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DESCRTIZPTTION

FILTRATION DEVICE

Technical Field

The present invention relates generally to a
filtration device.

Background Art

When grinding or cutting metal materials and the
like with machine tools, various fluids referred to as
a grinding fluid, a cutting fluid, coolant, and the
like are used to improve machining accuracy, extend the
life of the tools used, and promote the discharge of
chips, metal powder, and the like. These fluids are
discharged from the machine tools in a state of
containing foreign matters such as chips and metal
powder generated by machining.

The liquids discharged from the machine tools are
returned to the machine tools for reuse after the
foreign matters such as chips are separated and
removed. For this reason, various devices for
collecting the liquids discharged from the machine
tools and separating and removing the foreign matters
are known.

For example, Patent Literature 1 discloses a
filtration device in which, when a liquid containing
foreign matters flows into a filtration tank, the
liquid flows along curved plates provided at corners of
the filtration tank to generate a vortex flow inside
the filtration tank, the foreign matters are collected
in the center of the filtration tank by the vortex
flow, and the collected foreign matters are sucked and

discharged by a pump. This filtration device has an
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advantage of being able to generate a vortex flow
without installing a device for generating the vortex
flow in the filtration tank or forming the filtration
tank itself in a cylindrical shape.
Citation List
Patent Literature

Patent Literature 1: JP 4346447 B

Summary of Invention

Technical Problem

Even if the above filtration device disclosed in
Patent Literature 1 is considered, there is still room
for improvement in the separation and removal of
foreign matters contained in the liquids discharged
from the machine tools. To separate and remove foreign
matters from the liquids, for example, causing the
foreign matters to be hardly retained in the filtration
tank (tank) and the like are requested. Embodiments
described herein aim to provide a filtration device
capable of more efficiently treating foreign matters
contained in a liquid discharged from a machine tool.
Solution to Problem

According to one aspect of the present invention,
a filtration device comprises a tank portion including
a first tank to which a liquid containing foreign
matters flows, and a pump provided at a central portion
of the first tank to discharge the liquid stored in the
first tank. The first tank includes a bottom surface,
four side surfaces connected to the bottom surface,
four corners to which the bottom surface and two of the
four side surfaces are connected, and four inclined
surfaces covering the four corners. The four inclined
surfaces are inclined to be close to the bottom surface

from a connecting portion to which the two side
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surfaces are connected toward the central portion, and
a vortex flow is generated in the first tank by the
liqguid flowing into the first tank to collect the
foreign matters in the central portion of the first
tank and discharge the foreign matters by the pump.

According to another aspect of the present
invention, the filtration device comprises a first
processing device which processes a liquid containing
foreign matters, a tank portion including a first tank
to which the liquid processed by the first processing
device flows, and a pump provided at a central portion
of the first tank to discharge the liquid stored in the
first tank. The first tank includes a bottom surface,
a plurality of side surfaces connected to the bottom
surface, and a first flow path which is provided along
the first side surface that is one of the plurality of
side surfaces and to which the liquid processed in the
first processing device flows.

The first flow path includes a bottom plate
inclined from an upstream side located on an outlet
side of the first processing device toward a downstream
side located on the bottom surface side and inclined to
be closer to the bottom surface toward the first side
surface. A vortex flow is generated in the first tank
by the liquid flowing into the first tank to collect
the foreign matters in the central portion of the first
tank and discharge the foreign matters by the pump.
Advantageous Effects of Invention

According to the present invention, a filtration
device capable of more efficiently treating foreign
matters contained in a liquid discharged from a machine

tool can be provided.
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Brief Description of Drawings

FIG. 1 is a schematic side view showing a
filtration device according to one of embodiments.

FIG. 2 is a schematic plan view showing the
filtration device according to the embodiment.

FIG. 3 is a schematic perspective view showing a
tank portion provided in the filtration device.

FIG. 4 is a schematic plan view showing the tank
portion provided in the filtration device.

FIG. 5 is a schematic cross-sectional view showing
the tank portion taken along line A-A in FIG. 4.

FIG. 6 is a schematic cross-sectional view showing
the tank portion taken along line B-B in FIG. 4.

FIG. 7 i1s a schematic perspective view showing a
first flow path.

FIG. 8 is a schematic cross-sectional view showing
the tank portion taken along line C-C in FIG. 4.

FIG. 9 is a schematic cross-sectional view showing
the tank portion taken along line B-B in FIG. 4.

FIG. 10 is a schematic perspective view showing a
second flow path.

FIG. 11 is a schematic cross-sectional view
showing the tank portion taken along line D-D in
FIG. 4.

FIG. 12 is a schematic perspective view showing a
first tank side of the filtration device.

FIG. 13 is an enlarged view showing a vicinity of
a plate material in FIG. 12.

FIG. 14 is a schematic plan view showing a plate
material in FIG. 13.

FIG. 15 is a schematic plan view showing another
example of the plate material provided in a first tank.

FIG. 16 is a schematic side view showing another
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example of the tank portion.

FIG. 17 is a schematic plan view showing the other
example of the tank portion.

FIG. 18 is a schematic plan view showing another
example of the second flow path.

FIG. 19 is a plan view showing another example of
the position where a first processing device is
provided in the first tank.

FIG. 20 is a plan view showing yet another example
of the position where the first processing device is
provided in the first tank.

Mode for Carrying Out the Invention

One of embodiments relating to a filtration device
will be described hereinafter with reference to the
accompanying drawings.

In this embodiment, a filtration device for
processing foreign matters from a grinding fluid
discharged from a machine tool such as a polishing
machine is exemplified. The foreign matters include
metal powder, abrasive grains, and the like generated
by grinding.

FIG. 1 is a schematic side view showing a
filtration device 100 according to the present
embodiment. FIG. 2 is a schematic plan view showing
the filtration device 100 according to the embodiment.
In the following descriptions, an X direction, a Y
direction, and a 7Z direction are defined as shown in
FIG. 1 and FIG. 2. Each of the X direction and the Y
direction corresponds to a horizontal direction
parallel to an installation surface of the filtration
device 100 and is orthogonal to each other. The 7
direction corresponds to a vertical direction and is

orthogonal to the X direction and the Y direction. A
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direction indicated by an arrow in the Z direction is
often referred to as an upward direction. In addition,
it is sometimes referred to as a plan view that an X-Y
plane defined in the X direction and the Y direction is
viewed.

The filtration device 100 comprises a tank portion
TA for storing a liquid, a first processing device 1
and a second processing device 2 for processing a
liqguid containing foreign matters, and a first pump Pl
and a second pump P2 for discharging the liquid stored
in the tank portion TA. 1In this case, "processing"
means, for example, separating or removing the foreign
matters contained in a liquid discharged from a machine
tool from the liquid.

The tank portion TA has a rectangular shape whose
length in the X direction is longer than that in the Y
direction in planar view. The tank portion TA includes
a first tank Tl and a second tank T2. The tank portion
TA includes a first flow path R1 through which the
liquid processed in the first processing device 1 flows
and a second flow path R2 through which the liquid
stored in the second tank T2 flows. The first flow
path R1 and the second flow path R2 are positioned
diagonally to the first tank Tl in planar view.

In the first tank T1l, the liquid flows from the
first flow path R1 and the second flow path R2 and a
vortex flow is thereby generated. A force (centripetal
force) directed toward a central part of the vortex
flow is exerted on the foreign matters flowing into the
first tank Tl along with the liquid, due to the
generated vortex flow. For this reason, the foreign
matters are collected in the central portion CE of the

first tank Tl while swirling in the first tank by the
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vortex flow.

