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(54) Gas compressor with oil separator element

(57) To provide a gas compressor that is suitable for
reducing cost for the overall compressor without de-
grading the oil separation performance needed for the
compressor and that may keep the oil separation per-
formance constant for a long period of time. An oil sep-
arator (20) having a pipe structure composed only of a
discharge pipe (30) formed integrally with a side block
(3) as a means for separating a lubricant oil component
contained in high pressure cooling medium gas is adapt-
ed. In this case, the discharge pipe is adapted to form

a discharge route for the high pressure cooling medium
gas without any bypass immediately before an inner wall
(16) of a compressor case (2) from a first discharge
chamber (18). The separation of the lubricant oil com-
ponent is performed by collision of the high pressure
cooling medium gas, immediately after being dis-
charged from a cylinder discharge port to the first dis-
charge chamber, against the inner wall of the compres-
sor case through the discharge pipe without reducing a
high flow rate.
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Description

[0001] The present invention relates to a gas com-
pressor assembled into an air-conditioning system for a
vehicle or the like, and more particularly to a gas com-
pressor in which it is possible to reduce a cost for the
overall compressor without deteriorating its oil compo-
nent separating function that is needed for the compres-
sor, and to keep the oil component separating function
constant for a long period of time.
[0002] In this kind of a conventional gas compressor,
as shown in, for example, Fig. 11, a cylinder 2 having a
substantially oval-shaped inner circumference is provid-
ed within a compressor case 1 and side blocks 3 and 4
are mounted at both end faces of the cylinder 2.
[0003] In the case of the gas compressor of the same
drawing, the compressor case 1 is formed of a box body
1-1 of one-end open type and a front head 1-2 mounted
at the opening end thereof. A second discharge cham-
ber 5 and the suction chamber 6 are provided within this
compressor case 1. The second discharge chamber 5
is provided between an inside sealed end (the inside
sealed end of the box body 1-1) of the above-described
compressor case 1 and one of the side blocks 3, and
also, the suction chamber 6 is provided between the in-
ner surface side of the front head 1-2 and the side block
of the other side 4, respectively.
[0004] A rotor 7 is laterally provided inside the cylinder
2. The rotor 7 is supported rotatably through bearings 9
of the side blocks 3 and 4 and a rotor shaft 8 extending
along the axis thereof. Also, as shown in Fig. 12, a plu-
rality of slit-like vane grooves 11 are formed radially on
the outer circumferential surface side of the rotor 7.
Vanes 12 are mounted on these vane grooves 11 one
by one. The vanes 12 are provided to be retractable and
projectable from the outer circumferential surface of the
rotor 7 toward the inner wall of the cylinder 2.
[0005] The interior of the cylinder 2 is partitioned into
a plurality of small chambers by both surfaces at a tip
end of each vane 12, outer circumferential surface of
the rotor 7, inner surfaces of the side blocks 3 and 4 and
the inner wall of the cylinder 2. The small chamber thus
partitioned is a compression chamber 13. Such a com-
pression chamber 13 within the cylinder 2 is rotated in
a direction indicated by an arrow a in Fig. 12 to repeats
the change in volume.
[0006] When the volume of the compression chamber
13 is changed, upon the increase of the volume, a low
pressure cooling medium gas within the suction cham-
ber 6 is sucked into the compression chamber 13
through suction inlets 15 of the side blocks 3 and 4 and
suction passages 14 such as the cylinder 2. Then, when
the volume of the compression chamber 13 is started to
be reduced, the cooling medium gas of the compression
chamber 13 is started to be compressed by the reduc-
tion in volume. Thereafter, when the volume of the com-
pression chamber 13 is close to the minimum level, a
reed valve 17 of a cylinder discharge hole 16 provided

