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DESCRIPTION

TECHNICAL FIELD

[0001] This invention relates to an oil-cooled screw compressor system and an oil-cooled
SCrew compressor.

BACKGROUND

[0002] Oil-cooled screw compressors, configured to supply oil to a compressor main body for
the purpose of lubrication, cooling, and shaft sealing, are installed in factories for
manufacturing industrial products, chemical plants, oil refining plants, or the like to compress
various types of gas.

[0003] For example, an oil-cooled screw compressor, disclosed in Patent Document 1,
includes a housing in which a screw chamber, seal chambers positioned on both sides of the
screw chamber, and bearing chambers connected to the screw chamber via the seal
chambers, are defined.

[0004] A pair of male and female screw rotors are accommodated in the housing while being
in parallel with each other. The screw rotors each include a screw and shafts which coaxially
extend from both ends of the screw. The pair of screws are disposed in the screw chamber
while meshing each other, and form a compression chamber for compressing target gas.

[0005] In the housing, an intake port through which gas is drawn in from the outside and an
intake path through which the intake port communicates with the compression chamber are
formed. In the housing, a discharge port through which compressed gas is discharged to the
outside and a discharge path through which the discharge port communicates with the
compression chamber are formed.

[0006] The intake path is provided to communicate with the compression chamber through
one end side (intake side) of the compression chamber. The discharge path is provided to
communicate with the compression chamber through the other end side (discharge side) of the
compression chamber.

[0007] The shaft of the screw rotor is disposed in the seal chamber and the bearing chamber,
and is rotatably supported by a radial bearing, e.g., a slide bearing, disposed in the bearing
chamber. The shaft of the male screw rotor is coupled to an output shaft of a power source, or
a motor, disposed outside. The male screw rotor rotates upon receiving rotational force from
the power source.
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[0008] The female screw rotor rotates in synchronization with the rotation of the male screw
rotor. A series of processing including: a step of drawing gas into the compression chamber
through the intake path; a step of compressing the gas by reducing the capacity of the
compression chamber; and a step of discharging the gas from the compression chamber to
the discharge path, is repeated along with the rotation of the male and the female screw rotors.

[0009] A bearing lubricating fluid is supplied to the bearing of the oil-cooled screw
compressor. Thus, a supply port and a discharge port for the bearing lubricating fluid, as well
as a flow path for the bearing lubricating fluid through which the supply port and the discharge
port communicate with the bearing chamber, are formed in the housing.

[0010] A tooth surface lubricating fluid is supplied to the screw. Thus, a supply port for the
tooth surface lubricating fluid and a flow path for the tooth surface lubricating fluid through
which the supply port communicates with the screw chamber, are formed in the housing.

[0011] In first to third embodiments of Patent Document 1, systems for respectively supplying
the bearing lubricating fluid and the tooth surface lubricating fluid to an oil-supplying screw
compressor are separately provided. In the seal chamber of the screw compressor, a
mechanical seal as a shaft sealing member is disposed to surround the shaft. The bearing
lubricating fluid is supplied to the mechanical seal. The mechanical seal, supported by the
bearing lubricating fluid, seals a portion between the bearing chamber and the screw chamber.

[0012] Thus, in the first to the third embodiments of Patent Document 1, the bearing
lubricating fluid and the tooth surface lubricating fluid are isolated from each other by the shaft
sealing member. It is described in Patent Document 1 that, with this configuration, even when
the target gas is corrosive gas, the bearing lubricating fluid is almost completely prevented
from coming into contact with the target gas, whereby degradation of the bearing lubricating
fluid by the target gas is prevented, and thus, the bearing lifespan can be prevented from
being shortened. It is further described that, by using the bearing lubricating fluid as a seal
fluid, the target gas can surely be prevented from flowing into the bearing chamber.

[0013] In a fourth embodiment of Patent Document 1, a shaft sealing member, formed of a
plurality of carbon ring seals, connects between the screw chamber and the bearing chamber
of the oil-supplying screw compressor through a plurality of tiny gaps. The target gas
discharged from the screw compressor is partially supplied to a gas transfer chamber at an
intermediate portion of the shaft sealing member. It is described in Patent Document 1 that,
with this configuration, the amount of the target gas flowing into the bearing chamber through
the shaft sealing member is extremely small, whereby the bearing lubricating fluid is not
degraded and the direct corrosion of the bearing is prevented.

[0014] In Patent Document 2, an oil-free screw compressor in which no tooth surface
lubricating fluid is supplied to a screw is disclosed as a third embodiment. In the seal chamber
of the oil-free screw compressor, a shaft sealing member including a plurality of carbon ring
seals and a labyrinth seal are disposed. Inert gas is supplied to a gas transfer chamber at an
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intermediate portion of the shaft sealing member instead of process gas at a discharge
pressure. The seal chamber on the discharge side communicates with the intake port through
an inlet return line. The intake port communicates with an upper portion of an oil supply tank
which stores the bearing lubricating fluid, through a supply process gas communication line.

[0015] It is described in Patent Document 2 that, with this configuration, even when target gas
including a corrosive element is to be compressed, the target gas can be prevented from
coming into contact with the bearing, whereby an attempt to prevent the lubricant oil from
degrading is facilitated.

[0016] Documents US5228298 and US3975123 disclose valves in a flow path towards an
area between a seal device and a screw chamber. Document EP2306027 discloses a dry
screw compressor. Document EP2314874 discloses a non-lubricated screw compressor.

[0017] Besides, document EP0859154 discloses an oil-cooled screw compressor according to
the preamble of claim 1.

Citation List

Patent Literature

[0018]
Patent Document 1: Japanese Patent No. 4431184

Patent Document 2: Japanese Patent No. 4365443

SUMMARY

Technical Problem

[0019] In the oil-supplied screw compressors of the first to the third embodiments in Patent
Document 1, the target gas supplied to the screw chamber is in contact with the mechanical
seal, and thus the target gas might be mixed into the bearing lubricating fluid. Thus, when the
target gas includes a corrosive element, the corrosive element might be mixed into the bearing
lubricating fluid to reach the bearing to cause corrosion of the bearing.

[0020] In the screw compressor of the fourth embodiment of Patent Document 1, the high
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pressure target gas is supplied to the shaft sealing member on the discharge side including a
plurality of carbon ring seals. The supplied target gas flows into the bearing chamber on the
discharge side to reach the bearing. Thus, when the target gas includes the corrosive element,
the bearing on the discharge side might be corroded. The target gas supplied to the shaft
sealing member on the intake side including the plurality of carbon ring seal is depressurized
by an orifice. Still, the target gas flows into the bearing chamber on the intake side and reaches
the intake side and thus, when the target gas includes the corrosive element, the bearing on
the intake side might be corroded.

[0021] In the oil-free screw compressor of the third embodiment of Patent Document 2, the
inert gas is supplied to the gas transfer chamber at the intermediate portion of the shaft sealing
member instead of the high pressure target gas discharged from the oil-free screw
compressor. The pressure of the inert gas supplied to the gas transfer chamber is high. The
intake port communicates with the upper portion of the oil supply tank through the supply
process gas communication line. Thus, the pressure of the oil supplied to the bearing from the
oil supply tank is a result of incrementing the intake pressure by the amount of pressure raised
by the oil supply pump.

[0022] Thus, in the oil-free screw compressor of the third embodiment of Patent Document 2,
there is a large pressure difference between the inert gas supplied to the shaft sealing member
and the bearing lubricating fluid supplied to the bearing. As a result, a large amount of inert
gas leaks out from the shaft sealing member, and thus a large amount of inert gas is used. As
a result, the screw compressor is operated at a high cost.

[0023] Furthermore, in this configuration, the high pressure inert gas flows into the intake port
through the inlet return line. Thus, there is a problem that a large amount of power is
consumed in the screw compressor because the high pressure inert gas is drawn into the
screw compressor through the intake port, and thus the operation cost is high.

[0024] In the screw compressor of the fourth embodiment of Patent Document 1, the tiny gaps
to the rotor shaft are formed by the carbon rings as the bearing member. Thus, when the
target gas is no longer supplied to the bearing member after the screw compressor is stopped,
the bearing lubricating fluid flows into the screw chamber from the bearing chamber through
the gaps.