The central part of the vortex flow overlaps with
a central portion CE of the first tank T1l. The central
portion CE of the first tank Tl overlaps with, for
example, an intersection of diagonal lines of the first
tank Tl in planar view. In FIG. 2, a flow direction of
the vortex flow is indicated by an arrow F.
Furthermore, a plate material BP having a surface Bl
intersecting the flow direction of the vortex flow is
provided in the vicinity of the first pump Pl in the
first tank TI1.

In the example illustrated, the first processing
device 1 and the second processing device 2 are
provided above the first tank Tl. The first processing
device 1 processes the liquid discharged from the
machine tool before flowing into the first tank TI1.

The first processing device 1 is, for example, a magnet
type separator. When a magnetic substance is contained
in the liquid discharged from the machine tool, the
magnetic substance is processed from the liquid in the
first processing device 1.

The first processing device 1 includes an outlet
la which opens toward the first tank Tl. The liquid
processed in the first processing device 1 is
discharged from the outlet la. The amount of the
liquid processed in the first processing device 1 is,
for example, 80 L to 360 L per minute. The liquid
discharged from the first processing device 1 contains
foreign matters that cannot be processed in the first
processing device 1.

The second processing device 2 processes the
liqguid discharged from the first tank Tl before flowing

into the second tank T2. The second processing device
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2 is, for example, a cyclone-type foreign matter
separating device which removes the foreign matters
contained in the liquid by a centrifugal force. 1In the
second processing device 2, foreign matters which
cannot be processed in the first processing device 1
are processed from the liquid. The foreign matters
processed in the second processing device 2 are
discharged to a recovery tank different from the tank
portion TA. The amount of the liquid processed in the
second processing device 2 is, for example, 100 L to
300 L per minute. The second processing device 2
includes an inlet 2a and an outlet 2b.

The first pump Pl is provided at the central
portion CE of the first tank Tl. The second pump P2 is
provided in the vicinity of the second flow path R2 in
the second tank T2. The first pump Pl and second pump
P2 include suction ports Pla and P2a located on the
sides of bottom surfaces 10A and 10B to be described
later and discharge ports Plb and P2b, respectively.
The foreign matters collected in the central portion CE
of the first tank Tl are sucked from the suction port
Pla of the first pump Pl together with the liquid and
are discharged from the discharge port Plb.

The discharge port Plb of the first pump Pl is
connected to an inlet 2a of the second processing
device 2 by a hose Hl. An outlet 2b of the second
processing device 2 is connected to an introduction
pipe TP provided in the second tank T2 by a hose H2.
The first processing device 1, the second processing
device 2, the first pump P1l, and the second pump P2 are
provided in the tanks T1l and T2, respectively, by
support and the like.

Next, a flow of the liquid in the filtration
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device 100 will be described. First, the liquid
discharged from a machine tool (not shown) is processed
by the first processing device 1 before flowing into
the first tank Tl. The liquid processed in the first
processing device 1 is discharged from the outlet 1la.
The first flow path R1 of the first tank Tl is provided
at a position overlapping the outlet la in the Z
direction. The liquid discharged from the outlet 1la
flows into the first tank Tl through the first flow
path RI.

The foreign matters that cannot be processed in
the first processing device 1 flow into the first tank
Tl together with the liquid. When the foreign matters
flow into the first tank T1l, the foreign matters are
collected in the central portion CE of the first tank
Tl while swirling by the vortex flow in the first tank
Tl. Then, the liquid stored in the first tank Tl is
sucked from the suction port Pla of the first pump Pl
together with the foreign matters collected in the
central portion CE.

The liquid sucked into the first pump P1 flows
from the discharge port Plb into the second processing
device 2 through the hose H1 from the inlet 2a and is
processed. The liquid processed in the second
processing device 2 flows from the outlet 2b into the
second tank T2 through the hose H2 from the inlet pipe
TP. The liquid processed in the second processing
device 2 contains little foreign matters.

The liquid stored in the second tank T2 is sucked
from the suction port P2a of the second pump P2 and is
sent to the machine tool again through a pipe (not
shown) connected to the discharge port P2b. 1In

addition, in the second tank T2, when the liquid level
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of the liquid stored in the second tank T2 exceeds a
predetermined height, the liquid stored in the second
tank T2 flows from the second tank T2 into the first
tank Tl via the second flow path R2.

Next, the tank portion TA will be described.

FIG. 3 is a schematic perspective view showing the tank
portion TA which the filtration device 100 comprises.
FIG. 4 is a schematic plan view showing the tank
portion TA which the filtration device 100 comprises.
In addition, in FIG. 3 and the following figures,
elements of the first pump Pl and the like constituting
the filtration device 100 are partially omitted.

The tank portion TA is formed of a bottom plate
10, a first side plate 11 and a second side plate 12
arranged in the Y direction, and a third side plate 13
and a fourth side plate 14 arranged in the X direction.
The first side plate 11 and the second side plate 12
are parallel to an X-Z plane defined by the X direction
and the Z direction. The third side plate 13 and the
fourth side plate 14 are parallel to a Y-Z plane
defined by the Y direction and the Z direction. The
tank portion TA is located between the third side plate
13 and the fourth side plate 14, and further includes a
partition plate 15 parallel to the third side plate 13
and the fourth side plate 14. The partition plate 15
separates the tank portion TA into the first tank T1
located on the third side plate 13 side and the second
tank T2 located on the fourth side plate 14 side.

The lengths of the first side plate 11 and the
second side plate 12 in the X direction are equal to
each other. The lengths of the third side plate 13,
the fourth side plate 14, and the partition plate 15 in

the Y direction are equal to each other. The length of
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the third side plate 13 in the Z direction is shorter
than the length of the fourth side plate 14 in the 7
direction. In addition, the length of the fourth side
plate 14 in the Z direction is equal to the length of
the partition plate 15 in the Z direction.

In the first side plate 11 and the second side
plate 12, a length of a side connected to the third
side plate 13 is equal to the length of the third side
plate 13 in the Z direction, and a length of a side
connected to the fourth side plate 14 is equal to the
length of the fourth side plate 14 in the Z direction.
In the first side plate 11 and the second side plate
12, a length of a portion connected to the partition
plate 15 in the Z direction is equal to a length of a
side connected to the fourth side plate 14. For this
reason, the length of the second tank T2 in the Z
direction is longer than the length of the first tank
Tl in the Z direction. The liquid level of the liquid
stored in the second tank T2 can be made higher than
the liquid level of the liquid stored in the first tank
T1.

The first tank Tl and the second tank T2 have a
rectangular parallelepiped shape with an open upper
portion, and the first tank Tl and the second tank T2
are arranged in this order along the X direction. 1In
the example illustrated, the first tank Tl has a square
shape in which the length in the X direction and the
length in the Y direction are equal to each other in
planar view. Similarly to the first tank T1l, the
second tank T2 may have a square shape having the same
lengths in the X direction and the Y direction, or may
have a rectangular shape.

The size of the tank portion TA is appropriately
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changed depending on the processing amounts of the
first processing device 1 and the second processing
device 2, or the like. For example, the length of the
first tank Tl in the X direction is 500 mm to 2,000 mm.
For example, the length of the first tank Tl in the Y
direction is 500 mm to 2,000 mm. For example, the
length of the first tank Tl in the Z direction is, for
example, 200 mm to 500 mm.

