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(54) Compressor

(57) A compressor includes a housing having a dis-
charge chamber into which compressed refrigerant gas
is discharged, an oil separation chamber, a passage con-
necting between the discharge chamber and the oil sep-
aration chamber, and an outlet port through which the
refrigerant gas passed through the oil separation cham-
ber flows out of the housing; and a cylindrical oil separator
provided in the oil separation chamber. The oil separator
includes a large-diameter portion, a small-diameter por-
tion, and an intermediate portion formed between the
large-diameter portion and the small-diameter portion
and tapered toward the small-diameter portion. Plural
holes are formed in the periphery of the small-diameter
portion of the oil separator. The passage is directed to-
ward the small-diameter portion of the oil separator in
such a manner that the refrigerant gas swirls around the
small-diameter portion, so that the refrigerant gas from
which lubricating oil is separated enters the oil separator
through the hole.
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Description

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a compressor.
[0002] In a refrigerant gas compressor, pulsation of
discharge refrigerant gas occurs. When such compres-
sor is used in a vehicle air conditioner, the pulsation may
be transmitted through a conduit of a refrigerant circuit
to a passenger compartment of the vehicle and cause
vibration to equipment in the compartment and abnormal
noise. To reduce such pulsation, there has been pro-
posed various methods such as providing a large volume
muffler on the side where refrigerant gas is discharged
or throttling a passage where discharged refrigerant gas
flows.
[0003] However, the provision of a large volume muf-
fler leads to an increased size of the compressor and
hence to an increased installation space for the compres-
sor, which is disadvantageous in the installation in an
environment such as a vehicle where layout space is
limited. The throttling of the refrigerant gas passage by
reducing the cross sectional area of the passage for re-
duction of the pulsation of discharge refrigerant gas leads
to an increased pressure loss of refrigerant gas, resulting
in reduced cooling efficiency of the air conditioner.
[0004] Japanese Unexamined PatentApplication Pub-
lication No. 2005-16454 discloses a compressor in which
a muffler is formed by a large-volume discharge chamber
where compressed refrigerant gas is discharged from a
compression chamber. The discharge chamber has
therein a vertically extending pipe connected to an ex-
ternal refrigerant circuit and serving as an oil separator.
The discharge chamber is connected to the compression
chamber through a discharge port and a discharge valve.
The pipe is positioned above the discharge port and the
discharge valve. The pipe has a throttling portion which
is opened at its lower end to the discharge chamber and
a diffuser portion which  is connected at its upper end to
the external refrigerant circuit.
[0005] In the compressor disclosed in the publication
No. 2005-16454, the provision of the large discharge
chamber as the muffler helps to reduce the pulsation of
discharge refrigerant gas, and the throttling of discharged
refrigerant gas flowing from the discharge chamber into
the pipe helps to further reduce the pulsation. The pres-
sure of the refrigerant gas flowing through the pipe is
reduced at the throttling portion, but recovered at the dif-
fuser portion. Then the refrigerant gas flows out of the
compressor into the external refrigerant circuit.
[0006] Japanese Unexamined Patent Application Pub-
lication No. 11-107959 discloses another compressor
having in its hermetic housing a discharge space into
which compressed refrigerant gas is discharged from a
compression mechanism through a delivery pipe. The
discharge space is provided with a discharge pipe
through which compressed refrigerant gas is discharged
out of the housing. The discharge pipe is closed at its

lower end in the housing by a plate and has plural small
holes in its peripheral surface adjacent to such bottom
end. When the refrigerant gas discharged into the dis-
charge space flows through the holes, lubricating oil con-
tained in the refrigerant gas is separated therefrom and
attached to the outer surface of the discharge pipe, with
simultaneous reduction of pulsation of the refrigerant
gas.
[0007] The provision of a large volume discharge
chamber as the muffler disclosed in the publication No.
2005-16454 leads to an increased size of the compres-
sor, and hence is not a practical option. In addition, the
throttling of refrigerant gas flow through the pipe by re-
ducing the cross sectional area of the throttling portion
is limited to the pressure level that can be recovered by
the diffuser portion, which does not necessarily lead to
the desired reduction of pulsation of discharge refrigerant
gas.
[0008] In the structure disclosed in the publication No.
11-107959 in which compressed refrigerant gas dis-
charged into the discharge space directly enters  the dis-
charge pipe through the holes, the lubricating oil sepa-
rated from the refrigerant gas by the hole and attached
to the pipe surface adjacent to the holes may block re-
frigerant gas flow through the holes, which is disadvan-
tageous in the prevention of increased pressure loss of
refrigerant gas due to the throttling of refrigerant gas flow
by the hole. In addition, the lubricating oil separated from
refrigerant gas may be blown up into the discharge pipe
by the compressed gas entering through the holes, which
does not necessarily lead to the desired separation of
lubricating oil.
[0009] The present invention is directed to providing a
compressor of a structure that prevents increased pres-
sure loss of refrigerant gas and reduces pulsation of dis-
charge refrigerant gas.