[0025] When the bearing lubricating fluid flows into the screw chamber in a case where the
bearing lubricating fluid and the tooth surface lubricating fluid are separately provided, the
amount of bearing lubricating fluid held in the bearing lubricating fluid supply system is
reduced. Thus, the bearing lubricating fluid needs to be additionally provided, and the screw
compressor is operated at a high cost. When the bearing lubricating fluid flows into the screw
chamber, the amount of fluid held in the tooth surface lubricating fluid supply system increases.
Thus, the amount of the fluid held in the tooth surface lubricating fluid supply system needs to
be adjusted. As a result, the screw compressor is operated at a high cost also in this case.
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[0026] In the oil-free screw compressor of Patent Document 2, the male and the female screw
rotors are synchronously rotated by a pair of timing gears coupled to the shafts of the male
and the female screw rotors, and not by the meshing between the screws as in the oil-cooled
screw compressor. In the oil-free screw compressor, a non-contact state where a gap is
provided in the meshing portion between the screws is achieved. Thus, the compression
efficiency is lower than that in the oil-cooled screw compressor, and a high rotation-high speed
motor is required as the power source.

[0027] In this regard, an object of this invention is to provide an oil-cooled screw compressor
system which can operate an oil-cooled screw compressor at a low cost while surely
preventing degradation of a bearing even when target gas includes a corrosive element, and
the oil-cooled screw compressor used in the system.

Solution to Problem

[0028] In order to achieve the object described above, at least one embodiment of this
invention provides an oil-cooled screw compressor system including: an oil-cooled screw
compressor; a tooth surface lubricating fluid supply system which supplies a tooth surface
lubricating fluid to the oil-cooled screw compressor; a bearing lubricating fluid supply system
which supplies a bearing lubricating fluid to the oil-cooled screw compressor, in addition to the
tooth surface lubricating fluid; and a separation gas supply system which supplies separation
gas different from target gas compressed by the oil-cooled screw compressor to the oil-cooled
screw compressor. The oil-cooled screw compressor includes: a housing in which a screw
chamber, seal chambers positioned on both sides of the screw chamber, bearing chambers
which communicates with the screw chamber via the seal chambers, a tooth surface lubricating
fluid flow path through which the tooth surface lubricating fluid is supplied to the screw
chamber, and a bearing lubricating fluid flow path through which the bearing lubricating fluid is
supplied to the bearing chambers, are defined; male and female screw rotors each including: a
screw which is disposed in the screw chamber and forms a compression chamber; and shafts
which coaxially extend from both ends of the screw to be disposed in the seal chambers and
the bearing chambers; a plurality of bearings which are disposed in the bearing chambers, and
rotatably support the respective shafts; and seal devices which are disposed in the respective
seal chambers, and each seal a circumference of a corresponding one of the shafts. The seal
devices each include: a first seal unit which is disposed on a side of the screw chamber in the
corresponding seal chamber; and a second seal unit which is disposed on a side of the bearing
unit in the seal chamber, the second seal unit and the first seal unit defining a separation gas
supply gap therebetween. The seal chambers include: a discharge side seal chamber which is
positioned on a discharge side of the compression chamber; and an intake side seal chamber
which is positioned on an intake side of the compression chamber. In the housing, a separation
gas supply path through which the separation gas is supplied into the separation gas supply
gap, and a pressure balancing path through which an area closer to the screw chamber than
the first seal unit in the discharge side seal chamber communicates with the compression
chamber at a pressure higher than an intake pressure of the target gas drawn into the oil-
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cooled screw compressor and lower than a discharge pressure of the target gas discharged
from the oil-cooled screw compressor, are defined in addition to the tooth surface lubricating
fluid flow path and the bearing lubricating fluid flow path. A check valve which restricts a flow of
a fluid in a direction from the screw chamber to the discharge side seal chamber is disposed in
the pressure balancing path.

[0029] In the oil-cooled screw compressor system of the at least one embodiment, the
separation gas supply gap is defined between the first seal unit and the second seal unit of the
seal device. When the oil-cooled screw compressor is under operation, the separation gas is
supplied to the separation gas supply gap. The separation gas thus supplied leaks out to the
screw chamber through the first seal unit. Thus, when the screw compressor is under
operation, the first seal unit prevents the target gas from flowing into the bearing chambers,
thereby preventing the target gas from coming into contact with the bearing lubricating fluid.
Thus, the degradation of the bearing can be surely prevented, even when the target gas
includes a corrosive element.

[0030] In this configuration, even when the high pressure target gas from the compression
chamber flows into the discharge side seal chamber, the target gas thus flowed in is returned
to the compression chamber through the pressure balancing path. Thus, the pressure of the
target gas in the area, in the discharge side seal chamber, closer to the screw chamber than
the first seal unit, is reduced. All things considered, the target gas is surely prevented from
passing through the first seal unit to leak out.

[0031] In this configuration, the target gas is returned to the compression chamber through
the pressure balancing path. Thus, the first seal unit prevents the target gas and the tooth
surface lubricating fluid from passing through in the directions from the screw chamber to the
bearing chambers, without raising the supply pressure of the separation gas supplied to the
discharge side seal chamber over the discharge pressure of the target gas discharged from
the oil-cooled screw compressor. Thus, the supply pressure of the separation gas can be set
to be lower than the discharge pressure, whereby a less amount of separation gas is
consumed.

[0032] In this configuration, the target gas which has flowed into the discharge side seal
chamber is returned to the compression chamber in a state of having a higher pressure than
the intake pressure, through the pressure balancing path. Thus, the degradation of the
efficiency of the oil-cooled screw compressor is prevented. As a result, the screw compressor
is operated at a low cost.

[0033] In the oil-cooled screw compressor system of the one embodiment, the housing
includes: a screw casing which defines the screw chamber; seal casings which are detachably
coupled to the screw casing and define the respective seal chambers and the pressure
balancing path; and bearing casings which are detachably coupled to the screw casing via the
respective seal casings, and define the respective bearing chambers.
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[0034] In this configuration, the seal casings are detachably coupled to the screw casing and
the bearing casings are detachably coupled to the screw casing via the seal casings. Because
the housing is thus formed of a plurality of separable casings, the oil cooled screw compressor
and the oil-cooled screw compressor which compresses the target gas including no corrosive
element can share the screw casing as well as the bearing casings. Thus, the components of
the oil-cooled screw compressor are highly versatile, and the cost of the oil-cooled screw
compressor system can be reduced.

[0035] In the oil-cooled screw compressor system of the one embodiment, the first seal unit
includes a first labyrinth seal, the second seal unit includes a second labyrinth seal, a first lip
seal, and a second lip seal which are arranged in this order from the separation gas supply
gap to the bearing chamber, the first lip seal restricts a flow of a fluid in a direction from the
screw chamber to the bearing chambers, and the second lip seal restricts a flow of a fluid in a
direction from the bearing chambers to the screw chamber.

[0036] In this configuration, the first lip seal restricts a flow of a fluid in directions from the
screw chamber to the bearing chambers. Thus, even when the separation gas is not supplied
when the oil-cooled screw compressor is stopped, the target gas is prevented from flowing into
the bearing chambers, and thus the corrosion of the bearings is prevented.

[0037] Furthermore, the second lip seal restricts a flow of a fluid in directions from the bearing
chambers to the screw chamber. Thus, even when the separation gas is not supplied when the
oil-cooled screw compressor is stopped, the bearing lubricating fluid is prevented from flowing
into the screw chamber, whereby the reduction of the bearing lubricating fluid is suppressed,
and thus the oil-cooled screw compressor can be operated at a low cost.

[0038] The oil-cooled screw compressor system of the one embodiment further includes a
control system which controls a supply pressure for the separation gas supplied to the oil-
cooled screw compressor. The control system controls the supply pressure for the separation
gas in such a manner that the supply pressure for the separation gas supplied to the oil-cooled
screw compressor becomes higher than the intake pressure and lower than the discharge
pressure.

[0039] In this configuration, the control is performed in such a manner that the supply
pressure of the separation gas becomes higher than the intake pressure and lower than the
discharge pressure. Thus, the consumption amount of the separation gas is small, and the oil-
cooled screw compressor can be operated at a low cost.

[0040] In the oil-cooled screw compressor system of the one embodiment, the control system
controls a supply pressure for the bearing lubricating fluid in such a manner that a return
pressure of the bearing lubricating fluid flowing out from the oil-cooled screw compressor
becomes equal to or higher than the intake pressure and lower than the supply pressure for
the separation gas.
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[0041] In this configuration, the control is performed in such a manner that the return pressure
of the bearing lubricating fluid becomes equal to or higher than the intake pressure and lower
than the supply pressure for the separation gas. Thus, the pressure difference between the
separation gas supply gap and the bearing chamber is kept small. Thus, the fluid is prevented
from flowing from the bearing chambers to the screw chamber with a small amount of
consumed separation gas. Thus, the oil-cooled screw compressor can be operated at a low
cost.