at the oval short diameter portion of the cylinder is
opened. Thus, the high pressure cooling medium gas
within a compression chamber 10 is discharged to a first
discharge chamber 18 of the outer space of the cylinder
1 from the cylinder discharge port 16 and further intro-
duced through a gas passage 19 and an oil separator
20 to the side of the second discharge chamber 5. In
this case, lubricant is contained in the form of mist in the
high pressure cooling medium gas discharged to the
first discharge chamber 18. The lubricant oil component
is separated by the collision with the oil separating filter
21 composed of metal mesh or the like for the oil sepa-
rator 20.
[0007] Note that, also as shown in Fig. 13, the lubri-
cant oil component thus separated is dropped and re-
served in an oil sump 22 of the bottom portion of the
second discharge chamber 5. Also, the pressure of the
high pressure cooling medium gas discharged into the
second discharge chamber 5 is applied to the oil sump
22. The oil in the oil sump 22 to which such discharge
pressure Pd is applied is fed to a back pressure chamber
25 of the bottom portion of the vane 12 passing through
the side blocks 3 and 4, an oil hole 23 of the cylinder 1,
the gap of the bearing 9 and a supply groove 24 formed
in the surfaces, facing each other, of the side blocks 3
and 4 in this order.
[0008] However, in the above-described conventional
gas compressor, as shown in Fig. 11, the side block 3
and the oil separator 20 are formed as discrete parts in
view of the relationship of the structure in which the gas
passage 19 for introducing to the oil separator 20 side
the high pressure cooling medium gas containing the
lubricant is formed between the mounting alignment sur-
faces of the side block 3 and the oil separator 20. For
this reason, not only may a large number of parts such
as an oil separator fastening bolt 26 (see Fig. 13) for
mounting the oil separator 20 to the side block 3, a seal
member for the mounting portion or the like be required,
but also the assembling step for assembling the oil sep-
arator 20 to the side block 3 in the compressor manu-
facturing line. Thus, there are many factors for increas-
ing cost, resulting in increase in cost for the overall com-
pressor.
[0009] Also, in the above-described conventional gas
compressor, as shown in Fig. 13, the oil separator 20 is
fixed to the side block 3 by oil separator fastening bolts
26. Accordingly, if there is a defect due to the loosening
of the oil separator fastening bolts 26, for example, when
the loosening of the oil separator bolts 26, the mounting
alignment surfaces of the side block 3 and the oil sepa-
rator 20 are opened to split the gas passage 19, the high
pressure cooling medium gas before the oil separation
leaks to the outside of the gas passage 19 from the crack
to cause the reduction of the oil separation property or
the like. That is, there is a problem in that it is difficult to
keep the constant oil separation function for a long pe-
riod time.
[0010] In order to mitigate the above-described prob-
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lems, a first object of the present invention is to provide
a gas compressor that is suitable for reducing cost for
overall equipment while attaining the reduction of the
numbers of assembling steps and the parts relating to
the oil separator, and a second object thereof is to pro-
vide a gas compressor provided with an oil separator
that is high in reliability to make it possible to keep a
constant oil separation function that is needed for the
compressor for a long period of time.
[0011] In order to achieve the above-mentioned ob-
jects according to the present invention, a gas compres-
sor comprising a cylinder disposed in a compressor
case, side blocks mounted on both end faces of the cyl-
inder, a cylinder discharge port for discharging high
pressure cooling medium gas which contains lubricant
oil compressed in a compression chamber within the
cylinder to a first discharge chamber that is an outside
space of the cylinder, a second discharge chamber pro-
vided between an inner sealed end of the compressor
and one of the side blocks, and an oil separator for sep-
arating lubricant oil component contained in the high
pressure cooling medium gas to be introduced from the
first discharge chamber to the second discharge cham-
ber side. The oil separator is formed of a discharge pipe
integral with the one of the blocks and having an opening
at one end to the first discharge chamber side and the
other end opened toward an inner wall of the compres-
sor case.
[0012] According to the present invention, the gas
compressor is characterized in that the discharge pipe
forms a discharge route of high pressure cooling medi-
um gas without any bypass immediately before the inner
wall of the compressor case from the first discharge
chamber.
[0013] According to the present invention, the gas
compressor is characterized in that the discharge pipe
is composed of a straight tube extending linearly toward
the inner wall of the compressor case from the first dis-
charge chamber.
[0014] According to the present invention, the gas
compressor is characterized in that the discharge pipe
is opened at one end to the first discharge chamber side
and at the same time opened toward the inner wall of
the compressor case at the closest position immediately
after the first discharge chamber.
[0015] According to the present invention, the gas
compressor is characterized in that the one of the side
blocks and the discharge pipe are cast integrally with
each other.
[0016] According to the present invention, the gas
compressor is characterized in that a means for forming
the one of the side blocks integrally with the discharge
pipe is adapted to take a structure in which a pipe press-
fit hole in communication with the first discharge cham-
ber is provided on the one of the side blocks, and one
end of the discharge pipe is press-fitted in the pipe
press-fit hole.
[0017] According to the present invention, the gas

compressor is characterized in that a means for forming
the one of the side blocks integrally with the discharge
pipe is adapted to take a structure in which a screw hole
in communication with the first discharge chamber is
provided in the one of the side blocks, a screw portion
is formed in an outer circumferential surface at one end
of the discharge pipe, and the screw portion and the
screw hole are engaged with each other and fastened
and fixed to each other.
[0018] According to the present invention, the gas
compressor is characterized in that a distance from an
opening end on the side of inner wall side of a compres-
sor of the discharge pipe to an inner wall of the com-
pressor satisfies the following equation (1):

where L is the distance, and D is the inner diameter of
the opening end of the inner wall of the compressor case
of the discharge pipe.
[0019] According to the present invention, the gas
compressor is characterized in that the ratio of opening
areas satisfies the following equation (2):

