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Description
TECHNICAL FIELD

[0001] The presentdisclosure relates torefrigeration apparatuses and an oil cooling apparatuses using the refrigeration
apparatus.

BACKGROUND ART

[0002] Conventionally, there have been oil cooling apparatuses for cooling oil used for cooling main shafts or motors
of machine tools (see, e.g., Japanese Patent Application Laid-Open No. 2019-34397 (Patent Literature 1)).

[0003] The oil cooling apparatus includes a refrigerant circuit having a condenser and an evaporator, in which oil is
cooled by the evaporator and heat is discharged outside from the condenser.

CITATION LIST

PATENT LITERATURE

[0004] Patent Literature 1: Japanese Patent Application Laid-Open No. 2019-34397
SUMMARY OF INVENTION

TECHNICAL PROBLEMS

[0005] Since the conventional oil cooling apparatus is used in the same installation space as the machine tool, air
containing oil mist is sucked in via a filter and supplied to the condenser, and an oil component and dust adhere to the
condenser, thereby causing clogging.

[0006] In order to clean such a clogged condenser, it is necessary to remove the condenser from the oil cooling
apparatus. Therefore, there arise problems that: it takes a long time to remove, clean, and attach the condenser and
the cost of the maintenance work increases; and the shutdown period of the machine tool also increases, which decreases
operation rate.

[0007] The presentdisclosure proposes a refrigeration apparatus capable of suppressing clogging of a heat exchanger
in an oil mist atmosphere, and an oil cooling apparatus using the refrigeration apparatus.

SOLUTIONS TO PROBLEMS
[0008] A refrigeration apparatus of the present disclosure includes:

a refrigerant circuit having a heat exchanger;

a housing that houses at least the heat exchanger and is provided with a suction port on an upstream side of the
heat exchanger; and

a filter attached to the suction port of the housing and having a filter material bent in a bellows shape, in which
when air containing oil mist is supplied to the heat exchanger via the filter, at least a part of an oil component in the
air containing oil mist is trapped by the filter.

[0009] According to the present disclosure, the filter attached to the suction port of the housing has the filter material
bent in a bellows shape, so that the surface area of the filter becomes larger than that of a filter having a flat shaped
filter material. Therefore, when air containing oil mist is supplied to the heat exchanger via the filter, the filter having the
filter material with a large surface area can hold a lot of oil components, which extends a lifetime (a time until the filter
is clogged).

[0010] In addition, the refrigeration apparatus according to one aspect of the present disclosure includes

an oil reservoir disposed below a space between the heat exchanger and the filter,

an oil receiver and an oil reservoir separate from the oil receiver, the oil reservoir disposed below a space between
the heat exchanger and the filter, or

an oil receiver and an oil reservoir integrally formed on the oil receiver, the oil reservoir disposed below a space
between the heat exchanger and the filter.
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[0011] Accordingtothe presentdisclosure, an oil component trapped by the filter flows downward and an oil component
adhering to the front surface side of the heat exchanger flows downward. The oil components that have flowed down
are received by the oil receiver provided below the space between the heat exchanger and the filter. The oil received
by the oil receiver is stored in the oil reservoir. As aresult, the oil components adhering to the filter and the heat exchanger
can be stored in the oil reservoir and collectively treated without contaminating the surroundings with the oil.

[0012] In addition, the refrigeration apparatus according to one aspect of the present disclosure, when including the
oil receiver and the oil reservoir separate from the oil receiver, includes a guide path that guides the oil from the oil
receiver to the oil reservoir.

[0013] According to the present disclosure, the oil received by the oil receiver is guided to the oil reservoir by the guide
path, so that the oil can be stored in the oil reservoir without contaminating the surroundings with the oil.

[0014] In addition, in the refrigeration apparatus according to one aspect of the present disclosure,

a plurality of plate-shaped fins of the heat exchanger is disposed in parallel to each other and extends along a vertical
direction.

[0015] According to the present disclosure, the oil component adhering to the front surface side of the heat exchanger
smoothly flows downward, so that clogging, occurring due to oil droplets remaining between the fins, can be effectively
suppressed.

[0016] In addition, in the refrigeration apparatus according to one aspect of the present disclosure,

the filter is configured to guide oil droplets adhering to a surface of the filter downward.

[0017] According to the present disclosure, an oil component that has adhered to the filter smoothly flows downward,
so that clogging, occurring due to oil droplets remaining in the filter, can be effectively suppressed.

[0018] In addition, in the refrigeration apparatus according to one aspect of the present disclosure,

the filter is attached to the suction port of the housing such that creases of the filter are directed in the vertical direction.
[0019] According to the present disclosure, an oil component that has adhered to the filter smoothly flows downward,
so that clogging, occurring due to oil droplets remaining in the filter, can be effectively suppressed.

[0020] In addition, in the refrigeration apparatus according to one aspect of the present disclosure,

the filter is attached at an interval from the heat exchanger.

[0021] According to the present disclosure, even when air containing oil mist is supplied to the heat exchanger via the
filter and an oil component in the air is trapped by the filter, the oil component trapped by the filter cannot easily be
transmitted to the heat exchanger side, so that clogging of the heat exchanger can be suppressed.

[0022] In addition, an oil cooling apparatus of the present disclosure includes any one of the refrigeration apparatuses,
in which

the heat exchanger is a first heat exchanger functioning as a condenser,
the refrigerant circuit of the refrigeration apparatus has a second heat exchanger functioning as an evaporator, and
the oil is cooled by the second heat exchanger.