[0042] In the oil-cooled screw compressor system of the one embodiment, the bearing
lubricating fluid supply system includes a storage tank which stores the bearing lubricating fluid
at a storage pressure higher than the intake pressure. Gas of a same type as the separation
gas is used as pressurization gas with which a pressure in the storage tank rises up to the
storage pressure.

[0043] In this configuration, the gas of the same type as the separation gas is used as the
pressurization gas with which a pressure in the storage tank rises up to the storage pressure.
Thus, the supply pressure of the bearing lubricating fluid can be raised up to or over the intake
pressure with a simple configuration.

[0044] In the oil-cooled screw compressor system of the one embodiment, the control system
includes: an intake pressure sensor which detects the intake pressure; a control valve which is
able to adjust the supply pressure for the separation gas; and a control device which operates
the control valve in accordance with a detection result of the intake pressure sensor.

[0045] In this configuration, the supply pressure of the separation gas can be accurately
controlled with a simple configuration.

[0046] In the oil-cooled screw compressor system of the one embodiment, the oil-cooled
screw compressor further includes a capacity control device. The tooth surface lubricating fluid
supply system supplies a working fluid to the capacity control device, the working fluid being
part of the tooth surface lubricating fluid.

[0047] In this configuration, the tooth surface lubricating fluid is used as the working fluid for
the capacity control device. Thus, the target gas is prevented from being mixed into the
bearing lubricating fluid in the capacity control device. Thus, the corrosion of the bearing can
surely be prevented.

[0048] In order to achieve the object described above, at least one embodiment of this
invention provides an oil-cooled screw compressor including: a housing in which a screw
chamber, seal chambers positioned on both sides of the screw chamber, bearing chambers
which communicates with the screw chamber via the seal chambers, a tooth surface lubricating
fluid flow path through which a tooth surface lubricating fluid is supplied to the screw chamber,
and a bearing lubricating fluid flow path through which a bearing lubricating fluid is supplied to
the bearing chambers in addition to the tooth surface lubricating fluid flow path, are defined;
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male and female screw rotors each including: a screw which is disposed in the screw chamber;
and shafts which coaxially extend from both ends of the screw to be disposed in the seal
chambers and the bearing chambers; a plurality of bearings which are disposed in the bearing
chambers, and rotatably support the respective shafts; and seal devices which are disposed in
the respective seal chambers, and each seal a circumference of a corresponding one of the
shafts. The seal devices each include: a first seal unit which is disposed on a side of the screw
chamber in the seal chamber; and a second seal unit which is disposed on a side of the
bearing unit in the seal chamber, the second seal unit and the first seal unit defining a
separation gas supply gap therebetween. The seal chambers includes: a discharge side seal
chamber which is positioned on a discharge side of the compression chamber; and an intake
side seal chamber which is positioned on an intake side of the compression chamber. In the
housing, a separation gas supply path through which the separation gas is supplied into the
separation gas supply gap, and a pressure balancing path through which an area closer to the
screw chamber than the first seal unit in the discharge side seal chamber communicates with
the compression chamber at a pressure higher than an intake pressure of the target gas
drawn into the oil-cooled screw compressor and lower than a discharge pressure of the target
gas discharged from the oil-cooled screw compressor, are defined in addition to the tooth
surface lubricating fluid flow path and the bearing lubricating fluid flow path. A check valve
which restricts a flow of a fluid in a direction from the screw chamber to the discharge side seal
chamber is disposed in the pressure balancing path.

[0049] In the oil-cooled screw compressor of the at least one embodiment, the separation gas
supply gap is defined between the first seal unit and the second seal unit of the seal device.
When the oil-cooled screw compressor is under operation, the separation gas is supplied to
the separation gas supply gap. The separation gas thus supplied leaks out to the screw
chamber through the first seal unit. Thus, when the screw compressor is under operation, the
first seal unit prevents the target gas from flowing into the intake side bearing chamber and the
discharge side bearing chamber, thereby preventing the target gas from coming into contact
with the bearing lubricating fluid.

[0050] In this configuration, even when the high pressure target gas from the compression
chamber flows into the discharge side seal chamber, the target gas thus flowed in is returned
to the compression chamber through the pressure balancing path. Thus, the pressure of the
target gas in the area, in the discharge side seal chamber, closer to the screw chamber than
the first seal unit, is reduced. All things considered, the target gas is surely prevented from
passing through the first seal unit to leak out.

[0051] In this configuration, the target gas is returned to the compression chamber through
the pressure balancing path. Thus, the first seal unit prevents the target gas and the tooth
surface lubricating fluid from passing through in the direction from the screw chamber to the
intake side bearing chamber and the discharge side bearing chamber, without raising the
supply pressure of the separation gas supplied to the discharge side seal chamber over the
discharge pressure of the target gas discharged from the screw compressor. Thus, the supply
pressure of the separation gas can be set to be lower than the discharge pressure, whereby a
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less amount of separation gas is consumed.

[0052] In this configuration, the target gas which has flowed into the discharge side seal
chamber is returned to the compression chamber in a state of having a higher pressure than
the intake pressure, through the pressure balancing path. Thus, the degradation of the
efficiency of the oil-cooled screw compressor is prevented. As a result, the oil-cooled screw
compressor is operated at a low cost.

[0053] In the oil-cooled screw compressor of the one embodiment, the housing includes: a
screw casing which defines the screw chamber; seal casings which are detachably coupled to
the screw casing and define the respective seal chambers and the pressure balancing path;
and bearing casings which are detachably coupled to the screw casing via the respective seal
casings, and define the bearing chambers.

[0054] In this configuration, the seal casings are detachably coupled to the screw casing and
the bearing casings are detachably coupled to the screw casing via the seal casings. Thus, the
screw casing and the bearing casings which are the same as those used in the conventional
oil-cooled screw compressor can be used. Thus, the components of the oil-cooled screw
compressor are highly versatile, and the cost of the oil-cooled screw compressor can be
reduced.

[0055] In the oil-cooled screw compressor of the one embodiment, the first seal unit includes
a first labyrinth seal, the second seal unit includes a second labyrinth seal, a first lip seal, and a
second lip seal which are arranged in this order from the separation gas supply gap to the
bearing chambers. The first lip seal restricts a flow of a fluid in a direction from the screw
chamber to the bearing chambers. The second lip seal restricts a flow of a fluid in a direction
from the bearing chambers to the screw chamber.

[0056] In this configuration, the first lip seal restricts a flow of a fluid in directions from the
screw chamber to the bearing chambers. Thus, even when the separation gas is not supplied
when the oil-cooled screw compressor is stopped, the target gas is prevented from flowing into
the bearing chambers, and thus the corrosion of the bearings is prevented.

[0057] Furthermore, the second lip seal restricts a flow of a fluid in directions from the bearing
chambers to the screw chamber. Thus, even when the separation gas is not supplied when the
oil-cooled screw compressor is stopped, the bearing lubricating fluid is prevented from flowing
into the screw chamber, whereby the reduction of the bearing lubricating fluid is suppressed,
and thus the oil-cooled screw compressor can be operated at a low cost.

Advantageous Effects

[0058] According to at least one embodiment of the present invention, an oil-cooled screw
compressor system which can operate an oil-cooled screw compressor at a low cost while
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surely preventing degradation of a bearing even when target gas includes a corrosive element,
and the oil-cooled screw compressor used in the system are prevented.

BRIEF DESCRIPTION OF DRAWINGS

[0059]

FIG. 1 is a diagram showing a schematic configuration of an oil-cooled screw compressor
system as well as a schematic cross section of a screw compressor.

FIG. 2 is a schematic cross sectional view of the oil-cooled screw compressor taken along the
line -1l in FIG. 1.

FIG. 3(a) is a diagram showing a schematic end surface of an intake side seal casing taken
along the line llla-llla in FIG. 2, FIG. 3(b) is a diagram showing a schematic end surface of an
intake side bearing casing taken along the line llib-1llb in FIG. 2, FIG. 3(c) is a diagram
showing a schematic end surface of a discharge side seal casing taken along the line llic-llic in
FIG. 2, and FIG. 3(d) is a diagram showing a schematic end surface of a discharge side
bearing casing taken along the line llld-llld in FIG. 2.

FIG. 4 is a diagram showing a schematic configuration of a seal device disposed in the
discharge side seal chamber of the oil-cooled screw compressor in FIG. 1.

FIG. 5 is a diagram showing a schematic configuration of a seal device disposed in the intake
side seal chamber of the oil-cooled screw compressor in FIG. 1.

FIG. 6 is a diagram showing a schematic configuration of an oil-cooled screw compressor
system including an oil-cooled screw compressor which includes the intake side bearing casing
and the discharge side bearing casing of the oil-cooled screw compressor shown in FIG. 1 and
is applied to target gas including no corrosive element.