The tank portion TA may be formed by bending a
plate material or the like. 1In addition, the first
tank Tl and the second tank T2 may be formed as
separate tanks. The bottom plate 10, and each of the
side plates 11 to 14 and the partition plate 15 are
formed of, for example, a metal material.

The first tank Tl includes a bottom surface 10A
which the bottom plate 10 has, a first side surface 11A
which the first side plate 11 has, a second side
surface 12A which the second side plate 12 has, a third
side surface 13A which the third side plate 13 has, and
a side surface 15A which the partition plate 15 has on
the first tank Tl side. Four side surfaces 11A to 13A
and 15A are connected to the bottom surface 10A. The
first side surface 11A is opposed to the second side
surface 12A in the Y direction. The third side surface
13A is opposed to the fourth side surface 15A in the X
direction.

The first tank Tl includes a connecting portion J1
to which the first side surface 11A and the third side
surface 13A are connected, and a corner Cl to which the
bottom surface 10A and the connecting portion J1 (the
first side surface 11A and the third side surface 13A7)
are connected. Similarly, the first tank Tl includes a

connecting portion J2 to which the first side surface
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11A and the fourth side surface 15A are connected, and
a corner C2 to which the bottom surface 10A and the
connecting portion J2 (the first side surface 11A and
the fourth side surface 15A) are connected.

The first tank Tl includes a connecting portion J3
to which the second side surface 12A and the fourth
side surface 15A are connected, and a corner C3 to
which the bottom surface 10A and the connecting portion
J3 (the second side surface 12A and the fourth side
surface 15A) are connected. The first tank Tl includes
a connecting portion J4 to which the second side
surface 12A and the third side surface 13A are
connected, and a corner C4 to which the bottom surface
10A and the connecting portion J4 (the second side
surface 12A and the third side surface 13A) are
connected. The connecting portions Jl1 to J4 are
connected to each other at an angle of approximately
90 degrees by each side surface, but each of the
connecting portions Jl to J4 may be rounded.

Furthermore, four inclined surfaces S1 to S4
covering the corners Cl to C4 are provided,
respectively, in the first tank Tl. In the embodiment,
each of the inclined surfaces S1 to S4 is formed by the
plate materials 21 to 24. The shape of the plate
materials 21 to 24 are, for example, a triangular
shape. In addition, when the plate materials 21 and 23
are in contact with the first flow path R1 and the
second flow path R2, parts of the triangular plate
materials may be processed.

For example, the plate materials 21 to 24 are
desirably flat plates having no curved surfaces. FEach
of the corners Cl to C4 can be covered from the center

portion CE side of the first tank Tl by providing four
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plate materials 21 to 24. The plate materials 21 to 24
are formed of, for example, a metal material, similarly
to the bottom plate 10 and the first side plate 11
forming the tank portion TA, and the like.

In the example illustrated, the inclined surface
S1 is connected to the bottom surface 10A, the first
side surface 11A, and the third side surface 13A. The
inclined surface S2 is connected to the bottom surface
10A, the first side surface 11A, and the fourth side
surface 15A. The inclined surface S3 is connected to
the bottom surface 10A, the second side surface 12A,
and the fourth side surface 15A. The inclined surface
S4 is connected to the bottom surface 10A, the second
side surface 12A, and the third side surface 13A. For
this reason, no liquid flows between the corners Cl to
C4 and the inclined surfaces S1 to S4.

FIG. 5 is a schematic cross-sectional view showing
the tank portion TA taken along line A-A in FIG. 4.

The inclined surface S4 covering the corner C4 will be
described with reference to FIG. 5. As described
above, the bottom surface 10A and the connecting
portion J4 are connected to the corner C4. The
inclined surface S4 of the plate material 24 is
provided in the first tank Tl so as to cover the corner
C4 from the center portion CE side of the first tank
T1.

For example, a length of the side connected to the
second side surface 12A, in the plate material 24, is
equal to the length of the side connected to the third
side surface 13A. In addition, the length of the side
connected to the second side 12A, in the plate material
24, may be shorter than, longer than, or equal to the

length of the side connected to the bottom surface 10A.
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The inclined surface S4 is inclined to be closer
to the bottom surface 10A from the connecting portion

J4 toward the central portion CE of the first tank T1

shown in FIG. 4. An angle 01 formed between the bottom

surface 10A and the plate material 24 is desirably, for

example, 60 degrees or less. The angle 01 is
appropriately changed according to the processing
amount of the filtration device 100, the capacity of
the first tank T1l, and the like.

For example, the plate material 24 can be provided

such that the angle 01 becomes 45 degrees, 50 degrees,
and 55 degrees in accordance with the size of the first
tank Tl. 1In addition, a vertex located on a side
opposite to the bottom surface 10A, in the plate
material 24, is more separated from the bottom surface
10A than the liquid level of the liquid stored in the
first tank T1l, in the Z direction. The apex located on
the side opposite to the bottom surface 10A, in the
plate material 24, may be closer to the bottom surface
10A than the liquid level of the liquid stored in the
first tank Tl in the Z direction.

The inclined surface S4 covering the corner C4 has
been described, and the other inclined surfaces S1 to
S3 are constituted in the same manner. In other words,
the plate material 21 is provided in the first tank T1
such that the inclined surface S1 covers the corner Cl.
The plate material 22 is provided in the first tank T1
such that the inclined surface S2 covers the corner C2.
The plate material 23 is provided in the first tank T1
such that the inclined surface S3 covers the corner C3.
For example, the plate materials 21 to 23 are provided

in the first tank Tl such that an angle formed by the
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bottom surface 10A and each of the plate materials 21

to 23 is equal to the angle 01.

Since the corners Cl to C4 of the first tank T1
are covered with the inclined surfaces S1 to S4,
respectively, a portion where the flow velocity is slow
can hardly be generated in the liquid flowing through
the first tank Tl and the liquid can flow through the
first tank Tl at a substantially uniform flow rate.

The rotation efficiency of the liquid in the first tank
Tl can be improved by providing the inclined surfaces
S1 to S4 on the first tank TI1.

For this reason, the liquid can easily flow in the
whole of the first tank Tl by the generated vortex, and
retention and accumulation of foreign matters can
hardly occur in the first tank Tl. In addition,
retention of floating matters such as bubbles and
foreign matters hardly occurs at the liquid level.

The second tank T2 includes a bottom surface 10B
which the bottom plate 10 has, a fifth side surface 11B
which the first side plate 11 has, a sixth side surface
12B which the second side plate 12 has, a seventh side
surface 15B which the partition plate 15 has on the
second tank T2 side (opposite to the fourth side
surface 15A), and an eighth side surface 14B which the
fourth side plate 14 has. Four side surfaces 11B, 12B,
14B, and 15B are connected to the bottom surface 10B.
The fifth side surface 11B is opposed to the sixth side
surface 12B in the Y direction. The seventh side
surface 15B is opposed to the eighth side surface 14B
in the X direction.

Next, the first flow path R1 will be described.
FIG. 6 i1s a schematic cross-sectional view showing the

tank portion TA taken along line B-B in FIG. 4. FIG. 7
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is a schematic perspective view showing the first flow
path R1. FIG. 8 is a schematic cross-sectional view
showing the tank portion TA taken along line C-C in
FIG. 4. FIG. 6 1s a cross-section of the tank portion
TA viewed from the direction opposite to the Y
direction. FIG. 8 is a cross-section of the tank
portion TA viewed from the direction opposite to the X
direction.

