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(54) TURBOCOMPRESSOR

(57) A turbocompressor provided with a case (46), a
centrifugal first stage and second stage compressing unit
(5, 6) disposed on the case (46), and a driver unit (1) for
driving the first stage and second stage compressing
units (5, 6), wherein the interior of the case (46) is parti-
tioned into a first cooling area (44) which houses a first
cooling device (47) and to which external air compressed
by means of the first stage compressing unit (5) is fed, a
second cooling area (45) which houses a second cooling
device (48) and to which air that passed through the first

cooling area and was further compressed by means of
the second stage compressing unit (6) is fed, an oil tank
(60) which houses lubricant oil that is fed to the driver
unit (1), and a blowoff silencer chamber (80) to which the
air that passed through the second cooling area (45) and
was not used is fed; and the blowoff silencer chamber
(80) is located between the oil tank (60) and the first cool-
ing area (44) and the second cooling area (45) in the
interior of the case (46).
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Description

[Technical Field]

[0001] The present invention relates to a turbocom-
pressor used as a power source in a factory or a process
compressor, or particularly to a turbocompressor provid-
ed with a blowoff silencer.

[Background Art]

[0002] PTL 1 proposes a two-stage turbocompressor
configured to: compress a fluid by a first stage compres-
sor, then further compress the fluid by a second stage
compressor, and discharge the fluid. This turbocompres-
sor includes a case formed from a casting, and the first
stage compressor and the second stage compressor
which are disposed on the case. An impeller of the first
stage compressor and an impeller of the second stage
compressor are connected to each other with a rotating
shaft. The rotating shaft is disposed parallel to an output
shaft of a drive motor, and is driven by the drive motor
through a gear system located at a central portion of the
rotating shaft.
[0003] In the turbocompressor, external air is taken in
from an intake port, and the external air is compressed
by the first stage compressor and then fed to a first cooling
area of the case. A first cooling device is housed in the
first cooler. The compressed air is cooled by the first cool-
ing device, fed from the first cooler to the second stage
compressor, and further compressed. The air com-
pressed by the second stage compressor is fed to a sec-
ond cooler of the case. A second cooling device is housed
in the second cooler. The compressed air is cooled by
the second cooling device and is discharged from the
second cooler through an exhaust port.
[0004] The turbocompressor described in PTL 1 is de-
vised in a layout inside the case in order to achieve a
reduction in size. The first cooler which houses the first
cooling device, the second cooler which houses the sec-
ond cooling device, and an oil tank which houses lubri-
cant oil are arranged close to each other inside the case.
[0005] In a general centrifugal turbocompressor, pres-
sure at an outlet of the compressor rises when the com-
pressed air becomes excessive in a factory or the like
and an amount of the compressed air consumed be-
comes smaller than an amount of the external air taken-
in. In this case, when a pressure value detected by a
sensor installed at an outlet portion of the compressor
exceeds a preset value, a blowoff valve installed at an
outlet of the second cooler is opened and the compressed
air is discharged to the external air. In addition, in the
above-described compressor, a blowoff silencer is in-
stalled at a position between the blowoff valve and a blow-
off port to the atmosphere in order to reduce noise caused
by opening the blowoff valve.

[Citation List]

[Patent Literature]

[0006] [PTL 1] Japanese Patent No. 3470410

[Summary of Invention]

[0007] In the meantime, a silencer with a low pressure
loss has to be used as the blowoff silencer for the turbo-
compressor as described above in order to avoid surging.
The surging is a phenomenon that backflow of air occurs
inside an impeller. The occurrence of the surging leads
to severe pulsation and disables normal operation. In this
regard, it is common practice to silence and decelerate
the air in the blowoff silencer by using a muffler with a
small pressure loss, a duct to which a noise absorption
material is attached, and the like. However, since a noise
reduction effect increases in proportion to the size of the
blowoff silencer, there is a problem that a centrifugal tur-
bocompressor made in a compact size cannot suppress
blowoff noise sufficiently.
[0008] The present invention has been made in view
of the above-described circumstances. An object of the
present invention is to provide a turbocompressor capa-
ble of being installed in a small space together with a
blowoff silencer and sufficiently decreasing noise caused
when compressed air is discharged to the external air.
[0009] To solve the problem and to attain the object, a
turbocompressor according to an embodiment of the
present invention includes any of the following configu-
rations.