FIG. 7 is a schematic cross-sectional view of the oil-cooled screw compressor taken along the
line VII-VIl in FIG. 6.

FIG. 8(a) is a diagram showing a schematic end surface of the intake side bearing casing
taken along the line Vllla-Vllla in FIG. 7, and FIG. 8(b) is a diagram showing a schematic end
surface of the discharge side bearing casing taken along the line VIlIb-VIiib.

FIG. 9 is a diagram showing an example where a working fluid supply system for a hydraulic
cylinder is changed in the system shown in FIG. 1.

FIG. 10 is a diagram showing another modification of the working fluid supply system for the
hydraulic cylinder.

DETAILED DESCRIPTION
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[0060] Embodiments of this invention will now be described in detail with reference to the
accompanying drawings. It is intended, however, that unless particularly specified, dimensions,
materials, shapes, relative positions and the like of components described in the embodiments
shall be interpreted as illustrative only and not limitative of the scope of the present invention.

[0061] FIG. 1 is a diagram showing a schematic configuration of an oil-cooled screw
compressor system according to one embodiment.

[0062] The oil-cooled screw compressor system includes an oil-cooled screw compressor
(hereinafter, also referred to as a screw compressor) 10, a tooth surface lubricating fluid
supply system 12, a bearing lubricating fluid supply system 14, a separation gas supply system
16, and a control system 18.

[0063] FIG. 1 shows a schematic cross section of the screw compressor 10 along a horizontal
plane. FIG. 2 shows a schematic cross section of the screw compressor 10 along a vertical
plane.

[0064] As shown in FIG. 1 and FIG. 2, the screw compressor 10 includes a housing 20. In the
housing 20, a screw chamber 20a, intake side seal chambers 20b connected to one end of the
screw chamber 20a, intake side bearing chambers 20c which communicates with the screw
chamber 20a via the intake side seal chambers 20b, discharge side seal chambers 20d
connected to the other end of the screw chamber 20a, and discharge side bearing chambers
20e which communicates with the screw chamber 20a via the discharge side seal chambers
20d, are defined.

[0065] The housing 20 includes an intake port 20f and a discharge port 20g which are both
open toward the outside. When the screw compressor 10 is under operation, gas (hereinafter,
referred to as target gas) at a low pressure (intake pressure) as a target of compression is
drawn in through the intake port 20f, and the target gas at a high pressure (discharge
pressure) as a result of the compression is discharged through the discharge port 20g.

[0066] In the housing 20, an intake path 20f through which the intake port 20f communicates
with the one end (intake end) of the screw chamber 20a and a discharge path 20i which
communicates with the other end (discharge end) side of the screw chamber 20a, are further
defined.

[0067] In the present embodiment, the housing 20 includes: a screw casing 22a which defines
the screw chamber 20a; an intake side seal casing 22b which defines the intake side seal
chambers 20b; an intake side bearing casing 22c¢ which defines the intake side bearing
chambers 20c; a discharge side seal casing 22d which defines the discharge side seal
chambers 20d; and a discharge side bearing casing 22e which defines the discharge side
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bearing chambers 20e. The discharge side bearing casing 22e, the discharge side seal casing
22d, the screw casing 22a, the intake side seal casing 22b, and the intake side bearing casing
22c¢ are detachably coupled to each other in series in this order by bolts.

[0068] The housing 20 incorporates a pair of male and female screw rotors 24 and 26 in a
rotatable manner. The male and female screw rotors 24 and 26 are disposed with their
respective rotational axes in parallel with each other.

[0069] More specifically, the male and the female screw rotors 24 and 26 respectively include:
screws 24a and 26a; intake side shafts 24b and 26b which coaxially and integrally extend from
one ends (intake side ends) of the screws 24a and 26a, respectively; and discharge side shafts
24c¢ and 26¢ which coaxially and integrally extend from the other ends (discharge side ends) of
the screws 24a and 26a, respectively.

[0070] The screw 24a of the male screw rotor 24 has a plurality of screw-shaped protrusions
on the outer circumference. The screw 26a of the female screw rotor 26 has a plurality of
screw-shaped recesses on the outer circumference. The screws 24a and 26a are disposed in
parallel with each other in the screw chamber 20a while meshing each other.

[0071] The discharge side shaft 24c¢ of the male screw rotor 24 airtightly penetrates through
an end wall of the housing 20 to protrude toward the outside. For example, a hydraulic motor
or an electric motor as a power source is coupled to the discharge side shaft 24c. Rotational
force is input to the discharge side shaft 24¢ from the power source. When the rotational force
is input to the discharge side shaft 24¢, the male screw rotor 24 rotates, whereby the female
screw rotor 26 synchronously rotates due to the meshing between the screws 24a and 26a.

[0072] The plurality of protrusions and grooves of the screws 24a and 26a define a plurality of
compression chambers in the screw chamber 20a. The intake path 20h, connecting between
the intake port 20f and the compression chamber, is formed in the intake side seal casing 22b
and the intake side bearing casing 22c. The intake path 20h has an inlet in an end surface of
the intake side seal casing 22b facing the screw casing 22a as illustrated in FIG. 3(a). As
illustrated in FIG. 3(b), an opening which has the same shape as the inlet and thus
corresponds to the intake path 20h is formed in an end surface of the intake side bearing
casing 22c facing the intake side seal casing 22b.

[0073] The discharge path 20i, connecting between the discharge port 20g and the
compression chamber, is formed in the discharge side seal casing 22d and the discharge side
bearing casing 22c. As illustrated in FIG. 3(c), the discharge path 20i has an outlet in an end
surface of the discharge side seal casing 22b facing the screw casing 22a.

[0074] As shown in FIG. 3(d), an opening which has partially the same shape as the outlet
and thus corresponds to the discharge path 20i is formed in an end surface of the discharge
side bearing casing 22e facing the discharge side seal casing 22d. More specifically, the outlet
in the discharge side seal casing 22d has an axial direction communication portion which
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communicates with the compression chamber in the axial direction, in an upper portion,
whereas the opening in the end surface of the discharge side bearing casing 22e has no axial
direction communication portion.

[0075] The compression chamber intermittently communicates with the inlet of the intake path
20h and communicates with the outlet of the discharge path 20i at the timing different from that
of the inlet in accordance with the synchronous rotation of the screws 24a and 26a.

[0076] As soon as the communication with the inlet is blocked, the capacity of the
compression chamber starts to reduce gradually along with the synchronous rotation of the
screws 24a and 26a. Thus, the target gas is compressed in the compression chamber. When
the compression chamber communicates with the outlet, the compressed target gas is
discharged to the discharge path 20i from the compression chamber through the outlet.

[0077] Referring back to FIG. 1 and FIG. 2, oil, as an example of a tooth surface lubricating
fluid, is supplied to the screws 24a and 26a. Thus, a tooth surface lubricating fluid flow path 30,
through which the screw chamber 20a communicates with the outside, is formed in the housing
20.

[0078] A slide bearing 32, as a radial bearing, is provided in each of the intake side bearing
chamber 20c and the discharge side bearing chamber 20e to rotatably support the
corresponding one of the male screw rotor 24 and the female screw rotor 26.

[0079] For example, angular ball bearings 34, as thrust bearings, are disposed in the
discharge side bearing chamber 20e. The angular ball bearings 34 fit the discharge side shaft
24c of the male screw rotor 24 and the discharge side shaft 26¢ of the female screw rotor 26.
The angular ball bearings 34 receive a thrust load (compression reaction) produced by the
compression of the target gas in the compression chamber.

[0080] A bearing lubricating fluid is supplied to the slide bearings 32 and the angular ball
bearings 34. Thus, a bearing lubricating fluid flow path 36, through which the intake side
bearing chamber 20c and the discharge side bearing chamber 20e communicate with the
outside, is formed in the housing 20.

[0081] The bearing lubricating fluid flow path 36 includes: a supply portion through which the
bearing lubricating fluid is supplied to the intake side discharge chamber 20c and the discharge
side bearing chamber 20e; and a return portion through which the bearing lubricating fluid
flows out from the intake side discharge chamber 20c¢ and the discharge side bearing chamber
20e.

[0082] A piston (balance piston) 38 is attached to the intake side shaft 24b of the male screw
rotor 24 for reducing the thrust load imposed on the thrust bearing. A cylinder (balance
cylinder) is defined as a part of the intake side bearing chamber 20c. The balance cylinder
incorporates the balance piston 38 in such a manner as to be able to slide in the axial direction
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of the male screw rotor 24. The thrust load can be reduced by adjusting the pressure in the
balance cylinder.

