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D E S C R I P T I O N 

 

SEPARATION DEVICE 

 

Technical Field 5 

 The present invention relates generally to a 

separation device. 

Background Art 

 When machining metal material, etc., with machine 

tools, various fluids referred to as a grinding fluid, 10 

a cutting fluid, a coolant, etc., are used for the 

purpose of improving machining accuracy, extending tool 

life, and promoting discharge of chips, metal powder, 

etc. 

 These fluids are discharged from machine tools in 15 

a state of containing foreign matter such as chips and 

metal powder generated by machining.  The discharged 

fluids are returned to the machine tool for reuse after 

the foreign matter is separated and removed.  Various 

proposals have been made for separation devices for 20 

separating and removing foreign matter from fluids 

containing the foreign matter. 

 For example, Patent Literature 1 discloses a foam 

suppressing type hydrocyclone.  This cyclone is a 

liquid cyclone provided with a swirling flow chamber 25 

that has a portion whose inner diameter gradually 

decreases in the direction of gravity and swirls a 

separation target liquid-like substance supplied to a 

large diameter portion of the inner diameter to 

separate it into a substance with a large specific 30 

gravity and a liquid with a small specific gravity, and 

comprises: a cyclone body having at its lower end a 

discharge port through which the separated substance 
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having the large specific gravity is discharged and 

having at its upper end an ascending flow path through 

which the separated liquid having the small specific 

gravity rises as a swirling flow; and an upper chamber 

provided at the upper end of the cyclone body into 5 

which the liquid having the low specific gravity flows 

through the ascending flow path, which is characterized 

in that a cross-sectional area of a flow path from 

which the liquid with the small specific gravity flows 

out from the upper chamber is regulated so that an air 10 

pressure P at the discharge port at the lower end of 

the cyclone body is in a negative pressure range 

of -0.5 kg/cm2G ≤ P < 0 kg/cm2G in gauge pressure. 

 This cyclone has the problem of sufficiently 

suppressing foaming of the separated and collected 15 

liquid. 

Citation List 

Patent Literature 

 Patent Literature 1: JP 2008-665 A 

Summary of Invention 20 

Technical Problem 

 Even in light of the cyclone disclosed in Patent 

Literature 1 above, there is still room for various 

improvements with respect to the structure for 

suppressing liquid foaming. 25 

 Thus, one of the objects of the present invention 

is to provide a separation device capable of 

suppressing liquid foaming more effectively. 

Solution to Problem 

 According to an embodiment of the present 30 

invention, a separation device comprises a cyclone 

extending along a central axis, including an 

introduction port for introducing a liquid containing 



3 

foreign matter into an interior and a first discharge 

port provided at a lower end for discharging the 

foreign matter, and separating the foreign matter from 

the liquid by centrifugal force by swirling the liquid 

in the interior, a columnar air layer formed in a 5 

manner extending from the first discharge port along 

the central axis, and the liquid from which the foreign 

matter is separated rising along an outer 

circumferential surface of the air layer, a clean case 

provided on an opposite side of the first discharge 10 

port in an extending direction of the cyclone, 

including a barrier wall on which a connecting hole is 

provided at an upper end of the cyclone and a second 

discharge port, and connected to the interior by the 

connecting hole, a gas-liquid separation tube provided 15 

in the clean case, extending from the connecting hole 

along the central axis, and including a plurality of 

first holes, and an inner wall provided in the clean 

case, extending along the central axis, surrounding the 

gas-liquid separation tube, and including a plurality 20 

of second holes. 

 The liquid from which the foreign matter is 

separated that rises along the air layer from the first 

discharge port to the gas-liquid separation tube passes 

through the plurality of first holes and the plurality 25 

of second holes and is discharged from the second 

discharge port to outside the clean case. 

Advantageous Effects of Invention 

 According to the present invention, it is possible 

to provide a separation device capable of suppressing 30 

liquid foaming more effectively. 

Brief Description of Drawings 

 FIG. 1 is a schematic perspective view of a 
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separation device according to one embodiment. 

 FIG. 2 is a schematic cross-sectional view of the 

separation device shown in FIG. 1. 

 FIG. 3 is a schematic partially enlarged view of a 

gas-liquid separation tube and an inner wall of the 5 

separation device. 

 FIG. 4 is a schematic cross-sectional view of the 

gas-liquid separation tube shown along line IV-IV in 

FIG. 1. 

 FIG. 5 shows a comparative example of the 10 

separation device shown in FIG. 1. 

 FIG. 6 is a schematic cross-sectional view of a 

gas-liquid separation tube shown along line VI-VI in 

FIG. 5. 