[Configuration 1]

[0010] A turbocompressor includes a case, a centrifu-
gal first stage compressing unit disposed on the case, a
centrifugal second stage compressing unit disposed on
the case, and a driver unit configured to drive the first
stage compressing unit and the second stage compress-
ing unit. The case is partitioned into: a first cooling area
which houses a first cooling device and to which external
air compressed by the first stage compressing unit is fed;
a second cooling area which houses a second cooling
device and to which air that passes through the first cool-
ing area and is further compressed by the second stage
compressing unit is fed; an oil tank which houses lubri-
cant oil that is fed to the driver unit; and a blowoff silencer
chamber to which the air that passes through the second
cooling area and is discharged to an atmosphere is fed,
and, in the interior of the case, the blowoff silencer cham-
ber houses a blowoff silencer and is located between the
oil tank and the first cooling area as well as the second
cooling area.

[Configuration 2]

[0011] In the turbocompressor having Configuration 1,
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the case includes partition plates which partition the in-
terior of the case into the first cooling area, the second
cooling area, the oil tank, and the blowoff silencer cham-
ber. Moreover, the second cooling area, the oil tank, and
the blowoff silencer chamber are integrally formed from
a casting.
[0012] Since the turbocompressor has Configuration
1, the blowoff silencer chamber is located between the
oil tank and the first cooling area as well as the second
cooling area in the interior of the case. Thus, a silencing
effect by the blowoff silencer can be increased. In addi-
tion, since there is an air layer between the oil tank and
the first as well as the second cooling areas, heat transfer
occurring between the air inside the cooling areas and
the lubricant oil inside the oil tank is suppressed.
[0013] Moreover, the turbocompressor can achieve
lower manufacturing costs by a reduction in the number
of components, and can be installed in a small space
together with the blowoff silencer.
[0014] Meanwhile, since the turbocompressor has
Configuration 2, the case is formed from the casting in-
tegrally with the partition plates to partition the interior of
the case. Thus, the silencing effect of the blowoff silencer
can be increased.
[0015] In other words, it is possible to provide the tur-
bocompressor, which can be installed in a small space
together with the blowoff silencer, and sufficiently reduce
noise when exhaust air is discharged to the external air.

[Brief Description of Drawings]

[0016]

[Fig. 1]
Fig. 1 is a plan view of a turbocompressor according
to an embodiment of the present invention.
[Fig. 2]
Fig. 2 is a side view of the turbocompressor in Fig. 1.
[Fig. 3]
Fig. 3 is a front view of the turbocompressor in Fig. 1.
[Fig. 4]
Fig. 4 is a transverse sectional view showing a con-
figuration of a case of the turbocompressor in Fig. 1.

[Description of Embodiments]

[0017] An embodiment of the present invention will be
described below on the basis of the drawings.
[0018] Fig. 1 is a plan view of a turbocompressor ac-
cording to an embodiment of the present invention, Fig.
2 is a side view of the turbocompressor in Fig. 1, and Fig.
3 is a front view of the turbocompressor in Fig. 1.
[0019] The turbocompressor according to the embod-
iment of the present invention is a so-called geared tur-
bocompressor. As shown in Fig. 1 to Fig. 3, the turbo-
compressor is a two-stage compressor including a case
46 formed from a casting, and a centrifugal first stage
compressing unit 5 as well as a centrifugal second stage