Where S1 is the opening area of the opening end on the
side of the inner wall of the compressor case of the dis-
charge pipe and S2 is the opening area of the opening
end on the side of the first discharge chamber of the
discharge pipe.
[0020] According to the present invention, the high
pressure cooling medium gas compressed in the com-
pression chamber within the cylinder is discharged to
the first discharge chamber in the outer space of the cyl-
inder through the cylinder discharge port. The high pres-
sure medium gas immediately after the discharge is col-
lided against the inner wall of the compressor case
through the discharge pipe while keeping a high flow
rate. The lubricant oil component contained in the high
pressure cooling medium gas is separated by this colli-
sion.
[0021] Embodiments of the present invention will now
be described by way of further example only and with
reference to the accompanying drawings, in which:-

Fig. 1 is a cross-sectional view showing one em-
bodiment of the present invention.
Fig. 2 is a view in the direction indicated by an arrow
B in Fig. 1.
Fig. 3 is explanatory views for showing comparison
test results of oil separation performance between
the article according to the present invention and
the comparative examples.
Fig. 4 is explanatory views for showing test results

(πD2/4)%πDL equation (1)

S1/S2^0.7 equation (2)
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of investigation of a mutual relationship between a
diameter of a discharge pipe and oil separation per-
formance and a mutual relationship between a dis-
tance from the other end of the discharge pipe to an
inner wall of a compressor case and the oil separa-
tion performance.
Fig. 5A shows a test result of investigation of a mu-
tual relationship between the diameter of the dis-
charge pipe and the dynamic power of the gas com-
pressor according to the present invention, Fig. 5B
shows a test result of investigation of a mutual re-
lationship between the diameter of the discharge
pipe and a discharge flow rate of the high pressure
cooling medium gas, and Fig. 5C is an explanatory
view of actual measurement value of the two test
results.
Fig. 6 is an explanatory view showing a primary part
of another embodiment of the present invention.
Fig. 7 is an explanatory view showing a primary part
of another embodiment of the present invention.
Fig. 8 is a cross-sectional view of another embodi-
ment of the present invention.
Fig. 9 is a cross-sectional view taken along the line
B-B of Fig. 8.
Fig. 10 is a view in the direction indicated by an ar-
row C in Fig. 9.
Fig. 11 is a cross-sectional view of a conventional
gas compressor.
Fig. 12 is an enlarged sectional view taken along
the line A-A of Fig. 11.
Fig. 13 is a cross-sectional view taken along the line
B-B of Fig. 11.

[0022] An embodiment of a gas compressor accord-
ing to the present invention will now be described with
reference to Figs. 1 to 10.
[0023] Fig. 1 is a cross-sectional view showing one
embodiment of the gas compressor according to the
present invention. The basic structure of this gas com-
pressor such as the arrangement in which the cylinder
2 is disposed within the compressor case 1, the side
blocks 3 and 4 are mounted at both end faces of the
cylinder 2, and the second discharge chamber 5 is pro-
vided between one of the side blocks 3 and the inner
sealed end of the compressor case 1 and the arrange-
ment in which the high pressure cooling medium gas
compressed in the compression chamber 13 within the
cylinder 2 is discharged to the first discharge chamber
18 of the external space of the cylinder through the cyl-
inder discharge port 16 and the like is the same as that
of the conventional case. Accordingly, the same refer-
ence numerals are used to denote the same compo-
nents and the detailed explanation thereof will be omit-
ted.
[0024] Also in the gas compressor according to this
embodiment, as shown in Fig. 1, the lubricant oil is con-
tained in the form of mist in the high pressure cooling
medium gas discharged into the first discharge chamber