SUMMARY OF THE INVENTION

[0010] In accordance with an aspect of the present in-
vention, a compressor includes a housing having a dis-
charge chamber into which compressed refrigerant gas
is discharged, an oil separation chamber in which lubri-
cating oil contained in the discharged refrigerant gas is
separated, a passage connecting between the discharge
chamber and the oil separation chamber, and an outlet
port through which the refrigerant gas passed through
the oil separation chamber flows out of the housing; and
a cylindrical oil separator provided in the oil separation
chamber and connected at one end to the outlet port.
The oil separator includes a large-diameter portion, a
small-diameter portion having a smaller diameter than
the large-diameter portion, and an intermediate portion
formed between the large-diameter portion and the
small-diameter portion and tapered toward the small-di-
ameter portion. Plural holes are formed in the periphery
of the small-diameter portion of the oil separator. The
passage is directed toward the small-diameter portion of
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the oil separator in such a manner that the refrigerant
gas flowed through the passage into the oil separation
chamber swirls around the small-diameter portion, so
that the refrigerant gas from which lubricating oil is sep-
arated enters the oil separator through the hole  and then
exits the large-diameter portion of the oil separator.
[0011] Other aspects and advantages of the invention
will become apparent from the following description, tak-
en in conjunction with the accompanying drawings, illus-
trating by way of example the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012]

Fig. 1 is a longitudinal sectional view of an electric
motor driven compressor according to a first embod-
iment of the present invention;

Fig. 2 is an enlarged view of a cylindrical oil separator
of the compressor of Fig. 1;

Fig. 3 is a top view of the oil separator of Fig. 2;

Fig. 4 is an enlarged fragmentary view of the com-
pressor of Fig. 1, showing an oil separation chamber
and its related components;

Fig. 5A is a top view of a second embodiment of the
oil separator of the compressor according to the
present invention; and

Fig. 5B is a sectional view taken along the line VB-
VB of Fig. 5A.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0013] The following will describe the embodiments of
the electric motor driven compressor according to the
present invention with reference to the accompanying
drawings. Figs. 1 to 4 show the electric motor driven scroll
compressor of the first embodiment according to the
present invention. It is noted that the left-hand side and
the right-hand side of the compressor as viewed in Fig.
1 correspond to its front side and rear side, respectively,
and that  the upper and lower sides of the compressor
as viewed in Fig. 1 correspond to its upper and lower
sides, respectively.
[0014] Referring to Fig. 1, the compressor has a front
housing 1 and a rear housing 2 which are fixed together
by plural bolts 3 thereby to form a hermetic compressor
housing. The rear housing 2 and the front housing 1 has
an inlet port 4 and an outlet port 5, respectively, which
are connected to an external refrigerant circuit (not
shown). Refrigerant gas enters the compressor through
the inlet port 4 of the rear housing 2 and flows in the rear
housing 2 and the front housing 1 toward the outlet port
5 of the front housing 1.