[0023] According to the present disclosure, an oil cooling apparatus, capable of suppressing clogging of the first heat
exchanger functioning as a condenser in an oil mist atmosphere, can be realized.
[0024] A refrigeration apparatus of the present disclosure includes:

a refrigerant circuit having a heat exchanger;

a housing that houses at least the heat exchanger and is provided with a suction port on an upstream side of the
heat exchanger; and

a filter attached to the suction port of the housing, in which

the filter is configured to be held not to come into contact with the heat exchanger, and

when air containing oil mist is supplied to the heat exchanger via the filter, at least a part of an oil component in the
air containing oil mist is trapped by the filter.

[0025] According to the present disclosure, the filter is configured to be held not to come into contact with the heat
exchanger, so that an oil component trapped by the filter cannot easily be transmitted to the heat exchanger side, even
when air containing oil mist is supplied to the heat exchanger via the filter and an oil component in the air is trapped by
the filter. As a result, clogging of the heat exchanger can be suppressed.

[0026] In addition, the refrigeration apparatus according to one aspect of the present disclosure includes an attachment
frame for attaching the filter to the housing, in which

a lower frame portion of the attachment frame is inclined toward the heat exchanger side and downward.

[0027] According to the present disclosure, oil droplets that have adhered to the surface of the filter and flowed
downward can be collected into a lower portion on the heat exchanger side along the inclination of the lower frame
portion of the attachment frame. The oil droplets can be treated together with oil droplets that have adhered to the heat
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exchanger and flowed downward.
BRIEF DESCRIPTION OF DRAWINGS
[0028]

FIG. 1 is a schematic configuration view of an oil cooling apparatus using a refrigeration apparatus according to a
first embodiment of the present disclosure.

FIG. 2 is a perspective view of the oil cooling apparatus according to the first embodiment.
FIG. 3 is a front view of the oil cooling apparatus according to the first embodiment.

FIG. 4 is a view of a main part of a longitudinal section taken along line IV-IV in FIG. 3.
FIG. 5 is a view of a main part of a cross section taken along line V-V in FIG. 3.

FIG. 6 is a top view of a filter of the oil cooling apparatus according to the first embodiment.

FIG. 7 is a perspective view illustrating a configuration of a condenser of the oil cooling apparatus according to the
first embodiment.

FIG. 8 is a graph showing changes in total pressure loss in the filter of the oil cooling apparatus according to the
first embodiment.

FIG. 9 is a schematic configuration view of an oil cooling apparatus using a refrigeration apparatus according to a
fourth embodiment of the present disclosure.

FIG. 10 is a perspective view of the oil cooling apparatus according to the fourth embodiment.

FIG. 11 is a front view of the oil cooling apparatus according to the fourth embodiment.

FIG. 12 is a view of a main part of a longitudinal section taken along line XII-XIl in FIG. 11.

FIG. 13 is a view of a main part of a cross section taken along line XIlI-XIIl in FIG. 11.
DESCRIPTION OF EMBODIMENTS

[0029] Hereinafter, embodiments will be described. Note that in the drawings, the same reference numerals denote
the same or corresponding parts. In addition, the dimensions on the drawings, such as lengths, widths, thicknesses,
and depths, are appropriately changed from actual scales for clarity and simplification of the drawings, and do not
represent actual relative dimensions.

[First embodiment]

[0030] FIG. 1is aschematic configuration view of an oil cooling apparatus 10 using a refrigeration apparatus according
to a first embodiment of the present disclosure. The oil cooling apparatus 10 cools hydraulic oil, lubricating oil, or cutting
fluid (hereinafter referred to as "oil") for a machine tool 100, while circulating the same via an oil tank T. The machine
tool 100 is an industrial machine such as: a machine tool such as an NC lathe, a grinding machine, or an NC dedicated
machine; a molding machine; or a press machine.

[0031] As illustrated in FIG. 1, the oil cooling apparatus 10 according to the first embodiment includes a refrigerant
circuit RC, a four-way switching valve 2, a fan 6, and a controller 50. A compressor 1, a condenser 3, an electronic
expansion valve EV, and an evaporator 4 are annularly connected in the refrigerant circuit RC. The four-way switching
valve 2 switches a refrigerant circulation direction in the refrigerant circuit RC from a forward cycle to a reverse cycle.
The fan 6 supplies air to the condenser 3. The controller 50 controls the refrigerant circuit RC, the four-way switching
valve 2, and the fan 6. The electronic expansion valve EV is one example of a decompression mechanism. In addition,
the refrigerant circuit RC has a hot gas bypass pipe L10 and a hot gas bypass valve HGB disposed in the hot gas bypass
pipe L10.
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[0032] The condenser 3 is one example of a first heat exchanger, and the evaporator 4 is one example of a second
heat exchanger.

[0033] The discharge side of the compressor 1 is connected to a first port 2a of the four-way switching valve 2. A
second port 2b of the four-way switching valve 2 is connected to one end of the condenser 3 via a shut-off valve V1.
The other end of the condenser 3 is connected to one end of the electronic expansion valve EV via a shut-off valve V2.
[0034] In addition, the other end of the electronic expansion valve EV is connected to one end 4a of the evaporator
4. In addition, the other end 4b of the evaporator 4 is connected to a third port 2c of the four-way switching valve 2.
Furthermore, a fourth port 2d of the four-way switching valve 2 is connected to the suction side of the compressor 1 via
an accumulator 5. In addition, one end of the hot gas bypass pipe L10 is connected to the one end 4a side of the
evaporator 4. The other end of the hot gas bypass pipe L10 is connected to the second port 2b side of the four-way
switching valve 2.

[0035] In addition, the other end of a pipe L1 whose one end is immersed in the oil in the oil tank T is connected to
the suction port of a circulation pump P. The discharge port of the circulation pump P is connected to an inflow port 4c
of the evaporator 4 via a pipe L2.