18. The high pressure cooling medium gas containing
the lubricant oil is introduced to the side of the second
discharge chamber 5. The oil separator 20 of a pipe
structure is adapted in this embodiment as a means for
separating the lubricant oil component in the form of mist
from the high pressure cooling medium gas as follows.
[0025] The oil separator 20 according to this embod-
iment is composed of a discharge pipe 30 formed inte-
grally with the side block 3 as a part of the side block 3
on a rear side. This discharge pipe 30 is opened at one
end on the side of the first discharge chamber 18 and is
opened at the other end toward the inner wall of the com-
pressor case 1. Also, in this embodiment, a straight tube
30-1 is used as such a discharge pipe 30. This straight
tube 30-1 is formed integrally with one of the side blocks
3 and at the same time adapted to extend in a straight
line toward the inner wall of the compressor case 1 from
the first discharge chamber 18. Also, one end 30a of the
discharge pipe 30 is opened on the side of the first dis-
charge chamber 18 but the other end 30b of the dis-
charge pipe 30, i.e., the opening end on the side of the
inner wall of the compressor case of the discharge pipe
30 is formed to reach immediately before the inner wall
1b of the compressor case.
[0026] That is, in this embodiment, the discharge pipe
30 in the form of such a straight tube 30-1 as described
above is adapted to form a linear discharge route for the
high pressure cooling medium gas without any bypass
immediately before the inner wall 1b of the compressor
case from the first discharge chamber 18.
[0027] The reason why the structure for avoiding the
bypass for the discharge route as described above is
adapted is that it is possible to prevent the flow rate of
the high pressure cooling medium gas from being de-
creased due to the bypass and to cause the high speed
high pressure cooling medium gas to collide against the
inner wall 1b of the compressor case to thereby effec-
tively separate the lubricant oil component contained in
the high pressure cooling medium gas.
[0028] Also, in this embodiment, as described above,
the other end 30b of the discharge pipe 30 is adapted
to reach immediately before the compressor case inner
wall 1b. The reason why such a structure is adapted is
that in order to enhance the oil separation function, the
high pressure cooling medium gas that has the possibly
highest flow rate is caused to collide against the inner
wall of the compressor case 1, and the possibly largest
amount of the high pressure cooling medium gas is
caused to collide against the inner wall of the compres-
sor case 1.
[0029] That is, comparing the flow rate of the high
pressure cooling medium gas flowing out immediately
after the discharge pipe 30 with that at a position away
from this, the flow rate flowing immediately after the dis-
charge pipe 30 is in the highest level. For this reason,
in order to cause the high pressure cooling medium gas
at a high flow rate to collide against the compressor case
inner wall 1b, it is preferable to adapt the structure in
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which the other end 30b of the discharge pipe 30 reach-
es immediately before the compressor case inner wall
1b. Also, if the distance L from the other end 30b of the
discharge pipe 30 to the compressor case inner wall 1b
is too long, it is considered that a part of the high pres-
sure cooling medium gas injected from the discharge
pipe 30 is diffused into the second discharge chamber
5 before the collision against the compressor case inner
wall 1b, resulting in decreasing of the amount of collision
of the high pressure cooling medium gas to the com-
pressor case inner wall 1b. Accordingly, in order to
cause the larger amount of high pressure cooling medi-
um gas collide against the compressor case inner wall
1b, it is preferable to shorten the distance from the other
end 30b of the discharge pipe 30 to the compressor case
inner wall 1b.
[0030] Incidentally, only in view of the enhancement
of the oil separation performance, as described above,
it is preferable to shorten the distance L from the other
end 30b of the discharge pipe 30 to the compressor case
inner wall 1b. However, if the distance L is too short,
there is a problem in that the dynamic power for the gas
compressor is increased and the cooling efficiency is
lowered. The reason for this would be that the compres-
sor case inner wall 1b would become large resistance
when the high pressure cooling medium gas is injected
from the other end 30b of the discharge pipe and the
discharge amount of injected high pressure cooling me-
dium gas from the other end 30b of the discharge pipe
would be reduced. Accordingly, there is a constant lower
limit for the above-described distance L in view of the
relationship between the dynamic power and the cooling
ability of the gas compressor. The lower limit for this dis-
tance L will now be described.
[0031] From the basic point of view, it is considered
that, if a discharge flow passage for the high pressure
cooling medium gas having the same or larger opening
area as the opening area of such other end 30b of the
discharge pipe may be secured on the side of such other
end 30b of the discharge pipe that becomes the dis-
charge port for the high pressure cooling medium gas,
the discharge of the high pressure cooling medium gas
from the other end 30b of the discharge pipe is smooth,
and the degradation in cooling ability or the increase of
the dynamic power of the gas compressor would be
small enough to be negligible.
[0032] Accordingly, a cylindrical gap having the same
diameter as the inner diameter D of the other end 30b
of the above-described discharge pipe is present be-
tween the other end 30b of the discharge pipe and the
compressor case inner wall 1b. The portion of the outer
circumferential surface of this cylindrical gap becomes
the discharge passage for the high pressure cooling me-
dium gas. Therefore, if the outer circumferential surface
area (=πDL) of the cylindrical gap is at least equal or
more than the opening area (=πD2/4) of such other end
30b of the discharge pipe, i.e., the following equation (1)
is satisfied, there is no problem that the dynamic power

or the cooling ability of the gas compressor is increased
is degraded.

D: the inner diameter of the other end 30b of the
discharge pipe
L: the distance from the other end 30b of the dis-
charge pipe to the compressor case inner wall 1b.

[0033] Accordingly, the lower limit for the distance L
from the other end 30b of the discharge pipe to the com-
pressor case inner wall 1b is D/4 from the equation (1).
Note that, the upper limit for this distance L is deter-
mined from the relationship with the oil separation per-
formance needed for the gas compressor. This is the
reason why the longer the distance, the collision amount
of the high pressure cooling medium gas to the com-
pressor case inner wall 1b will become decreased as
described above whereby the oil separation perform-
ance would be degraded.
[0034] Assuming that S1 is the opening area of such
other end 30b of the discharge pipe 30 (opening end on
the side of the compressor case inner wall) and S2 is
the opening area of one end 30a of the discharge pipe
(opening end on the side of the first discharge chamber),
the opening area ratio (S1/S2) will now be described. It
is preferable that this opening area ratio (S1/S2) meet
the following equation (2).