[0083] Thus, a pressure fluid supply path 40, through which the balance cylinder
communicates with the outside, is formed in the housing 20. The pressure in the balance
cylinder can be adjusted by the pressure of the pressure fluid supplied through the pressure
fluid supply path 40.

[0084] In the present embodiment, the pressure fluid supply path 40 is formed in a cover
member which closes an opening end of the intake side bearing casing 22c.

[0085] In the present embodiment, the screw compressor 10 includes a capacity control
device 42. The capacity control device 42 includes a capacity control piston 44 incorporated in
a cylinder (capacity control cylinder) defined in the housing 20. The capacity control cylinder
extends along the screw chamber 20a and communicates with the discharge path 20i. An end
portion of the capacity control cylinder, on a side of the discharge path 20i, forms a radial
direction communication portion which communicates with the compression chamber in the
radial direction. Thus, the target gas compressed in the compression chamber can flow into
the discharge path 20i through the radial direction communication portion of the outlet and the
radial direction communication portion of the capacity control cylinder.

[0086] The capacity control piston 44 is disposed to be able to slide in the axial direction of the
male and the female screw rotors 24 and 26. For example, the capacity control piston 44 is
coupled to a hydraulic cylinder 46 as a driving device, and the capacity control piston 44 is
moved back and forth in the capacity control cylinder by the hydraulic cylinder 46. In the
capacity control device 42, the hydraulic cylinder 46 is controlled so that the position of the
capacity control piston 44 is adjusted. Thus, the length of the compression chamber in the axial
direction, that is, the compression start timing in the compression chamber, is adjusted,
whereby the capacity of the screw compressor 10 is adjusted.

[Seal device]

[0087] Seal devices 50 are disposed in the intake and the discharge side seal chambers 20b
and 20d, and seal the circumferences of the intake side shafts 24b and 26b and the discharge
side shafts 24c and 26¢ of the male screw rotor 24 and the female rotor 26.

[0088] FIG. 4 shows a schematic configuration of the seal device 50 for the discharge side
shaft 24¢, 26¢, disposed in the discharge side seal chamber 20d.

[0089] The seal device 50 includes a first seal unit and a second seal unit.

[0090] The first seal unit is disposed on a side of the screw chamber 20a, and the second seal
unit is disposed on a side of the discharge bearing chamber 20e.
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[0091] More specifically, the first seal unit includes a first labyrinth seal 52 as a non-contact
seal member. The second seal unit includes a second labyrinth seal 54 as a non-contact seal
member, and also includes a lip seal 56 as a contact seal member. The first labyrinth seal 52,
the second labyrinth seal 54, and the lip seal 56 are arranged in this order from the side of the
screw chamber 20a.

[0092] In the present embodiment, the first labyrinth seal 52 and the second labyrinth seal 54
respectively include: rotation members 52a and 54a which are fixed to the discharge side shaft
24c, 26¢; and fixing members 52b and 54b which are fixed on the inner circumference surface
of the discharge side seal chamber 20d.

[0093] The rotation members 52a and 54a each include: a sleeve portion which fits the
discharge side shaft 24¢, 26¢; and a plurality of annular protrusions which protrude toward the
outer side in the radial direction from the sleeve portion and are separated from each other in
an axial direction of the sleeve portion.

[0094] The fixing members 52b and 54b each include: a sleeve portion which fits the inner
circumference surface of the discharge side seal chamber 20d; and a plurality of annular
protrusions which protrude toward the inner side in the radial direction from the sleeve portion
and are separated from each other in the axial direction of the sleeve portion. The rotation
members 52a and 54a and the fixing members 52b and 54b are disposed to have the
protrusions meshing each other with a slight gap therebetween.

[0095] A separation gas supply gap 58 is formed between the first seal unit and the second
seal unit. More specifically, the first labyrinth seal 52 and the second labyrinth seal 54 are
disposed while being separated from each other in the axial direction of the discharge side
shaft 24c, 26¢, and the separation gas supply gap 58 is provided therebetween. A separation
gas supply path 59 for supplying separation gas to the separation gas supply gap 58 is formed
in the housing 20.

[0096] The lip seal 56 includes: a sleeve portion 56a which fits the inner circumference
surface of the discharge side seal chamber 20d; and first and second wrap portions 56b and
56¢ which protrude toward the inner side in the radial direction from the sleeve portion 56a.

[0097] More specifically, the first wrap portion 56b is formed of an elastic material, and forms
a trumpet shape. The outer circumference portion of the first wrap portion 56b is held by the
sleeve portion 56a. The inner circumference portion of the first portion 56b elastically slides on
the outer circumference surface of the discharge side shaft 24c, 26c¢.

[0098] The first wrap portion 56b has a curved cross sectional shape, whereby a portion on
the first wrap portion 56b closer to the discharge side shaft 24c, 26¢ is closer to the screw
chamber 20a. Thus, the first wrap portion 56b restricts the flow of the fluid in a direction from
the screw chamber 20a to the discharge side bearing chamber 20e.
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[0099] The second wrap portion 56c¢ is also formed of an elastic material and forms a trumpet
shape. The outer circumference portion of the second wrap portion 56c¢ is held by the sleeve
portion 56a. The inner circumference portion of the second wrap portion 56¢ elastically slides
on the outer circumference surface of the discharge side shaft 24c, 26c¢.

[0100] The second wrap portion 56¢, which is disposed closer to the discharge bearing
chamber 20e than the first wrap portion 56b, has a curved cross sectional shape, whereby a
portion on the second wrap portion 56¢ closer to the discharge side shaft 24c, 26¢ is closer to
the discharge side bearing chamber 20e. Thus, the second wrap portion 56¢ restricts the flow
of the fluid in a direction from the discharge side bearing chamber 20e to the screw chamber
20a.

[0101] The fixing members 52b and the 54b of the first and the second labyrinth seals 52 and
54, which are formed of different members in the present embodiment, may be formed as a
single member.

[0102] Similarly, the rotation members 52a and 54a may be formed as a single member.

[0103] Furthermore, the rotation members 52a and 54a may be integrally formed on the outer
circumference surface of the discharge side shaft 24c, 26c¢.

[0104] In the present embodiment, the lip seal 56 includes the first and the second wrap
portions 56b and 56¢ which are disposed to face opposite directions and each form a lip seal.
Alternatively, two lip seals each including a single wrap portion may be disposed while facing
the opposite directions.

[0105] In the housing 20, a pressure balancing path 60, through which the discharge side seal
chamber 20d and the screw chamber 20a communicate with each other, is formed. One end of
the pressure balancing path 60 has an opening in an area in the discharge side seal chamber
20d closer to the screw chamber 20a than the first labyrinth seal 52. The other end of the
pressure balancing path 60 has an opening in an end wall of the screw chamber 20a.
Referring also to FIG. 3(c), a position of the opening of the other end of the pressure balancing
path 60 is set in such a manner that the pressure balancing path 60 communicates with the
compression chamber (hatched area in FIG. 4) as soon as the communication between the
pressure balancing path 60 and the intake path 20h is blocked.

[0106] Referring also to FIG. 1, in the present embodiment, the pressure balancing path 60 is
provided only between the discharge side seal chamber 20d, in which the discharge side shaft
26c¢ of the female screw rotor 26 is inserted, and the screw chamber 20a. The two discharge
side seal chambers 20d communicate with each other through a communication path 61.

[0107] A check valve 62 is disposed in the pressure balancing path 60. The check valve 62
enables the flow of the fluid in the direction from the discharge side seal chamber 20d to the
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screw chamber 20a, but restricts the flow of the fluid in the opposite direction.

[0108] In the present embodiment, the check valve 62 is constantly opened, but is closed only
when the pressure in the compression chamber which communicates with the pressure
balancing path 60 exceeds the pressure in the discharge side seal chamber 20d.

[0109] FIG. 5 schematically shows the seal device 50 disposed in the intake side seal
chamber 20b.

[0110] The configuration of the seal device 50 disposed in the intake side seal chamber 20b is
substantially the same as that of the seal device 50 disposed in the discharge side seal
chamber 20d. Thus, the same configurations are denoted with the same reference numerals
and will not be described.

[0111] It is to be noted that the pressure balancing path and the check valve are not provided
between the intake side seal chamber 20b and the screw chamber 20a.