[0036] In addition, one end of a pipe L3 is connected to an outflow port 4d of the evaporator 4, and the other end of
the pipe L3 is connected to an inflow port 101 of the machine tool 100. An outflow port 102 of the machine tool 100 and
the oil tank T are connected via a pipe L4.

[0037] The oil tank T, the evaporator 4, the machine tool 100, and the pipes L1 to L4 constitute a circulation path
through which the oil circulates.

[0038] The oil cooling apparatus 10 and the circulation path constitute an oil cooling system. Note that in the first
embodiment, the oil cooling apparatus 10 includes the circulation pump P; however, it may be configured such that a
circulation pump is provided separately from an oil cooling apparatus and the oil cooling apparatus, the circulation pump,
and the circulation path constitute an oil cooling system.

[0039] Inthe oil cooling apparatus 10, after a refrigerant is recovered into the evaporator 4 by a pump down operation,
the condenser 3 is removed from a housing 11 to clean the condenser 3. In the pump down operation, the coil of the
four-way switching valve 2 is excited to switch the refrigerant circulation direction in the refrigerant circuitto a reverse cycle.
[0040] FIG.2is a perspective view of the oil cooling apparatus 10, and FIG. 3 is a front view of the oil cooling apparatus
10. Asillustrated in FIGS. 2 and 3, the oil cooling apparatus 10 includes the housing 11 having a vertically long rectangular
parallelepiped shape. A suction port 12 located on the upstream side of the condenser 3 is provided on one side surface
of the housing 11. A filter 13 is attached to the suction port 12. In FIG. 2, reference numeral 14 denotes a blow-out port
provided on the top surface side of the housing 11. In FIG. 3, reference numeral 20 denotes an attachment frame,
reference numeral 21 denotes an upper frame portion, and reference numeral 22 denotes a lower frame portion.
[0041] The refrigerant circuit RC, the four-way switching valve 2, the fan 6, and the controller 50, which are illustrated
in FIG. 1, are housed in the housing 11.

[0042] The filter 13, the condenser 3, and the fan 6 are disposed in the order of the filter 13, the condenser 3, and the
fan 6 from the suction port 12 side toward the inside of the housing 11.

[0043] In the oil cooling apparatus 10, outside air is sucked in from the suction port 12 via the filter 13 by the fan 6,
supplied to the condenser 3, and then discharged from the blow-out port 14.

[0044] FIG. 4 is a view of a main part of a longitudinal section taken along line IV-IV in FIG. 3, and FIG. 5 is a view of
a main part of a cross section taken along line V-V in FIG. 3. In FIGS. 4 and 5, the filter 13 is attached to the suction
port 12 of the housing 11 at an interval D (10 mm in this embodiment) from the condenser 3.

[0045] As illustrated in FIGS. 4 and 5, the housing 11 has a bottom frame 30 that covers the lower side of the housing
11. The bottom frame 30 has an oil receiver 31, a guide path 32, and an oil reservoir 33. The oil receiver 31 is provided
below a space A between the condenser 3 and the filter 13. The guide path 32 guides the oil from the oil receiver 31.
The oil reservoir 33 has a recess shape that stores the oil guided by the guide path 32. Note that in this embodiment,
the oil receiver 31, the guide path 32, and the oil reservoir 33 are formed integrally with the bottom frame 30, but the oil
receiver, the guide path, and the oil reservoir may be provided separately from the bottom frame.

[0046] The filter 13 is attached to the housing 11 by using an attachment frame 20. A lower frame portion 22 of the
attachment frame 20 is inclined toward the condenser 3 and downward. In addition, the filter 13 having a filter material
13a folded in a bellows shape has high rigidity, so that the distance D between the filter 13 and the condenser 3 can be
kept by fixing the filter 13 to the attachment frame 20.

[0047] In addition, the filter 13 is configured to guide oil droplets adhering to the surface of the filter 13 downward.
Specifically, the filter 13 having the filter material 13a folded in a bellows shape illustrated in FIG. 6 is attached to the
suction port 12 of the housing 11 such that creases extend along the vertical direction. The filter 13 is formed by folding
a non-woven fabric having a fiber diameter of several wm into a bellows shape. In this embodiment, by setting an interval
W between the creases of the filter material 13a to a range of 2.0 mm to 7.0 mm, a filter material pressure loss and a
structural pressure loss are adjusted, whereby a low pressure loss is realized.

[0048] In the firstembodiment, a non-woven fabric is used for the filter material 13a of the filter 13, but the filter material
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is not limited thereto, and other filter materials, such as glass fiber, may be used.

[0049] In the filter 13 of the first embodiment, a retention amount is improved by increasing the surface area of the
filter material to a range of 15 times to 45 times as large as that of a planar filter, thereby realizing a long lifetime.
[0050] Note that the filter 13 of the oil cooling apparatus 10 of the present disclosure is formed such that, in order to
keep the interval W between the creases constant, adjacent folded pieces, in which mountain fold creases and valley
fold creases are alternately formed, keep a V shape between them by using an adhesive on the front and back surfaces
of each of the folded pieces. In addition, it may be configured such that adjacent folded pieces, in which mountain fold
creases and valley fold creases are alternately formed, keep a V shape between them by inserting a stabilizer, a separator,
or the like between the folded pieces.