[0035] In principle, in the case where the opening area
ratio (S1/S2) is not more than one, the opening of the
other end 30b of the discharge pipe that is the discharge
port for the high pressure cooling medium gas is nar-
rower than the opening of one end 30a of the discharge
pipe. It is therefore difficult to discharge the high pres-
sure cooling medium gas from the other end 30b of the
discharge pipe. The discharge flow rate of the high pres-
sure cooling medium gas is reduced. It is therefore con-
sidered that the dynamic power for the gas compressor
is increased and the cooling ability is degraded. In par-
ticular, if the opening area ratio (S1/S2) is not greater
than 0.7, the phenomenon that the dynamic power of
the gas compressor is increased and the cooling ability
is degraded becomes remarkable. Note that, the open-
ing area ratio (S1/S2) is not less than one, since the
opening of the other end 30b of the discharge pipe that
is the discharge port for the high pressure cooling me-
dium gas is certainly wider than the opening of one end
30a of the discharge pipe, there is no phenomenon that
it is difficult to discharge the high pressure cooling me-
dium gas from the other end 30b of the discharge pipe
or the phenomenon that the discharge flow rate of the

(πD2/4)%πDL equation (1)

S1/S2^0.7 equation (2)
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high pressure cooling medium gas is decreased. Ac-
cordingly, there is no fear that the dynamic power of the
gas compressor is increased and the cooling ability is
degraded. Accordingly, there is the lower limit of 0.7 for
the opening area ratio (S1/S2) but there is only a limit in
design caused due to the relationship with the equip-
ment dimension for the upper limit of the opening area
ratio (S1/S2). It is theoretically infinite.
[0036] As described above, in order to form the dis-
charge pipe 30 integrally with one of the side blocks 3,
it is sufficient to cast one of the side blocks 3 and the
discharge pipe 30 to be integral with each other. In this
embodiment, one of the side blocks 3 and the discharge
pipe 30 are formed integral with each other as a cast
article.
[0037] Also, referring now to Fig. 13, in the gas com-
pressor according to this embodiment, such a structure
is adapted that the suction and compression strokes are
completed within the range of zero to 180 degrees in
terms of the rotational angle of the rotor 7 and the suc-
tion and compression strokes are also completed within
the next range of 180 to 360 degrees. The two, in total,
discharge portions composed of the cylinder discharge
ports 16, the first discharge chambers 18 and the like
are provided in diametrically opposite positions at 180
degrees with respect to the rotor shaft 8 one by one,
respectively. As shown in Fig. 2, due to the relationship
where the two discharge portions including such first
discharge chambers 18 are present in this embodiment,
the two discharge pipes 30 are provided in diametrically
opposite positions by 180 degrees with respect to the
rotor shaft 8 one by one, respectively.
[0038] The operation of the thus constructed gas
compressor in accordance with this embodiment will
now be described with reference to Figs. 1 and 2.
[0039] In the gas compressor in accordance with this
embodiment, as shown in Fig. 1, the high pressure cool-
ing medium gas compressed in the compression cham-
ber 13 (see Fig. 13) within the cylinder 2 is discharged
through the cylinder discharge port 16 to the first dis-
charge chamber 18. The high pressure cooling medium
gas immediately after the discharge is caused to collide
against the inner wall of the compressor case 1 through
the discharge pipe 30 at a high flow rate. This collision
makes the lubricant oil component, contained in the high
pressure cooling medium gas, separated from the high
pressure cooling medium gas.
[0040] Also, in the gas compressor in accordance with
this embodiment, as shown in Fig. 2, since the two dis-
charge pipes 30 and 30 are provided in diametrically op-
posite positions by 180 degrees with respect to the rotor
shaft 8, the high pressure cooling medium gas dis-
charged from the two discharge pipes 30 and 30 would
collide with each other. The lubricant oil component con-
tained in the high pressure cooling medium gas is sep-
arated also by the collision of the gas.
[0041] Incidentally, in the same manner as in the con-
ventional case, the lubricant oil component separated