 FIG. 7 illustrates other examples of holes 15 

applicable to a first hole and a second hole. 

 FIG. 8 illustrates yet another example of holes 

applicable to the first hole and the second hole. 

 FIG. 9 illustrates yet another example of holes 

applicable to the first hole and the second hole. 20 

Mode for Carrying Out the Invention 

 An embodiment of the separation device will be 

described hereinafter with reference to the 

accompanying drawings.  The disclosure is merely an 

example, and proper changes within the spirit of the 25 

invention, which are easily conceivable by a skilled 

person, are included in the scope of the invention as a 

matter of course.  In addition, in some cases, in order 

to make the description clearer, the widths, 

thicknesses, shapes, etc., of the respective parts are 30 

schematically illustrated in the drawings, compared to 

the actual modes.  Further, in the specification and 

drawings, corresponding elements are denoted by like 
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reference numerals, and a detailed description thereof 

may be omitted unless otherwise necessary. 

 In the present embodiment, a separation device for 

separating and removing foreign matter contained in a 

liquid by centrifugal force is disclosed.  The liquid 5 

includes, for example, grinding fluid, cutting fluid, 

and coolant.  The foreign matter includes, for example, 

chips of metal materials and metal powder. 

 FIG. 1 is a schematic perspective view of a 

separation device 1 according to the present 10 

embodiment.  FIG. 2 is a schematic cross-sectional view 

of the separation device 1 shown in FIG. 1.  FIG. 3 is 

a schematic partially enlarged view of a gas-liquid 

separation tube 60 and an inner wall 70 provided in the 

separation device 1.  FIG. 4 is a schematic cross-15 

sectional view of the gas-liquid separation tube 60 

shown along line IV-IV in FIG. 1.  In FIG. 1, some of 

the parts are shown transparent for convenience of 

illustration.  In FIG. 1 and FIG. 2, the flow of liquid 

in the separation device 1 is indicated by arrows. 20 

 As shown in FIG. 1 and FIG. 2, the separation 

device 1 has a cyclone 10, a clean case 20, an 

introduction pipe 31, and a discharge pipe 32.  The 

cyclone 10 extends along a central axis CX. 

 Here, a parallel direction along the central axis 25 

CX is defined as an axial direction Dx.  One side of 

the axial direction Dx is defined as up or above, and 

the other side of the axial direction Dx is defined as 

down or beneath.  The extending direction of the 

cyclone 10 corresponds to the axial direction Dx.  A 30 

direction away from the central axis CX with the 

central axis CX as the center is defined as a radial 

direction Dr, and a circumferential direction θ around 
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the central axis CX is defined. 

 The cyclone 10 has an introduction portion 40 and 

a drain portion 50 connected to the introduction 

portion 40.  The introduction portion 40 is located at 

an upper end side of the cyclone 10, and the drain 5 

portion 50 is located at a lower end side of the 

cyclone 10.  The cyclone 10 has an end portion 11 and 

an end portion 12 on an opposite side of the end 

portion 11.  The end portion 11 corresponds to an upper 

end of the cyclone 10, and the end portion 12 10 

corresponds to a lower end of the cyclone 10. 

 The introduction portion 40 is formed 

cylindrically.  The introduction portion 40 has an 

inner circumferential surface 41 located on an inner 

side of the radial direction Dr and an outer 15 

circumferential surface 42 located on an outer side of 

the radial direction Dr.  The inner circumferential 

surface 41 and the outer circumferential surface 42 

extend with a uniform diameter along the axial 

direction Dx. 20 

 The drain portion 50 is located coaxially with the 

introduction portion 40.  The drain portion 50 has a 

columnar first member 51 connected to the introduction 

portion 40 and a columnar second member 52 connected to 

the first member 51.  The first member 51 and the 25 

second member 52 have outer circumferential surfaces 53 

and 54 located on the outer side of the radial 

direction Dr, respectively.  The outer circumferential 

surfaces 53 and 54 extend with a uniform diameter along 

the axial direction Dx.  The outer diameter of the 30 

first member 51 is larger than the outer diameter of 

the second member 52. 

 The drain portion 50 has an inner circumferential 
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surface 55 formed from the first member 51 to the 

second member 52.  The inner circumferential surface 55 

is connected to the lower end side of the inner 

circumferential surface 41 in the circumferential 

direction θ.  The inner circumferential surface 55 is 5 

formed in a conical surface shape extending from the 

connection point with the inner circumferential surface 

41 toward the lower end of the cyclone 10.  The inner 

circumferential surface 55 has a gradually decreasing 

inner diameter toward the lower end of the cyclone 10.  10 

An area enclosed by the inner circumferential surface 

41 and the inner circumferential surface 55 is 

hereinafter referred to as an "interior IN10 of the 

cyclone 10". 

