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Description
BACKGROUND OF THE INVENTION
Field of the Invention

[0001] The presentinvention relates to a hermetic two-
stage compressor and a compressor system including
the same.

Description of Related Art

[0002] In the related art, a hermetic two-stage com-
pressor which is, for example, used for refrigeration air
conditioning and includes a low-stage side compression
chamber and a high-stage side compression chamber
which are sealed within a housing is known. An example
of such a hermetic two-stage compressor is disclosed in
Japanese Unexamined Patent Application, First Publica-
tion No. 2009-180107.

[0003] In the hermetic two-stage compressor of Japa-
nese Unexamined Patent Application, First Publication
No. 2009-180107, a rotary compressor is disposed as a
low-stage side compression chamber, a scroll compres-
sor is disposed as a high-stage side compression cham-
ber, gas supplied into a housing is compressed by the
rotary compressor, and then is further compressed by
the scroll compressor, and is discharged from the hous-
ing. In a case where oil for lubrication of the low-stage
side compression chamber and the high-stage side com-
pression chamber is held within the housing, a hermetic
two-stage compressor is operated within the housing. In
order to avoid a decrease in operation efficiency of the
hermetic two-stage compressor, it is important to hold a
sufficient amount of oil within the housing.

SUMMARY OF THE INVENTION

[0004] Here, some of oil within the housing is dis-
charged to an outside of the housing together with com-
pressed gas. A hermetic two-stage compressor is known
in which an oil return pipe is provided so that oil dis-
charged to the outside of the housing returns again to
the inside of the housing. However, a sufficient amount
of oil cannot be returned to the inside of the housing and
an amount of oil within the housing may be insufficient
due to a problem such as a long system pipe. Therefore,
a holding amount of oil is increased within the housing
by increasing an internal volume of the housing and
thereby it is conceivable to solve such a problem of lack
of the amount of oil.

[0005] However, in a case where for example, gas
such as carbon dioxide is compressed, since the inside
of the housing is in a very high pressure, it is necessary
to improve pressure resistance performance of the hous-
ing. In this case, if the internal volume of the housing is
increased for the purpose of solving the lack of the
amount of oil within the housing, a thickness of the hous-
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ing has to be increased accordingly. As a result, there is
a problem that the hermetic two-stage compressor is in-
creased in size and in weight, and the like.

[0006] Therefore, an object of the invention is to pro-
vide a hermetic two-stage compressor capable of in-
creasing a holding amount of oil within a housing while
avoiding an increase in size and in weight, and a com-
pressor system including the same.

[0007] According to a first aspect of the present inven-
tion, there is provided a hermetic two-stage compressor
including a housing that has an oil reservoir at the bottom
of the housing on aninside thereof; a low-stage side com-
pression chamber that compresses gas on the inside of
the housing; a high-stage side compression chamberthat
is disposed above the low-stage side compression cham-
ber and further compresses gas discharged from the low-
stage side compression chamber on the inside of the
housing; and an oil pot that is connected to the inside of
the housing at a position of the oil reservoir and above
the position of the oil reservoir, stores oil, and supplies
oil to the inside of the housing.

[0008] In such a hermetic two-stage compressor, it is
possible to always supply oil to the inside of the housing
by providing the oil pot communicating with the inside of
the housing. In addition, since the oil pot connected the
inside of the housing above the oil reservoir, pressures
on the inside of the housing and the inside of the oil pot
can be equalized. Therefore, itis possible to keep a liquid
surface position of oil within the oil pot and a liquid surface
position of the oil reservoir of the housing at the same
level. Therefore, it is possible to easily adjust an oil
amount on the inside of the housing and to avoid the lack
of the oil amount on the inside of the housing by adjusting
the oil amount within the oil port.

[0009] According to a second aspect of the invention,
in the first aspect, the hermetic two-stage compressor
may further include an oil dropping section that is provid-
ed in the oil pot, connects the oil pot and a position cor-
responding to the high-stage side compression chamber
in the housing, and is capable of introducing oil from the
high-stage side compression chamber into the oil pot.
[0010] Itis possible to introduce oil used for lubrication
in the high-stage side compression chamber into the oil
pot by providing the oil dropping section at such a posi-
tion. Therefore, it is possible to reduce the oil amount
flowing out to the outside of the housing together with
gas discharged from the housing and to further avoid the
lack of the oil amount on the inside of the housing.
[0011] Furthermore, the oil dropping section is con-
nected to the oil pot and can return oil to the inside of the
housing via the oil pot. Therefore, as compared to a case
where the oil dropping section is directly connected to
the housing and directly returns oil from the oil dropping
section to the inside of the housing, it is possible to sup-
press that oil returned to the inside of the housing is rolled
up by the flow of gas on the inside of the housing when
returning oil. Therefore, it is possible to avoid that rolled
up oil passes through the high-stage side compression
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chamber and is discharged to the outside of the housing.
As a result, it is possible to reduce an oil circulation
amount (OC%) within a system.

[0012] According to a third aspect of the invention, in
the first or second aspect, the hermetic two-stage com-
pressor may further include an oil separator that sepa-
rates oil from gas discharged from the high-stage side
compression chamber, and an oil return section that con-
nects the oil separator and the oil pot, and is capable of
introducing oil from the oil separator into the oil pot.
[0013] Oil flowing out to the outside together with gas
compressed by the high-stage side compression cham-
ber and discharged from the housing can be returned to
the oil pot via the oil separator and the oil return section
by providing such an oil return section. Therefore, it is
possible to further avoid the lack of the oil amount on the
inside of the housing.

