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(54) LIQUID-FEED TYPE GAS COMPRESSOR

(57) A liquid-feed-type gas compressor that can
monitor the liquid surface height in a gas-liquid separator
is provided. An oil-feed-type air compressor includes: an
oil separator that separates oil from compressed air dis-
charged from a compressor main body 1 and stores the
oil therein; a sampling line whose inlet side is connected
to a predetermined height position of the oil separator
and that allows fluid from the predetermined height po-
sition of the oil separator to flow by the pressure differ-
ence between the inlet side and the outlet side; a pres-

sure sensor that detects the pressure of the fluid that
flows or has flown in the sampling line; a controller that
determines which of air and oil the fluid that flows in the
sampling line is by carrying out determination of whether
the pressure detected by the pressure sensor exceeds
a set value P1 in some cases and determination of wheth-
er the pressure falls below a set value P2 in some cases;
and an informing device that informs a determination re-
sult of the controller.
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Description

Technical Field

[0001] The present invention relates to a liquid-feed-
type gas compressor including a gas-liquid separator and
particularly relates to a liquid-feed-type gas compressor
suitable to monitor the liquid surface height in a gas-liquid
separator.

Background Art

[0002] An oil-feed-type air compressor that is one of
liquid-feed-type gas compressors and includes a com-
pressor main body, an oil separator, and an oil feed sys-
tem (for example refer to Patent Document 1). The com-
pressor main body compresses air (gas) while injecting
oil (liquid) into compression chambers for the purpose of
cooling of heat of compression, lubrication of compres-
sion members such as rotors and laps, seal of the com-
pression chambers, and so forth. The oil separator (gas-
liquid separator) separates the oil from the compressed
air (compressed gas) discharged from the compressor
main body and stores the oil therein. The oil feed system
(liquid feed system) feeds the oil stored in the oil sepa-
rator to the compressor main body.

Prior Art Document

Patent Document

[0003] Patent Document 1: JP-2009-85045-A

Summary of the Invention

Problem to be Solved by the Invention

[0004] In the above-described oil-feed-type air com-
pressor, the compression performance and so forth lower
when the amount of stored oil in the oil separator be-
comes deficient, i.e. when the amount of oil fed to the
compressor main body becomes deficient. For this rea-
son, the oil surface height in the oil separator needs to
be monitored.
[0005] So, if the difference between the pressure of air
and the pressure of oil in the oil separator is large, a
method in which a detector that detects the pressure is
set at a predetermined height position in the oil separator
is conceivable. Specifically, in this method, by setting a
threshold that is the middle of the pressure of air and the
pressure of oil in the oil separator in advance, for exam-
ple, and determining whether the pressure detected by
the detector exceeds the threshold, it is determined which
of air and oil the fluid existing at the predetermined height
position in the oil separator is. Thereby, whether the oil
surface in the oil separator is lower than the predeter-
mined height position is detected.
[0006] Alternatively, if the difference between the tem-

perature of air and the temperature of oil in the oil sepa-
rator is large, a method in which a detector that detects
the temperature is set at a predetermined height position
in the oil separator is conceivable. Specifically, in this
method, by setting a threshold that is the middle of the
temperature of air and the temperature of oil in the oil
separator in advance, for example, and determining
whether the temperature detected by the detector ex-
ceeds the threshold, it is determined which of air and oil
the fluid existing at the predetermined height position in
the oil separator is. Thereby, whether the oil surface in
the oil separator is lower than the predetermined height
position is detected.
[0007] However, actually the difference between the
pressure of air and the pressure of oil in the oil separator
hardly exists and the difference between the temperature
of air and the temperature of oil also hardly exists. For
this reason, the detection value of the detector does not
vary whether or not the oil surface height in the oil sep-
arator varies. Therefore, the above-described method
cannot be employed.
[0008] As further another method, it is conceivable that
a detector of an optical system that detects whether or
not oil exits is set at a predetermined height position in
the oil separator. However, oil separated from com-
pressed air flows down in the oil separator. Furthermore,
the oil surface in the oil separator often undulates. For
this reason, even when the oil surface in the oil separator
is lower than the predetermined height position, the oil
continuously passes through the detector or adheres
thereto, which possibly leads to erroneous detection of
the detector. Therefore, this method cannot be em-
ployed.
[0009] The present invention is made in view of the
above-described matter and one of problems thereof is
monitoring the liquid surface height in a gas-liquid sep-
arator.