As shown in FIG. 6, the first flow path Rl is
provided along the first side surface 11A of the first
side plate 11 in the first tank Tl. The first flow
path R1 is located on the connecting portion Jl side of
the first tank Tl. The first flow path R1 includes an
end portion Rla located on the third side plate 13 side
in the X direction and an end portion Rlb located on
the partition plate 15 side. The outlet la of the
first processing device 1 shown in FIG. 1 and FIG. 2 is
located above the end portion Rla side.

The first flow path R1 is inclined to be closer to
the bottom surface 10A from the end portion Rla toward
the end portion Rlb in the X direction. The
inclination from the end portion Rla to the end portion
Rlb is constant. From the other viewpoint, the length
of the end portion Rla and the bottom surface 10A in
the 7 direction is longer than the length of the end
portion Rlb and the bottom surface 10A. The end
portion Rlb is located more closely to the bottom
surface 10A side in the Z direction than the end
portion Rla. The liquid flowing through the first flow
path R1 flows from the end portion Rla toward the end
portion Rlb.

In the first flow path R1l, the end portion Rla

side corresponds to an upstream side, and the end
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portion Rlb side corresponds to a downstream side. 1In
FIG. 4, the direction of flow of the liquid flowing
through the first flow path Rl is indicated by an arrow
FR1. The liquid flowing through the first flow path R1
flows from the third side surface 13A side toward the
fourth side surface 15A side.

In the example illustrated, the end portion Rla is
connected to the third side surface 13A, and no gap is
formed between the end portion Rla and the third side
surface 13A. The end portion Rlb is located near the
center of the first side surface 11A in the X
direction. By extending the first flow path R1 to the
vicinity of the center of the first side surface 11A,
the flow of the liquid flowing through the first flow
path R1 can be more utilized for the generation of a
vortex flow in the first tank Tl, the increase in the
flow rate of the liquid flowing in the first tank T1,
and the like.

The first flow path R1 includes a bottom plate 31
connected to the first side surface 11A, a bottom plate
32 connected to the bottom plate 31, and a side plate
33 connected to the bottom plate 32. The shape of the
bottom plate 31 is a rectangular shape. The shape of
the bottom plate 32 is a triangular shape. A length of
the bottom plate 32 in the Y direction (width
direction) is made shorter along the X direction. The
first flow path Rl is formed in a fan shape by the
bottom plates 31 and 32. 1In other words, in the Y
direction (width direction) of the first flow path R1,
the length of the end portion Rla side is longer than
that of the end portion Rlb side. The side plate 33 is
provided parallel to the Z direction.

For example, a size of the end portion Rla side of
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the first flow path R1 is larger than a size of the
outlet la of the first processing device 1. 1In this
case, the liquid discharged from the outlet la of the
first processing device 1 can easily flow into the
first flow path R1 from the end portion Rla side.

Furthermore, since no gap is formed between the
end portion Rla and the third side surface 13A, the
liguid discharged from the outlet la of the first
processing device 1 can hardly flow into the first tank
Tl directly without passing through the first flow path
R1. Allowing the liquid processed in the first
processing device 1 to flow into the first tank T1
through the first flow path R1 can be utilized for the
generation of a vortex flow in the first tank Tl and
the increase in a flow rate of the liquid flowing into
the first tank T1.

The bottom plates 31 and 32 and the side plate 33
are formed of, for example, a metal material, similarly
to the bottom plate 10 and the first side plate 11
forming the tank portion TA, and the like. The first
flow path R1 may be formed of a plurality of plate
materials or may be formed by bending one plate
material.

As shown in FIG. 8, the bottom plate 31 is
inclined to be closer to the bottom surface 10A from
the side 32a connected to the bottom surface 32 toward
the side 3la connected to the first side surface 11A in
the direction opposite to the Y direction. From the
other viewpoint, the length of the side 32a and the
bottom surface 10A in the Z direction is longer than
the length of the side 31la and the bottom surface 10A,

in the Y direction.

As shown in FIG. 8, an angle 02 formed by a plane
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parallel to the bottom surface 10A and the bottom plate

31 in the Y direction is, for example, 15 degrees or

more and 60 degrees or less (15 degrees < 02 <

60 degrees), preferably, 25 degrees or more and

45 degrees or less (25 degrees < 02 < 45 degrees). For

example, the bottom plate 31 can be provided such that

the angle 02 is 30 degrees.

Since the bottom plate 31 is inclined as described
above, the flow rate of the liquid flowing through the
first flow path Rl increases as compared with a case
where the bottom plate 31 is not inclined in the Y
direction. The foreign matters contained in the liquid
can easily be made to flow from the first flow path Rl
into the first tank Tl by increasing the flow rate.
Furthermore, the flow rate of the liquid flowing
through the first tank Tl can be increased by
increasing the flow rate of the liquid flowing through
the first flow path RI1.

In addition, since the bottom plate 31 is inclined
as described above, the flow of the liquid stored in
the first tank Tl and the flow of the liquid in the
portion in contact with the bottom plate 31 are hardly
obstructed. 1In other words, the liquid flows from the
first side surface 11A side toward the center portion
CE side along the surface of the bottom plate 31 on the
liquid level side. For this reason, even if floating
matters such as bubbles or foreign matters exist on the
liquid level, the floating matters flow along the
bottom plate 31 along with the flow of the liquid, and
can hardly be retained between the liquid level of the
liquid stored in the first tank Tl and the bottom plate
31.
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In contrast, the bottom plate 32 is not inclined
in the Y direction. From the other viewpoint, the
length of the side plate, 33, the connected side 33a,
and the bottom surface 10A is equal to the length of
the side 32a and the bottom surface 10A. Similarly to
the bottom plate 31, the bottom plate 32 may be
inclined to be closer to the bottom surface 10A from
the side 33a toward the side 32a. As shown in FIG. o,
the side 33b located on a side opposite to the side 33a
included in the side plate 33 is parallel to the X
direction.

In FIG. 6, the liquid levels of the liquid stored
in the first tank Tl during operation of the filtration
device 100 are indicated by a liquid level L1L and a
liquid level L1H, respectively. For example, the
liquid level L1L is a position at which the liquid
level is the lowest, and the liquid level L1H is a
position at which the liquid level is the highest. The
liqguid level of the liquid stored in the first tank T1
may be varied in a range from the liquid level L1H to
the liquid level L1L during the operation of the
filtration device 100.

A length D1 between the end portion Rlb and the
bottom surface 10A in the Z direction is shorter than a
length D2 between the liquid level L1L and the bottom
surface 10A (D1 < D2). At least a part of the end
portion Rlb is immersed in the liquid during the
operation of the filtration device 100. For this
reason, a gap can hardly be formed between the end
portion Rlb and the liquid level.

The side 33b of the side plate 33 is more
separated from the bottom surface 10A than the liquid
level L1H in the Z direction. A length D3 of the side
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33b and the bottom surface 10A in the 7 direction is
longer than a length D4 of the liquid level L1H and the
bottom surface 10A (D3 > D4). The liquid stored in the
first tank T1 during the operation of the filtration
device 100 can hardly flow into the first flow path R1
beyond the side plate 33. For this reason, the flow of
the liquid flowing through the first flow path R1 is
hardly obstructed by the liquid stored in the first
tank T1l, and the rate of the liquid flowing through the
first flow path R1 is hardly decreased.