 The end portion of the first member 51 on the 15 

introduction portion 40 side is provided with a flange 

56 protruding in the radial direction Dr from the outer 

circumferential surface 53.  In the example shown in 

FIG. 2, the cyclone 10 is connected to a bottom wall of 

the clean case 20 described below via the flange 56 by 20 

a fixing member 57 such as a bolt. 

 The cyclone 10 further has an introduction port 13 

and a first discharge port 14.  The introduction port 

13 introduces a liquid containing foreign matter into 

the interior IN10 of the cyclone 10.  The introduction 25 

port 13 is provided in the introduction portion 40.  In 

the example shown in FIG. 2, the introduction port 13 

is provided on the end portion 11 side of the 

introduction portion 40.  The introduction port 13 is 

open along a tangential direction of the cylindrically 30 

formed introduction portion 40. 

 The introduction pipe 31 is connected to the 

introduction port 13.  Liquid containing foreign matter 
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flows into the introduction pipe 31.  The introduction 

pipe 31 connects the interior IN10 of the cyclone 10 

and the exterior of the cyclone 10 via the introduction 

port 13.  The liquid introduced from the introduction 

pipe 31 to the introduction port 13 is supplied to the 5 

interior of the introduction portion 40 along the 

tangential direction of the introduction portion 40.  

In the example shown in FIG. 1, a pressure gauge 33 is 

provided on the introduction pipe 31.  The pressure 

gauge 33 may be, for example, a pressure sensor. 10 

 The first discharge port 14 discharges the liquid 

containing a large amount of foreign matter separated 

from the liquid from the interior IN10 of the cyclone 

10 to the exterior of the cyclone 10.  The first 

discharge port 14 connects the interior IN10 of the 15 

cyclone 10 and the exterior of the cyclone 10.  The 

first discharge port 14 is provided at the end portion 

12 of the cyclone 10. 

 More specifically, the first discharge port 14 is 

provided at an end portion of the second member 52 on 20 

the lower end side, extending along the axial direction 

Dx.  In the example shown in FIG. 2, the inner 

circumferential surface of the first discharge port 14 

is formed in a conical surface shape with the inner 

diameter gradually increasing from the connection point 25 

with the inner circumferential surface 55 toward the 

lower end of the cyclone 10. 

 The clean case 20 stores therein a liquid from 

which foreign matter has been separated by the cyclone 

10.  As shown in FIG. 1 and FIG. 2, the clean case 20 30 

is located on the upper end side of the cyclone 10.  

From another perspective, in the separation device 1, 

the clean case 20 is provided on the opposite side of 
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the first discharge port 14 in the axial direction Dx. 

 The clean case 20 has a side wall 21, a bottom 

wall 22, and an upper wall 23 on the opposite side of 

the bottom wall 22 in the axial direction Dx.  The 

bottom wall 22 and the upper wall 23 are connected to 5 

the side wall 21.  An area enclosed by the side wall 

21, the bottom wall 22, and the upper wall 23 is 

hereinafter referred to as an "interior IN20 of the 

clean case 20".  Liquid is stored in the interior IN20 

of the clean case 20.  In the example shown in FIG. 1 10 

and FIG. 2, the introduction portion 40 is located in 

the interior IN20 of the clean case 20. 

 The side wall 21 is formed cylindrically around a 

central axis CX.  The side wall 21 has an inner 

circumferential surface 24 located on the inner side of 15 

the radial direction Dr and an outer circumferential 

surface 25 located on the outer side of the radial 

direction Dr.  The inner circumferential surface 24 and 

the outer circumferential surface 25 extend with a 

uniform diameter along the axial direction Dx.  The 20 

bottom wall 22 and the upper wall 23 are disk-shaped 

around the central axis CX.  The upper wall 23 is 

provided removably with respect to the side wall 21, 

for example. 

 The clean case 20 further comprises a barrier wall 25 

26 and a second discharge port 27.  The barrier wall 26 

separates the interior IN10 of the cyclone 10 from the 

interior IN20 of the clean case 20.  The barrier wall 

26 is provided at the end portion 11.  The barrier wall 

26 is disk-shaped around the central axis CX.  In the 30 

examples shown in FIG. 1 and FIG. 2, the outer diameter 

of the barrier wall 26 is approximately equal to the 

outer diameter of the introduction portion 40. 
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 The barrier wall 26 is provided with a connecting 

hole 28 centered on the central axis CX.  The 

connecting hole 28 connects the interior IN10 of the 

cyclone 10 to the interior IN20 of the clean case 20.  