as described above is dropped and reserved in the oil
sump 22 at the bottom portion of the second discharge
chamber 5. Also, the high pressure cooling medium gas
after the oil separation is caused to flow and fed on the
external air conditioning system side through the exter-
nal discharge port 1a of the compressor case 1 from the
second discharge chamber 5.
[0042] As described above, in the gas compressor in
accordance with this embodiment, the oil separator 20
having the pipe structure composed of the discharge
pipe 30 integrally formed with the side block 3 is adapt-
ed. Accordingly, in view of this structure, it is possible to
dispense with the seal members such as the oil sepa-
ration filter 21, the oil separator fastening bolts 26, the
O-ring and the like unlike the structure of the conven-
tional oil separator 20 shown in Fig. 12. It is therefore
possible to reduce the number of these parts and reduce
the number of the steps for oil separator assembling in
the manufacturing line for the compressor.
[0043] Also, in the gas compressor in accordance with
this embodiment, since the side block 3 and the dis-
charge pipe 30 are formed into an integral cast article,
there is no portion from which the high pressure cooling
medium gas leaks or in which the oil separator fastening
bolts 26 are loosened as in the conventional oil separa-
tor 20. Since the discharge route for the high pressure
cooling medium gas without any bypass immediately
before the inner wall of the compressor case 1 from the
first discharge chamber 18, the high pressure cooling
medium gas at a high flow rate is caused to collide
against the inner wall of the compressor case 1 through
this discharge route and the like, it is possible to effec-
tively separate the lubricant oil component contained in
the high pressure cooling medium gas and at the same
time to keep the oil separation performance thereof con-
stant for a long period of time.
[0044] Fig. 3 shows the comparison test results of the
oil separation performance between the product accord-
ing to the present invention and the comparative exam-
ple. Fig. 3A shows the result of the investigation of the
oil amount within the compressor case at the compres-
sor rpm (hereinafter referred to as "Nc" =800rpm, and
Fig. 3B shows the result of the investigation of the oil
amount within the compressor case at the compressor
"Nc" =700rpm.
[0045] Here, briefly explaining the objects to be test-
ed, the article according to the present invention is di-
rected to the oil separator structure having the two dis-
charge pipes as in the above-described embodiment,
the comparative example 1 is directed to the structure
in which the two discharge pipes are unified into one on
the way, the comparative example 2 is directed to the
structure in which the discharge pipe is provided in a
spiral form in a long length and the comparative example
3 is directed to the conventional oil separator structure
provided with the oil separator filter composed of metal
mesh.
[0046] With the comparison test result of Fig. 3, com-
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paring the discharge pipe structure as in the article ac-
cording to the present invention or the comparative ex-
amples 1 and 2 with the conventional oil separator filter
structure composed of the metal mesh as in the com-
parative example 3, although the amount of oil within
the compressor case was smaller in the former case,
the amount of oil within the compressor case was largest
in the article according to the present invention compar-
ing the discharge pipe structures with each other and
showed the value similar to that of the oil separator filter
structure made of metal mesh (comparative example 3).
From this, in the case where the structure is directed to
the discharge pipe structure of the oil separator, it is safe
to say that the form provided with the two discharge pipe
according to the article of the present invention is an
optimum form in view of the enhancement of the oil sep-
aration function.
[0047] Fig. 4 shows the test result for investigation of
the mutual relationship between the diameter and the
oil separation performance of the discharge pipe in the
above-described article of the present invention and the
mutual relationship between the distance from the other
end of the discharge pipe to the inner wall of the com-
pressor case and the oil separation performance.
[0048] Note that, in the drawings, φ10, φ7 and φ4 show
the diameters of the discharge pipe. Also, Fig. 4A shows
the result of the investigation of the oil amount within the
compressor case in terms of the height of the oil surface
level when Nc=700 rpm and discharge pressure Pd=10
kgf/cm2G, also, Fig. 4B shows the result of the investi-
gation of the oil amount within the compressor case in
terms of the height of the oil surface level when Nc=700
rpm and discharge pressure Pd=15 kgf/cm2G, and Fig.
4C shows the result of the investigation of the oil amount
within the compressor case in terms of the height of the
oil surface level when Nc=7,000 rpm and discharge
pressure Pd=21 kgf/cm2 G. In each of Figs. 4A, 4B and
4C, although the oil surface height within the conven-
tional compressor case is plotted, the abscissa position
is determined for the sake of convenience for compari-
son of the oil surface level with the other. Since there is
no pipe in the conventional case, there is no concept of
the distance between the pipe end and the inner wall of
the compressor case.
[0049] As is apparent from the test result of Fig. 4,
comparing the oil amounts within the compressor case
with each other for every diameter of the discharge pipe,
it will be understood that the oil amount within the com-
pressor case is the largest in the case where the dis-
charge pipe having φ7 is used. Accordingly, in order to
enhance the oil separation performance, the discharge
pipe having approximately φ7 is optimal.
[0050] Also, in view of the mutual relationship be-
tween the oil separation performance and the distance
L from the other end 30b of the discharge pipe to the
compressor case inner wall 1b from the test result of
Fig. 4, it will be understood that, in this test, when the
distance L is 5 mm, the oil amount within the compressor