Means for Solving the Problem

[0010] In order to solve the above-described problem,
configurations described in the scope of claims are ap-
plied. The present invention includes plural means for
solving the above-described problem. To cite one exam-
ple thereof, a liquid-feed-type gas compressor includes
a compressor main body that compresses a gas while
injecting a liquid into a compression chamber, a gas-liq-
uid separator that separates the liquid from a com-
pressed gas discharged from the compressor main body
and stores the liquid therein, a liquid feed system that
feeds the liquid stored in the gas-liquid separator to the
compressor main body, a sampling line whose inlet side
is connected to a predetermined height position of the
gas-liquid separator and that allows fluid from the prede-
termined height position of the gas-liquid separator to
flow by pressure difference between the inlet side and
an outlet side, a detector that detects pressure or tem-
perature of the fluid that flows in the sampling line, a
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controller that determines which of the gas and the liquid
the fluid that flows in the sampling line is by carrying out
at least one of determination of whether the pressure or
the temperature detected by the detector exceeds a first
set value set in advance in some cases and determination
of whether the pressure or the temperature detected by
the detector falls below a second set value set to be small-
er than the first set value in advance in some cases, and
an informing device that informs a determination result
of the controller.
[0011] Furthermore, to cite another example, a liquid-
feed-type gas compressor includes a compressor main
body that compresses a gas while injecting a liquid into
a compression chamber, a gas-liquid separator that sep-
arates the liquid from a compressed gas discharged from
the compressor main body and stores the liquid therein,
a liquid feed system that feeds the liquid stored in the
gas-liquid separator to the compressor main body, a
sampling line whose inlet side is connected to a prede-
termined height position of the gas-liquid separator and
that allows fluid from the predetermined height position
of the gas-liquid separator to flow by pressure difference
between the inlet side and an outlet side, a detector that
detects the pressure or the temperature of the fluid that
flows on a system on a downstream side connected to
the outlet side of the sampling line on the liquid feed sys-
tem, a controller that determines which of the gas and
the liquid the fluid that flows in the sampling line is by
carrying out at least one of determination of whether the
pressure or the temperature detected by the detector ex-
ceeds a first set value set in advance in some cases and
determination of whether the pressure or the temperature
detected by the detector falls below a second set value
set to be smaller than the first set value in advance in
some cases, and an informing device that informs a de-
termination result of the controller.

Advantages of the Invention

[0012] The present invention is based on knowledge
that pulsation (in other words, large change in which in-
crease and decrease are cyclically repeated) hardly oc-
curs in the pressure or the temperature of a liquid when
the liquid is caused to flow in the sampling line whereas
pulsation occurs in the pressure or the temperature of a
gas when the gas is caused to flow in the sampling line,
and it can be determined which of the gas and the liquid
the fluid that flows in the sampling line is. Due to this, the
liquid surface height in the gas-liquid separator can be
monitored.
[0013] Problems, configurations, and effects other
than the above description will be made apparent by the
following description.

Brief Description of the Drawings

[0014]

FIG. 1 is a schematic diagram that represents the
configuration of an oil-feed-type air compressor in a
first embodiment of the present invention and shows
the state in which the amount of stored oil in an oil
separator is sufficient.
FIG. 2 is a diagram showing the state in which the
amount of stored oil in the oil separator is insufficient
in the first embodiment of the present invention.
FIG. 3 is a diagram that represents change in the
detection value of a pressure sensor over time in the
first embodiment of the present invention and shows
the case in which oil flows in a sampling line.
FIG. 4 is a diagram that represents change in the
detection value of the pressure sensor over time in
the first embodiment of the present invention and
shows the case in which air flows in the sampling line.
FIG. 5 is a schematic diagram that represents the
configuration of an oil-feed-type air compressor in a
second embodiment of the present invention and
shows the state in which the amount of stored oil in
the oil separator is sufficient.
FIG. 6 is a schematic diagram that represents the
configuration of an oil-feed-type air compressor in a
third embodiment of the present invention and shows
the state in which the amount of stored oil in the oil
separator is sufficient.
FIG. 7 is a diagram showing the state in which the
amount of stored oil in the oil separator is insufficient
in the third embodiment of the present invention.
FIG. 8 is a diagram that represents change in the
detection value of a temperature sensor over time in
the third embodiment of the present invention and
shows the case in which oil flows in the sampling line.
FIG. 9 is a diagram that represents change in the
detection value of the temperature sensor over time
in the third embodiment of the present invention and
shows the case in which air flows in the sampling line.
FIG. 10 is a schematic diagram that represents a
communication terminal in a modification example
of the present invention.

Modes for Carrying Out the Invention

[0015] A first embodiment of the present invention will
be described with reference to the drawings by taking as
an example an oil-feed-type air compressor as an appli-
cation target of the present invention.
[0016] FIG. 1 is a schematic diagram that represents
the configuration of the oil-feed-type air compressor in
the present embodiment and shows the state in which
the amount of stored oil in an oil separator is sufficient.
FIG. 2 is a diagram showing the state in which the amount
of stored oil in the oil separator is insufficient in the
present embodiment.
[0017] The oil-feed-type air compressor of the present
embodiment includes a compressor main body 1, an in-
take system 2 connected to the intake side of the com-
pressor main body 1, an oil separator 4 (gas-liquid sep-
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arator) connected to the discharge side of the compres-
sor main body 1 through a discharge line 3, a compressed
air feed system 5 (compressed gas feed system) con-
nected to the upper part of the oil separator 4, an oil feed
system 6 (liquid feed system) connected between the
lower part of the oil separator 4 and the compressor main
body 1, a controller 7, and a display 8. These compressor
main body 1, intake system 2, discharge line 3, oil sep-
arator 4, compressed air feed system 5, oil feed system
6, controller 7, and display 8 are disposed on the same
pedestal (base, pallet, or air tank in the case of a tank-
mounted type, or the like) to configure a compressor unit
9. In particular, in the present embodiment, the compres-
sor unit 9 is configured with a housing composed of panel
plates which surround the circumferential surface and
the upper surface of the unit.
[0018] Although details are not shown in the diagram,
the compressor main body 1 has a pair of male and fe-
male screw rotors that mesh with each other and a casing
that houses them, and plural compression chambers are
formed in the tooth spaces of the screw rotors. When the
screw rotors rotate, the compression chambers move in
the axial direction of the rotors. The compression cham-
bers take in air (gas) from the intake system 2 and com-
press the air to discharge the compressed air (com-
pressed gas) to the discharge line 3. The compressor
main body 1 injects oil (liquid) into the compression cham-
bers at any stage in the compression process, typified
by a stage immediately after start of compression, for
example, for the purpose of cooling of heat of compres-
sion, lubrication of the rotors, seal of the compression
chambers, and so forth.
[0019] The intake system 2 has a suction filter 10 that
removes impurities in air and a suction throttle valve 11
that is set on the downstream side of the suction filter 10
and can close the intake side of the compressor main
body 1.
[0020] The oil separator 4 separates oil from the com-
pressed air discharged from the compressor main body
1 by using specific gravity separation and impingement
separation, for example, and stores the separated oil at
the lower part. The compressed air separated by the oil
separator 4 is fed to a use destination outside the unit
through the compressed air feed system 5. The com-
pressed air feed system 5 has a pressure regulating valve
(check valve) 12, an after-cooler 13 that is disposed on
the downstream side of the pressure regulating valve 12
and cools the compressed air, and a control pressure
sensor 14 that is disposed on the downstream side of
the pressure regulating valve 12 and detects the pressure
of the compressed air (i.e. pressure that varies depend-
ing on the amount of use of the compressed air). The
control pressure sensor 14 outputs the detected pressure
to the controller 7.
[0021] The oil stored in the oil separator 4 is fed to the
compression chambers through the oil feed system 6 by
the pressure difference between the oil separator 4 and
the compression chambers of the compressor main body