Next, the second flow path R2 will be described.
FIG. 9 is a schematic cross-sectional view showing the
tank portion TA taken along line B-B in FIG. 4.

FIG. 10 is a schematic perspective view showing the
second flow path R2. FIG. 11 is a schematic cross-
sectional view showing the tank portion TA taken along
line D-D in FIG. 4. FIG. 9 is a cross-section of the
tank portion TA viewed from the Y direction. FIG. 11
is a cross-section of the tank portion TA viewed from
the X direction. FIG. 10 shows parts of the second
flow path R2 and the tank portion TA.

As shown in FIG. 9, the second flow path R2 is
provided along the second side surface 12A and the
sixth side surface 12B of the sixth side plate 12. The
second flow path R2 is located on the connecting
portion J3 side of the first tank Tl. The second flow
path R2 includes a first portion R21 provided on the
first tank Tl side and a second portion R22 provided on
the second tank T2 side. The first portion R21 and the
second portion R22 are connected to each other through
an opening OP (see FIG. 10) of the partition plate 15
shown in FIG. 10. The opening OP is provided at an end

part of the partition plate 15 on the second side plate
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12 side.

The second flow path R2 includes an end portion
R2a located on the fourth side plate 14 side in the X
direction, an end portion R2b located on the third side
plate 13 side, and a connecting portion R2c connected
to the opening OP. 1In the example illustrated, the
length of the second portion R22 in the X direction is
longer than the length of the first portion R21 in the
X direction. The length of the second portion R22 in
the X direction may be shorter than the length of the
first portion R21 in the X direction.

In the direction opposite to the X direction, the
first portion R21 is inclined so as to be closer to the
bottom surface 10A from the connecting portion R2c
toward the end portion R2b. The inclination from the
connecting portion R2c to the end portion R2b is
constant. From the other viewpoint, the length of the
connecting portion R2c and the bottom surface 10A in
the 7 direction is longer than the length of the end
portion R2b and the bottom surface 10A. The end
portion R2b is located more closely to the bottom
surface 10A side in the Z direction than the connecting
portion R2c. The liquid flowing through the first
portion R21 flows from the connecting portion R2c
toward the end portion R2b. At the first portion R21,
the connecting portion R2c side corresponds to an
upstream side, and the end portion R2b side corresponds
to a downstream side.

The second portion R22 is inclined so as to be
closer to the bottom surface 10B from the end portion
R2a toward the connecting portion R2c, in the direction
opposite to the X direction. The inclination from the

end portion R2a to the connecting portion R2c is
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constant. From the other viewpoint, the length of the
end portion R2a and the bottom surface 10B in the 7Z
direction is longer than the length of the end portion
R2c and the bottom surface 10B. The connecting portion
R2c is located more closely to the bottom surface 10B
side in the Z direction than the end portion R2a. The
liqguid flowing through the second portion R22 flows
from the end portion R2a toward the connecting portion
R2c. At the second portion R22, the end portion R2a
side corresponds to an upstream side, and the
connecting portion R2c side corresponds to a downstream
side.

In other words, the end portion R2a side
corresponds to an upstream side, and the end portion
R2b side corresponds to a downstream side, in the
second flow path R2. The liquid flowing through the
second flow path R2 flows from the end portion R2a
toward the end portion R2b through the connecting
portion R2c (opening OP). In FIG. 4, the direction of
flow of the liquid flowing through the second flow path
R2 is indicated by an arrow FR2. The liquid flowing
through the second flow path R2 flows from the eighth
side surface 14B side toward the third side surface 13A
side. The flow direction of the liquid flowing through
the second flow path R2 is opposite to the flow
direction of the liquid flowing through the first flow
path RI1.

In the example illustrated, the end portion R2a is
connected to the eighth side surface 14B, and no gap is
formed between the end portion R2a and the eighth side
surface 14B. The end portion R2b is located near the
center of the second side surface 12A in the X

direction. By thus extending the second flow path R2
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to the vicinity of the center of the second side
surface 12A, the flow of the liquid flowing through the
second flow path R2 can be more utilized for the
generation of a vortex flow in the first tank T1l, the
increase in the flow rate of the liquid flowing through
the first tank T1l, and the like, similarly to the first
flow path RI1.

In the example shown in FIG. 9, an angle 04 formed

by a plane parallel to the bottom surfaces 10A and 10B

and the second portion R22 is larger than an angle 03

formed by the plane parallel to the bottom surfaces 10A

and 10B and the first portion R21 (64 > 03). The first
portion R21 is inclined at the same inclination as the
first flow passage Rl described with reference to

FIG. 6.

The first portion R21 of the second flow path R2
includes a bottom plate 34 connected to the second side
surface 12A and a side plate 35 connected to the bottom
plate 34. The second portion R22 of the second flow
path R2 includes a bottom plate 36 connected to the
sixth side surface 12B and a side plate 37 connected to
the bottom plate 36.

The bottom plates 34 and 36 have a rectangular
shape. In the example illustrated, the length of the
bottom plate 34 and the bottom plate 36 in the Y
direction (width direction) is equal. In the example
illustrated, a length of the bottom plate 31 of the
first flow path Rl in the Y direction (width direction)
is shorter than a length of the bottom plates 34 and 36
of the second flow path R2 in the Y direction (width
direction). The length of the bottom plate 31 of the

first flow path R1 in the Y direction (width direction)
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may be longer than the length of the bottom plates 34
and 36 of the second flow path R2 in the Y direction
(width direction), in accordance with the processing
amount of the filtration device 100. The side plates
35 and 37 are provided parallel to the second side
plate 12.

The bottom plates 34 and 36 and the side plates 35
and 37 are formed of, for example, a metal material,
similarly to the bottom plate 10 and the first side
plate 11 forming the tank portion TA, and the like.

The first portion R21 and the second portion R22 of the
second flow path R2 may be formed of a plurality of
plate materials or may be formed by bending one plate
material.

As shown in FIG. 11, the bottom plate 34 is
inclined to be closer to the bottom surface 10A from
the side 35a connected to the side plate 35 toward the
side 34a connected to the second side plate 12A, in the
Y direction. From the other viewpoint, the length of
the side 35a and the bottom surface 10A in the Z
direction is longer than the length of the side 34a and

the bottom surface 10A, in the Y direction.

As shown in FIG. 11, an angle 05 formed by a plane
parallel to the bottom surface 10A and the bottom plate
34 in the Y direction is, for example, 15 degrees or
more and 60 degrees or less (15 degrees < 05 <
60 degrees), preferably, 25 degrees or more and
45 degrees or less (25 degrees < 05 < 45 degrees). For
example, the bottom plate 34 can be provided such that
the angle 065 is 30 degrees. 1In addition, the angle 05
may be equal to, for example, the angle 02 formed by
the plane parallel to the bottom surface 10A and the
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bottom plate 31, in the first flow path R1 described
with reference to FIG. 8.

The bottom plate 36 is inclined to be closer to
the bottom surface 10B from the side 37a connected to
the side plate 37 toward the side 36a connected to the
sixth side surface 12B, in the Y direction. From the
other viewpoint, the length of the side 37a and the
bottom surface 10B in the Z direction is longer than
the length of the side 36a and the bottom surface 10B,
in the Y direction. For example, an angle formed by a
plane parallel to the bottom surface 10B in the Y
direction and the bottom plate 36 is equal to the angle

05.