[0014] Furthermore, the oil return section is connected
to the oil pot and can return oil to the inside of the housing
via the oil pot. Therefore, as compared to a case where
the oil return section is directly connected to the housing
and directly returns oil from the oil return section to the
inside of the housing, it is possible to suppress that oil
returned to the inside of the housing is rolled up by the
flow of gas on the inside of the housing when returning
oil. Therefore, itis possible to avoid thatrolled up oil pass-
es through the high-stage side compression chamber
and is discharged to the outside of the housing. As a
result, it is possible to reduce an oil circulation amount
(OC%) within the system.

[0015] According to a fourth aspect of the invention, in
the third aspect, the hermetic two-stage compressor may
further include a gas heat exchanger that heats gas (in-
jection gas) introduced into the housing by heat of the oll
pot.

[0016] Gas, which is compressed by the high-stage
side compression chamber, is discharged from the hous-
ing, and is introduced to the oil separator, is at a high
temperature. Therefore, oil contained in gas is also at a
high temperature. Thus, oil having a high temperature is
introduced from the oil separator into the oil pot by the
oil return section. Therefore, the oil pot can be heated.
[0017] Here, heat exchange is performed by the gas
heat exchanger between the heated oil pot and gas (in-
jection gas) which is directly introduced into the housing.
Therefore, it is possible to inject gas into the housing in
a state where gas is heated. Therefore, it is possible to
suppress that a liquid refrigerant is injected due to the
lack of heating and to improve reliability of the compres-
Sor.

[0018] According to a fifth aspect of the invention, in
the third or fourth aspect, the hermetic two-stage com-
pressor may further include an accumulator that sepa-
rates a liquid phase from gas and supplies a gas phase
to the low-stage side compression chamber, and an ac-
cumulator heat exchanger that heats the accumulator by
heat of the oil pot.

[0019] Gas, which is compressed by the high-stage
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side compression chamber, is discharged from the hous-
ing, and is introduced into the oil separator, is at a high
temperature. Therefore, oil contained in gas is also at a
high temperature. Thus, oil having a high temperature is
introduced from the oil separator into the oil pot by the
oil return section. Therefore, the oil pot can be heated.
[0020] Here, heatexchange is performed by the accu-
mulator heat exchanger between the heated oil pot and
the accumulator. Therefore, it is possible to heat gas in
advance by the accumulator before supplying gas to the
low-stage side compression chamber.

[0021] Thus, it is possible to suppress suction of the
liquid refrigerant and to improve reliability of the com-
pressor.

[0022] According to a sixth aspect of the hermetic two-
stage compressor of the invention, in the fifth aspect, the
accumulator may be disposed in the vicinity of the oil pot.
[0023] Itis possible to share a bracket for attaching the
oil pot to the housing and a bracket for attaching the ac-
cumulator to the housing by disposing the accumulator
and the oil pot at such positions. Therefore, it is possible
to simplify the manufacture of the hermetic two-stage
compressor and to reduce the cost.

[0024] According to a seventh aspect of the invention,
in any one of the first to sixth aspects, the hermetic two-
stage compressor may further include a connection pipe
thatis provided in the oil pot and is connected to a position
of the oil reservoir in the housing. An inside of the oil pot
may be connected to the inside of the housing at the
position of the oil reservoir. A sensor attachment section
that is provided with a temperature sensor for measuring
a temperature of oil may be provided on an outer periph-
eral surface of the connection pipe.

[0025] As described above, it is possible to dispose
the temperature sensor on the outer peripheral surface
of the connection pipe of which a thickness dimension is
smaller than that of a wall surface of the housing by pro-
viding the sensor attachment section in the coordinate
position. Therefore, it is possible to measure the temper-
ature of oil of the oil reservoir by the temperature sensor
by disposing the temperature sensor at a position closer
to oil in the oil reservoirin the housing. Thus, it is possible
to improve measurement accuracy of the temperature of
the oil of the oil reservoir.

[0026] According to an eighth aspect of the invention,
in any one of the first to seventh aspects, the hermetic
two-stage compressor may further includes a liquid sur-
face sensor that is provided in the oil pot and measures
a height of a liquid surface of oil within the oil pot.
[0027] Itis possible to indirectly measure the liquid sur-
face position of the oil reservoir of the housing which is
equal level to the liquid surface position within the oil pot
by measuring the liquid surface position within the oil pot
by such a liquid surface sensor. Thus, It is possible to
easily adjust the oil amount on the inside of the housing
so as not to be insufficient in the oil amount and to avoid
the lack of the oil amount on the inside of the housing by
adjusting the oil amount within the oil pot based on a
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measurement result of the liquid surface sensor.

[0028] According to a ninth aspect of the present in-
vention, there is provided a compressor system including
the hermetic two-stage compressor according to any one
of the aspects 1 to 8; and an oil equalizing pipe that con-
nects between the oil pots in each hermetic two-stage
compressor.

[0029] In such a compressor system, it is possible to
always supply oil from the oil pot to the inside of the hous-
ing by providing the hermetic two-stage compressor and
to easily adjust the oilamount on the inside of the housing
by adjusting the oil amount within the oil pot. Therefore,
it is possible to avoid the lack of the oil amount on the
inside of the housing.

