therefore, the annular
space having an uniform width in which the refrigerant
discharged from the refrigerant exit of the refrigerant
lead-in pipe 60 swirls can be continuously ensured, and
also oil, dust, etc. other than upwardly-ascending gas
refrigerant can be prevented from entering the gas re-
frigerant lead-out pipe 70, so that the oil separation per-
formance can be enhanced.

[0061] Thatis, in the thus-constructed oil separator 4,
the gas refrigerant lead-out pipe 70 is drawn out from the
lower portion of the oil separator, and the sufficient oil
separation performance ca be ensured.

[0062] Furthermore, the height difference between the
refrigerant gas take-in port 71 of the gas refrigerant lead-
out pipe 70 (or the support member 60) and the opening
portion 62 serving as the refrigerant discharge port of the
refrigerantlead-in pipe 60 is setto such a proper distance
that the refrigerant discharged from the opening portion
62 can be centrifugally separated above the opening por-
tion 62 to some degree and also upwardly spattering oil,
dust, etc. can be prevented from invading into the take-
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in port 71. This distance can be easily adjusted by chang-
ing the securing position of the refrigerant lead-in pipe
60 to the body portion 52 or the like.

[0063] According to the above construction, refrigerant
flowing from the refrigerant lead-in pipe 60 flows into the
annular space between the inner peripheral surface of
the body portion 52 and the outer peripheral surface of
the refrigerant flow-in pipe 60, and centrifugal force is
applied to the refrigerant concerned, so that the oil and
the refrigerant are separated from each other. Therefore,
the oil and the refrigerant can be efficiently separated
from each other by centrifugal separation.

[0064] According to the above construction, the sup-
port member 65 has the mesh-shaped cover member
65B covering the boundary between the upper end plate
53 andthe body portion 52 and the cut and raised portions
65C obtained by cutting and downwardly raising a part
of the mesh-shaped cover member 65B. Therefore, the
upward movement of contents contained in the refriger-
ant other than the gas refrigerant can be interrupted by
the mesh-shaped cover portion 65B. In addition, even
when the mesh-shaped cover member 65B clogs, the
passage route through which the gas refrigerant passes
can be ensured by the opening portions 65D opened by
the cut and raised portions 65C can be ensured. Further-
more, the upward movement of the contents other than
the gas refrigerant can be also interrupted by the cut and
raised portions 65C, so that the filter performance of the
support member 65 can be enhanced.

[0065] When both the refrigerant lead-in pipe 60 and
the gas refrigerant lead-out pipe 70 of the oil separator
4 are disposed at the upper portion of the oil separator,
the pipes are concentrated in the upper space. However,
in this construction, the refrigerant lead-in pipe 60 and
the gas refrigerant lead-out pipe 70 are disposed while
sorted to the upper and lower sides. Therefore, layout of
pipes can be performed without concentrating the locat-
ing positions of the pipes. Furthermore, when attention
is paid to the stress which is applied to the pipes due to
vibration of the gas engine 1, it is effective to separately
dispose the pipes at the upper and lower sides in con-
sideration of the weight balance of the oil separator 4 as
a single body.

[0066] Next, an oil separator 400 according to a sec-
ond embodiment used in the air conditioner will be de-
scribed. Constituent elements having substantially the
same functions as the first embodiment are represented
by the same reference numerals.

[0067] Fig. 6 is a side view of the oil separator 400 of
the second embodiment. Fig. 7 is a llI-1ll cross-sectional
view of fig. 6, and Fig. 8 is a IV-IV cross-sectional view
of Fig. 6.

[0068] As shown in Figs. 6 and 7, the basic construc-
tion of the oil separator 400 is the same as the oil sepa-
rator 4 of the first embodiment, and thus different con-
structions will be mainly described hereunder.