[Tooth surface lubricating fluid supply system]

[0112] Referring back to FIG. 1, the tooth surface lubricating fluid supply system 12 includes a
gas-liquid separation device 64. An inlet of the gas-liquid separation device 64 is connected to
the discharge port 20g of the screw compressor 10 through a pipe for example. The gas-liquid
separation device 64 includes a separation tank 66. A filter 68 which separates the target gas
and the tooth surface lubricating fluid is disposed in an upper portion of the separation tank 66.
A storage unit 70 which temporarily stores the tooth surface lubricating fluid thus separated is
provided in a lower portion of the separation tank 66. The inlet of the gas-liquid separation
device 64 communicates with the inside of the separation tank 66 at a portion between the
storage unit 70 and the filter 68.

[0113] A gas outlet for the target gas is provided in a top portion of the separation tank 66
above the filter 68, whereby the high pressure target gas thus separated is supplied to the
outside through the gas outlet.

[0114] A liquid outlet for the tooth surface lubricating fluid is provided in a bottom portion of
the separation tank 66. The liquid outlet is connected to the tooth surface lubricating fluid flow
path 30 of the screw compressor 10 through a pipe for example. When the screw compressor
10 is under operation, the pressure in the separation tank 66 becomes equal to the pressure of
the compressed target gas, that is, the discharge pressure. Thus, the tooth surface lubricating
fluid, at the discharge pressure, is supplied to the screw compressor 10.

[0115] In the present embodiment, the tooth surface lubricating fluid is used as the working
fluid for the driving device for the capacity control device 42. Thus, the lower portion of the
separation tank 66 is connected to a switching valve 72 through a pipe, and an outlet of the
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switching valve 72 is connected to the intake port 20f through a pipe. The switching valve 72
includes two switching ports which are respectively connected to two ports of the hydraulic
cylinder 46. The position of a valve body of the switching valve can be controlled from the
outside, and the capacity of the screw compressor 10 can be controlled by controlling the
position of the valve body.

[Bearing lubricating fluid supply system]

[0116] The bearing lubricating fluid supply system 14 includes a storage tank 74 which can
store the bearing lubricating fluid at a pressure higher than the atmospheric pressure. An outlet
of the storage tank 74 is connected to the supplying portion of the bearing lubricating fluid flow
path 36 through a pipe for example. A pump 76 which generates a flow of the bearing
lubricating fluid in a direction from the storage tank 74 to the screw compressor 10 and a heat
exchanger 78 which cools the bearing lubricating fluid are disposed at intermediate portions of
the pipe.

[0117] In the present embodiment, the pipe is branched at a portion on a downstream side of
the heat exchanger 78 to be also connected to the pressure fluid supply path 40 of the screw
compressor 10. Thus, one of the branched pipes (first pipe) is connected to the supplying
portion of the bearing lubricating fluid flow path 36, and the other one of the branched pipes
(second pipe) is connected to the pressure fluid supply path 40. A control valve 80, with which
the pressure of the bearing lubricating fluid can be adjusted, is disposed at an intermediate
portion of the first pipe.

[0118] An inlet of the storage tank 74 communicates with the returning portion of the bearing
lubricating fluid flow path 36 through a pipe for example. Thus, the bearing lubricating fluid
which has flowed out from the screw compressor 10 flows into the storage tank 74 and then is
supplied to the screw compressor 10 again.

[0119] In the present embodiment, the returning portion of the bearing lubricating fluid flow
path 36 has two outlets respectively formed in the intake side seal casing 22b and the
discharge side seal casing 22d. The return portion of the bearing lubricating fluid flow path 36
is formed in the intake side seal casing 22b, the intake side bearing casing 22c, the discharge
side seal casing 22d, and the discharge side bearing casing 22e, whereby the outlets of the
return portion of the bearing lubricating fluid flow path 36 communicate with the intake side
bearing chamber 20c¢ and the discharge side bearing chamber 20e.

[0120] In the present embodiment, the supply portion of the bearing lubricating fluid flow path
36 has a single inlet formed in the discharge side bearing casing 22e. The supply portion of the
bearing lubricating fluid flow path 36 is formed in the screw casing 22a, the intake side seal
casing 22b, the intake side bearing casing 22c, the discharge side seal casing 22d, and the
discharge side bearing casing 22e, whereby the inlet of the supply portion of the bearing
lubricating fluid flow path 36 communicates with the intake side bearing chamber 20c and the
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discharge side bearing chamber 20e.

[Separation gas supply system]

[0121] The separation gas supply system 16 supplies separation gas to the screw compressor
10 when the screw compressor 10 is under operation. For example, insert gas such as
nitrogen may be used as the separation gas.

[0122] The separation gas supply system 16 includes a compressor and a high pressure
cylinder as a separation gas supply source 82 for example, and can supply high pressure
separation gas to the screw compressor 10. The separation gas supply source 82 is connected
to a separation gas supply path 59 of the screw compressor 10 through a pipe for example.
For example, a control valve 84 is disposed at an intermediate portion of the pipe. The supply
pressure for the separation gas to the separation gas supply path 59 can be adjusted by
adjusting an opening degree of the control valve 84.

[0123] In the present embodiment, each seal device 50 includes a single separation gas
supply path 59, and the separation gas is supplied to each separation gas supply path 59
through the control valve 84.

[0124] In the present embodiment, the separation gas supply source 82 is connected to the
storage tank 74 through a pipe for example. A control valve 86 is disposed in an intermediate
portion of the pipe. The supply pressure for the separation gas to the storage tank 74 can be
adjusted by adjusting an opening degree of the control valve 86. Thus, the separation gas is
also used as pressurization gas for raising the pressure in the storage tank 74.

[0125] By adjusting the supply pressure for the separation gas to the storage tank 74, the
pressure in the storage tank 74 can be adjusted, and the pressure of the bearing lubricating
fluid supplied to the screw compressor 10 can further be adjusted.

[Control system]

[0126] The control system 18 includes a control device 88 and a plurality of sensors. For
example, the control device 88 is formed of a computer including a central processing device,
a memory, an external storage device, an input/output device, and the like.

[0127] For example, as sensors which provide information for a control to the control device
88, the control system 18 includes: an intake pressure sensor 90a which detects an intake
pressure of the target gas drawn into the intake port 20f; a discharge pressure sensor 90b
which detects a discharge pressure of the target gas which is discharged from the discharge
port 20g; a primary pressure sensor 90c which detects a pressure of the bearing lubricating
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fluid supplied to the pressure fluid supply path 40; a secondary pressure sensor 90d which
detects a pressure of the bearing lubricating fluid supplied to the supply portion of the bearing
lubricating fluid flow path 36; and a return pressure sensor 90e which detects a pressure
(return pressure) of the bearing lubricating fluid flowing out from the return portion of the
bearing lubricating fluid flow path 36.

[0128] The control device 88 performs an integrated control of operations of the entire system
of the screw compressor 10 based on an instruction from the outside and the information
detected by the sensors.

[0129] For example, the control device 88 controls the power source so that the amount of
power supplied to the screw compressor 10 is adjusted, controls an unillustrated pump and the
like so that the amount of coolant supplied to the heat exchanger is adjusted, controls the
pump 76 so that the supplied amount of the bearing lubricating fluid is adjusted, and controls
the switching valve 72 so that the capacity of the screw compressor 10 is adjusted.

[0130] The control device 88 adjusts the opening degree of the control valve 84 so that the
supply pressure for the separation gas to the separation gas supply path 59 is adjusted,
adjusts the opening degree of the control valve 86 so that the pressure in the storage tank 74
is adjusted, and thus adjusts the supply pressure for the bearing lubricating fluid to the
pressure fluid supply path 40. The control device 88 adjusts the opening degree of the control
valve 80 so that the supply pressure for the bearing lubricating fluid to the supply portion of the
bearing lubricating fluid flow path 36 is adjusted.

[0131] In the present embodiment, the control device 88 adjusts the opening degree of the
control valve 84 in such a manner that the separation gas is supplied to the separation gas
supply path 59 with the supply pressure (separation gas supply pressure) higher than the
intake pressure detected by the intake pressure sensor 90a.

[0132] More specifically, when the intake pressure is in a range from 0.1 MPa to 0.6 MPa for
example, the control device 88 performs a control in such a manner that the separation gas
supply pressure becomes higher than the intake pressure by about 0.04 MPa to 0.11 MPa.

[0133] The separation gas supply pressure within this range does not exceed the discharge
pressure.

[0134] In the present embodiment, the control device 88 adjusts the opening degrees of the
control valves 86 and 80 in such a manner that the return pressure of the bearing lubricating
fluid flowing out from the screw compressor 10, detected by the return pressure sensor 90e,
becomes equal to or higher than the intake pressure and becomes lower than the separation
gas supply pressure.