case is considerably increased in comparison with the
conventional case (the conventional gas compressor
shown in Fig. 12), and there is a tendency that the longer
the distance L, the smaller the oil amount within the com-
pressor case will become. Also, it will be understood that
the distance L never falls out of the range of 10 to 15
mm in order to obtain more excellent oil separation per-
formance than that in the conventional case (See Fig.
4C). Accordingly, it is possible to obtain the more excel-
lent oil separation performance than that in the conven-
tional case without fail if the distance falls within the
range of 5 mm to 10 mm.
[0051] Furthermore, if the distance from the other end
of the discharge pipe to the inner wall of the compressor
case is kept constant, it has been found that the length
of the discharge pipe no longer affect the oil separation
performance.
[0052] Fig. 5A shows the test result of the investiga-
tion of the mutual relationship between the diameter of
the discharge pipe and the dynamic power of the gas
compressor in the above-described article of the
present invention, Fig. 5B shows the test result of the
investigation of the mutual relationship between the di-
ameter of the discharge pipe and the cooling medium
flow rate of the refrigerating cycle in the above-de-
scribed article of the present invention, and Fig. 5C
shows the actual measurement values of the two test
results. Note that, the cooling medium flow rate of the
refrigerating cycle is in close relation with the cooling
ability of the gas compressor. As the flow rate of the cool-
ing medium of the refrigerating cycle is high, the cooling
ability is high. As the flow rate is low, the cooling ability
is low. Accordingly, in the present test, as the means for
making a judgement for the cooling ability, the flow rate
of the cooling medium of the refrigerating cycle was
measured.
[0053] Also, in the drawings, φ10 pipe means the pipe
using the discharge pipe 30 having the opening diame-
ter of 10 mm at the other end 30b (opening end on the
side of the inner wall of the compressor case), and in
the same manner, φ7 pipe and φ3 pipe mean the pipes
using the discharge pipes 30 having opening diameters
of 7 mm and 3 mm, respectively. In this case, in any
discharge pipes 30, the opening diameter of the one end
30a (opening end on the side of the first discharge
chamber) is 10 mm. Also, the test condition of the same
drawings were that Nc=800 to 3,000 rpm, the discharge
pressure Pd=1.37 Mpa (14 kgf/cm2G), the suction pres-
sure Ps=0.196 Mpa (2 kgf/cm2G), super heating degree
SH =10 deg. and super cooling degree SC=5 deg.
[0054] As is apparent from Fig. 5A, it was found that
the dynamic power of the gas compressor was smaller
when using the thick discharge pipe (φ10 pipe). Also, as
is apparent from Fig. 5B, the cooling medium flow rate
of the refrigerating cycle was higher when using the thick
discharge pipe (φ10 pipe). Accordingly, it is understood
that the cooling ability of the gas compressor is higher
when using the discharge pipe (φ10 pipe).
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[0055] Also, referring to Fig. 5, taking into considera-
tion the dynamic power and the cooling ability of the gas
compressor on the basis of the opening area ratio of one
end 3a of the discharge pipe with the opening area of
the other end 30b of the discharge pipe, in case of φ10
pipe where the opening area ratio is 1.0 at maximum, it
is understood that the dynamic power of the gas com-
pressor is the smallest and the cooling ability of the gas
compressor is the best. It is understood that the increase
of the dynamic power of the gas compressor and the
degradation of the cooling ability will occur as the open-
ing area ratio is gradually decreased from 0.7 (the open-
ing area ratio in case of φ7 pipe) to 0.3 (the opening area
ratio in case of φ3 pipe). Accordingly, in view of this test
result, in order to prevent the degradation of the cooling
ability and the increase of the dynamic power of the gas
compressor, it is preferable to select the above-de-
scribed opening area ratio in the range of 0.7 to 1.0.
[0056] Note that, in the above-described embodi-
ment, the side block 3 and the discharge pipe 30 are
cast integrally with each other. However, it is possible to
use the press-fit integral structure as shown in, for ex-
ample, Fig. 6 and a screw fastening structure shown in
Fig. 7 in addition to the integral cast structure as the in-
tegral forming means for the side block 3 and the dis-
charge pipe 30.
[0057] In the press-fit structure shown in Fig. 6, a pipe
press-fit hole 31 in communication with the first dis-
charge chamber 18 is formed in one of the side blocks
3, and at the same time, one end 30a of the discharge
pipe 30 is press-fit in this pipe press-fit hole 31.
[0058] In the screw fastening structure shown in Fig.
7, a screw hole 32 in communication with the first dis-
charge chamber 18 is formed in one of the side blocks
3, whereas a screw portion 33 is formed on an outer
circumferential surface at one end 30a of the discharge
pipe 30. This screw portion 33 and the above-described
screw hole 32 are engaged with each other for fasten-
ing.
[0059] Also, in the above-described embodiment, the
straight tube 30-1 is adapted as the means for colliding
the high pressure cooling medium gas at a high flow rate
against the compressor case 1 inner wall avoiding the
bypass of the discharge route. However, instead there-
of, as shown in Fig. 8, it is possible to use the discharge
pipe 30 that is short in length in comparison with the
above-described embodiment. In this structure, one end
30a of the discharge pipe 30 is opened to the side of the
first discharge chamber 18 in the same manner as in the
above-described embodiment. However, as shown in
Fig. 9, the other end 30b of the discharge pipe 30 is
adapted to open toward the inner wall portion of the
compressor case 1 at the closest position immediately
after the first discharge chamber 18 (See Fig. 10). This
is because, as described above, the distance to the in-
ner wall of the compressor case 1 is shortened whereby
a larger amount of high pressure cooling medium gas is
collided against the inner wall of the compressor case