1. The oil feed system 6 has an oil cooler 15 that cools
the oil, a bypass line 16 that bypasses the oil cooler 15,
a temperature regulating valve (three-way valve) 17 set
at the inlet (branch point) of the bypass line 16, and an
oil filter 18 that is disposed on the downstream side rel-
ative to the outlet (merging point) of the bypass line 16
and removes impurities in the oil. The temperature reg-
ulating valve 17 detects the temperature of the oil and
regulates the ratio between the flow rate on the side of
the oil cooler 15 and the flow rate on the side of the bypass
line 16 according to the temperature of the oil. Thereby,
the temperature of the oil fed to the compressor main
body 1 is regulated.
[0022] The controller 7 has an calculation control sec-
tion (for example, CPU) that executes calculation
processing and control processing by cooperation with
a program, a storing section (for example, ROM and
RAM) that stores the program and the result of the cal-
culation processing, and so forth. As an operation control
function, the controller 7 controls the opened/closed state
of the suction throttle valve 11 according to the pressure
detected by the control pressure sensor 14 and switches
the operation state of the compressor main body 1 based
on this. It is also possible for all or part of the controller
7 to have an analog circuit configuration.
[0023] Specifically, at the time of load operation of the
compressor main body 1 (in other words, when the suc-
tion throttle valve 11 is in the opened state), the controller
7 determines whether the pressure detected by the con-
trol pressure sensor 14 has risen to become an unloading
start pressure Pu set in advance. Then, if the pressure
detected by the control pressure sensor 14 becomes the
unloading start pressure Pu, the controller 7 controls the
suction throttle valve 11 to the closed state to cause
switching to no-load operation of the compressor main
body 1.
[0024] At the time of no-load operation of the compres-
sor main body 1 (in other words, when the suction throttle
valve 11 is in the closed state), the controller 7 determines
whether the pressure detected by the control pressure
sensor 14 has fallen to become a load return pressure
Pd (where Pd < Pu) set in advance. Then, if the pressure
detected by the control pressure sensor 14 becomes the
load return pressure Pd, the controller 7 controls the suc-
tion throttle valve 11 to the opened state to cause switch-
ing to load operation of the compressor main body 1. By
the above operation switching, reduction in the power
consumption can be intended when the amount of use
of the compressed air decreases.
[0025] Here, as one of characteristics of the present
embodiment, the oil-feed-type air compressor includes
a sampling line 19 whose inlet side is connected to a
predetermined height position H of the oil separator 4
(specifically, for example, height position of the oil sur-
face corresponding to the desired amount of stored oil
when the compressor is driven) and whose outlet side is
connected to the upstream side of the oil filter 18 of the
oil feed system 6, and a pressure sensor 20 (detector)
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that detects the pressure of fluid that flows in the sampling
line 19. In the present embodiment example, the section-
al area of the sampling line 19 is smaller than that of the
line of the oil feed system 6, for example, so that the flow
rate may become lower than that of the oil feed system
6. However, the sampling line 19 is not limited thereto.
The pressure sensor 20 outputs the detected pressure
to the controller 7.
[0026] As an oil surface height detection function, at
the time of load operation of the compressor main body
1 (in other words, when the oil surface in the oil separator
4 is lower than that at the time of no-load operation of
the compressor main body 1), the controller 7 determines
which of air and oil the fluid that flows in the sampling
line 19 is (or which of them mainly exists) by carrying out
determination of whether the pressure detected by the
pressure sensor 20 gets out of a set range set in advance
in some cases (in other words, determination of whether
the pressure exceeds a set value P1 set in advance in
some cases and determination of whether the pressure
falls below a set value P2 (where P2 < P1) set in advance
in some cases), and outputs the determination result to
the display 8. The display 8 informs the determination
result of the controller 7.
[0027] Specifically, as shown in FIG. 1, if the oil surface
in the oil separator 4 is higher than the predetermined
height position H (in other words, position to which the
inlet side of the sampling line 19 is connected), oil flows
in the sampling line 19. In this case, as shown in FIG. 3,
the pressure of oil detected by the pressure sensor 20
does not involve the occurrence of pulsation and falls
within the set range (in other words, equal to or lower
than the set value P1 and equal to or higher than the set
value P2). Thus, the controller 7 determines that the fluid
that flows in the sampling line 19 is oil. Due to this, it can
be detected that the oil surface in the oil separator 4 is
higher than the predetermined height position H.
[0028] On the other hand, as shown in FIG. 2, if the oil
surface in the oil separator 4 is lower than the predeter-
mined height position H, air flows in the sampling line 19.
In this case, as shown in FIG. 4, the pressure of air de-
tected by the pressure sensor 20 involves the occurrence
of pulsation and gets out of the set range (in other words,
exceeds the set value P1 or falls below the set value P2)
in some cases. Thus, the controller 7 determines that the
fluid that flows in the sampling line 19 is air. Due to this,
it can be detected that the oil surface in the oil separator
4 is lower than the predetermined height position H.
[0029] If the determination result that the fluid that flows
in the sampling line 19 is air is input to the display 8, the
display 8 displays a message of "warning: lubricating oil
is insufficient" or "warning: please replenish lubricating
oil," or the like, as notification information based on the
determination result. Furthermore, the determination re-
sult that the fluid that flows in the sampling line 19 is oil
may be input to the display 8 and the display 8 may dis-
play a message of "lubricating oil is sufficient" or the like
as information based on the determination result. These