By inclining the bottom plates 34 and 36 as
described above, the flow rate of the liquid flowing
through the second flow path R2 increases as compared
with a case where the bottom plates 34 and 36 are not
inclined in the Y direction, similarly to the first
flow path R1. The increase in the flow rate of the
liqguid flowing through the second flow path R2 enables
the flow rate of the liquid flowing through the first
tank Tl to increase. 1In addition, since the bottom
plate 34 is inclined as described above, the floating
matters can hardly be retained between the liquid level
of the liquid stored in the first tank T1 and the
bottom plate 34, similarly to the first flow path RI1.

As shown in FIG. 9, the side 35b located on a side
opposite to the side 35a which the side 35 includes is
parallel to the X direction. A side 37b located on a
side opposite to the side 37a which the side plate 37
includes is parallel to the X direction.

In FIG. 9, the liquid levels of the liquid stored
in the first tank Tl during the operation of the
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filtration device 100 are indicated as a liquid level
L1L and a liquid level L1H, respectively. These are
similar to the liquid levels L1L and L1H shown in

FIG. 5. 1In addition, a liquid level of the liquid
stored in the second tank T2 is indicated as a liquid
level L2H. The liquid level L2H substantially overlaps
with the side 37b. When the first tank Tl and the
second tank T2 are compared, the length of the liquid
level L2H and the bottom surface 10B is longer than the
length of the liquid level L1H and the bottom surface
10A.

In the first tank T1l, a length D5 of the end
portion R2b and the bottom surface 10A in the Z
direction is shorter than a length D2 of the liquid
level L1L and the bottom surface 10A (D5 < D2). 1In
other words, at least a part of the end portion R2b is
immersed in the liquid during the operation of the
filtration device 100. For this reason, a gap can
hardly be formed between the end portion R2b and the
liquid level.

The side 35b of the side plate 35 is more
separated from the bottom surface 10A than the liquid
level L1H, in the Z direction. A length D6 of the side
35b and the bottom surface 10A in the Z direction is
longer than a length D4 of the ligquid level L1H and the
bottom surface D4 (D6 > D4). The liquid stored in the
first tank Tl during the operation of the filtration
device 100 can hardly flow into the first portion R21
beyond the side plate 35. For this reason, the flow of
the liquid flowing through the first portion R21 is
hardly obstructed by the liquid stored in the first
tank T1l, and the flow rate of the liquid flowing

through the first portion R21 hardly decreases.
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In contrast, the length of the side 37b and the
bottom surface 10B in the Z direction is substantially
equal to the length of the liquid level L2H and the
bottom surface 10B, in the second tank T2. When the
liquid level of the liquid stored in the second tank T2
exceeds the liquid level L2H by the liquid flowing from
the second processing device 2 into the second tank T2,
during the operation of the filtration device 100, the
liqguid flows from the second tank T2 into the first
tank Tl through the second flow path R2. For example,
the liquid level of the liquid stored in the second

tank T2 can be adjusted by adjusting the angle 04.

For example, when the flow amount of flowing into
the second tank T2 (processing amount of the second
processing device 2) is 150 L per minute and the flow
amount of flowing into the machine tool by the second
pump P2 (processing amount of the first processing
device 1) is 60 L per minute, the liquid of 90 L per
minute flows (overflows) from the second tank T2 to the
first tank Tl. 1In addition, the flow amount of flowing
from the second tank T2 into the first tank Tl changes
during the operation and the suspension of the machine
tool.

In this embodiment, since the downstream end
portion Rlb of the first flow path R1 and the
downstream end portion R2b of the second flow path R2
are immersed in the liquid, the liquids flowing through
the respective flow paths R1 and R2 can be made to
smoothly flow into the first tank Tl at a predetermined
flow rate. For this reason, the flow of the liquid
flowing through each of the flow paths R1 and R2 can be
utilized for the generation of a vortex flow in the

first tank Tl and the increase in the flow rate of the
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liqguid flowing into the first tank T1l. Furthermore,
since the end portions Rlb and R2b are immersed in the
liquid, foaming at the liquid level can be suppressed
when the liquid flows from each of the flow paths R1
and R2 into the first tank T1.

In the first tank T1l, the liquid flowing from the
first flow path R1 flows into the first tank Tl along
the first side surface 11A, the inclined surface S2,
the fourth side surface 15A, the inclined surface S3,
the second side surface 12A, the inclined surface S4,
the third side surface 13A, the inclined surface S1,
the first side surface 11A, and the inclined surface S2
in this order. The liquid flowing from the second flow
path R2 also flows from the second side surface 12A
into the first tank Tl along the surfaces in the same
order. The liquid flowing from each of the flow paths
R1 and R2 flows into the first tank Tl along each of
the surfaces as described above, and a vortex flow is
thereby generated.

Furthermore, since the liquid flows along the
inclined surfaces S1 to S4 as well as the side surfaces
11A to 13A and 15A, the flow rate of the liquid flowing
through the first tank Tl can be greatly increased as
compared with a case where the inclined surfaces S1 to
S4 are not provided.

FIG. 12 is a schematic perspective view showing
the first tank Tl side of the filtration device 100.

In FIG. 12, the first tank Tl side of the filtration
device 100 is shown, and other portions are omitted. A
first pump Pl is provided at the central portion CE of
the first tank Tl by a support SAl provided above the
first tank T1l. The support SAl is formed of, for

example, a steel material or a plate material.
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Furthermore, the support SA2 extends from the support
SAl1 toward the bottom surface 10A, and a plate material
BP is attached to a distal end of the support SA2. The
supports SAl and SA2 are formed of, for example, a
metal material, similarly to the bottom plate 10, the
first side plate 11, and the like.

The plate material BP is provided between the
first pump Pl and the first side surface 11A of the
first side plate 11. The plate material BP is located
more closely to the first pump Pl than the first side
surface 11A. The position where the plate material BP
is provided is not limited to the example illustrated,
but may be between the first pump Pl and each of the
side surfaces 12A, 13A, and 15A and the inclined
surfaces S1 to S4. The position where the plate
material BP is provided may be between the first pump
P1 and each of the connecting portions Jl to J4.

FIG. 13 is an enlarged view showing a vicinity of
the plate material BP in FIG. 12. FIG. 14 is a
schematic plan view showing the plate material BP in
FIG. 13. In FIG. 14, an arrow F indicating the flow
direction of the vortex flow is shown. In the example
illustrated, the shape of the plate BP is a rectangular
shape. The plate material BP includes a surface Bl and
a surface B2 located on a side opposite to the surface
Bl. The plate material BP is provided in the first
tank Tl such that the surface Bl intersects with the
flow direction of the vortex flow.

In the example illustrated, the plate material BP
is provided parallel to the Z direction. The support
SA2 is connected to the surface B2. The support SA2
is, for example, a rod-shaped member, and is a round

bar in the example illustrated. The plate material BP
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is formed of, for example, a metal material, similarly
to the bottom plate 10 and the first side plate 11
forming the tank portion TA, and the like.

In the plate material BP, an end portion Ba on the
first side 11A side (the side separated from the first
pump P1l) is bent. In the example shown in FIG. 14, the
end portion Ba i1s bent into an R shape. From the other
viewpoint, the plate material BP includes a portion
having a curved surface located on the first side
surface 11A side and a portion having a flat surface.
The end portion Ba corresponds to, for example, the
portion having the curved surface. The plate material
BP is provided such that the end portion Ba is directed
in a direction opposite to the flow direction (arrow F)
of the vortex flow.