[0030] Furthermore, the oil equalizing pipes allow oil
to be delivered between the oil pots in a plurality of her-
metic two-stage compressors. Thus, itis possible to elim-
inate the lack of the oil amount on the inside of the housing
in an entirety of the compressor system and to improve
reliability of the compressor system.

[0031] Furthermore, the oil equalizing pipe is connect-
ed to the oil pot and can supply oil to the inside of the
housing via the oil pot. Therefore, as compared to a case
where the oil equalizing pipe is directly connected to the
housing and oil is directly supplied from the oil equalizing
pipe to the inside of the housing, itis possible to suppress
that oil supplied to the inside of the housing is rolled up
by the flow of gas on the inside of the housing when
supplying oil. Therefore, it is possible to avoid that rolled
up oil passes through the high-stage side compression
chamber and is discharged to the outside of the housing.
As a result, it is possible to reduce the oil circulation
amount (OC%) within the system.

[0032] According to the hermetic two-stage compres-
sor and the compressor system described above, it is
possible to increase a holding amount of oil within the
housing while avoiding an increase in size and in weight
by providing the oil pot described above.

BRIEF DESCRIPTION OF THE DRAWINGS
[0033]

FIG. 1is an entire schematic view illustrating a com-
pressor system according to an embodiment of the
invention.

FIG. 2 is a vertical sectional view illustrating a her-
metic two-stage compressor of the compressor sys-
tem according to the embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0034] Hereinafter, a compressor system 1 in an em-
bodiment of the invention will be described.

[0035] As illustrated in FIG. 1, the compressor system
1 includes a plurality of hermetic two-stage compressors
2 (hereinafter, referred to as the two-stage compressor
2) and oil equalizing pipes 3 connecting the two-stage

10

15

20

25

30

35

40

45

50

55

compressors 2.

[0036] As illustrated in FIG. 2, each of the two-stage
compressors 2 compresses a refrigerant R that is, for
example, gas such as carbon dioxide. The two-stage
compressor 2includes a housing 11, a rotary compressor
(low-stage side compression chamber) 12, a scroll com-
pressor (high-stage side compression chamber) 13, an
electric motor 14, and a rotation shaft 15 which are pro-
vided on an inside of the housing 11, and an accumulator
16 and an oil pot 17 which are provided on an outside of
the housing 11.

[0037] The housing 11 includes a body section 23 hav-
ing a cylindrical shape, and an upper lid section 22 and
a lower lid section 24 which seal upper and lower open-
ings of the body section 23. Thus, the housing 11 seals
a space on the inside thereof.

[0038] The rotation shaft 15 is supported by an upper
bearing 31 provided at an upper portion on the inside of
the housing 11 and lower bearings 32A and 32B provided
at a lower portion on the inside of the housing 11, and is
rotatable with respect to the housing 11 around an axis
X. A discharge cover 60, which is fixed to a fixed scroll
51 by a bolt 70, is provided at an upper portion of the
scroll compressor 13 and an inside of the discharge cover
60 is sealed with respect to an internal space of the hous-
ing 11. Here, the internal space of the housing 11 is an
intermediate pressure space MC and the internal space
of the discharge cover 60 is a discharge space DC.
[0039] The electric motor 14 is disposed on an outer
periphery side of the rotation shaft 15 within the interme-
diate pressure space MC in the housing 11 and rotates
the rotation shaft 15 around the axis X. Thatis, the electric
motor 14 has a rotor 38 that is fixed to an outer peripheral
surface of the rotation shaft 15 and a stator 39 that is
fixed to an inner peripheral surface of the body section
23 of the housing 11 to face an outer peripheral surface
of the rotor 38 in a radial direction. The electric motor 14
is connected to power supply (not illustrated) and the
rotation shaft 15 is rotated by power from the power sup-
ply.

[0040] The rotary compressor 12 is disposed at a po-
sition adjacent to the lower lid section 24 below the elec-
tric motor 14 on the inside of the housing 11. The rotary
compressor 12 includes an eccentric shaft section 41
that is provided in the rotation shaft 15, a piston rotor 42
that is fixed to the eccentric shaft section 41 and is ec-
centrically rotated with respect to the axis X in accord-
ance with the rotation of the rotation shaft 15, and a cyl-
inder 44 in which a compression chamber C1 for accom-
modating the piston rotor 42 is formed on an inside there-
of.

[0041] The cylinder 44 is formed with a suction hole
44a through which the refrigerant R is capable of flowing
into the inside. The suction hole 44a is connected to a
suction pipe 33 penetrating the body section 23 of the
housing 11 and the refrigerant R is supplied from the
outside of the housing 11 through the suction pipe 33. In
addition, the cylinder 44 is formed with a discharge hole
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(not illustrated) and the refrigerant R, which is com-
pressed by the rotary compressor 12, is discharged from
the discharge hole to the intermediate pressure space
MC of the housing 11.

[0042] Here, the lower bearings 32A and 32B are dis-
posed so as to pinch the rotary compressor 12 from
above and below in the axis X, and is fixed to the cylinder
44 with a bolt 48.

[0043] Oil Ais stored ata bottom portion of the housing
11 and an oil reservoir O1 is provided. A liquid surface
of the oil reservoir O1 during initially sealing of the oil A
is positioned above the rotary compressor 12. Therefore,
the rotary compressor 12 is driven in the oil reservoir O1.
[0044] The scrollcompressor 13 is disposed above the
electric motor 14 on the inside of the housing 11. The
scroll compressor 13 includes the fixed scroll 51 that is
fixed to the upper bearing 31 and a turning scroll 57 that
is disposed below the fixed scroll 51 to face the fixed
scroll 51.