[0069] In this embodiment, the refrigerant lead-in pipe
60 is secured to the upper end plate 53, thereby forming
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a pipe line for introducing refrigerant from the upper side
of the oil separator 400 into the upper portion inside the
oil separator main body 50. In detail, as shown in Fig. 8,
the refrigerant lead-in pipe 60 straightly penetrates
through the upper end plate 53 along the tangential di-
rection of the wall of the upper end plate 53 and one end
side thereof is opened in the neighborhood of a prede-
termined area of the inner peripheral surface of the end
plate 53 in top view. Furthermore, as shown in Fig. 7, the
refrigerant lead-in pipe 60 is fixed to the upper end plate
53 so as to penetrate through the end plate 53 substan-
tially in the horizontal direction in side view. Accordingly,
the refrigerant lead-in pipe 60 avoids the axial line LO of
the oil separator main body 50 (which is coincident with
the axial line of the body portion 52) and is disposed in
the neighborhood of the inner peripheral surface of the
upper end plate 53, whereby high-pressure refrigerant
(refrigerant containing oil) discharged from the compres-
sor 3 can be introduced along the inner peripheral surface
of the end plate 53 into the oil separator main body 50.
[0070] The opening portion 62 of the refrigerant lead-
in pipe 60 inside the end plate 53 is obliquely cut in top
view so that the opening edge 60A of the opening portion
62 which is nearer to the axial line LO is longer in pipe
length than the opening edge 60B of the opening portion
62 which is farther from the axial line LO (nearer to the
inner surface of the body portion 52), whereby the open-
ing portion 62 of the refrigerant lead-in pipe 60 is oriented
along the inner peripheral surface of the body portion 52.
[0071] Accordingly, when refrigerant is discharged
from the refrigerant lead-in pipe 60, the refrigerant does
not spread to the axial line LO side, and the refrigerant
can be introduced into the oil separator main body 50
along the inner peripheral surface of the end plate 63.
Furthermore, at the outside (upstream side) of the end
plate 53, the refrigerant lead-in pipe 60 is upwardly bent
to be substantially L-shaped as shown in Fig. 7, and it
can be connected to the discharge side of the compressor
3 at the upper side of the oil separator 400.

[0072] The gas refrigerant lead-out pipe 70 is a pipe
for leading out from the lower portion of the oil separator
4 gas refrigerant from which oil is separated in the oll
separator main body 50. As shown in Figs. 6 and 7, the
gas refrigerant lead-out pipe 70 upwardly penetrates
through the lower end plate 54 from the just lower side
of the oil separator main body 50, extends along the axial
line LO of the body portion 52 until it abuts against the
inner surface of the upper end plate 53, and is closed in
pipe line by the top surface (inner surface) 53H of the
upper end plate 53.

[0073] In this embodiment, plural (two in this embodi-
ment) refrigerant lead-out holes (opening portions) 72 for
leading out refrigerant gas into the gas refrigerant lead-
out pipe 70 are formed substantially in the center area
of the vertically-extending gas refrigerant lead-out pipe
70 in the oil separator main body 50 so as to be located
at an angular interval of 180°, and also a cap member
75 is fixed to the gas refrigerant lead-out pipe 70 so as
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to surround the refrigerant gas lead-out holes 72.
[0074] This cap member 75 is fixed while the gas re-
frigerant lead-out pipe 70 is inserted in the cap member
75. Itis designed in such a cap-like (umbrella-like) shape
as to annularly extend in the peripheral direction around
the axial line (coincident with the axial line LO) of the gas
refrigerant lead-out pipe 70 under this state (see Fig. 8),
the inner diameter 75A of the upper portion of the cap
member 75 is set to the same diameter as the outer di-
ameter of the gas refrigerant lead-out 70, and thus the
cap member 75 is supported by the gas refrigerant lead-
out pipe 70 under the state that no gap exists between
the cap member 75 and the gas refrigerant lead-out pipe
70.

[0075] Furthermore, as shown in Fig. 7, the cap mem-
ber has such a diameter expansion shape that the diam-
eter thereof is gradually increased toward the lower side
thereof in side view. Accordingly, the gap between the
outer surface of the cap member 75 and the inner pe-
ripheral surface of the oil separator main body 50 (the
inner peripheral surface of the body portion 52) is grad-
ually narrowed.

[0076] Furthermore, the oil pipe 80 is a pipe for leading
out the oil pooled in a lower area in the oil separator main
body 50 from the lower portion of the oil separator 4, and
a pipe which is remarkably small in diameter than the
gas refrigerant lead-out pipe 70 is applied as the oil pipe
80 as shown in Figs. 6 and 8. This oil pipe 80 penetrates
through the lower end plate 54 so as to extend from the
lower side to the upper side at a position far away from
the gas refrigerant lead-out pipe 70, and it is fixed to the
oil separator main body 50 while the upper end thereof
is opened in the oil separator 50.