[0051] In addition, filter frames may be installed on four sides in order that the filter 13 can hold the folding shape.
[0052] In an oil cooling operation of the oil cooling apparatus 10, a high-pressure gas refrigerant discharged from the
compressor 1 flows into the condenser 3 via the four-way switching valve 2, and is condensed by heat exchange with
outside air in the condenser 3 to become a liquid refrigerant. Next, the liquid refrigerant decompressed in the electronic
expansion valve EV flows into the evaporator 4, exchanges heat with the oil, evaporates to become a low-pressure gas
refrigerant, and returns to the suction side of the compressor 1 via the accumulator 5. Accordingly, the oil is cooled in
the evaporator 4. In the oil cooling operation, the controller 50 controls the rotation frequency of the compressor 1 and
the opening degree of the electronic expansion valve EV based on the temperature of the oil, room temperature, and
the like. Note that the hot gas bypass valve HGB disposed in the hot gas bypass pipe L10 adjust the amount of high-
temperature and high-pressure gas to be supplied to the evaporator 4, thereby controlling cooling capacity at low load.
[0053] In a conventional oil cooling apparatus, a net-shaped or roll-shaped filter is attached to a suction port when the
oil cooling apparatus is used in an oil mist atmosphere under an environment where a machine tool is installed.
[0054] The present inventors have found that in such a conventional oil cooling apparatus, one of the factors that
cause a condenser to be clogged is that: air containing oil mist is sucked in via a filter and supplied to the condenser,
so that the filter pushed by wind pressure comes into contact with the condenser; and an oil component and dust trapped
by the filter move to the condenser side and remain between the filter and the condenser together with an oil component
adhering to the condenser side.

[0055] Therefore, in the oil cooling apparatus 10 using the refrigeration apparatus of the present disclosure, the filter
13 is attached to the suction port 12 of the housing 11 at the interval D from the condenser 3 (heat exchanger). As a
result, in the oil cooling apparatus 10 installed under an environment of an oil mist atmosphere, an oil component trapped
by the filter 13 cannot easily move to the condenser 3 side, even when air containing oil mist is supplied to the condenser
3 via the filter 13 and the oil component in the air containing oil mist is trapped by the filter 13, so that clogging of the
condenser 3 can be suppressed.

[0056] In the refrigeration apparatus having the above configuration, the filter 13 attached to the suction port 12 of the
housing 11 has the filter material 13a folded in a bellows shape, so that the surface of the filter 13 area becomes larger
than that of a filter having a flat shape. Therefore, when air containing oil mist is supplied to the condenser 3 via the filter
13, the filter having a large surface area can hold a lot of oil components, which extends a lifetime (a time until the filter
is clogged).

[0057] In addition, an oil component trapped by the filter 13 flows downward, and an oil component adhering to the
front surface side of the condenser 3 flows downward. The oil components that have flowed down are received by the
oil receiver 31 provided below the space A between the condenser 3 and the filter 13. The oil received by the oil receiver
31 is guided to the oil reservoir 33 by the guide path 32. As a result, the oil components adhering to the filter 13 and the
condenser 3 can be stored in the oil reservoir 33 and collectively treated without contaminating the surroundings of the
apparatus with the oil.

[0058] In addition, FIG. 7 illustrates a state in which the condenser 3 is removed from the housing 11 for cleaning. As
illustrated in FIG. 7, a plurality of plate-shaped fins 3a of the condenser 3 is disposed in parallel to each other and extends
along the vertical direction. As a result, the oil component adhering to the front surface side of the condenser 3 smoothly
flows downward as indicated by the arrows in FIG. 4. Therefore, clogging, occurring due to oil droplets remaining between
the fins 3a, can be effectively suppressed.

[0059] In addition, the filter 13 is configured to guide oil droplets adhering to the surface of the filter 13 downward, so
that an oil component adhering to the filter 13 smoothly flows downward as indicated by the arrows in FIG. 4. As a result,
clogging, occurring due to oil droplets remaining in the filter 13, can be effectively suppressed.

[0060] In addition, the filter 13 is attached to the suction port 12 of the housing 11 such that the creases of the filter
material 13a of the filter 13 extend along the vertical direction, so that an oil component adhering to the filter 13 smoothly
flows downward. As a result, clogging, occurring due to oil droplets remaining in the filter 13, can be effectively suppressed.
[0061] In addition, the lower frame portion 22 of the attachment frame 20 for attaching the filter 13 to the housing 11
is inclined toward the condenser 3 side and downward, so that the oil droplets that have adhered to the surface of the
filter 13 and flowed downward can be flowed to a lower portion on the condenser 3 side along the inclination of the lower
frame portion 22 of the attachment frame 20. The oil droplets can be treated together with the oil droplets that have
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adhered to the front surface (on the suction port 12 side) of the condenser 3 and flowed downward, as illustrated in FIG. 4.
[0062] In addition, the oil cooling apparatus 10, capable of suppressing clogging of the condenser 3 (first heat ex-
changer) in an oil mist atmosphere, can be realized in the first embodiment.

[0063] FIG. 8 shows, in an oil cooling apparatus installed under an environment of an oil mist atmosphere, changes
in total pressure loss in each of a case where a conventional net filter is used, a case where a conventional net filter
and a roll filter (a filter obtained by winding a non-woven fabric in a roll shape) are used, and a case where the filter 13
of the first embodiment is used. In FIG. 8, the horizontal axis represents time [Week] (unit of week), and the vertical axis
represents total pressure loss [Pa].

[0064] Here, the total pressure loss was determined by the following equation under a condition in which an oil mist
concentration is about 1 mg/m3.

Total pressure loss [Pa] = Filter pressure loss [Pa] + Condenser pressure loss
[Pa]

Filter pressure loss: air pressure difference between upstream and downstream of the filter 13 measured by a
differential pressure gauge

Condenser pressure loss: air pressure difference between upstream and downstream of the condenser 3 measured
by a differential pressure gauge

[0065] In the case where a conventional net filter was used, the total pressure loss exceeded 50 Pa that is assumed
to be afilter lifetime in about 5.5 weeks, as shown in FIG. 8. In addition, in the case where a conventional net filter and
aroll filter were used, the total pressure loss exceeded 50 Pa that was assumed to be a filter lifetime in about 3.5 weeks.
[0066] On the other hand, in the case where the filter 13 of this embodiment was used, a rapid increase in the total
pressure loss was not observed even after 13 weeks, and the total pressure loss was less than 50 Pa that was assumed
to be a filter lifetime.