[0045] The fixed scroll 51 has an end plate 52 that is
fixed to an upper surface of the upper bearing 31 and a
fixed wrap 53 that protrudes below from the end plate
52. A discharge hole 52a vertically penetrating is formed
at a center portion (vicinity of the axis X) of the end plate
52.

[0046] The turning scroll 57 has an end plate 58 that
is disposed so as to be pinched by the upper bearing 31
and the end plate 52 of the fixed scroll 51 in a direction
of the axis X, and is fixed to the rotation shaft 15, and a
turning wrap 59 that protrudes above from the end plate
58.

[0047] The end plate 58 is fixed to an eccentric shaft
section 56 provided at an upper end of the rotation shaft
15 and is eccentrically rotated with respect to the axis X
in accordance with the rotation of the rotation shaft 15.
[0048] The turning wrap 59 is formed with a compres-
sion chamber C2 that compresses the refrigerant R be-
tween the fixed wrap 53 and the compression chamber
C2 by meshing with the fixed wrap 53.

[0049] Here, the fixed scroll 51 is formed with a suction
hole (not illustrated) for sucking the refrigerant R which
is compressed by the rotary compressor 12 and is dis-
charged within the intermediate pressure space MC of
the housing 11 within the compression chamber C2. The
refrigerant R, which is compressed by the compression
chamber C2, is discharged from a discharge pipe 34 that
penetrates the housing 11 and is opened to the discharge
space DC to the outside of the housing 11 through the
discharge hole 52a of the fixed scroll 51 and through the
discharge space DC within the discharge cover 60.
[0050] The accumulator 16 is disposed on the outside
of the housing 11 and is fixed to the outer peripheral
surface of the body section 23 of the housing 11 via a
bracket 37a. The accumulator 16 separates a liquid
phase from the refrigerant R and supplies a gas phase
of the refrigerant R to the rotary compressor 12 through
the suction pipe 33.

[0051] The oil pot 17 is disposed on the outside of the
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housing 11 and is fixed to the outer peripheral surface of
the body section 23 of the housing 11 via a bracket 37b.
The oil pot 17 includes a cylindrical pot body section 61,
and a pot upper lid section 62 and a pot lower lid section
63 which seal upper and lower openings of the pot body
section 61 and are provided to be mountable and de-
mountable with respect to the body section 23. Therefore,
the oil pot 17 is formed with an oil reservoir 02 for storing
the oil A on the inside. The oil pot 17 may be provided
with an oil supply source (not illustrated) for supplying
the oil A from the outside of the compressor system 1.
[0052] Inaddition, the oil pot 17 is provided with alower
connection pipe 67 that connects a lower end portion of
the pot lower lid section 63 and a lower end portion of
the lower lid section 24 of the housing 11. The lower
connection pipe 67 is opened in the oil reservoir 02 of
the lower portion of the inside of the oil pot 17 and in the
oil reservoir O1 of the inside of the housing 11, and is
disposed below the liquid surfaces of the oil reservoirs
01 and 02.

[0053] In addition, a sensor attachment section 69 is
provided on an outer peripheral surface of the lower con-
nection pipe 67 so as to mountably and demountably
attach a temperature sensor 81 for measuring a temper-
ature. The sensor attachment section 69 may be provid-
ed in the lower connection pipe 67 close to the housing
11. The temperature sensor 81 measures a temperature
on the outer peripheral surface of the lower connection
pipe 67 and indirectly measures a temperature of the oil
A of the oil reservoir O1 within the housing 11.

[0054] Furthermore, the oil pot 17 is provided with an
upper connection pipe 68 that connects an upper end
portion of the potupperlid section 62 and the body section
23 of the housing 11. The upper connection pipe 68 is
opened to an upper portion of the oil reservoir 02 on the
inside of the oil pot 17 and the intermediate pressure
space MC above the oil reservoir O1 on the inside of the
housing 11.

[0055] Here, in the embodiment, the oil pot 17 is pro-
vided to be connected to an oil dropping pipe (oil dropping
section) 72. The oil dropping pipe 72 connects the upper
end portion of the oil pot 17 and a position corresponding
to the scroll compressor 13 in the housing 11, and is
capable of introducing the oil A from the scroll compres-
sor 13 into the oil pot 17. Here, the upper bearing 31 is
formed with a bearing flow path 31a that penetrates in
the radial direction and is opened to the inside of the
housing 11 at a position in which the turning scroll 57 is
fixed to the eccentric shaft section 56 in the axis X direc-
tion. Furthermore, the housing 11 is formed with a drop-
ping pipe opening 36 which allows the bearing flow path
31a to communicate with the outside of the housing 11.
The oil dropping pipe 72 is inserted into the bearing flow
path 31a and the dropping pipe opening 36 thereby being
connected to the housing 11.

[0056] Furthermore, in the embodiment, the discharge
pipe 34 is provided with an oil separator 71. The oil sep-
arator 71 separates the oil A from the refrigerant R dis-
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charged from the discharge pipe 34.

[0057] The oil pot 17 is provided with an oil return pipe
(oil return section) 73 that connects the oil separator 71
and the oil pot 17.

[0058] The oil return pipe 73 is capable of introducing
the oil A separated by the oil separator 71 into the oil pot
17. The oil return pipe 73 is opened to the inside of the
oil pot 17 above from the liquid surface of the oil reservoir
02 within the oil pot 17.