[0077] Next, the oil separating operation of the oil sep-
arator 400 will be described.

[0078] Refrigerant containing oil which is discharged
from the compressor 3 is flows into the upper end plate
53 of the oil separator main body 50 through the refrig-
erant lead-in pipe 60. The refrigerant discharged from
the compressor 3 is high-pressure refrigerant, and the
refrigerant is introduced along the inner peripheral sur-
face of the end plate 53 by the refrigerant lead-in pipe
60. Therefore, the refrigerant flows while swirling along
theinner peripheral surface of the oil separator main body
50 (the flow indicated by an arrow of Fig. 8), and thus it
falls in the direction of gravitational force (downward)
while violently swirling.

[0079] As a result, the oil contained in the refrigerant
spatters outwardly in the radial direction by centrifugal
force due to the difference in density between the refrig-
erant and the oil, whereby the gas refrigerant and the oil
are separated from each other. That is, the oil separator
400 is constructed as a so-called cyclone type oil sepa-
rator for separating refrigerant and oil from each other
by centrifugal separation.

[0080] In this case, in the oil separator 400, the gas
refrigerant lead-out pipe 70 is disposed along the axial
line LO of the oil separator main body 50. Accordingly,
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the inner peripheral surface of the oil separator main body
50 and the outer peripheral surface of the gas refrigerant
lead-out pipe 70 are disposed concentrically with each
other (see Fig. 8), and the interval between the inner
peripheral surface and the outer peripheral surface can
be made uniform in the peripheral direction. Therefore,
the passage width of an annular space in which the re-
frigerant swirls can be made uniform, and thus the flow
of the refrigerant is not disturbed.

[0081] When the refrigerant falls to the position of the
cap member 75, the annular space (corresponding swirl-
ing passage) is narrowed in width along the outer periph-
eral surface of the cap member 75, so that the flow rate
isincreased by the amount corresponding to thenarrowe-
damount, and thus the centrifugal separationcanbepro-
moted. Furthermore, the cap member 75 covers the re-
frigerant lead-out holes 72 formed in the gas refrigerant
lead-out pipe 70 from the upper side, and thus it can
surely prevent the situation that refrigerant and oil spat-
tered at the upper side of the cap member 75 directly
enter the refrigerant’lead-out holes 72.

[0082] In short, with respect to the oil separated in the
oil separator 400, the situation that the oil at the upper
side of the cap member 75 enters the gas refrigerant
lead-out pipe 70 can be prevented by the cap member
75, and also the situation that the oil at the lower side of
the cap member 75 can be also prevented because the
liquid oil hardly flow upwardly. Accordingly, the separated
oil pools at the bottom portion of the oil separator main
body 50, and it is passed through the oil pipe 80 provided
at the bottom portion and returned to the suction side of
the compressor 3.

[0083] On the other hand, the gas refrigerant from
which the oil is separated in the oil separator 400 is gas.
Therefore, after the gas refrigerant flows downwardly to
the lower side of the cap member 75, it easily flows up-
wardly and enters the cap member 75, so that the gas
refrigerant can be passed through the lead-out holes 72
into the gas refrigerant lead-out pipe 70, and then sup-
plied to the four-way valve 5.

[0084] As described above, in the oil separator 400 of
this embodiment, the refrigerant lead-in pipe 60 is se-
cured to the upper end plate 53 so as to extend along
the tangential direction of the upper end plate 53, and
opened to the inner peripheral face of the end plate 53.
Furthermore, the gas refrigerant lead-out pipe 70 pene-
trates through the lower end plate 54, extends along the
axial line LO of the body portion 52, and fixed to the top
surface 53H as the inner peripheral surface of the upper
end plate 53 while the pipe line thereof is closed by the
top surface 53H. The refrigerant lead-out pipe 70 is pro-
vided with the refrigerant gas lead-out holes 72 substan-
tially at the center portion thereof, and the lead-out holes
72 are surrounded by the cap member 75 fixed to the
outer peripheral portion of the lead-out pipe 70. There-
fore, the gas refrigerant lead-out pipe 70 can be support-
ed at both the ends thereof in the vertical direction (i.e.,
has a so-called center impeller structure), and thus the
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sufficient support strength of the gas refrigerant lead-out
pipe 70 can be ensured. Therefore, even when the gas
refrigerant lead-out pipe 70 is drawn out from the lower
side and thus the gas refrigerant lead-out pipe 70 must
be designed to be long, the support strength of the gas
refrigerant lead-out pipe 70 can be sufficiently ensured.
Therefore, the situation that core misalignment occurs
due toimpact, engine vibration or the like during transport
can be surely prevented.