compressing unit 6 which are disposed on the case 46.
[0020] The turbocompressor rotates impellers of the
first stage and second stage compressing units 5, 6 at a
high speed by using an output shaft 2 of a drive motor 1
serving as driving means and through a gear system 3,
imparts kinetic energy to air (gas) that is taken in, effi-
ciently decelerates the air thus taken in and converts the
air into pressure, and thereby compresses the air. The
turbocompressor is configured to improve overall com-
pression efficiency by performing intermediate cooling
and approaching isothermal compression.
[0021] The drive motor 1 is a so-called flange motor,
which is fixed on the case 46 with a flange 1a interposed
in between. A rotating shaft 4 is disposed parallel to an
output shaft 2 of the drive motor 1 and is connected to
the output shaft 2 through the gear system (a speed-up
gear) 3. The first stage compressing unit 5 is provided at
an end portion of the rotating shaft 4 near the drive motor
1. The second stage compressing unit 6 is provided at
the other end of the rotating shaft 4. A drive force is trans-
mitted to a central portion of the rotating shaft 4 through
the gear system 3. The impeller of the first stage com-
pressing unit 5 is attached to the end side of the rotating
shaft 4 near the drive motor 1 while the impeller of the
second stage compressing unit 6 is attached to the other
end side thereof.
[0022] Each of the first stage and second stage com-
pressing units 5, 6 includes a diffuser and a scroll cham-
ber which are located around the impeller attached to the
rotating shaft 4. With the impellers subjected to rotation
at the high speed, each of the first stage and second
stage compressing units 5, 6 accelerates the air (gas),
which is sucked in a central portion of the corresponding
impeller, outward in the radial direction. The accelerated
air passes through the corresponding diffuser and scroll
chamber for deceleration, whereby the kinetic energy im-
parted to the air is converted into pressure energy.
[0023] In the gear system 3, a large gear (a bull gear)
is connected to the output shaft 2 of the drive motor 1. A
small gear (a pinion gear) meshing with the large gear
rotates with increased speed and transmits the drive
force to the rotating shaft 4.
[0024] Fig. 4 is a transverse sectional view showing a
configuration of the case of the turbocompressor in Fig. 1.
[0025] The interior of the case 46 is partitioned into first
and second cooling areas 44, 45 serving as air-guiding
passages, an oil tank 60 filled with lubricant oil necessary
for bearings in the rotating shaft 4 and for the gear system
3, and a blowoff silencer chamber (a blow tank) 80. A
first cooling device (an intercooler) 47 and a second cool-
ing device (an aftercooler) 48 for cooling the air are
housed in the first cooling area 44 and the second cooling
area 45, respectively. The case 46 is formed from the
casting integrally with partition plates. Here, the partition
plates partition the interior of the case 46 into the first
cooling area 44, the second cooling area 45, the oil tank
60, and the blowoff silencer chamber 80. The blowoff
silencer chamber 80 houses a blowoff silencer 82, and
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is located between the oil tank 60 and the first cooling
area 44 as well as the second cooling area 45.
[0026] Meanwhile, as shown in Fig. 1, an intake pipe
7 and an intake filter 8 of the first stage compressing unit
5 are disposed beside the drive motor 1. The intake filter
8 is provided for avoiding intake of a foreign object in
atmospheric air. In the turbocompressor, external air is
taken in from the intake pipe 7 by the first stage com-
pressing unit 5, and the external air is compressed by
the first stage compressing unit 5. Then, as shown in Fig.
4, the compressed air passes through an air passage
unit of the case 46 and is fed from an inlet 44a of the first
cooling area 44 into the first cooling area 44 of the case
46.
[0027] While the compressed air is heated to about
200°C at the time of being fed to the first cooling area
44, the air is cooled down to about 40°C by the first cooling
device 47. The air cooled by the first cooling device 47
is fed from the first cooling area 44 to the second stage
compressing unit 6 through an outlet 44b of the first cool-
ing area 44 and piping 9.
[0028] The second stage compressor 6 further com-
presses the air thus fed, and then feeds the compressed
air from an inlet 45a of the second cooling area 45 into
the second cooling area 45 of the case 46 through an air
passage unit 10 of the case 46. The air at about 200°C
fed to the second cooling area 45 is cooled down to about
40°C by the second cooling device 48. The air cooled by
the second cooling device 48 is discharged from the sec-
ond cooling area 45 through an outlet 45b of the second
cooling area 45. The air discharged from the outlet 45b
of the second cooling area 45 is fed through not-illustrat-
ed piping for use in a factory or the like.
[0029] In the turbocompressor, pressure at an outlet
of the compressor rises when the compressed air be-
comes excessive in a factory or the like and an amount
of the compressed air consumed becomes smaller than
an amount of the external air taken-in. Then, a blowoff
valve 83 is opened when a pressure value detected with
a sensor installed at an outlet portion of the compressor
exceeds a preset value. In this case, the compressed
exhaust air not for use is fed into the blowoff silencer
chamber 80 through piping 81 that connects the outlet
45b of the second cooling area 45 and a blowoff silencer
chamber inlet 80a. The exhaust air fed to the blowoff
silencer chamber 80 passes through the blowoff silencer
82 housed in the blowoff silencer chamber 80, and is
discharged from a blowoff silencer chamber outlet 80b
to the external air. The blowoff silencer 82 is configured
to reduce noise at a blowoff port of the turbocompressor
by silencing and discharging the compressed air inside
the blowoff silencer chamber 80 and decelerating a flow
rate of the exhaust air. The blowoff silencer 82 has a
structure including a muffler with a small pressure loss
and a duct to which a noise absorption material is at-
tached, and is configured to suppress the noise.
[0030] In the turbocompressor, all other units consti-
tuting the turbocompressor, namely, an intake control