[0135] In the present embodiment, the control device 88 adjusts the return pressure so that a
pressure substantially equal to a pressure in areas, in the intake side seal chamber 20b and
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the discharge side seal chamber 20d, closer to the screw chamber 20a than the first labyrinth
seal 52 is applied to the sides on the intake side bearing chamber 20c and the discharge side
bearing chamber 20e of the second lip portion 56¢. For example, the control device 88
performs a control so that the return pressure of the bearing lubricating fluid is set to be
approximately within a range from 0.01 MPa to 0.7 MPa when the intake pressure is within a
range from 0.1 MPa to 0.6 MPa.

[0136] In the screw compressor system of one embodiment described above, the separation
gas supply gap 58 is defined between the first seal unit and the second seal unit of the seal
device 50. When the screw compressor 10 is under operation, the separation gas is supplied
to the separation gas supply gap 58. The separation gas thus supplied leaks out to the screw
chamber 20a through the first seal unit. Thus, when the screw compressor 10 is under
operation, the first seal unit prevents the target gas from flowing into the intake side bearing
chamber 20c and the discharge side bearing chamber 20e, thereby preventing the target gas
from coming into contact with the bearing lubricating fluid. Thus, the degradation of the bearing
can be surely prevented, even when the target gas includes a corrosive element.

[0137] In this configuration, even when the high pressure target gas from the compression
chamber flows into the discharge side seal chamber 20d, the target gas thus flowed in is
returned to the compression chamber through the pressure balancing path 60. Thus, the
pressure of the target gas in the area, in the discharge side seal chamber 20d, closer to the
screw chamber 20a than the first seal unit, is reduced. All things considered, the target gas is
surely prevented from passing through the first seal unit to leak out.

[0138] In this configuration, the target gas is returned to the compression chamber through
the pressure balancing path 60. Thus, the first seal unit prevents the target gas and the tooth
surface lubricating fluid from passing through in the direction from the screw chamber 20a to
the intake side bearing chamber 20c and the discharge side bearing chamber 20e, without
raising the supply pressure of the separation gas supplied to the discharge side seal chamber
20d over the discharge pressure of the target gas discharged from the screw compressor 10.
Thus, the supply pressure of the separation gas can be set to be lower than the discharge
pressure, whereby a less amount of separation gas is consumed.

[0139] In this configuration, the target gas which has flowed into the discharge side seal
chamber 20d is returned to the compression chamber in a state of having a higher pressure
than the intake pressure, through the pressure balancing path 60. Thus, the degradation of the
efficiency of the screw compressor 10 is prevented. As a result, the screw compressor 10 is
operated at a low cost.

[0140] In the screw compressor 10 used in the screw compressor system of the one
embodiment, the intake side seal casing 22b and the discharge side seal casing 22d are
detachably coupled to the screw casing 22a. The intake side bearing casing 22¢ and the
discharge side bearing casing 22e are detachably coupled to the screw casing 22a via the
intake side seal casing 22b and the discharge side seal casing 22d.
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[0141] Because the housing 20 is thus formed of a plurality of separable casings, the screw
compressor 10 and the oil-cooled screw compressor which compresses the target gas
including no corrosive element can share the screw casing 22a as well as the intake side and
the discharge side bearing casings 22c¢ and 22d. Thus, the components of the screw
compressor 10 are highly versatile, and the cost of the screw compressor system can be
reduced.

[0142] FIG. 6 shows a schematic configuration of an oil-cooled screw compressor system
using an oil-cooled screw compressor 100 which compresses the target gas including no
corrosive element. In the oil-cooled screw compressor system, a single lubricant fluid supply
system 102 supplies the tooth surface lubricating fluid and the bearing lubricating fluid to the
screw compressor 100. The configuration which are the same or similar to the counterparts in
the oil-cooled screw compressor system shown in FIG. 1 are denoted with the same reference
numerals and will not be described.

[0143] FIG. 7 shows a schematic cross section of the screw compressor 100 taken along the
line VII-VIl in FIG. 1. As shown in FIG. 6 and FIG. 7, the screw compressor 100 includes the
intake side bearing casing 22¢ and the discharge side bearing casing 22e which are
substantially the same as the counterparts in the screw compressor 10.

[0144] The screw compressor 100 is different from the screw compressor 10 in that the intake
side and the discharge side seal casings 22b and 22d are not provided. Due to this difference,
the screw compressor 10 and the screw compressor 100 are different from each other in the
lengths of the intake side shafts 24b and 26b and the discharge side shafts 24¢ and 26¢ of the
male and the female screw rotors 24 and 26.

[0145] FIGs. 8(a) and 8(b) schematically show end surfaces of the intake side bearing casing
22c¢ and the discharge side bearing casing 22e used in the screw compressor 100. As shown
in FIG. 8(b), the discharge path 20i has an outlet in the discharge side bearing casing 22e and
the outlet includes an axial direction communication portion.

[0146] In the screw compressor 10 used in the screw compressor of the one embodiment, the
first lip portion 56b (first lip seal) restricts the flow of the fluid in the directions from the screw
chamber 20a to the intake side bearing chamber 20c and the discharge side bearing chamber
20e. Thus, even when the separation gas is not supplied while the screw compressor 10 is
stopped, the target gas is prevented from flowing into the intake side bearing chamber 20c and
the discharge side bearing chamber 20e, whereby corrosion of the slide bearing 32 and the
angular ball bearing 34 is prevented.

[0147] The second lip portion 56¢ (second lip seal) of the lip seal 56 restricts the flow of the
fluid in the directions from the intake side bearing chamber 20c and the discharge side bearing
chamber 20e to the screw chamber 20a. Thus, even when the separation gas is not supplied
while the screw compressor 10 is stopped, the bearing lubricating fluid is prevented from
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flowing into the screw chamber 20a, whereby the reduction of the bearing lubricating fluid is
suppressed, and thus the screw compressor 10 can be operated at a low cost.

[0148] Furthermore, a constantly opened check valve 62 is used, whereby abnormal pressure
rise in the discharge side seal chamber 20d can surely be prevented.

[0149] In the screw compressor of the one embodiment, a control is performed so that the
supply pressure of the separation gas becomes equal to or higher than the intake pressure
and equal to or lower than the discharge pressure. Thus, the consumption amount of the
separation gas is small, and the screw compressor 10 can be operated at a low cost.

[0150] In the screw compressor system of the one embodiment, the control is performed so
that the return pressure of the bearing lubricating fluid becomes equal to or higher than the
intake pressure and lower than the supply pressure of the separation gas. Thus, the pressure
difference between the separation gas supply gap 58 and the intake side bearing chamber 20c
or the discharge side bearing chamber 20e is kept small. Thus, the fluid is prevented from
flowing from the intake side bearing chamber 20c and the discharge side bearing chamber 20e
to the screw chamber 20a with a small amount of consumed separation gas. Thus, the screw
compressor 10 can be operated at a low cost.

[0151] In the screw compressor system of the one embodiment, the supply pressure of the
bearing lubricating fluid can be raised up to or over the intake pressure with a simple
configuration, through raising the pressure in the storage tank 74 by using gas of the same
type as the separation gas, as the pressure gas.

[0152] In the screw compressor system of the one embodiment, the control device 88 of the
control system 18 controls the control valve 84 based on the detection result of the intake
pressure sensor 90a. Thus, the supply pressure of the separation gas can be accurately
controlled with a simple configuration.

[0153] In the screw compressor system of the one embodiment, the tooth surface lubricating
fluid is used as the working fluid for the capacity control device 42. Thus, the target gas is
prevented from being mixed into the bearing lubricating fluid in the capacity control device 42.
Thus, the corrosion of the slide bearing 32 and the angular ball bearing 34 can surely be
prevented.

[0154] Finally, it is to be noted that this invention is not limited to the one embodiment
described above.

[0155] For example, the bearing lubricating fluid may be used as the working fluid for the
hydraulic cylinder 46 as shown in FIG. 9. In this case, the inlet of the switching valve 72 is
connected to the heat exchanger 78 through a pipe, and outlet of the switching valve 72 is
connected to the storage tank 74 through a pipe.
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[0156] Alternatively, a working fluid supply system 104 may be further provided as shown in
FIG. 10. The working fluid supply system 104 supplies oil, different from the tooth surface
lubricating fluid and the bearing lubricating fluid, to the hydraulic cylinder 46. The working fluid
supply system 104 includes a pump 106 and a tank 108. An inlet of the pump 106 is connected
to an outlet of the tank 108. The outlet of the pump 106 is connected to an inlet of the
switching valve 72. An inlet of the tank 108 is connected to an outlet of the switching valve 72.