informing methods may be various forms such as sound,
vibration, or combination of them.
[0030] As above, the present embodiment is based on
knowledge that pulsation hardly occurs in the pressure
of oil when the oil (liquid) flows in the sampling line 19
whereas pulsation occurs in the pressure of air when the
air (gas) flows in the sampling line 19, and it can be de-
termined which of oil and air the fluid that flows in the
sampling line 19 is (or which of them mainly exists). Due
to this, the oil surface height in the oil separator 4 can be
accurately monitored.
[0031] In the first embodiment, the description is made
by taking as an example the case in which the controller
7 determines which of air and oil the fluid that flows in
the sampling line 19 is (or which of them mainly exists)
by carrying out determination of whether the pressure
detected by the pressure sensor 20 gets out of the set
range in some cases (in other words, both determination
of whether the pressure detected by the pressure sensor
20 exceeds the set value P1 in some cases and deter-
mination of whether the pressure falls below the set value
P2 in some cases). However, the present invention is not
limited thereto and modifications are possible in such a
range as not to depart from the gist and technical idea
of the present invention.
[0032] As a first modification example, the controller 7
may determine which of air and oil the fluid that flows in
the sampling line 19 is (or which of them mainly exists)
by carrying out either one of determination of whether
the pressure detected by the pressure sensor 20 exceeds
the set value P1 in some cases and determination of
whether the pressure falls below the set value P2 in some
cases. Also in such a modification example, the same
effects as the above description can be obtained.
[0033] As a second modification example, the control-
ler 7 may determine which of air and oil the fluid that flows
in the sampling line 19 is (or which of them mainly exists)
by carrying out one or both of determination of whether
the frequency at which the pressure detected by the pres-
sure sensor 20 exceeds the set value P1 is higher than
a predetermined value and determination of whether the
frequency at which the pressure detected by the pressure
sensor 20 falls below the set value P2 is higher than a
predetermined value. Also in such a modification exam-
ple, the same effects as the above description can be
obtained.
[0034] As a third modification example, the controller
7 may determine which of air and oil the fluid that flows
in the sampling line 19 is (or which of them mainly exists)
by calculating a change rate in the pressure detected by
the pressure sensor 20 (specifically, for example, change
rate of the pressure obtained at every interval of the de-
tection time of the pressure sensor 20) and carrying out
one or both of determination of whether this change rate
exceeds a positive set value set in advance in some cas-
es and determination of whether the change rate falls
below a negative set value set in advance in some cases.
Also in such a modification example, the same effects
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as the above description can be obtained.
[0035] A second embodiment of the present invention
will be described with reference to the drawings. In the
present embodiment, the same part as the first embod-
iment is given the same character and description thereof
is omitted as appropriate.
[0036] FIG. 5 is a schematic diagram that represents
the configuration of an oil-feed-type compressor in the
present embodiment. Main differences from the first em-
bodiment in terms of the configuration are that a sampling
line 19A in the second embodiment has a configuration
in which the outlet side thereof is connected to the up-
stream side relative to the temperature regulating valve
17 on the oil feed system 6 and that the pressure sensor
20 is disposed on the downstream side relative to the
outlet of the sampling line 19A (in the present embodi-
ment, on the downstream side relative to the outlet of the
bypass line 16) on the oil feed system 6. In other words,
one of characteristics of the second embodiment is that
not pressure pulsation of the sampling line 19A but pres-
sure pulsation that occurs in the oil feed system 6 due to
the sampling line 19A is detected.
[0037] Specifically, for example, when the compressor
is in load operation, if the oil surface position in the oil
separator 4 becomes lower than the position of the inlet
side of the sampling line 19A, air flows to the oil feed
system 6 through the sampling line 19A similarly to the
first embodiment. In other words, air or oil or mixed fluid
of them flows to the bypass line 16 and pressure pulsation
occurs. Change in this pulsation is detected by the pres-
sure sensor 20 and the controller can detect the height
of the oil surface similarly to the first embodiment.
[0038] As long as the pressure sensor 20 exists on the
downstream side relative to the outlet-side connecting
part of the sampling line 19A on the oil feed system 6, a
configuration in which the connection configuration of the
sampling line 19A is made same as the first embodiment
may be employed.
[0039] Also in such a second embodiment, the same
effects as the first embodiment and the modification ex-
amples thereof can be obtained. In particular, in the
present embodiment, the size of the sampling line 19A
is small and it is also possible to expect effects of sim-
plification of the line configuration and reduction in the
member cost.
[0040] A third embodiment of the present invention will
be described with reference to the drawings. In the
present embodiment, the same part as the first or second
embodiment is given the same character and description
thereof is omitted as appropriate.
[0041] FIG. 6 is a schematic diagram that represents
the configuration of an oil-feed-type air compressor in
the present embodiment and shows the state in which
the amount of stored oil in the oil separator 4 is sufficient.
FIG. 7 is a diagram showing the state in which the amount
of stored oil in the oil separator 4 is insufficient in the
present embodiment.
[0042] The oil-feed-type air compressor of the present