1 without decreasing the flow rate.
[0060] In the gas compressor according to the present
invention, as described above, the oil separator having
the pipe structure composed only of the discharge pipe
provided integrally with the side block, it is unnecessary
to use the seal members such as the oil separator filter,
the oil separator fastening bolts, the O-ring as in the con-
ventional oil separator for the structure. It is possible to
reduce the number of these parts and to reduce the
number of the steps for assembling the oil separator on
the compressor manufacturing line to make it possible
to reduce the cost for overall equipment.
[0061] Also, in the gas compressor according to the
present invention, as described above, since one of the
side block and the discharge pipe are formed into an
integral cast article, there is no portion from which the
high pressure cooling medium gas leaks before the oil
separation or in which the oil separator fastening bolts
are loosened as in the conventional oil separator. Since
the discharge route for the high pressure cooling medi-
um gas without any bypass immediately before the inner
wall of the compressor case from the first discharge
chamber, the high pressure cooling medium gas at a
high flow rate is caused to collide against the inner wall
of the compressor case through this discharge route and
the like, it is possible to effectively separate the lubricant
oil component contained in the high pressure cooling
medium gas and at the same time to keep the oil sepa-
ration performance thereof constant for a long period of
time.

Claims

1. A gas compressor comprising:

a cylinder disposed in a compressor case;
side blocks mounted on both end faces of the
cylinder;
a cylinder discharge port for discharging high
pressure cooling medium gas, containing lubri-
cant oil compressed in a compression chamber
within the cylinder, to a first discharge chamber
that is an outside space of the cylinder;
a second discharge chamber provided be-
tween an inner sealed end of the compressor
and one of the side blocks; and
an oil separator for separating lubricant oil com-
ponent contained in the high pressure cooling
medium gas to be introduced from the first dis-
charge chamber to the second discharge
chamber side;

wherein the oil separator is formed of a dis-
charge pipe integral with the one of the side blocks
and having an opening at one end to the first dis-
charge chamber side and the other end opened to-
ward an inner wall of the compressor case.
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2. The gas compressor according to claim 1, wherein
the discharge pipe forms a discharge route of high
pressure cooling medium gas without any bypass
immediately before the inner wall of the compressor
case from the first discharge chamber.

3. The gas compressor according to claim 1, wherein
the discharge pipe is composed of a straight tube
extending linearly toward the inner wall of the com-
pressor case from the first discharge chamber.

4. The gas compressor according to claim 1, wherein
the discharge pipe is opened at one end to the first
discharge chamber side and at the same time
opened toward the inner wall of the compressor
case at a closest position immediately after the first
discharge chamber.

5. The gas compressor according to claim 1, wherein
the one of the side blocks and the discharge pipe
are cast integrally with each other.

6. The gas compressor according to claim 1, wherein
a means for forming the one of the side blocks in-
tegrally with the discharge pipe is adapted to take
a structure in which a pipe press-fit hole in commu-
nication with the first discharge chamber is provided
on the one of the side blocks, and one end of the
discharge pipe is press-fitted in the pipe press-fit
hole.

7. The gas compressor according to claim 1, wherein
a means for forming the one of the side blocks in-
tegrally with the discharge pipe is adapted to take
a structure in which a screw hole in communication
with the first discharge chamber is provided in the
one of the side blocks, a screw portion is formed in
an outer circumferential surface at one end of the
discharge pipe, and the screw portion and the screw
hole are engaged with each other and fastened and
fixed to each other.

8. The gas compressor according to claim 1, wherein
a distance from an opening end on the inner wall
side of a compressor of the discharge pipe to an
inner wall of the compressor satisfies the following
equation (1):

where L is the distance, and D is an inner diameter
of the opening end of the inner wall of the compres-
sor case of the discharge pipe.

9. The gas compressor according to claim 1, wherein
a ratio of the opening areas satisfies the following

(πD2/4)%πDL equation (1)

equation (2):

Where S1 is the opening area of the opening end
on the side of the inner wall of the compressor case
of the discharge pipe and S2 is the opening area of
the opening end on the side of the first discharge
chamber of the discharge pipe.

S1/S2^0.7 equation (2)
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