[0015] The rear housing 2 accommodates therein a
scroll compression mechanism 6 and an electric motor
7 for driving the compression mechanism 6. The electric
motor 7 is a three-phase AC motor and has a rotary shaft
8 rotatably supported in the rear housing 2 by bearings,
a rotor 9 fixed to the rotary shaft 8, and a stator 10 fixed
to the inner surface of the rear housing 2 around the rotor
9. The stator 10 has a three-phase coil 11 that is electri-
cally connected through a cluster block 12 to an inverter
(not shown) provided in an inverter housing 13.
[0016] The compression mechanism 6 is mainly com-
posed of a fixed scroll 14 fixed to the inner surface of the
rear housing 2 and a movable scroll 15 disposed in facing
relation to the fixed scroll 14 so as to form therebetween
plural compression chambers 16, the volume of which is
variable for compressing refrigerant gas. The movable
scroll 15 is connected through a bearing and an eccentric
bush 17 to an eccentric pin 18 of the rotary shaft 8 and
orbits about the fixed scroll 14 with the rotation of the
rotary shaft 8 so as to vary the volume of the compression
chambers 16.
[0017] The front and rear housings 1, 2 form therebe-
tween a discharge chamber 19. The front housing 1 forms
therein an oil separation chamber 20. The fixed scroll 14
has at the center thereof a discharge port 21 through
which the compression chamber 16 then located at the
innermost position  communicates with the discharge
chamber 19. The discharge port 21 is normally closed
by a discharge valve 22 provided in the discharge cham-
ber 19. Refrigerant gas compressed in the compression
chamber 16 is discharged into the discharge chamber
19 while pushing open the discharge valve 22. The open-
ing of the discharge valve 22 is restricted by a retainer 23.
[0018] The space of the discharge chamber 19 is
formed large enough only to accommodate therein at
least the discharge valve 22 and the retainer 23. The
discharge chamber 19 is connected at its upper part to
the oil separation chamber 20 through a passage 24.
[0019] The oil separation chamber 20 is made in the
form of a vertically extending space. The lower part of
the oil separation chamber 20 serves as an oil reservoir
25 and the upper part thereof is equipped with an oil
separator 26. Lubricating oil collected in the oil reservoir
25 is flowed toward the compression mechanism 6
through an oil return passage 27 provided adjacent to
the bottom of the oil reservoir 25.
[0020] Figs. 2 and 3 show the structure of the oil sep-
arator 26 in detail. The oil separator 26 is of a generally
hollow cylindrical shape and has on its upper side a large-
diameter portion 28 and on its lower side adjacent to the
oil reservoir 25 a small-diameter portion 29 having a
smaller inner diameter than the large-diameter portion
28. The oil separator 26 further has an intermediate por-
tion 30 formed between the large-diameter portion 28
and the small-diameter portion 29 and tapered toward
the small-diameter portion 29. The upper end of the large-
diameter portion 28, that is, one end of the oil separator
26 is opened, while the lower end of the small-diameter
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portion 29 facing the oil reservoir 25, that is, the other
end of the oil separator 26 is closed by a bottom plate
31. As shown in Fig. 1, the large-diameter portion 28 of
the oil separator 26 is fixed to the inner surface of the oil
separation chamber 20 and connected at its upper end
to the outlet port 5 and hence to the external refrigerant
circuit.
[0021] Plural round holes 32 are formed in the periph-
ery of the lower part of the small-diameter portion 29 of
the oil separator 26. The holes 32 are divided into two
vertically spaced groups each having eight holes 32 ar-
ranged at an equal angular interval along the circumfer-
ence of the small-diameter portion 29. That is, the small-
diameter portion 29 has a total of sixteen holes 32. The
holes 32 serve to provide fluid communication between
the interior 33 and the exterior 37 of the oil separator 26.
The small-diameter portion 29 has a perforated region
34 where the holes 32 are formed and a non-perforated
region 35 where no hole such as 32 is formed. The hole
32 is formed in such a manner that the cross sectional
area S2 of the hole 32 is as small as possible relative to
the cross sectional area S1 of the passage 24 at the
connection thereof to the oil separation chamber 20.
[0022] The oil separator 26 is disposed in such a man-
ner that the non-perforated region 35 of the small-diam-
eter portion 29 faces the passage 24. The passage 24
is directed toward the small-diameter portion 29 and also
directed in tangential relation to the small-diameter por-
tion 29. Specifically, the passage 24 is formed in such a
manner that, as shown in Fig. 3, the central axis X1 of
the passage 24 coincides with the tangent to the small-
diameter portion 29, as seen in the direction in which
refrigerant gas is discharged from the passage 24. In
other words, the central axis X1 of the passage 24 ex-
tends tangentially to the outer circumference of the small-
diameter portion 29, as shown in Fig. 3. It is noted that
according to the present invention the passage 24 may
be formed in such a manner that the central axis X1 of
the passage 24 passes through a point located radially
inward or outward of the small-diameter portion 29, and
also that the formation of the passage 24 with the central
axis X1 extending tangentially to any circle concentric
with the outer circumference of the small-diameter por-
tion 29 having the central axis X2 falls within the scope
of the present invention.
[0023] Refrigerant gas flowed through the passage 24
into the oil separation chamber 20 swirls around the
small-diameter portion 29 of the oil separator 26,  so that
lubricating oil contained in the refrigerant gas is separat-
ed therefrom by centrifugal force. The separated lubri-
cating oil is attached to the inner surface of the oil sep-
aration chamber 20 and moved downward therealong to
be collected in the oil reservoir 25.
[0024] Referring to Fig. 4, refrigerant gas compressed
in the central compression chamber 16 of the compres-
sion mechanism 6 (Fig. 1) is discharged through the dis-
charge port 21 into the discharge chamber 19 while push-
ing open the discharge valve 22. The refrigerant gas then