The connecting hole 28 has a circular shape and is 5 

centered on the central axis CX. 

 The second discharge port 27 discharges a liquid 

from which foreign matter has been separated from the 

interior IN20 of the clean case 20 to the exterior of 

the clean case 20.  The second discharge port 27 is 10 

provided on the side wall 21.  The discharge pipe 32 is 

connected to the second discharge port 27.  The 

discharge pipe 32 connects the interior IN20 of the 

clean case 20 and the exterior of the clean case 20 via 

the second discharge port 27.  The clean case 20 is 15 

formed so that no liquid flows out of the interior IN20 

of the clean case 20, except through the second 

discharge port 27. 

 A liquid collection tank (not shown) is provided 

outside the clean case 20 for storing liquid discharged 20 

from the second discharge port 27, for example.  The 

discharge pipe 32 extends toward the liquid collection 

tank. 

 In the example shown in FIG. 1, the discharge pipe 

32 is provided with a valve 34.  The valve 34 adjusts 25 

the flow rate discharged from the discharge pipe 32 by 

adjusting the degree of opening.  Furthermore, the 

valve 34 adjusts the amount of liquid stored in the 

interior IN20 of the clean case 20. 

 From another perspective, the valve 34 adjusts the 30 

height of the liquid level in the interior IN20 of 

clean case 20.  Providing the valve 34 facilitates the 

adjustment of the height of the liquid level.  The 



11 

degree of opening the valve 34 is adjusted, for 

example, by operating a handle 35 provided on the valve 

34.  The valve 34 is, for example, a dividing valve. 

 The separation device 1 further comprises a 

connecting tube 36, a gas-liquid separation tube 60, 5 

and an inner wall 70 surrounding the gas-liquid 

separation tube 60.  The connecting tube 36 is provided 

coaxially with the central axis CX inside the 

introduction portion 40.  The connecting tube 36 is 

formed cylindrically.  The connecting tube 36 extends 10 

in the axial direction Dx from the connecting hole 28 

toward the first discharge port 14. 

 The connecting tube 36 connects the interior IN10 

of the cyclone 10 and the interior IN20 of the clean 

case 20 via the connecting hole 28.  In the example 15 

shown in FIG. 2, the connecting tube 36 does not extend 

to the drain portion 50.  From another perspective, the 

length of the connecting tube 36 is shorter than the 

length of the introduction portion 40. 

 The gas-liquid separation tube 60 is provided 20 

coaxially with the central axis CX in the interior IN20 

of the clean case 20.  The gas-liquid separation tube 

60 is formed cylindrically.  The gas-liquid separation 

tube 60 extends from the connecting hole 28 along the 

axial direction Dx toward the upper wall 23.  In the 25 

example shown in FIG. 2, one end of the gas-liquid 

separation tube 60 is connected to the connecting tube 

36, and the other end of the gas-liquid separation tube 

60 is in contact with the upper wall 23. 

 The gas-liquid separation tube 60 has an inner 30 

circumferential surface 61 located on the inner side of 

the radial direction Dr and an outer circumferential 

surface 62 located on the outer side of the radial 
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direction Dr.  The inner circumferential surface 61 and 

outer circumferential surface 62 extend with a uniform 

diameter along the axial direction Dx.  The interior of 

the gas-liquid separation tube 60 is connected to the 

interior of the connecting tube 36.  In the example 5 

shown in FIG. 2, the inner diameter of the gas-liquid 

separation tube 60 is approximately equal to the inner 

diameter of the connecting tube 36. 

 The gas-liquid separation tube 60 has a plurality 

of first holes 63.  The plurality of first holes 63 are 10 

provided throughout the gas-liquid separation tube 60, 

for example.  In the example shown in FIG. 3, the 

plurality of first holes 63 are provided at uniform 

intervals in the axial direction Dx and the 

circumferential direction θ, respectively.  The first 15 

holes 63 are through holes that penetrate the inner 

circumferential surface 61 and the outer 

circumferential surface 62.  The shape of the first 

hole 63 is, for example, circular. 

 The inner wall 70 is provided coaxially with the 20 

central axis CX so as to enclose the gas-liquid 

separation tube 60 in the interior IN20 of the clean 

case 20 from the outer side of the radial direction Dr.  

The inner wall 70 is formed cylindrically.  In the 

example shown in FIG. 2, the outer diameter of the 25 

inner wall 70 is approximately equal to the outer 

diameter of the introduction portion 40. 