[0067] In the case where a conventional net filter and a roll filter are used, it is necessary to replace the filters about
once every three weeks, as described above, whereas in the oil cooling apparatus 10 using the refrigeration apparatus
of the first embodiment, the filter may be replaced about once every a year.

[0068] In addition, in the oil cooling apparatus 10, it is not necessary to perform cleaning of the condenser 3 (heat
exchanger), which has been performed about once every two years, for a long period of time equal to or longer than the
product lifetime (7 years) of the oil cooling apparatus 10.

[0069] Therefore, the refrigeration apparatus 10 capable of suppressing clogging of the heat exchanger in an oil mist
atmosphere can reduce the cost of maintenance work and suppress a decrease in the operation rate of the machine
tool 100.

[Second embodiment]

[0070] There is provided a liquid cooling apparatus using a refrigeration apparatus according to a second embodiment
of the present disclosure. This liquid cooling apparatus is used in an oil mist atmosphere to cool cutting fluid by a
refrigeration apparatus having a configuration similar to that of the refrigeration apparatus used in the oil cooling apparatus
10 of the first embodiment.

[0071] The liquid cooling apparatus according to the second embodiment has effects similar to those of the oil cooling
apparatus 10 of the first embodiment.

[0072] In the first and second embodiments, the oil cooling apparatus 10 using the refrigeration apparatus that cools
the oil (hydraulic oil or lubricating oil) for the machine tool 100 and the liquid cooling apparatus using the refrigeration
apparatus that cools cutting fluid have been described. However, the refrigeration apparatus of the present invention
may be applied to a liquid cooling apparatus that cools another liquid.

[Third embodiment]

[0073] There is provided an air conditioner that is one example of a refrigeration apparatus according to a third
embodiment of the present disclosure. This air conditioner is used in an oil mist atmosphere to perform at least one air
conditioning operation of cooling or heating by a refrigeration apparatus having a configuration similar to that of the
refrigeration apparatus used in the oil cooling apparatus 10 of the first embodiment.

[0074] The air conditioner according to the third embodiment has effects similar to those of the oil cooling apparatus
10 of the first embodiment.
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[Fourth embodiment]

[0075] FIG. 9is aschematic configuration view of an oil cooling apparatus 10 using a refrigeration apparatus according
to a fourth embodiment of the present disclosure.

The oil cooling apparatus 10 cools hydraulic oil, lubricating oil, or cutting fluid (hereinafter referred to as "oil") for a
machine tool 100, while circulating the same via an oil tank T. The machine tool 100 is an industrial machine such as:
a machine tool such as an NC lathe, a grinding machine, or an NC dedicated machine; a molding machine; or a press
machine.

[0076] As illustrated in FIG. 9, the oil cooling apparatus 10 according to the fourth embodiment includes a refrigerant
circuit RC, a four-way switching valve 2, a fan 6, and a controller 50. A compressor 1, a condenser 3, an electronic
expansion valve EV, and an evaporator 4 are annularly connected in the refrigerant circuit RC. The four-way switching
valve 2 switches a refrigerant circulation direction in the refrigerant circuit RC from a forward cycle to a reverse cycle.
The fan 6 supplies air to the condenser 3. The controller 50 controls the refrigerant circuit RC, the four-way switching
valve 2, and the fan 6. The electronic expansion valve EV is one example of a decompression mechanism. In addition,
the refrigerant circuit RC has a hot gas bypass pipe L10 and a hot gas bypass valve HGB disposed in the hot gas bypass
pipe L10.

[0077] The condenser 3 is one example of a first heat exchanger, and the evaporator 4 is one example of a second
heat exchanger.

[0078] The discharge side of the compressor 1 is connected to a first port 2a of the four-way switching valve 2. A
second port 2b of the four-way switching valve 2 is connected to one end of the condenser 3 via a shut-off valve V1.
The other end of the condenser 3 is connected to one end of the electronic expansion valve EV via a shut-off valve V2.
[0079] In addition, the other end of the electronic expansion valve EV is connected to one end 4a of the evaporator
4. In addition, the other end 4b of the evaporator 4 is connected to a third port 2c of the four-way switching valve 2.
Furthermore, a fourth port 2d of the four-way switching valve 2 is connected to the suction side of the compressor 1 via
an accumulator 5. In addition, one end of the hot gas bypass pipe L10 is connected to the one end 4a side of the
evaporator 4. The other end of the hot gas bypass pipe L10 is connected to the second port 2b side of the four-way
switching valve 2.

[0080] In addition, the other end of a pipe L1 whose one end is immersed in the oil in the oil tank T is connected to
the suction port of a circulation pump P. The discharge port of the circulation pump P is connected to an inflow port 4c
of the evaporator 4 via a pipe L2.

[0081] In addition, one end of a pipe L3 is connected to an outflow port 4d of the evaporator 4, and the other end of
the pipe L3 is connected to an inflow port 101 of the machine tool 100. An outflow port 102 of the machine tool 100 and
the oil tank T are connected via a pipe L4.

[0082] The oil tank T, the evaporator 4, the machine tool 100, and the pipes L1 to L4 constitute a circulation path
through which the oil circulates.

[0083] The oil cooling apparatus 10 and the circulation path constitute an oil cooling system. Note that in the fourth
embodiment, the oil cooling apparatus 10 includes the circulation pump P; however, it may be configured such that a
circulation pump is provided separately from the oil cooling apparatus and the oil cooling apparatus, the circulation pump,
and the circulation path constitute the oil cooling system.