Reference Signs List

[0157]

10 oil-cooled screw compressor

12 tooth surface lubricating fluid supply system

14 bearing lubricating fluid supply system

16 separation gas supply system

18 control system

20 housing

20a screw chamber

20b intake side seal chamber (seal chamber)

20c intake side bearing chamber (bearing chamber)
20d discharge side seal chamber (seal chamber)
20e discharge side bearing chamber (bearing chamber)
24 male screw rotor

26 female screw rotor

24a,26a screw

24b,26b intake side shaft

24c,26¢ discharge side shaft

30 tooth surface lubricating fluid flow path

50 seal device

52 first labyrinth seal



54 second labyrinth seal

56 lip seal(first lip seal, second lip seal)
58 separation gas supply gap
59 separation gas supply path
60 pressure balancing path

62 check valve

64 gas-liquid separation device
74 storage tank

80,84,86 control valve

88 control device

90a intake pressure sensor
90b discharge pressure sensor
90c primary pressure sensor
90d secondary pressure sensor

90e return pressure sensor

DK/EP 2896834 T3

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

1S5228298A [0018]
US3975123A [0016]
EP2306027A [0018]
EP2314874A [0016]




DK/EP 2896834 T3

o EPOBEDIB4A [8017]
o JP44311848 [0018]
o JP43654438 FO018]




DK/EP 2896834 T3

Patentkrav

1. Oliekglet skruekompressor (10) omfattende:

10

15

20

25

et hus (20), hvori et skruekammer (20a), taetningskamre (20b)
positioneret pé begge sider af skruekammeret (20a), lejekamre (20c) i
forbindelse med skruekammeret (20a) via taetningskamrene (20b), en
tandoverfladesmgrende fluidstrgmningsvej (30) igennem hvilken den
tandoverfladesmgrende fluid forsynes til skruekammeret (20a), og en
lejesmgrende fluidstramningsvej (36) igennem hvilken den lejesmgrende
fluid forsynes til lejekamrene (20c¢), er defineret;

han- og hun-skruerotorer (24, 26), der hver inkluderer: en skrue (24a,
26a), der er anbragt i skruekammeret (20a) og danner et
kompressionskammer; og aksler (24b, 26b), der koaksialt straekker sig fra
begge ender af skruen (24a, 26a) for at blive anbragt i taetningskamrene
(20b) og lejekamrene (20¢);

en flerhed af lejer (34), der er anbragt i lejekamrene (20c¢), og roterbart
stgtter de respektive aksler; og

teetningsindretninger (50), der er anbragt i de respektive taetningskamre
(20b), og hver teetner en omkreds af en tilsvarende en af akslerne,

hvor taetningsindretningerne (50) hver inkluderer:

en fgrste taetningsenhed, der er anbragt pa en side af

skruekammeret i det tilsvarende taetningskammer; og

en anden taetningsenhed, der er anbragt pa en side af lejeenheden i
teetningskammeret, hvor den anden taetningsenhed og den fgrste
teetningsenhed definerer en separationsgasforsyningsspalte (58)

derimellem,

hvor taetningskamrene inkluderer:
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2

et udledningsside-taetningskammer (20d), der er positioneret pa en

udledningsside af kompressionskammeret; og

et indlgbsside-taetningskammer (20b), der er positioneret p& en

indlgbsside af kompressionskammeret,

kendetegnet ved at i huset, en separationsgasforsyningsvej (59) igennem
hvilken separationsgassen forsynes til separationsgasforsyningsspalten (58), og
en trykudligningsvej (60) igennem hvilken et omrade taettere pd skruekammeret
end den fgrste taetningsenhed i udledningsside-taetningskammeret (20d) er i
forbindelse med kompressionskammeret under et tryk hgjere end et indlgbstryk af
maélgassen suget ind i den oliekglede skruekompressor og lavere end et
udledningstryk af malgassen udledt fra den oliekglede skruekompressor, er
defineret i tillaeg til den tandoverfladesmgrende fluidstramningsvej (30) og den
lejesmgrende fluidstrgmningsvej (36), og

en kontraventil (62), der begraenser en strgm af en fluid i en retning fra
skruekammeret (20a) til udledningsside-taetningskammeret (20d) er anbragt i
trykudligningsvejen (60).

2. Den oliekglede skruekompressor (10) ifglge krav 1, hvor
huset (20) inkluderer:

et skruehylster, der definerer skruekammeret;

taetningshylstre, der er aftageligt koblet til skruehylsteret og definerer de

respektive taetningskamre og trykudligningsvejen (60); og

lejehylstre, der er aftageligt koblet til skruehylsteret via de respektive
teetningshylstre, og definerer de respektive lejekamre.

3. Den oliekglede skruekompressor (10) ifglge krav 1, hvor

den fgrste taetningsenhed inkluderer en fgrste labyrinttaetning (52), der har en
kontaktlgs taetningsstruktur, og

den anden taetningsenhed inkluderer en anden labyrinttaetning (54), der har den
kontaktlgse teetningsstruktur og en kontakttaetningsdel, der er anbragt i denne

raekkefglge fra separationsgasforsyningsspalten til lejekammeret.
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4. Den oliekglede skruekompressor (10) ifglge krav 1, hvor
den fgrste taetningsenhed inkluderer en fgrste labyrinttaetning (52), der har en
kontaktlgs teetningsstruktur,
den anden taetningsenhed inkluderer en anden labyrinttaetning (54), der har den
5 kontaktlgse taetningsstruktur, en fgrste laebetaetningsdel, der har en

kontaktteetningsstruktur, og en anden laebetastningsdel, der har
kontaktteetningsstrukturen, der er anbragt i denne reekkefglge fra
separationsgasforsyningsspalten til lejekammeret,
den fgrste laebetaetningsdel begraenser en strgm af en fluid i en retning fra

10 skruekammeret til lejekamrene, og
den anden labetaetningsdel begraenser en strgm af en fluid i en retning fra

lejekamrene til skruekammeret.

5. Oliekglet skruekompressorsystem omfattende:
15 en oliekglet skruekompressor (10) ifglge krav 1;

et tandoverfladesmgrende fluidforsyningssystem (12), der forsyner en
tandoverfladesmgrende fluid til den oliekglede skruekompressor (10);

et lejesmgrende fluidforsyningssystem (14), der forsyner en lejesmgrende
fluid til den oliekglede skruekompressor (10), i tillaeg til den

20 tandoverfladesmgrende fluid; og

et separationsgasforsyningssystem, der forsyner separationsgas forskellig
fra malgas komprimeret af den oliekglede skruekompressor til den
oliekglede skruekompressor.

25 6. Det oliekglede skruekompressorsystem ifglge krav 5, yderligere omfattende et
styresystem (18), der styrer et forsyningstryk til separationsgassen forsynet til
den oliekglede skruekompressor, hvor
styresystemet (18) styrer forsyningstrykket til separationsgassen pa sadan en
made, hvilken forsyningstrykket til separationsgassen forsynet til den oliekglede

30 skruekompressor bliver hgjere end indlgbstrykket og lavere end

udledningstrykket.
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7. Det oliekglede skruekompressorsystem ifglge krav 6, hvor styresystemet (18)
styrer et forsyningstryk til den lejesmgrende fluid p& sédan en made, hvilken et
returtryk af den lejesmgrende fluid, der strammer ud fra den oliekglede
skruekompressor, bliver lig med eller hgjere end indlgbstrykket og lavere end

forsyningstrykket til separationsgassen.

8. Det oliekglede skruekompressorsystem ifglge krav 7, hvor

det lejesmgrende fluidforsyningssystem (14) inkluderer en lagertank (74), der
lagrer den lejesmgrende fluid under et lagringstryk hgjere end indlgbstrykket, og
gas af en samme type som separationsgassen er anvendt som trykgas med
hvilken et tryk i lagertanken stiger til lagringstrykket.

9. Det oliekglede skruekompressorsystem ifglge krav 6, hvor

styresystemet (18) inkluderer
en indlgbstryksensor (90a), der detekterer indlgbstrykket;

en styreventil (80, 84, 86), der er i stand til at justere forsyningstrykket til

separationsgassen; og

en styreindretning (88), der driver styreventilen i overensstemmelse med

et detektionsresultat af indlgbstryksensoren.

10. Det oliekglede skruekompressorsystem ifglge krav 5, hvor

den oliekglede skruekompressor (10) yderligere inkluderer en
kapacitetsstyreindretning, og

det tandoverfladesmgrende fluidforsyningssystem (12) forsyner en arbejdsfluid til
kapacitetsstyreindretningen, hvor arbejdsfluiden er en del af den

tandoverfladesmgrende fluid.
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Fig.3
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Fig.8
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