valve for controlling a flow rate of the air, a control panel
for controlling a control valve as well as operation and
shutdown, an oil supply system necessary for lubricating
the bearings and the gears, a flue gas system configured
to keep the interior of the case 46 at negative pressure
in order to prevent the lubricant oil from leaking out of
the case 46, and the like are installed on the case 46,
and thereby space saving is achieved.
[0031] Moreover, in the turbocompressor, the blowoff
silencer 82 is housed in the case 46 and the number of
components is thereby reduced. Thus, the turbocom-
pressor can achieve lower manufacturing costs and can
also be installed in a small space together with the blowoff
silencer.
[0032] Furthermore, in the turbocompressor, the blow-
off silencer chamber 80 is located between the oil tank
60 and the first as well as the second cooling areas 44,
45. In addition, the case 46 is integrally formed from the
casting. Thus, it is possible to increase a silencing effect
of the blowoff silencer 82. When the compressed air is
discharged to the atmosphere, its sound pressure level
reaches 120 dB or higher. This blowoff sound can be
shielded and attenuated by the blowoff silencer chamber
80. Thus, it is possible to sufficiently reduce the noise
outside the turbocompressor.
[0033] If the oil tank 60 is built in the case 46, heat
exchange will occur at its partition walls with the first and
second cooling areas 44, 45 whereby the lubricating oil
will absorb the heat from the high-temperature air and
will raise the temperature of the cooled air again. If such
a phenomenon occurs, the capacity of an oil cooler has
to be increased and deterioration in efficiency of the com-
pressor is caused by a rise in temperature of the air. In
this turbocompressor, however, a rise in temperature of
the lubricating oil inside the oil tank 60 is suppressed,
and it is therefore unnecessary to increase the capacity
of the oil cooler. In addition, no deterioration in efficiency
of the compressor occurs due to a rise in temperature of
the air.

[Industrial Applicability]

[0034] The present invention is applicable to a turbo-
compressor used as a power source or for a process in
a factory, or more specifically, is applicable to a turbo-
compressor which is made in a compact size and sup-
presses noise by building a blowoff silencer chamber in-
side a case.

Claims

1. A turbocompressor comprising:

a case;
a centrifugal first stage compressing unit dis-
posed on the case;
a centrifugal second stage compressing unit dis-
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posed on the case; and
a driver unit configured to drive the first stage
compressing unit and the second stage com-
pressing unit, wherein
the case is partitioned into a first cooling area
which houses a first cooling device and to which
external air compressed by the first stage com-
pressing unit is fed, a second cooling area which
houses a second cooling device and to which
air that passes through the first cooling area and
is further compressed by the second stage com-
pressing unit is fed, an oil tank which houses
lubricant oil to be fed to the driver unit, and a
blowoff silencer chamber to which the air that
passes through the second cooling area and is
to be discharged to atmosphere is fed, and
the blowoff silencer chamber houses a blowoff
silencer, and is located between the oil tank and
the first cooling area as well as the second cool-
ing area in an interior of the case.

2. The turbocompressor of claim 1, wherein
the case comprises partition plates which partition
the interior of the case into the first cooling area, the
second cooling area, the oil tank, and the blowoff
silencer chamber, and
the first cooling area, the second cooling area, the
oil tank, and the blowoff silencer chamber are inte-
grally formed from a casting.
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