[0084] Inthe oil cooling apparatus 10, after a refrigerant is recovered into the evaporator 4 by a pump down operation,
the condenser 3 is removed from a housing 11 to clean the condenser 3. In the pump down operation, the coil of the
four-way switching valve 2 is excited to switch the refrigerant circulation direction in the refrigerant circuitto a reverse cycle.
[0085] FIG. 10 is a perspective view of the oil cooling apparatus 10, and FIG. 11 is a front view of the oil cooling
apparatus 10. As illustrated in FIGS. 10 and 11, the oil cooling apparatus 10 includes the housing 11 having a vertically
long rectangular parallelepiped shape. A suction port 12 located on the upstream side of the condenser 3 is provided
on one side surface of the housing 11. A filter 213 is attached to the suction port 12. In FIG. 10, reference numeral 14
denotes a blow-out port provided on the top surface side of the housing 11. In FIG. 11, reference numeral 220 denotes
an attachment frame, reference numeral 221 denotes an upper frame portion, and reference numeral 222 denotes a
lower frame portion.

[0086] The refrigerant circuit RC, the four-way switching valve 2, the fan 6, and the controller 50 illustrated in FIG. 9
are housed in the housing 11.

[0087] The filter 213, the condenser 3, and the fan 6 are disposed in the order of the filter 213, the condenser 3, and
the fan 6 from the suction port 12 side toward the inside of the housing 11.

[0088] In the oil cooling apparatus 10, outside air is sucked from the suction port 12 via the filter 213 by the fan 6,
supplied to the condenser 3, and then discharged from the blow-out port 14.

[0089] FIG. 12 is a view of a main part of a longitudinal section taken along line XlI-XII in FIG. 11, and FIG. 13 is a
view of a main part of a cross section taken along line XIII-XIIl in FIG. 11. In FIGS. 12 and 13, the filter 213 is attached
to the suction port 12 of the housing 11 at an interval D (10 mm in this embodiment) from the condenser 3. In FIG. 12,
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by providing a plurality of support members 215 between the filter 213 and the condenser 3, the filter 213 is configured
to be held not to come into contact with the condenser 3 (heat exchanger).

[0090] Asiillustrated in FIGS. 12 and 13, the housing 11 having a rectangular parallelepiped shape has a bottom frame
30 that covers the lower side of the housing 11. The bottom frame 30 has an oil receiver 31, a guide path 32, and an oil
reservoir 33. The oil receiver 31 is provided below a space A between the condenser 3 and the filter 213. The guide
path 32 guides the oil from the oil receiver 31. The oil reservoir 33 has a recess shape that stores the oil guided by the
guide path 32. Note that in this embodiment, the oil receiver 31, the guide path 32, and the oil reservoir 33 are formed
integrally with the bottom frame 30, but the oil receiver, the guide path, and the oil reservoir may be provided separately
from the bottom frame.

[0091] The filter 213 is attached to the housing 11 by using an attachment frame 220. A lower frame portion 222 of
the attachment frame 220 is inclined toward the condenser 3 side and downward. In addition, in order to keep the interval
D between the filter 213 and the condenser 3, the filter 213 may be held by, for example, a plurality of horizontal bars
and a plurality of vertical bars provided in the attachment frame 220, or the filter 213 may be held by another means.
[0092] In addition, a plurality of plate-shaped fins 3a of the condenser 3 is disposed in parallel to each other and
extends along the vertical direction, as illustrated in FIG. 7.

[0093] In addition, the filter 213 is configured to guide oil droplets adhering to the surface of the filter 213 downward.
A flat sheet-shaped filter having a surface provided with grooves (or ridges) in the longitudinal direction is attached to
the suction port 12 of the housing 11.

[0094] Note that the filter 213 of the oil cooling apparatus 10 of the present disclosure is not limited to a shape in which
a filter material is bent in a bellows shape, and may be, for example, a flat sheet-shaped filter.

[0095] In an oil cooling operation of the oil cooling apparatus 10, a high-pressure gas refrigerant discharged from the
compressor 1 flows into the condenser 3 via the four-way switching valve 2, and is condensed by heat exchange with
outside air in the condenser 3 to become a liquid refrigerant. Next, the liquid refrigerant decompressed in the electronic
expansion valve EV flows into the evaporator 4, exchanges heat with the oil, evaporates to become a low-pressure gas
refrigerant, and returns to the suction side of the compressor 1 via the accumulator 5. Accordingly, the oil is cooled in
the evaporator 4. In the oil cooling operation, the controller 50 controls the rotation frequency of the compressor 1 and
the opening degree of the electronic expansion valve EV based on the temperature of the oil, room temperature, and
the like. Note that in the hot gas bypass valve HGB disposed in the hot gas bypass pipe L10 adjusts the amount of high-
temperature and high-pressure gas to be supplied to the evaporator 4, thereby controlling cooling capacity at low load.
[0096] In a conventional oil cooling apparatus, a net-shaped or roll-shaped filter is attached to a suction port when the
oil cooling apparatus is used in an oil mist atmosphere under an environment where a machine tool is installed.
[0097] The present inventors have found that in such a conventional oil cooling apparatus, one of the factors that
cause a condenser to be clogged is that: air containing oil mist is sucked in via a filter and supplied to the condenser,
so that the filter pushed by wind pressure comes into contact with the condenser; and an oil component and dust trapped
by the filter move to the condenser side and remain between the filter and the condenser together with an oil component
adhering to the condenser side.