[0059] Furthermore, in the embodiment, the oil pot 17
is provided with a refrigerant heat exchanger (gas heat
exchanger) 74 for heating a refrigerant R1 (injection re-
frigerant) blown into the housing 11 by heat of the oil pot
17. Here, the housing 11 is provided with a blowing pipe
35 provided so as to penetrate inside and outside.
[0060] Forexample, the refrigerant heat exchanger 74
circulates a fluid F between a wall surface of the oil pot
17 and a refrigerant supply source 75 connected to the
blowing pipe 35 thereby heating the refrigerant R1 blow-
ing from the oil pot 17 and the blowing pipe 35 to the
scroll compressor 13.

[0061] Furthermore, in the embodiment, the oil pot 17
is provided with an accumulator heat exchanger 77 for
heating the accumulator 16 by heat of the oil pot 17. The
accumulator heat exchanger 77 circulates, for example,
the fluid F between the wall surface of the oil pot 17 and
the wall surface of the accumulator 16 thereby heating
the accumulator 16.

[0062] Furthermore, in the embodiment, a liquid sur-
face sensor 82, which is capable of measuring a height
position of the liquid surface of the oil reservoir 02 within
the oil pot 17, is provided on the wall surface of the oil
pot 17. The liquid surface sensor 82 has a pair of meas-
urement sections 82a and 82b which is provided to be
separated from each other vertically on the wall surface
of the oil pot 17. Therefore, the liquid surface sensor 82
issues a signal when the liquid surface position reaches
the upper measurement section 82a and issues a signal
when the liquid surface position is lower than the lower
measurement section 82b. Therefore, it is possible to
maintain the liquid surface position of the oil A between
a pair of measurement sections 82a and 82b.

[0063] As illustrated in FIG. 1, the oil equalizing pipe 3
is connected to the wall surface of the oil pot 17 in each
two-stage compressor 2 between a pair of measurement
sections 82a and 82b in the liquid surface sensor 82, and
is opened to the inside of the oil pot 17 at the position.
The oil equalizing pipe 3 causes the oil pots 17 of adjacent
two-stage compressors 2 to communicate with each oth-
er.

[0064] Here, an opening position of the oil equalizing
pipe 3 may be positioned above from the liquid surface
position of the oil reservoir O1 during initial sealing of the
oil A into the oil pot 17.

[0065] The compressor system 1 of the embodiment
described above is provided with the oil pot 17 commu-
nicating with the inside of the housing 11 of each two-
stage compressor 2. Therefore, it is possible to always
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supply the oil A to the inside of the housing 11. Inaddition,
since the oil pot 17 connected to inside of the housing
11 above the oil reservoir O1, it is possible to maintain
the liquid surface position of the oil reservoir 02 within
the oil pot 17 and the lower surface portion of the oil
reservoir O1 of the housing 11 at the same level. There-
fore, It is possible to easily adjust the amount of the oil
A on the inside of the housing 11 and to avoid the lack
of the oil amount on the inside of the housing 11 by ad-
justing the amount of the oil A within the oil pot 17.
[0066] Therefore, it is not necessary to increase the
size of the housing 11 in order to solve the lack of the oil
amount by providing the oil pot 17 in the compressor
system 1. Therefore, it is not necessary to increase a
thickness of the housing 11 accordingly. Thus, it is pos-
sible to increase a holding amount of the oil A within the
housing 11 while avoiding an increase in size and in
weight of the two-stage compressor 2.

[0067] Furthermore, in the embodiment, the upper
connection pipe 68 is opened to the intermediate pres-
sure space MC in which the refrigerant R of an interme-
diate pressure after being compressed by the rotary com-
pressor 12. Therefore, the oil A discharged from the ro-
tary compressor 12 can effectively flow into the oil pot
17. Therefore, in a state where the amount of the oil A in
the refrigerant R is reduced, when supplying the refrig-
erant R to the scroll compressor 13, it is possible to re-
duce the amount of the oil A in the refrigerant R dis-
charged from the scroll compressor 13. As a result, it is
possible to further increase the holding amount of the oil
A within the housing 11.

[0068] In addition, it is possible to introduce the oil A
used for lubrication in the scroll compressor 13 into the
oil pot 17 by providing the oil dropping pipe 72 in the oil
pot 17. Therefore, it is possible to reduce the oil A that
flows out to the outside of the housing 11 together with
the refrigerant R disposed from the housing 11 through
the discharge pipe 34 and it is possible to further avoid
the lack of the oil amount on the inside of the housing 11.
[0069] Furthermore, the oil dropping pipe 72 is con-
nected to the oil pot 17 and can return the oil A from the
oil dropping pipe 72 to the inside of the housing 11 via
the oil pot 17. Therefore, as compared to a case where
the oil dropping pipe 72 is directly attached to the housing
11 and the oil A is returned to the inside of the housing
11, itis possible to suppress rolled-up of the oil Areturned
totheinside ofthe housing 11 by the flow of the refrigerant
Rontheinside ofthe housing 11 when the oil Ais returned
to the inside of the housing 11. Therefore, it is possible
to avoid that the rolled-up oil A passes through the scroll
compressor 13 and is discharged to the outside of the
housing 11. As a result, it is possible to reduce the oil
circulation amount (OC%) within the system.