embodiment includes, instead of the pressure sensor 20,
a temperature sensor 21 (detector) that detects the tem-
perature of fluid that flows in the sampling line 19. The
temperature sensor 21 outputs the detected temperature
to a controller 7A.
[0043] As an oil surface height detection function, at
the time of load operation of the compressor main body
1, the controller 7A determines which of air and oil the
fluid that flows in the sampling line 19 is by carrying out
determination of whether the temperature detected by
the temperature sensor 21 gets out of a set range set in
advance in some cases (in other words, both determina-
tion of whether the temperature exceeds a set value T1
set in advance in some cases and determination of
whether the temperature falls below a set value T2
(where T2 < T1) set in advance in some cases), and
outputs the determination result to the display 8.
[0044] Specifically, as shown in FIG. 6, if the oil surface
in the oil separator 4 is higher than the predetermined
height position H, oil flows in the sampling line 19. In this
case, as shown in FIG. 8, the temperature of oil detected
by the temperature sensor 21 does not involve the oc-
currence of pulsation and falls within the set range (in
other words, equal to or lower than the set value T1 and
equal to or higher than the set value T2). Thus, the con-
troller 7A determines that the fluid that flows in the sam-
pling line 19 is oil. Due to this, it can be detected that the
oil surface in the oil separator 4 is higher than the pre-
determined height position H.
[0045] On the other hand, as shown in FIG. 7, if the oil
surface in the oil separator 4 is lower than the predeter-
mined height position H, air flows in the sampling line 19.
In this case, as shown in FIG. 9, the temperature of air
detected by the temperature sensor 21 involves the oc-
currence of pulsation and gets out of the set range (in
other words, exceeds the set value T1 or falls below the
set value T2) in some cases. Thus, the controller 7A de-
termines that the fluid that flows in the sampling line 19
is air. Due to this, it can be detected that the oil surface
in the oil separator 4 is lower than the predetermined
height position H.
[0046] If the determination result that the fluid that flows
in the sampling line 19 is air is input to the display 8, the
display 8 displays a message of "warning: lubricating oil
is insufficient" or "warning: please replenish lubricating
oil," or the like, as information based on the determination
result. Furthermore, the determination result that the fluid
that flows in the sampling line 19 is oil may be input to
the display 8 and the display 8 may display a message
of "lubricating oil is sufficient" or the like as information
based on the determination result.
[0047] As above, the present embodiment is based on
knowledge that pulsation hardly occurs in the tempera-
ture of oil when the oil (liquid) is caused to flow in the
sampling line 19 whereas pulsation occurs in the tem-
perature of air when the air (gas) is caused to flow in the
sampling line 19, and it can be determined which of oil
and air the fluid that flows in the sampling line 19 is (or
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which of them mainly exists). Due to this, the oil surface
height in the oil separator 4 can be monitored.
[0048] In the third embodiment, the description is made
by taking as an example the case in which the controller
7A determines which of air and oil the fluid that flows in
the sampling line 19 is (or which of them mainly exists)
by carrying out determination of whether the temperature
detected by the temperature sensor 21 gets out of the
set range in some cases (in other words, both determi-
nation of whether the temperature detected by the tem-
perature sensor 21 exceeds the set value T1 in some
cases and determination of whether the temperature falls
below the set value T2 in some cases). However, the
present invention is not limited thereto and modifications
are possible in such a range as not to depart from the
gist and technical idea of the present invention.
[0049] As a fourth modification example, the controller
7A may determine which of air and oil the fluid that flows
in the sampling line 19 is (or which of them mainly exists)
by carrying out either one of determination of whether
the temperature detected by the temperature sensor 21
exceeds the set value T1 in some cases and determina-
tion of whether the temperature falls below the set value
T2 in some cases. Also in such a modification example,
the same effects as the above description can be ob-
tained.
[0050] As a fifth modification example, the controller
7A may determine which of air and oil the fluid that flows
in the sampling line 19 is (or which of them mainly exists)
by carrying out one or both of determination of whether
the frequency at which the temperature detected by the
temperature sensor 21 exceeds the set value T1 is higher
than a predetermined value and determination of whether
the frequency at which the temperature detected by the
temperature sensor 21 falls below the set value T2 is
higher than a predetermined value. Also in such a mod-
ification example, the same effects as the above descrip-
tion can be obtained.
[0051] As a sixth modification example, the controller
7A may determine which of air and oil the fluid that flows
in the sampling line 19 is (or which of them mainly exists)
by calculating a change rate in the temperature detected
by the temperature sensor 21 (specifically, for example,
change rate of the temperature obtained at every interval
of the detection time of the temperature sensor 21) and
carrying out one or both of determination of whether this
change rate exceeds a positive set value set in advance
in some cases and determination of whether the change
rate falls below a negative set value set in advance in
some cases. Also in such a modification example, the
same effects as the above description can be obtained.
[0052] Naturally it is also possible to apply the config-
uration of the second embodiment (FIG. 5) to the third
embodiment. In other words, the same effects as the third
embodiment can be obtained also when the pressure
sensor 20 according to the second embodiment is re-
placed by the temperature sensor 21 according to the
third embodiment.