[0098] Therefore, in the oil cooling apparatus 10 using the refrigeration apparatus of the present disclosure, the filter
213 is attached to the suction port 12 of the housing 11 at the interval D from the condenser 3 (heat exchanger). As a
result, in the oil cooling apparatus 10 installed under an environment of an oil mist atmosphere, an oil component trapped
by the filter 213 cannot easily move to the condenser 3 side, even when air containing oil mist is supplied to the condenser
3 via the filter 213 and the oil component in the air is trapped by the filter 213, so that clogging of the condenser 3 can
be suppressed.

[0099] In addition, the oil component trapped by the filter 213 flows downward, and the oil component adhering to the
front surface side of the condenser 3 flows downward. The oil components are received by the oil receiver 31 provided
below the space A between the condenser 3 and the filter 213. The oil received by the oil receiver 31 is guided to the
oil reservoir 33 by the guide path 32. As a result, the oil components adhering to the filter 213 and the condenser 3 can
be storedin the oil reservoir 33 and collectively treated without contaminating the surroundings of the apparatus with the oil.
[0100] In addition, since the plurality of plate-shaped fins 3a of the condenser 3 is disposed in parallel to each other
and extends along the vertical direction, the oil component adhering to the front surface side of the condenser 3 smoothly
flows downward as indicated by the arrows in FIG. 12. As a result, clogging, occurring due to oil droplets remaining
between the fins 3a, can be effectively suppressed.

[0101] Inaddition, the filter 213 is configured to guide the oil droplets adhering to the surface of the filter 213 downward,
so that the oil component adhering to the filter 213 smoothly flows downward as indicated by the arrows in FIG. 12. As
a result, clogging, occurring due to oil droplets remaining in the filter 213, can be effectively suppressed.

[0102] In addition, the lower frame portion 222 of the attachment frame 220 for attaching the filter 213 to the housing
11 is inclined toward the condenser 3 side and downward, so that the oil droplets that have adhered to the surface of
the filter 213 and flowed downward can be flowed to into a lower portion on the condenser 3 side along the inclination
of the lower frame portion 222 of the attachment frame 220, as illustrated in FIG. 12. The oil droplets can be treated
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together with the oil droplets that have adhered to the front surface (on the suction port 12 side) of condenser 3 and
flowed downward.

[0103] In addition, the oil cooling apparatus 10, capable of suppressing clogging of the condenser 3 (first heat ex-
changer) in an oil mist atmosphere, can be realized in the fourth embodiment. As a result, the cost of maintenance work
can be reduced, and a decrease in the operation rate of the machine tool 100 can be suppressed.

[Fifth embodiment]

[0104] There is provided a liquid cooling apparatus using a refrigeration apparatus according to a fifth embodiment of
the present disclosure. This liquid cooling apparatus is used in an oil mist atmosphere to cool cutting fluid by a refrigeration
apparatus having a configuration similar to that of the refrigeration apparatus used in the oil cooling apparatus 10 of the
fourth embodiment.

[0105] The liquid cooling apparatus according to the fifth embodiment has effects similar to those of the oil cooling
apparatus 10 of the fourth embodiment.

[0106] In the fourth and fifth embodiments, the oil cooling apparatus 10 using the refrigeration apparatus that cools
the oil (hydraulic oil or lubricating oil) for the machine tool 100 and the liquid cooling apparatus using the refrigeration
apparatus that cools the cutting fluid have been described. However, the refrigeration apparatus of the present invention
may be applied to a liquid cooling apparatus that cools another liquid.

[Sixth embodiment]

[0107] There is provided an air conditioner that is one example of a refrigeration apparatus according to a sixth
embodiment of the present disclosure. This air conditioner is used in an oil mist atmosphere to perform at least one air
conditioning operation of cooling or heating by a refrigeration apparatus having a configuration similar to that of the
refrigeration apparatus used in the oil cooling apparatus 10 of the fourth embodiment.

[0108] The air conditioner according to the sixth embodiment has effects similar to those of the oil cooling apparatus
10 of the fourth embodiment.

[0109] In addition, the refrigeration apparatus that cools oil (hydraulic oil or lubricating oil), the refrigeration apparatus
that cools cutting fluid, and the air conditioner have been described in the first to sixth embodiments. However, the
present invention may be applied to a refrigeration apparatus having another configuration to be used in an oil mist
atmosphere. In this case, a heat exchanger to which air containing oil mist, sucked in through a filter, is supplied may
be a heat exchanger functioning as a condenser or a heat exchanger functioning as an evaporator.

[0110] Although specific embodiments of the present disclosure have been described, the present disclosure is not
limited to the first to sixth embodiments, and various modifications can be made within the scope of the present disclosure.
[0111] A refrigeration apparatus of the present disclosure includes:

a refrigerant circuit having a heat exchanger;

a housing that houses at least the heat exchanger and is provided with a suction port on an upstream side of the
heat exchanger; and

a filter attached to the suction port of the housing, in which

the filter is attached to the suction port of the housing at an interval from the heat exchanger, and

when air containing oil mist is supplied to the heat exchanger via the filter, at least a part of an oil component in the
air containing oil mist is trapped by the filter.

[0112] According to the present disclosure, by attaching the filter to the suction port of the housing at an interval from
the heat exchanger, the oil component trapped by the filter cannot easily be transmitted to the heat exchanger side,
even when the air containing oil mist is supplied to the heat exchanger via the filter and the oil component in the air is
trapped by the filter. As a result, clogging of the heat exchanger can be suppressed.

[0113] In addition, the refrigeration apparatus according to one aspect of the present disclosure includes:

an oil receiver provided below a space between the heat exchanger and the filter;
a guide path that guides the oil from the oil receiver; and
an oil reservoir that stores the oil guided by the guide path.