flows through the passage 24 toward the non-perforated
region 35 of the small-diameter portion 29 of the oil sep-
arator 26 in the oil separation chamber 20 and then
moves down toward the perforated region 34 while swirl-
ing around the small-diameter portion 29 from the non-
perforated region 35, as indicated by spiral arrow. While
the refrigerant gas is swirling, lubricating oil contained in
the refrigerant gas is separated therefrom by centrifugal
force, and the separated lubricating oil is attached to the
inner surface of the oil separation chamber 20. The sep-
arated lubricating oil is then moved downward on the
inner surface of the oil separation chamber 20 to the oil
reservoir 25 as indicated by dashed arrow and stored
therein as indicated by reference symbol G.
[0025] The refrigerant gas from which almost all lubri-
cating oil having been separated swirls around the per-
forated region 34 of the oil separator 26 and then enters
the interior 33 of the oil separator 26 through the holes
32 of the perforated region 34. Because of the small cross
sectional area S2 of the hole 32, the flow of refrigerant
gas passing through the holes 32 is effectively throttled,
resulting in the reduction of pulsation of discharge refrig-
erant gas. The provision of plural holes 32 in the perfo-
rated region 34 allows sufficient amount of refrigerant
gas to flow and enter the interior 33 of the oil separator
26, which helps to prevent increased pressure loss of
refrigerant gas due to the throttling of discharged refrig-
erant gas flow by the holes 32.
[0026] When the refrigerant gas, which has entered
the interior 33 of the oil  separator 26 and the pressure
of which has been reduced, flows from the small-diam-
eter portion 29 into the intermediate portion 30, the pres-
sure of the refrigerant gas is recovered because of the
diverging structure of the intermediate portion 30 serving
as a diffuser, which further helps to prevent an increase
of the pressure loss of refrigerant gas. The refrigerant
gas flowed from the intermediate portion 30 to the large-
diameter portion 28 in the oil separator 26 exits the com-
pressor through the outlet port 5 and flows in the external
refrigerant circuit.
[0027] Fig. 5 shows the second embodiment of the
electric motor driven compressor according to the
present invention. In the drawing, same reference nu-
merals are used for the common elements or compo-
nents in the first and the second embodiments, and the
description of such elements or components of the sec-
ond embodiment will be omitted. The second embodi-
ment differs from the first embodiment in that three holes
36 are formed through the bottom plate 31 of the small-
diameter portion 29 of the oil separator 26 in addition to
the holes 32 formed in the small-diameter portion 29. The
cross sectional area S3 of the hole 36 is smaller than the
cross sectional area S2 (Fig. 2) of the hole 32. Refrigerant
gas flowed into the oil separation chamber 20 swirls
around the small-diameter portion 29 of the oil separator
26 and lubricating oil contained in the refrigerant gas is
separated therefrom by centrifugal force. The refrigerant
gas from which lubricating oil having been separated
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swirls around the small-diameter portion 29 and enters
the interior 33 of the oil separator 26 through the holes
32 formed in the periphery of the oil separator 26 and
also through the holes 36 formed in the bottom plate 31
of the oil separator 26.
[0028] The provision of the holes 36 makes it easy for
the refrigerant gas swirling around the small-diameter
portion 29 of the oil separator 26 to enter the interior 33
of the oil separator 26, which leads to an increased flow
rate of refrigerant gas in the interior 33 and further helps
to prevent an increase of pressure loss of refrigerant gas.
Although the lubricating oil collected in the oil reservoir
25 is blown up against the bottom plate 31 of the oil sep-
arator 26 by the  swirling refrigerant gas flow, such lubri-
cating oil is prevented from entering the interior 33 of the
oil separator 26 through the hole 36 because the cross
sectional area of the hole 36 formed in the bottom plate
31 is small.
[0029] It is to be understood that the present invention
is not limited to the above-described embodiments, but
it may be modified in various ways as exemplified below
without departing from the scope of the invention.