[0053] Furthermore, in the first to third embodiments
and the above-described modification examples, the de-
scription is made by taking as an example the case in
which the informing device that informs the determination
result of the controller 7 or 7A is the display 8 that is
mounted on the compressor unit 9 and displays informa-
tion based on the determination result of the controller 7
or 7A. However, the present invention is not limited there-
to and modifications are possible in such a range as not
to depart from the gist and technical idea of the present
invention. As in a seventh modification example shown
in FIG. 10, the informing device may be, for example, a
communication terminal 23 that is separated from the
compressor unit 9 and displays information (specifically,
a message of, for example, "warning: lubricating oil is
insufficient" or "warning: please replenish lubricating oil,"
or the like) based on the determination result of the con-
troller 7 or 7A received through a communication channel
22. The communication terminal 23 may be a configura-
tion physically in contact with the compressor unit 9 as
long as it is a separated configuration as the configuration
of communication connection. For example, a configu-
ration may be employed in which the communication ter-
minal 23 is placed or suspended at any place in the com-
pressor unit 9 and is temporarily fixed in such a manner
as to be separatable.
[0054] Furthermore, as another configuration that uses
the communication channel shown in FIG. 10, a config-
uration may be employed in which an external calculator
(server or the like) connected through the communication
channel 22 is equipped with the determination function
of the controller 7 or 7A and the determination result
thereof is informed from the external calculator to the
communication terminal 23 through the communication
channel 22. Moreover, a configuration in which the com-
munication terminal 23 has the determination function of
the controller 7 or 7A may be employed.
[0055] Although not shown in the diagram, the inform-
ing device may be a warning lamp or warning buzzer
mounted on the compressor unit 9, for example. Further-
more, the controller 7 or 7A may drive the warning lamp
or warning buzzer when determining that the fluid that
flows in the sampling line 19 is air. Also in these modifi-
cation examples, the same effects as the above descrip-
tion can be obtained.
[0056] Furthermore, in the first to third embodiments,
the description is made by taking as an example the case
in which the outlet side of the sampling line 19 (19A) is
connected to the upstream side of the oil filter 18 of the
oil feed system 6. However, the present invention is not
limited thereto and modifications are possible in such a
range as not to depart from the gist and technical idea
of the present invention. In other words, it suffices that
the sampling line is configured in such a manner that the
inlet side is connected to the predetermined height posi-
tion of the oil separator 4 and the fluid from the predeter-
mined height position of the oil separator 4 is allowed to
flow by the pressure difference between the inlet side
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(higher pressure side) and the outlet side (lower pressure
side). For this reason, it suffices that the pressure at the
site to which the outlet side of the sampling line is con-
nected is lower than the pressure in the oil separator 4
by at least the pressure loss of the sampling line.
[0057] Moreover, in the first to third embodiments, the
description is made by taking as an example the case in
which, in the oil-feed-type air compressor, the suction
throttle valve 11 that closes the intake side of the com-
pressor main body 1 is set in order to switch the com-
pressor main body 1 from load operation to no-load op-
eration. However, the present invention is not limited
thereto and modifications are possible in such a range
as not to depart from the gist and technical idea of the
present invention.
[0058] The oil-feed-type air compressor may include a
relief valve 24 (shown by a dotted line in FIG. 1, FIG. 5,
or FIG. 6) that releases a gas on the discharge side of
the compressor main body 1 (specifically, upstream side
relative to the pressure regulating valve 12 of the com-
pressed air feed system 5) instead of the suction throttle
valve 11 in order to switch the compressor main body 1
from load operation to no-load operation. Furthermore,
if the pressure detected by the control pressure sensor
14 becomes the unloading start pressure Pu, the con-
troller 7 or 7A controls the relief valve 24 to the opened
state to switch the compressor main body 1 from load
operation to no-load operation. Moreover, if the pressure
detected by the control pressure sensor 14 becomes the
load return pressure Pd, the controller 7 or 7A controls
the relief valve 24 to the closed state to switch the com-
pressor main body 1 from no-load operation to load op-
eration.
[0059] Alternatively, the oil-feed-type air compressor
may include both the suction throttle valve 11 and the
relief valve 24. Furthermore, the oil-feed-type air com-
pressor may be configured in such a manner as not to
switch the compressor main body 1 from load operation
to no-load operation. In other words, the oil-feed-type air
compressor may not include the suction throttle valve 11
or the relief valve 24 and the controller 7 or 7A may not
include the above-described operation control function.
Also in these modification examples, the same effects
as the above description can be obtained.
[0060] In the above, the description is made by taking
as an example the case in which the present invention
is applied to the oil-feed-type air compressor. However,
the present invention is not limited thereto. For example,
the present invention may be applied to a water-feed-
type air compressor including a compressor main body
that compresses air (gas) while injecting water (liquid)
into compression chambers, a water separator (gas-liq-
uid separator) that separates the water from the com-
pressed air (compressed gas) discharged from the com-
pressor main body and stores the water therein, and a
water feed system (liquid feed system) that feeds the
water stored in the water separator to the compressor
main body. If the present invention is applied to this water-