[0085] Furthermore, the situation that oil directly enters
the lead-out holes 72 can be prevented by the cap mem-
ber 75 for covering the lead-out holes 72 from the upper
side, and also the annular space having uniform width in
which refrigerant swirls can be continuously ensured be-
tween the refrigerant outlet port of the refrigerant lead-in
pipe 60 and the lead-out holes 72, and the oil separation
performance can be enhanced.

[0086] Thatis, inthe oil separator 4 of this construction,
the sufficient oil separation performance can be ensured
while the gas refrigerant lead-out pipe 70 is drawn out
from the lower side of the oil separator 4. In this case,
the height of the lead-out holes 72 or the like is adjusted,
whereby the annular space length in which refrigerant
swirls can be easily adjusted and the distance suitable
for oil separation can be easily ensured. Furthermore,
this distance can be also finely adjusted.

[0087] Inthe above construction, the refrigerant flow-
ing from the refrigerant lead-in pipe 60 flows into the an-
nular space between the inner peripheral surface of the
body portion 52 and the outer peripheral surface of the
refrigerant lead-in pipe 60 and centrifugal force is applied
to the refrigerant, so that gas refrigerant and oil are sep-
arated from each other. Therefore, oil and gas refrigerant
can be efficiently separated from each other by centrifu-
gal separation.

[0088] Furthermore, when both the refrigerant lead-in
pipe 60 and the gas refrigerant lead-out pipe 70 of the
oil separator 4 are piped at the upper side of the oil sep-
arator 4, the pipes are concentrated in the upper space.
However, according to this embodiment, the refrigerant
lead-in pipe 60 and the gas refrigerant lead-out pipe 70
are disposed while sorted to the upper and lower sides.
Therefore, layout of pipes can be performed without con-
centrating the locating positions of the pipes. Further-
more, when attention is paid to the stress which is applied
to the pipes due to vibration of the gas engine 1, it is
effective to separately dispose the pipes at the upper and
lower sides in consideration of the weight balance of the
oil separator 4 as a single body.

[0089] In this embodiment, the lead-out holes 72 are
formed in the center area of the gas refrigerant lead-out
pipe 70 so as to face each other. However, the formation
position of the lead-out holes 72 is not necessarily set so
that the lead-out holes 72 face each other. The lead-out
holes 72 may be formed at any area other than the center
area or they may be formed with setting a height differ-
ence therebetween insofar as foreign materials such as
oil, dust, etc. can be prevented from invading into the
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lead-out holes 72.

[0090] The present invention is not limited to the
above-described embodiments, and various modifica-
tions and alterations can be made on the basis of the
technical idea of the present invention. For example, in
these embodiments, the present invention is applied to
the oil separator used in the gas heat pump (GHP) type
air conditioner. However, the present invention is not lim-
ited to this type, but may be applied to an oil separator
used in another type air conditioner or the like.

[0091] Inthe above embodiments, each of the gas re-
frigerant take-in port (71) and the gas refrigerant lead-
out holes 72 is independently provided to the gas refrig-
erant lead-out pipe 70. However, both the gas refrigerant
take-in port (71) and the gas refrigerant lead-out pipes
72 may be provided to such an oil separator main body
50 as shown in Fig. 2. In this case, the cap member is
preferably provided at the lower side of the opening por-
tion 62 of the refrigerant lead-in pipe 60.

Claims

1. An oil separator (4) that separates oil contained in
refrigerant discharged from a compressor (3) and
has an oil separator main body (50) comprising a
body portion (52) and upper and lower end plates
(53, 54) secured to both the ends of the body portion
(52), the oil separator main body being vertically in-
stalled in an erected state, characterized by further
comprising:

a refrigerant lead-in pipe (60) that is secured to
the oil separator main body so as to extend along
atangential direction of the inner peripheral sur-
face of the oil separator main body and opened
at one end thereof so that the opened one end
of the refrigerant lead-in pipe faces the inner pe-
ripheral surface of the oil separator main body;
and

a gas refrigerant lead-out pipe (70) that pene-
trates through the lower end plate (54) in the
vertical direction of the oil separator main body
and extends along an axial line of the oil sepa-
rator main body while one end portion thereof is
supported by the lower end plate (54), wherein
a refrigerant gas lead-out opening portion (71,
72) for taking in gas refrigerant from which oil is
separated in the oil separator main body is pro-
vided at at least one of a center area of the gas
refrigerant lead-in pipe and the other end portion
of the gas refrigerant lead-out pipe at the upper
end plate (53) side.