(1) Although in the first and second embodiments
the passage 24 is directed toward the non-perforated
region 35 having no hole such as 32, the passage
24 may be directed toward the part of the oil sepa-
rator 26 where the holes such as 32 are formed. Also
in such configuration, the refrigerant gas discharged
from the passage 24 and containing lubricating oil
swirls around the small-diameter portion 29 of the oil
separator 26 and, therefore, the amount of refriger-
ant gas flowing directly through the holes is little,
thereby offering the advantages similar to those of
the first and second embodiments.

(2) The cross section of the oil separator 26 and of
the hole 32 may not only be of a round shape, but
also of an elliptical, square shape or of any combi-
nation of round, elliptical and square.

(3) The holes 32 do not necessarily have the same
diameter or same cross sectional area. The holes
32 may be replaced by holes with different diameters
or different cross sectional areas.

(4) The present invention is applicable not only to an
electric motor driven scroll compressor as described
in the first and second embodiments, but also to a
mechanically driven compressor of various types
such as a scroll type, piston type or vane type.

[0030] A compressor includes a housing having a dis-
charge chamber into which compressed refrigerant gas
is discharged, an oil separation chamber, a passage con-
necting between the discharge chamber and the oil sep-
aration chamber, and an outlet port through which the
refrigerant gas passed through the oil separation cham-

ber flows out of the housing; and a cylindrical oil separator
provided in the oil separation chamber. The oil separator
includes a large-diameter portion, a small-diameter por-
tion, and an intermediate portion formed between the
large-diameter portion and the small-diameter portion
and tapered toward the small-diameter portion. Plural
holes are formed in the periphery of the small-diameter
portion of the oil separator. The passage is directed to-
ward the small-diameter portion of the oil separator in
such a manner that the refrigerant gas swirls around the
small-diameter portion, so that the refrigerant gas from
which lubricating oil is separated enters the oil separator
through the hole.

Claims

1. A compressor, comprising:

a housing (1, 2) having a discharge chamber
(19) into which compressed refrigerant gas is
discharged, an oil separation chamber (20) in
which lubricating oil contained in the discharged
refrigerant gas is separated, a passage (24) con-
necting between the discharge chamber (19)
and the oil separation chamber (20), and an out-
let port (5) through which the refrigerant gas
passed through the oil separation chamber (20)
flows out of the housing (1, 2); and
a cylindrical oil separator (26) provided in the oil
separation chamber (20) and connected at one
end to the outlet port (5), the oil separator (26)
including a large-diameter portion (28), a small-
diameter portion (29) having a smaller diameter
than the large-diameter portion (28), and an in-
termediate portion (30) formed between the
large-diameter portion (28) and the small-diam-
eter portion (29) and tapered toward the small-
diameter portion (29),
characterized in that plural holes (32) are
formed in the periphery of the small-diameter
portion (29) of the oil separator (26), and the
passage (24) is directed toward the small-diam-
eter portion (29) of the oil separator (26) in such
a manner that the refrigerant gas flowed through
the passage (24) into the oil separation chamber
(20) swirls around the small-diameter portion
(29), so that the refrigerant gas from which lu-
bricating oil is separated enters the oil separator
(26) through the hole (32) and then exits the
large-diameter portion (28) of the oil separator
(26).

2. The compressor of claim 1, wherein the cross sec-
tional area (S2) of the hole (32) is smaller than the
cross sectional area (S1) of the passage (24) at the
connection thereof to the oil separation chamber
(20).
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3. The compressor of claim 1 or 2, wherein the small-
diameter portion (29) of the oil separator (26) has a
perforated region (34) where the holes (32) are
formed and a non-perforated region (35) where no
hole is formed, and the passage (24) is directed to-
ward the non-perforated region (35) of the  small-
diameter portion (29).

4. The compressor of any one of claims 1 to 3, wherein
the other end of the oil separator (26) is closed.
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