[0114] According to the present disclosure, the oil components that have adhered to the filter and the heat exchanger
can be stored in the oil reservoir and collectively treated without contaminating the surroundings of the apparatus with
the oil.

[0115] In addition, in the refrigeration apparatus according to one aspect of the present disclosure,
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a plurality of plate-shaped fins of the heat exchanger is disposed in parallel to each other and extends along a vertical
direction.

[0116] According to the present disclosure, the oil component that have adhered to the front surface side of the heat
exchanger smoothly flows downward, so that clogging, occurring due to oil droplets remaining between the fins, can be
effectively suppressed.

[0117] In addition, in the refrigeration apparatus according to one aspect of the present disclosure,

the filter is configured to guide oil droplets adhering to a surface of the filter downward.

[0118] According to the present disclosure, an oil component that has adhered to the filter smoothly flows downward,
so that clogging, occurring due to oil droplets remaining in the filter, can be effectively suppressed.

[0119] Inaddition, the refrigeration apparatus according to one aspect of the present disclosure includes an attachment
frame for attaching the filter to the housing, in which

a lower frame portion of the attachment frame is inclined toward the heat exchanger side and downward.

[0120] According to the present disclosure, oil droplets that have adhered to the surface of the filter and flowed
downward can be collected into a lower portion on the heat exchanger side along the inclination of the lower frame
portion of the attachment frame. The oil droplets can be treated together with oil droplets that have adhered to the heat
exchanger and flowed downward.

[0121] In addition, an oil cooling apparatus of the present disclosure includes any one of the refrigeration apparatuses,
in which

the refrigerant circuit of the refrigeration apparatus has the heat exchanger that is a first heat exchanger functioning
as a condenser and a second heat exchanger functioning as an evaporator, and

the oil is cooled by the second heat exchanger.

[0122] According to the present disclosure, an oil cooling apparatus, capable of suppressing clogging of the first heat
exchanger functioning as a condenser in an oil mist atmosphere, can be realized.

REFERENCE SIGNS LIST

[0123]

1 compressor

2 four-way switching valve

3 condenser (first heat exchanger)
4 evaporator (second heat exchanger)
5 accumulator

6 fan

10 oil cooling apparatus

11 housing

12 suction port

13,213 filter

13a filter material

14 blow-out port

20, 220 attachment frame

21, 221 upper frame portion
22,222 lower frame portion

30 bottom frame

31 oil receiver

32 guide path

33 oil reservoir

50 controller

100 machine tool

215 support member

EV electronic expansion valve
HGB hot gas bypass valve
L1,L2,L3,L4 pipe

L10 hot gas bypass pipe

P circulation pump

RC refrigerant circuit
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oil tank

V1, V2 shut-off valve

Claims

1.

A refrigeration apparatus comprising:

a refrigerant circuit (RC) having a heat exchanger (3);

ahousing (11) that houses at least the heat exchanger (3) and is provided with a suction port (12) on an upstream
side of the heat exchanger (3); and

a filter (13) attached to the suction port (12) of the housing (11) and having a filter material (13a) bent in a
bellows shape, wherein

when air containing oil mist is supplied to the heat exchanger (3) via the filter (13), at least a part of an oil
component in the air containing oil mist is trapped by the filter (13).

The refrigeration apparatus according to claim 1, comprising

an oil reservoir disposed below a space between the heat exchanger (3) and the filter (13),

an oil receiver and an oil reservoir separate from the oil receiver, the oil reservoir disposed below a space
between the heat exchanger (3) and the filter (13), or

an oil receiver (31) and an oil reservoir (33) integrally formed on the oil receiver (31), the oil reservoir (33)
disposed below a space between the heat exchanger (3) and the filter (13).

The refrigeration apparatus according to claim 2, wherein
when including the oil receiver (31) and the oil reservoir (33) separate from the oil receiver (31), the refrigeration
apparatus includes a guide path (32) that guides oil from the oil receiver (31) to the oil reservoir (33).

The refrigeration apparatus according to any one of claims 1 to 3, wherein
a plurality of plate-shaped fins (3a) of the heat exchanger (3) is disposed in parallel to each other and extends along
a vertical direction.

The refrigeration apparatus according to any one of claims 1 to 4, wherein
the filter (13) is configured to guide oil droplets adhering to a surface of the filter (13) downward.

The refrigeration apparatus according to claim 5, wherein
the filter (13) is attached to the suction port (12) of the housing (11) such that creases of the filter material (13a) are
directed in the vertical direction.

The refrigeration apparatus according to any one of claims 1 to 6, wherein
the filter (13) is attached at an interval from the heat exchanger (3).

An oil cooling apparatus comprising the refrigeration apparatus according to any one of claims 1 to 7, wherein

the heat exchanger (3) is a first heat exchanger functioning as a condenser,

the refrigerant circuit (RC) of the refrigeration apparatus has a second heat exchanger (3) functioning as an
evaporator, and

oil is cooled by the second heat exchanger (3).

A refrigeration apparatus comprising:

a refrigerant circuit (RC) having a heat exchanger (3);

ahousing (11) that houses at least the heat exchanger (3) and is provided with a suction port (12) on an upstream
side of the heat exchanger (3); and

a filter (213) attached to the suction port (12) of the housing (11), wherein

the filter (213) is configured to be held not to come into contact with the heat exchanger (3), and

when air containing oil mist is supplied to the heat exchanger (3) via the filter (213), at least a part of an ail
component in the air containing oil mist is trapped by the filter (213).
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10. The refrigeration apparatus according to claim 9 comprising an attachment frame (220) for attaching the filter (213)

to the housing (11), wherein

a lower frame portion (222) of the attachment frame (220) is inclined toward the heat exchanger (3) side and

downward.
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Fig.7
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