As shown in FIG. 13, a gap SP1l is formed between
the plate material BP and the bottom surface 10A, a gap
SP2 is formed between the plate material BP and the
first pump P1l, and a gap SP3 is formed between the
plate material BP and the first side surface 11A. From
the other viewpoint, the plate material BP is not in
contact with the bottom surface 10A, the first pump P1,
or the first side surface 11A. The liquid stored in
the first tank Tl can flow around the plate material
BP.

In FIG. 13, the liquid level of the liquid stored
in the first tank Tl during the operation of the
filtration device 100 is indicated by a liquid level
L1L. The liquid level is similar to the liquid level
L1L shown in FIG. 5 and FIG. 9. 1In addition, in FIG.
13, a liquid level necessary for the first pump Pl not
to suck air (air) during the operation is indicated by

a liquid level L1LL.
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A length D7 between the side Bla on the bottom
surface 10A side and the bottom surface 10A, in the
plate material BP, is shorter than the length D2
between the liquid level L1L and the bottom surface 10A
(D7 < D2). In other words, at least a part of the
plate material BP is immersed in the liquid during the
operation of the filtration device 100. The length D7
between the side Bla and the bottom portion 10A is
shorter than a length D8 between the liquid level L1LL
and the bottom surface 10A (D7 < D8). When the liquid
level of the first tank Tl is the liquid level L1H, the
entire plate material BP is immersed in the liquid,
which is not shown in the figure. 1In addition, the
length D8 between the liquid level LI1LL and the bottom
portion 10A is shorter than the length D2 between the
liquid level L1L and the bottom surface 10A (D8 < D2).

When the flow rate of the liquid flowing into the
first tank Tl increases and a vortex flow is generated,
the liquid level of the liquid stored in the first tank
Tl may changes in a conical shape. At this time, the
height of the liquid level in the first tank T1 is
smaller from the side of each of the side surfaces 11A
to 13A and 15A toward the central portion CE side
(first pump Pl side). When the liquid level on the
first pump Pl side is extremely lowered, this may cause
the first pump Pl to such air (air) during the
operation (air entrainment). The change in the liquid
level in the first tank Tl as described above can be
suppressed by providing the plate material BP.

Since the gaps SP1 to SP3 are formed around the
plate material BP, the flow of the liquid flowing on
the bottom surface 10A side of the first tank Tl is

hardly obstructed. For this reason, the foreign
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matters in the first tank Tl can hardly be retained
around the plate material BP. Even when the plate
material BP is provided, a centripetal force acting on
the foreign matters of the vortex flow is hardly
hindered.

Furthermore, the flow of the liquid directed
toward the first pump Pl side along the end portion Ba
is formed on the surface Bl side of the plate material
BP by bending the end portion Ba. For this reason, the
foreign matters located on the surface Bl side tend to
flow toward the first pump Pl side. 1In addition, since
the liquid also flows along the end portion Ba on the
surface B2 side of the plate material BP, the liquid
level on the surface B2 side can be suppressed from
becoming lower than the liquid level on the surface Bl
side as compared with a case where the end portion Ba
is not bent.

FIG. 15 is a schematic plan view showing another
example of the plate material BP provided in the first
tank Tl. 1In FIG. 15, two plate materials BP are
provided in the first tank T1l. When the processing
amount of the filtration device 100 is large, two plate
materials BP may be provided as shown in the figure.

Even when the processing amount of the filtration
device 100 is large and the flow rate of the liquid
flowing through the first tank Tl is high, the same
advantages as those described with reference to FIG. 13
and FIG. 14 can be obtained by providing two plate
materials BP. As shown in FIG. 15, the two plate
materials BP are desirably provided at positions
symmetrical with respect to the first pump Pl (central
portion of the vortex flow) at 180 degrees. The end

portion Ba of the plate material BP faces in the
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direction opposite to the flow direction of the vortex
flow (arrow F).

According to the above-described embodiment, the
foreign matters contained in the liquid discharged from
the machine tool can be efficiently processed. 1In
other words, since a uniform fast flow can be formed in
the liquid stored in the first tank T1l, retention and
accumulation of foreign matters can hardly occur in the
first tank T1l, and most of the foreign matters in the
first tank Tl can be collected in the central portion
CE by the generated vortex flow.

Since the foreign matters in the first tank Tl are
collected in the central portion CE and the collected
foreign matters are reliably processed in the second
processing device 2 together with the liquid, the
foreign matters contained in the liquid can be
efficiently processed by the filtration device 100.
Furthermore, since most of the foreign matters in the
first tank Tl are discharged to the second processing
device 2 by the first pump P1l, the foreign matter can
hardly form a muddy solid (sludge) or the like in the
first tank T1l, and the burden of processing the foreign
matters due to cleaning or the like during inspection
can be reduced.

In addition, since foaming on the liquid level is
suppressed by immersing the downstream end portion Rlb
of the first flow path R1 and the downstream end
portion R2b of the second flow path R2 in the liquid
when the liquid flows into the first tank T1,
processing the foreign matters can hardly be hindered
by the floating matter such as bubbles on the liquid
level.

Even when the flow rate of the liquid flowing in
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the first tank Tl increases, air entrainment hardly
occurs during the operation of the first pump Pl by
providing the plate material BP in the first tank T1
and the liquid can be discharged from the first tank T1
by the first pump P1l.

Furthermore, if the first tank Tl has a square
shape, the capacity of the first tank Tl cannot only be
increased but the liquid containing the foreign matters
can also be processed as compared with a tank having a
cylindrical shape.

In addition to the above, various desirable
advantages can be obtained from the embodiment. The
configuration of the filtration device 100 according to
this embodiment is merely an example. The filtration
device 100 may further comprise, for example, other
configurations such as an oil recovery device for
recovering oil from a liquid level of the liquid stored
in the second tank T2 or a temperature regulator
(cooler) for adjusting a liquid temperature.

In addition, the shape of the tanks is not limited
to the above example. FIG. 16 is a schematic side view
showing another example of the tank portion TA.

FIG. 17 is a schematic plan view showing the other
example of the tank portion TA. For example, as shown
in FIG. 16 and FIG. 17, the first tank Tl and the
second tank T2 may have a rectangular shape in planar
view. For example, when the length of the short side
is set to 1, in the first tank T1l, the length of the
long side is 1 or more and 1.3 or less.

A ratio of the length of the short side to the
length of the long side in the first tank T1 is, for
example, 1 : 1.3. 1In this case, the ratio of the

length X1 in the X direction to the length Y1 in the Y
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direction may be 1.3 : 1 (X1 : Yl = 1.3 : 1), and the
ratio of the length X1 in the X direction to the length
Y1l in the Y direction may be 1 : 1.3

(XL : Y1 =1 : 1.3).

Each of the first tank Tl and the second tank T2
may have a rectangular shape or either of them may have
a rectangular shape. Even when the first tank Tl has a
rectangular shape, the first pump Pl is located at the
central portion CE of the first tank Tl. As shown in
the figure, the length X1 of the first tank Tl in the X
direction may be longer than the length X2 of the
second tank T2 in the X direction.