[0070] In addition, itis possible to return the oil A flow-
ing out to the outside of the housing 11 via the oil sepa-
rator 71 and the oil return pipe 73 together with the re-
frigerant R, which is compressed by the scroll compres-
sor 13 and is discharged from the housing 11, to the oil
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pot 17 by providing the oil return pipe 73 in the oil pot 17.
Therefore, it is possible to further avoid the lack of the oil
amount on the inside of the housing 11.

[0071] Furthermore, it is possible to return the oil A
from the oil return pipe 73 to the inside of the housing 11
viathe oil pot 17. Therefore, as compared to a case where
the oil return pipe 73 is directly attached to the housing
11 and the oil A is returned to the inside of the housing
11, it is possible to suppress that the oil A, which is re-
turned to the inside of the housing 11 by the flow of the
refrigerant R on the inside of the housing 11, is rolled up
when the oil A is returned from the oil pot 17 to the inside
of the housing 11. Therefore, it is possible to reduce the
oil circulation amount (OC%) within the system by reduc-
ing the amount of the oil A discharged from the housing
11 to the outside. Furthermore, since a thickness of the
oil pot 17 is thinner than that of the housing 11, it is pos-
sible to easily install the oil return pipe 73. Therefore, it
is possible to suppress the manufacturing cost.

[0072] In addition, the refrigerant R, which is com-
pressed by the scroll compressor 13, is discharged from
the housing 11, and is introduced into the oil separator
71, is at a high temperature. Therefore, the oil A con-
tained in the refrigerant R is also at a high temperature.
Therefore, it is possible to heat the oil pot 17 by introduc-
ing the oil A having a high temperature from the oil sep-
arator 71 to the oil pot 17 by the oil return pipe 73.
[0073] Therefore, it is possible to blow the refrigerant
R1 into the housing 11 in a state where the refrigerant
R1 is heated by performing heat exchange by, for exam-
ple, the fluid F between the heated oil pot 17 and the
refrigerant R1 (injection refrigerant) blown into the hous-
ing 11 by the refrigerant heat exchanger 74. Therefore,
it is possible to suppress that the liquid refrigerant is in-
jected by the lack of heating and it is possible to improve
reliability of the two-stage compressor 2.

[0074] Furthermore, heat exchange is performed be-
tween the heated oil pot 17 and the accumulator 16, for
example, by the fluid F by the accumulator heat exchang-
er 77. Therefore, it is possible to heat the refrigerant R
in advance by the accumulator 16 before supplying the
refrigerant R to the rotary compressor 12. Therefore, it
is possible to suppress that the liquid refrigerant is sucked
and it is possible to improve reliability of the two-stage
compressor 2.

[0075] In addition, it is possible to install the tempera-
ture sensor 81 on the outer peripheral surface of the lower
connection pipe 67 of which the thickness dimension is
thinner than that of the wall surface of the housing 11 by
providing the sensor attachment section 69 in the lower
connection pipe 67. Therefore, it is possible to install the
temperature sensor 81 at a position closer to the oil A of
the oil reservoir O1 and to measure the temperature by
the temperature sensor 81. Thus, itis possible toimprove
the measurement accuracy of the temperature of the oil
A.

[0076] In addition, it is possible to indirectly measure
the liquid surface position of the oil reservoir O1 of the
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housing 11 which is the same level as the liquid surface
position within the oil pot 17 by measuring the liquid sur-
face position of the oil reservoir 02 within the oil pot 17
by the liquid surface sensor 82. Therefore, it is possible
to easily adjust the amount of the oil A on the inside of
the housing 11 and to avoid the lack of the oil amount on
the inside of the housing 11 by adjusting the amount of
the oil A within the oil pot 17 based on a measurement
result of the liquid surface sensor 82.

[0077] In addition, the oil equalizing pipe 3 is capable
of delivering the oil A between the oil pots 17 in the plu-
rality of two-stage compressors 2. That is, when the
amount of the oil A within the oil pot 17 of one two-stage
compressor 2 and is increased until the liquid surface
exceeds the position of the oil equalizing pipe 3, itis pos-
sible to introduce the oil A to the oil pot 17 in another two-
stage compressor 2 connected to the oil equalizing pipe
3. Therefore, it is possible to avoid that the lack of the oil
amountin the oil pot 17 of any one two-stage compressor
2 in the compressor system 1. As a result, it is possible
to avoid that the lack of the oil amount occurs within the
housing 11 of any one two-stage compressor 2. There-
fore, it is possible to solve the lack of the oil amount on
the inside of the housing 11 and to improve reliability of
the compressor system 1 in the entirety of the compres-
sor system 1.

[0078] Furthermore, since it is possible using the oil
equalizing pipe 3 to supply the oil A to the inside of the
housing 11 through the oil pot 17, as compared to a case
where the oil equalizing pipe 3 is directly attached to the
housing 11, itis possible to suppress that the oil A, which
is returned to the inside of the housing 11 by the flow of
the refrigerant R on the inside of the housing 11, is rolled
up by the oil equalizing pipe 3 when the oil A is returned
from the oil pot 17 to the inside of the housing 11. There-
fore, it is possible to suppress that the rolled-up oil A
passes through the scroll compressor 13 and is dis-
charged to the outside of the housing 11. As a result, it
is possible to reduce an oil circulation amount (OC%)
within a system. Furthermore, since the thickness of the
oil pot 17 is thinner than that of the housing 11, it is pos-
sible to easily install the oil equalizing pipe 3. Therefore,
it is possible to suppress the manufacturing cost.
[0079] Although the embodiments of the invention is
described in detail with reference to the drawings, each
configuration in each embodiment and combinations
thereof, and the like are merely examples and additions,
omissions, replacements, and other changes of config-
urations may be made without departing from the spirit
of the invention. In addition, the invention is not limited
to the embodiments but is limited by the claims.