2. The oil separator according to claim 1, further com-
prising a support member (65) having a through hole
(65A) through which the one end portion of the gas
refrigerant lead-out pipe penetrates, wherein the
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support member is provided at the inside of the
boundary between the upper end plate and the body
portion, the refrigerant lead-in pipe is secured to an
upper area of the body portion so as to extend along
a tangential direction of the inner peripheral surface
ofthe body portion, and the one end of the refrigerant
lead-in pipe is opened to face the inner peripheral
surface of the body portion.

The oil separator according to claim 1, wherein the
refrigerant gas lead-out opening portion corre-
sponds to the opened one end (71) of the refrigerant
gas lead-out pipe (70) at the upper end plate side.

The oil separator according to claim 2, wherein an
annular space in which centrifugal force is applied
to the refrigerant flowing from the refrigerant lead-
inpipe while the refrigerant swirls in the annular
space is formed between the inner peripheral sur-
face of the body portion and the outer peripheral sur-
face of the refrigerant lead-out pipe, the oil and the
gas refrigerant are separated from each other in the
annular space by the centrifugal force concerned,
the separated oil pools in a lower area of the body
portion, and the separated gas refrigerant moves up-
ward in the annular space, passes through the sup-
port member (65), and flows through the opening
portion (71) into the refrigerant lead-out pipe, where-
by the gas refrigerant is led out to the lower side of
the oil separator main body.

The oil separator according to claim 4, further com-
prising an oil pipe (80) that penetrates from the inside
of the oil separator main body through the lower end
plate and extends to the outside of the oil separator
main body, wherein the oil pooling in the lower area
of the body portion is passed through the oil pipe and
led out to the lower side of the oil separator main
body.

The oil separator according to claim 2, wherein the
support member (65) comprises a mesh-shaped
cover member (65B) covering the boundary between
the upper end plate and the body portion and cut and
raised portions (65D) obtained by cutting and raising
apart of the mesh-shaped cover member downward-

ly.

The oil separator according to claim 1, wherein the
refrigerant lead-in pipe is secured to the upper end
plate so as to extend along a tangential direction of
the inner peripheral surface of the upper end plate,
the one end of the refrigerant lead-in pipe is opened
to face the inner peripheral surface of the upper end
plate, the gas refrigerant lead-out pipe is fixed to the
upper end plate while the opened one end of the gas
refrigerant lead-out pipe is closed by the inner sur-
face of the upper end plate, and the refrigerant gas



10.

19 EP 2 169 332 A2

lead-out opening portion (72) is provided in the cent-
er area of the refrigerant lead-out pipe.

The oil separator according to claim 1, wherein the
refrigerant gas lead-out opening portion (72) com-
prises plural gas refrigerant lead-out holes (72), and
a cap member (75) is fixed to the outer peripheral
portion of the refrigerant gas lead-out pipe so as to
cover the gas refrigerant lead-out holes.

The oil separator according to claim 7, wherein an
annular space in which centrifugal force is applied
to the refrigerant flowing from the refrigerant lead-
inpipewhile the refrigerant swirlsinthe annular space
is formedbetween the inner peripheral surface of the
body portion and the outer peripheral surface of the
refrigerant lead-out pipe, the oil and the gas refrig-
erant are separated from each other in the annular
space by the centrifugal force concerned, the sepa-
rated oil pools in a lower area of the body portion,
and the separated gas refrigerant flows through the
opening portion covered by the cap member into the
refrigerant gas lead-out pipe, whereby the refrigerant
gas is led out to the lower side of the oil separator
main body.

The oil separator according to claim 9, further com-
prising an oil pipe (80) that penetrates from the inside
of the oil separator main body through the lower end
plate and extends to the outside of the oil separator
main body, wherein the oil pooling in the lower area
ofthe body portion is passed through the oil pipe and
led out to the lower side of the oil separator main
body.
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