feed-type air compressor, the water surface height in the
water separator can be monitored. Furthermore, the
present invention may be applied to a compressor that
compresses a gas other than air.
[0061] Moreover, in the above, the description is made
by taking as an example the compression mechanism of
a so-called twin-screw rotor composed of male and fe-
male screw rotors. However, the present invention is not
limited thereto. For example, it is also possible to apply
various compression mechanisms such as positive dis-
placement type and turbo type. The positive displace-
ment type includes rotary type, reciprocating type, and
so forth. As the rotary type, single screw rotor, twin screw
rotor, and multi screw rotor, single scroll lap and multi
scroll lap, vane type, craw type, and so forth are included.
As the reciprocating type, single reciprocating type and
multi reciprocating type and so forth are included. More-
over, the compressor main body is also not limited to the
one-compressor configuration and even a multi-stage
configuration formed of a combination based on the same
forms or different forms can be applied.

Description of Reference Characters

[0062]

1: Compressor main body
4: Oil separator (gas-liquid separator)
6: Oil feed system (liquid feed system)
7, 7A: Controller
8: Display (informing device)
9: Compressor unit
11: Suction throttle valve
19, 19A: Sampling line
20: Pressure sensor (detector)
21: Temperature sensor (detector)
22: Communication channel
23: Communication terminal (informing device)
24: Relief valve

Claims

1. A liquid-feed-type gas compressor including a com-
pressor main body that compresses a gas while in-
jecting a liquid into a compression chamber, a gas-
liquid separator that separates the liquid from a com-
pressed gas discharged from the compressor main
body and stores the liquid therein, and a liquid feed
system that feeds the liquid stored in the gas-liquid
separator to the compressor main body, wherein the
liquid-feed-type gas compressor comprises:

a sampling line whose inlet side is connected to
a predetermined height position of the gas-liquid
separator and that allows fluid from the prede-
termined height position of the gas-liquid sepa-
rator to flow by pressure difference between the

13 14 



EP 3 604 808 A1

9

5

10

15

20

25

30

35

40

45

50

55

inlet side and an outlet side;
a detector that detects pressure or temperature
of the fluid that flows in the sampling line;
a controller that determines which of the gas and
the liquid the fluid that flows in the sampling line
is by carrying out at least one of determination
of whether the pressure or the temperature de-
tected by the detector exceeds a first set value
set in advance in some cases and determination
of whether the pressure or the temperature de-
tected by the detector falls below a second set
value set to be smaller than the first set value in
advance in some cases; and
an informing device that informs a determination
result of the controller.

2. The liquid-feed-type gas compressor according to
claim 1, wherein
the controller determines which of the gas and the
liquid the fluid that flows in the sampling line is by
carrying out both the determination of whether the
pressure or the temperature detected by the detector
exceeds the first set value set in advance in some
cases and the determination of whether the pressure
or the temperature detected by the detector falls be-
low the second set value set to be smaller than the
first set value in advance in some cases.

3. The liquid-feed-type gas compressor according to
claim 1, wherein
the liquid-feed-type gas compressor includes at least
one of a suction throttle valve that closes an intake
side of the compressor main body and a relief valve
that releases the gas on a discharge side of the com-
pressor main body in order to carry out switching of
the compressor main body from load operation to
no-load operation, and
at time of the load operation of the compressor main
body, the controller determines which of the gas and
the liquid the fluid that flows in the sampling line is
by carrying out at least one of the determination of
whether the pressure or the temperature detected
by the detector exceeds the first set value set in ad-
vance in some cases and the determination of
whether the pressure or the temperature detected
by the detector falls below the second set value set
to be smaller than the first set value in advance in
some cases.

4. The liquid-feed-type gas compressor according to
claim 1, wherein
the outlet side of the sampling line is connected to
the liquid feed system.

5. The liquid-feed-type gas compressor according to
claim 1, wherein
the compressor main body, the gas-liquid separator,
and the liquid feed system configure a compressor

unit disposed on a same base, and
the informing device includes a display that is mount-
ed on the compressor unit and displays information
based on the determination result of the controller.

6. The liquid-feed-type gas compressor according to
claim 1, wherein
the compressor main body, the gas-liquid separator,
and the liquid feed system configure a compressor
unit disposed on a same base, and
the informing device includes a communication ter-
minal that is separated from the compressor unit and
displays information based on the determination re-
sult of the controller, the determination result being
received through a communication channel.