[0080] For example, the oil pot 17 may be disposed
adjacent to the accumulator 16. Therefore, it is possible
to share the bracket 37b for attaching the oil pot 17 to
the housing 11 and the bracket 37a for attaching the ac-
cumulator 16 to the housing 11. Therefore, it is possible
to simplify the manufacture of the two-stage compressor
2 and to reduce the cost.
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[0081] Furthermore, the oil dropping pipe 72, the oil
return pipe 73, the refrigerant heat exchanger 74, the
accumulator heat exchanger 77, the sensor attachment
section 69 of the temperature sensor 81, and the liquid
surface sensor 82 are not necessarily provided.

[0082] Inaddition,therotary compressor 12is provided
as the low-stage side compression chamber and the
scroll compressor 13 is provided as the high-stage side
compression chamber within the housing 11, but the in-
ventionis not limited thereto. For example, the scroll com-
pressor 13 may be provided as the low-stage side com-
pression chamber and the rotary compressor 12 may be
used as the high-stage side compression chamber. In
addition, the scroll compressor 13 may be provided on
both the low-stage side and the high-stage side, or the
rotary compressor 12 may be provided on both the low-
stage side and the high-stage side. Furthermore, a com-
pressor other than the scroll compressor 13 and the ro-
tary compressor 12 may be provided.

[0083] While preferred embodiments of the invention
have been described and illustrated above, it should be
understood that these are exemplary of the invention and
are not to be considered as limiting. Additions, omissions,
substitutions, and other modifications can be made with-
out departing from the scope of the present invention.
Accordingly, the invention is not to be considered as be-
ing limited by the foregoing description, and is only limited
by the scope of the appended claims.

EXPLANATION OF REFERENCES

[0084]

1 compressor system

2 hermetic two-stage compressor

3 oil equalizing pipe

11 housing

12 rotary compressor (low-stage side com-
pression chamber)

13 scroll compressor (high-stage side com-
pression chamber)

14 electric motor

15 rotation shaft

16 accumulator

17 oil pot

22 upper lid section

23 body section

24 lower lid section

31 upper bearing

31a bearing flow path

32A,32B lower bearing

33 suction pipe

34 discharge pipe

35 blowing pipe

36 dropping pipe opening

37a bracket

37b bracket

38 rotor
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39
41
42
44
44a
48
51
52
52a
53
56
57
58
59
60
61
62
63
67
68
69
70
71
72
73
74

75
77
81
82
82a, 82b
C1
C2
MC
DC
o1
02

Claims
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stator

eccentric shaft section
piston rotor

cylinder

suction hole

bolt

fixed scroll

end plate

discharge hole

fixed wrap

eccentric shaft section
turning scroll

end plate

turning wrap

discharge cover

pot body section

pot upper lid section

pot lower lid section

lower connection pipe

upper connection pipe
sensor attachment section
bolt

oil separator

oil dropping pipe (oil dropping section)
oil return pipe (oil return section)
refrigerant heat exchanger (gas heat ex-
changer)

refrigerant supply source
accumulator heat exchanger
temperature sensor

liquid surface sensor
measurement section
compression chamber
compression chamber
intermediate pressure space
discharge space

oil reservoir

oil reservoir

fluid

refrigerant

refrigerant

oil

axis

1. A hermetic two-stage compressor (2) comprising:

a housing (11) that has oil reservoir (O1) at the
bottom of housing on an inside thereof;
alow-stage side compression chamber (12) that
compresses gas on the inside of the housing;
a high-stage side compression chamber (13)
that is disposed above the low-stage side com-
pression chamber and further compresses gas
discharged from the low-stage side compres-
sion chamber on the inside of the housing; and
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an oil pot (17) that is connected to the inside of
the housing (11) at a position of the oil reservoir
(O1) and above the position of the oil reservoir,
stores oil, and supplies oil to the inside of the
housing.

2. The hermetic two-stage compressor according to

claim 1, further comprising:

an oil dropping section (72) that is provided in
the oil pot (17), connects the oil pot and a posi-
tion corresponding to the high-stage side com-
pression chamber (13) in the housing (11), and
is capable of introducing oil from the high-stage
side compression chamber (13) into the oil pot
(17).

3. The hermetic two-stage compressor according to

claim 1 or 2, further comprising:

an oil separator (71) that separates oil from gas
discharged from the high-stage side compres-
sion chamber (13), and

an oil return section (73) that connects the oil
separator (71) and the oil pot (17), and is capable
of introducing oil from the oil separator into the
oil pot.

The hermetic two-stage compressor according to
claim 3, further comprising:

a gas heat exchanger (74) that heats gas intro-
duced into the housing by heat of the oil pot (17).

The hermetic two-stage compressor according to
claim 3 or 4, further comprising:

an accumulator (16) that separates a liquid
phase from gas and supplies a gas phase to the
low-stage side compression chamber (12), and
an accumulator heat exchanger (77) that heats
the accumulator by heat of the oil pot.

The hermetic two-stage compressor according to
claim 5, wherein the accumulator (16) is disposed in
the vicinity of the oil pot (17).