FIG. 18 is a schematic plan view showing another
example of the second flow path R2. A gap may be
formed between the end portion R2a and the eighth side
surface 14B, at the second portion R22 of the second
flow path R2. 1In this case, a side plate 38 parallel
to the fourth side plate 14 may be further provided at
the end portion R2a. For example, the end portion R2a
is located more closely to the fourth side plate 14
than the partition plate 15 in the X direction.

In addition, the position of the first processing
device 1 is not limited to the above-described example.
FIG. 19 is a plan view showing another example of the
position where the first processing device 1 is
provided, in the first tank Tl. In FIG. 19, the first
processing device 1 is located on the connecting
portion J4 side of the first tank Tl. For example, the
first processing device 1 overlaps the plate material
24 in the Z direction.

In this case, the first flow path R1 is provided
along the third side surface 13A of the third side
plate 13 in the first tank Tl. The end portion Rla of
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the first flow path R1 is located on the second side
plate 12 side, and the end portion Rlb is located on
the first side plate 11 side. The end portion Rla is
connected to the second side surface 12A, and no gap is
formed between the end portion Rla and the second side
surface 12A. The liquid flowing through the first flow
path R1 flows from the second side surface 12A side
toward the first side surface 11A side.

FIG. 20 is a plan view showing yet another example
of the location where the first processing device 1 is
provided, in the first tank Tl. In FIG. 20, the first
processing device 1 is located on the connecting
portion J2 side of the first tank Tl. For example, the
first processing device 1 overlaps with the plate
material 22 in the Z direction. In this case, the
first flow path R1 is provided along the fourth side
surface 15A of the partition plate 15 in the first tank
T1.

The end portion Rla of the first flow path R1 is
located on the first side plate 11 side, and the end
portion Rlb is located on the second side plate 12
side. The end portion Rla is connected to the first
side surface 11A, and no gap is formed between the end
portion Rla and the first side surface 11A. The liquid
flowing through the first flow path R1 flows from the
first side surface 11A side toward the second side
surface 12A side.

In the examples shown in FIG. 19 and FIG. 20, the
direction of flow of the liquid flowing through the
first flow path Rl intersects the direction of flow of
the liquid flowing through the second flow path R2. 1In
the examples shown in FIG. 19 and FIG. 20, a vortex

flow is also generated in the first tank Tl due to the
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flow of the liquid from the first flow path R1 and the
second flow path R2.

Reference Signs List

100. . . filtration device, 1. . . first processing
device, la. . . outlet, 2. . . second processing
device, 10A and 10B. . . bottom surface, 11A. . . first
side surface, 12A. . . second side surface, 13A.

third side surface, 15A. . . fourth side surface, 21 to
24. . . plate material, 31, 32, 34, and 36. . . bottom
plate, BP. . . plate material, Bl. . . surface, Ba.

end portion, Cl to C4. . . angle, CE. . . central
portion, J1 to J4. . . connecting portion, Pl.

first pump, P2. . . second pump, R1. . . first flow
path, Rla and Rlb. . . end portion, R2. . . second flow
path, R2a and R2b. . . end portion, S1 to S4.

inclined surface, TA. . . tank portion, Tl. . . first

tank, and T2. . . second tank.
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CLAIMS

A filtration device comprising:

a tank portion including a first tank to which a

liqguid containing foreign matters flows; and

a pump provided at a central portion of the first

tank to discharge the liquid stored in the first tank,

the
surfaces
to which
surfaces
covering

the
close to

to which

first tank having a bottom surface, four side
connected to the bottom surface, four corners
the bottom surface and two of the four side
are connected, and four inclined surfaces

the four corners,

four inclined surfaces being inclined to be
the bottom surface from a connecting portion

the two side surfaces are connected toward the

central portion,

a vortex flow being generated in the first tank by

the liquid flowing into the first tank to collect the

foreign matters in the central portion of the first

tank and
2.
the

discharge the foreign matters by the pump.
The filtration device of claim 1, wherein

inclined surface 1s connected to the bottom

surface and the two side surfaces.

3.
the
material.

4.

The filtration device of claim 1, wherein

inclined surface is formed of a plate

The filtration device of one of claims 1 to 3,

further comprising:

a first processing device which processes the

liquid before flowing into the first tank,

wherein

the

provided

first tank includes a first flow path which is

along a first side surface that is one of a

plurality of side surfaces and to which the liquid
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processed in the first processing device flows, and

the first flow path includes a bottom plate
inclined from an upstream side located on an outlet
side of the first processing device toward a downstream
side located on the bottom surface side and inclined to

be closer to the bottom surface toward the first side

surface.
5. The filtration device of claim 4, further
comprising:

a second processing device connected to the pump
to process the liquid discharged from the pump,

wherein

the tank portion includes a second tank to which
the liquid processed in the second processing device
flows,

the first tank further includes a second side
surface opposed to the first side surface, and a second
flow path which is provided along the second side
surface and to which the liquid stored in the second
tank flows,

the second flow path includes a bottom plate
inclined from an upstream side located on the second
tank side toward a downstream side located on the
bottom surface side and inclined to be closer to the
bottom surface toward the second side surface, and

a flow direction of the liquid flowing through the
second flow path is opposite to a flow direction of the
liquid flowing through the first flow path.

6. A filtration device comprising:

a first processing device which processes a liquid
containing foreign matters;

a tank portion including a first tank to which the

liquid processed by the first processing device flows;
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and

a pump provided at a central portion of the first
tank to discharge the liquid stored in the first tank,

the first tank including a bottom surface, a
plurality of side surfaces connected to the bottom
surface, and a first flow path which is provided along
the first side surface that is one of the plurality of
side surfaces and to which the liquid processed in the
first processing device flows,

the first flow path including a bottom plate
inclined from an upstream side located on an outlet
side of the first processing device toward a downstream
side located on the bottom surface side and inclined to
be closer to the bottom surface toward the first side
surface,

a vortex flow being generated in the first tank by
the liquid flowing into the first tank to collect the
foreign matters in the central portion of the first
tank and discharge the foreign matters by the pump.

7. The filtration device of claim 6, wherein

an end portion located on the downstream side of
the first flow path is immersed in the liquid stored in
the first tank during operation of the pump.

8. The filtration device of claim 6 or 7, further
comprising:

a second processing device connected to the pump
to process the liquid discharged from the pump,

wherein

the tank portion includes a second tank to which
the liquid processed in the second processing device
flows,

the first tank further includes a second side

surface opposed to the first side surface, and a second
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flow path which is provided along the second side
surface and to which the liquid stored in the second
tank flows,

the second flow path includes a bottom plate
inclined from an upstream side located on the second
tank side toward a downstream side located on the
bottom surface side and inclined to be closer to the
bottom surface toward the second side surface, and

a flow direction of the liquid flowing through the
second flow path is opposite to a flow direction of the
liquid flowing through the first flow path.

9. The filtration device of claim 8, wherein

an end portion located on the downstream side of
the second flow path is immersed in the liquid stored
in the first tank during operation of the pump.

10. The filtration device of claim 1 or 6,
wherein

the first tank further includes a plate material
provided more closely to the pump than the side
surface, between the pump and the side surface,

the plate material includes a surface intersecting
a flow direction of the vortex flow,

gaps are formed between the plate material and the
pump, between the plate material ad the side surface,
and between the plate material and the bottom surface,
respectively, and

at least a part of the plate material is immersed
in the liquid stored in the first tank during operation
of the pump.

11. The filtration device of claim 10, wherein

in the plate material, an end portion on the side

surface side is bent.