7. A liquid-feed-type gas compressor including a com-
pressor main body that compresses a gas while in-
jecting a liquid into a compression chamber, a gas-
liquid separator that separates the liquid from a com-
pressed gas discharged from the compressor main
body and stores the liquid therein, and a liquid feed
system that feeds the liquid stored in the gas-liquid
separator to the compressor main body, wherein the
liquid-feed-type gas compressor comprises:

a sampling line whose inlet side is connected to
a predetermined height position of the gas-liquid
separator and that allows fluid from the prede-
termined height position of the gas-liquid sepa-
rator to flow by pressure difference between the
inlet side and an outlet side;
a detector that detects pressure or temperature
of the fluid that flows on a system on a down-
stream side connected to the outlet side of the
sampling line on the liquid feed system;
a controller that determines which of the gas and
the liquid the fluid that flows in the sampling line
is by carrying out at least one of determination
of whether the pressure or the temperature de-
tected by the detector exceeds a first set value
set in advance in some cases and determination
of whether the pressure or the temperature de-
tected by the detector falls below a second set
value set to be smaller than the first set value in
advance in some cases; and
an informing device that informs a determination
result of the controller.

8. The liquid-feed-type gas compressor according to
claim 7, wherein
the controller determines which of the gas and the
liquid the fluid that flows in the sampling line is by
carrying out both the determination of whether the
pressure or the temperature detected by the detector
exceeds the first set value set in advance in some
cases and the determination of whether the pressure
or the temperature detected by the detector falls be-
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low the second set value set to be smaller than the
first set value in advance in some cases.

9. The liquid-feed-type gas compressor according to
claim 7, wherein
the liquid-feed-type gas compressor includes at least
one of a suction throttle valve that closes an intake
side of the compressor main body and a relief valve
that releases the gas on a discharge side of the com-
pressor main body in order to carry out switching of
the compressor main body from load operation to
no-load operation, and
at time of the load operation of the compressor main
body, the controller determines which of the gas and
the liquid the fluid that flows in the sampling line is
by carrying out at least one of the determination of
whether the pressure or the temperature detected
by the detector exceeds the first set value set in ad-
vance in some cases and the determination of
whether the pressure or the temperature detected
by the detector falls below the second set value set
to be smaller than the first set value in advance in
some cases.

10. The liquid-feed-type gas compressor according to
claim 7, wherein
the outlet side of the sampling line is connected to
the liquid feed system.

11. The liquid-feed-type gas compressor according to
claim 7, wherein
the compressor main body, the gas-liquid separator,
and the liquid feed system configure a compressor
unit disposed on a same base, and
the informing device includes a display that is mount-
ed on the compressor unit and displays information
based on the determination result of the controller.

12. The liquid-feed-type gas compressor according to
claim 7, wherein
the compressor main body, the gas-liquid separator,
and the liquid feed system configure a compressor
unit disposed on a same base, and
the informing device includes a communication ter-
minal that is separated from the compressor unit and
informs information based on the determination re-
sult of the controller, the determination result being
received through a communication channel.

13. A liquid-feed-type gas compressor including a com-
pressor main body that compresses a gas while in-
jecting a liquid into a compression chamber, a gas-
liquid separator that separates the liquid from the
compressed gas discharged from the compressor
main body and stores the liquid therein, and a liquid
feed system that feeds the liquid stored in the gas-
liquid separator to the compressor main body,
wherein the liquid-feed-type gas compressor com-

prises:

a sampling line whose inlet side is connected to
a predetermined height position of the gas-liquid
separator and that allows fluid from the prede-
termined height position of the gas-liquid sepa-
rator to flow by pressure difference between the
inlet side and an outlet side;
a detector that detects pressure or temperature
of the fluid that flows in the sampling line or has
flown in the sampling line;
a controller that determines which of the gas and
the liquid the fluid that flows in the sampling line
is by carrying out at least one of determination
of whether frequency at which the pressure or
the temperature detected by the detector ex-
ceeds a first set value set in advance is higher
than a predetermined value and determination
of whether frequency at which the pressure or
the temperature detected by the detector falls
below a second set value set to be smaller than
the first set value in advance is higher than a
predetermined value; and
an informing device that informs a determination
result of the controller.

14. A liquid-feed-type gas compressor including a com-
pressor main body that compresses a gas while in-
jecting a liquid into a compression chamber, a gas-
liquid separator that separates the liquid from the
compressed gas discharged from the compressor
main body and stores the liquid therein, and a liquid
feed system that feeds the liquid stored in the gas-
liquid separator to the compressor main body,
wherein the liquid-feed-type gas compressor com-
prises:

a sampling line whose inlet side is connected to
a predetermined height position of the gas-liquid
separator and that allows fluid from the prede-
termined height position of the gas-liquid sepa-
rator to flow by pressure difference between the
inlet side and an outlet side;
a detector that detects pressure or temperature
of the fluid that flows in the sampling line or has
flown in the sampling line;
a controller that determines which of the gas and
the liquid the fluid that flows in the sampling line
is by calculating a change rate in the pressure
or the temperature detected by the detector and
carrying out at least one of determination of
whether the change rate exceeds a positive set
value set in advance in some cases and deter-
mination of whether the change rate falls below
a negative set value set in advance in some cas-
es; and
an informing device that informs a determination
result of the controller.
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