The hermetic two-stage compressor according to
any one of claims 1 to 6, further comprising:

a connection pipe (67) that is provided in the oil
pot and is connected to a position of the oil res-
ervoir (O1) in the housing (11),

wherein an inside of the oil pot (17) is connected
to inside of the housing (11) at the position of
the oil reservoir (O1), and

wherein a sensor attachment section (69) that
is provided with a temperature sensor (81) for
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9.

measuring a temperature of oil is provided on
an outer peripheral surface of the connection
pipe (67).

The hermetic two-stage compressor according to
any one of claims 1 to 7, further comprising:

a fluid level sensor (82) that is provided in the
oil pot (17) and measures a height of a fluid level
of oil within the oil pot.

A compressor system comprising:

a plurality of hermetic two-stage compressors
(2) according to any one of claims 1 to 8; and
apipe (3) that connects between the oil pots (17)
in each hermetic two-stage compressor to
equalize oil level of compressors.



EP 3 273 061 A1

g £
w §
zl L9 AL zl L9
7. 7
A m 7w Ma
£e jﬁ £€ ﬁ £¢ il
e ) =i S & ==
\wﬂ \wf ﬁ L3
T “n -+~ ” Aw 1o | Aw
o € o g, O | §L
7l = | ) yl— NI
| f/: S~
, 89 =TI 89 T 89
| —~—11 —~11 I ~ 11
mm\ﬂn\ mm\wn mm\ﬂ\
el gl £l
v V' v
ve h vE w ve ﬂ

10



EP 3 273 061 A1

1"

01(A)

~l

AN




10

15

20

25

30

35

40

45

50

55

9

Européisches
Patentamt

European
Patent Office

Office européen

EP 3 273 061 A1

EUROPEAN SEARCH REPORT

Application Number

des brevets

[

EPO FORM 1503 03.82 (P04C01)

EP 17 16 3713

DOCUMENTS CONSIDERED TO BE RELEVANT

Category Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
of relevant passages to claim APPLICATION (IPC)
X EP 1 443 286 Al (TOSHIBA CARRIER CORP 1,3,6-9 | INV.
[JP]) 4 August 2004 (2004-08-04) FO4C23/00
Y * paragraph [0008] - paragraph [0012]; 4,5 F04C29/02
figure 1 * FO4C18/02
----- FO4C18/356
X US 2002/106295 Al (ELSON JOHN P [US] ET 1,3,7-9 | FO4C29/12
AL) 8 August 2002 (2002-08-08)
* paragraph [0022]; figures 1,4 *
Y EP 2 123 996 Al (DAIKIN IND LTD [JP]) 4,5
25 November 2009 (2009-11-25)
* paragraph [0099] - paragraph [0101];
figure 5 *
A EP 2 050 966 A2 (MITSUBISHI HEAVY IND LTD [1-9
[JP]) 22 April 2009 (2009-04-22)
* the whole document *
A WO 2013/005568 Al (TOSHIBA CARRIER CORP 1-9

[JP]; HIRAYAMA TAKUYA [JP])
10 January 2013 (2013-01-10)
* the whole document *

The present search report has been drawn up for all claims

TECHNICAL FIELDS
SEARCHED (IPC)

Fo4C

Place of search

Munich

Date of completion of the search

21 September 2017

Examiner

Alquezar Getan, M

CATEGORY OF CITED DOCUMENTS

X : particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O : non-written disclosure

P : intermediate document

T : theory or principle underlying the invention

E : earlier patent document, but published on, or
after the filing date

D : document cited in the application

L : document cited for other reasons

& : member of the same patent family, corresponding
document

12




EP 3 273 061 A1

ANNEX TO THE EUROPEAN SEARCH REPORT

ON EUROPEAN PATENT APPLICATION NO. EP 17 16 3713

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

21-09-2017
Patent document Publication Patent family Publication
cited in search report date member(s) date
EP 1443286 Al 04-08-2004 CN 1571908 A 26-01-2005
EP 1443286 Al 04-08-2004
JP 4108957 B2 25-06-2008
JP 2003130474 A 08-05-2003
KR 20040039461 A 10-05-2004
WO 03036188 Al 01-05-2003
US 2002106295 Al 08-08-2002 CA 2437262 Al 22-08-2002
CN 1496446 A 12-05-2004
DE 60220247 T2 24-01-2008
EP 1358408 Al 05-11-2003
EP 1719913 A2 08-11-2006
JP 4057915 B2 05-03-2008
JP 2004530823 A 07-10-2004
KR 20030075179 A 22-09-2003
MX  PAO3006905 A 29-01-2004
US 2002106295 Al 08-08-2002
WO 02064981 Al 22-08-2002
EP 2123996 Al 25-11-2009 AU 2008222268 Al 12-09-2008
CN 101627265 A 13-061-2010
EP 2123996 Al 25-11-2009
JP 5103952 B2 19-12-2012
JP 2008224053 A 25-09-2008
KR 20090112711 A 28-10-2009
US 2010101268 Al 29-04-2010
WO 2008108055 Al 12-09-2008
EP 2050966 A2 22-04-2009 EP 2050966 A2 22-04-2009
JP 2009097486 A 07-05-2009
US 2009104062 Al 23-04-2009
WO 2013005568 Al 10-01-2613 CN 103635696 A 12-63-2014
JP 5905005 B2 20-04-2016
JP W02013005568 Al 23-02-2015
WO 2013005568 Al 10-01-2013

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

13




EP 3 273 061 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

«  JP 2009180107 A [0002] [0003]

14



	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