 The inner wall 70 extends along the axial 

direction Dx from the barrier wall 26 toward the upper 

wall 23.  The inner wall 70 has an inner 30 

circumferential surface 71 located on the inner side of 

the radial direction Dr and an outer circumferential 

surface 72 located on the outer side of the radial 
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direction Dr.  The inner circumferential surface 71 and 

the outer circumferential surface 72 extend with a 

uniform diameter along the axial direction Dx. 

 The inner wall 70 surrounds a portion of the gas-

liquid separation tube 60 located on the upper end side 5 

of the cyclone 10 for the entire circumferential 

direction θ.  The inner diameter of the inner wall 70 

is larger than the outer diameter of the gas-liquid 

separation tube 60 and smaller than the inner diameter 

of the side wall 21. 10 

 In the example shown in FIG. 2, the length from 

the outer circumferential surface 62 of the gas-liquid 

separation tube 60 to the inner circumferential surface 

71 of the inner wall 70 in the radial direction Dr is 

approximately equal to the length from the inner 15 

circumferential surface 24 of the side wall 21 to the 

outer circumferential surface 72 of the inner wall 70.  

The length from the outer circumferential surface 62 of 

gas-liquid separation tube 60 to the inner 

circumferential surface 71 of the inner wall 70 may be 20 

larger or smaller than the length from the inner 

circumferential surface 24 of the side wall 21 to the 

outer circumferential surface 72 of the inner wall 70. 

 For example, in the axial direction Dx, an area of 

the gas-liquid separation tube 60 enclosed by the inner 25 

wall 70 is smaller than an area of the gas-liquid 

separation tube 60 not enclosed by the inner wall 70.  

In FIG. 2, the area of the gas-liquid separation tube 

60 enclosed by the inner wall 70 is shown as area P1, 

and the area of the gas-liquid separation tube 60 not 30 

enclosed by the inner wall 70 is shown as area P2.  For 

example, the length of the area P1 of the gas-liquid 

separation tube 60 enclosed by the inner wall 70 in the 
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axial direction Dx is smaller than one-half the length 

of the gas-liquid separation tube 60 in the axial 

direction Dx. 

 The inner wall 70 has a plurality of second holes 

73.  The plurality of second holes 73 are provided, for 5 

example, throughout the inner wall 70.  In the example 

shown in FIG. 3, the plurality of second holes 73 are 

provided at uniform intervals in the axial direction Dx 

and the circumferential direction θ, respectively.  The 

second holes 73 are through holes that penetrate the 10 

inner circumferential surface 71 and the outer 

circumferential surface 72.  The shape of the second 

hole 73 is, for example, circular. 

 As shown in FIG. 3, the size of the plurality of 

second holes 73 is larger than the size of the 15 

plurality of first holes 63.  From another perspective, 

the aperture ratio of the inner wall 70 is larger than 

the aperture ratio of the gas-liquid separation tube 

60.  Here, "size" corresponds to the opening area of 

the first hole 63 and the second hole 73, and "aperture 20 

ratio" is the ratio of the total opening area to the 

unit area. 

 For example, a diameter D1 of the first hole 63 is 

1 to 2 mm, and a diameter D2 of the second hole 73 is 3 

to 5 mm, for example.  In one example, the diameter D1 25 

of the first hole 63 is 1 mm and the diameter D2 of the 

second hole 73 is 3 mm, for example.  The gas-liquid 

separation tube 60 and the inner wall 70 can be formed 

by a perforated plate having a number of holes, such as 

a punching plate. 30 

 The side wall 21 surrounds the inner wall 70 and 

the introduction portion 40 from the outer side of the 

radial direction Dr.  The bottom wall 22 is located 
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between the first discharge port 14 and the barrier 

wall 26 in the axial direction Dx.  In the example 

shown in FIG. 2, the bottom wall 22 is located at the 

end portion of the introduction portion 40 on the drain 

portion 50 side in the axial direction Dx. 5 

 The second discharge port 27 is located between 

the bottom wall 22 and the barrier wall 26 in the axial 

direction Dx.  The second discharge port 27 is open 

facing the outer circumferential surface 42 of the 

introduction portion 40 on the drain portion 50 side in 10 

the radial direction Dr.  From another perspective, the 

second discharge port 27 is located between the bottom 

wall 22 and the introduction port 13 in the axial 

direction Dx.  In the example shown in FIG. 2, one end 

of the second discharge port 27 on the lower end side 15 

of the cyclone 10 is provided overlapping the upper 

surface of the bottom wall 22 in the radial direction 

Dr. 

 In the interior IN20 of the clean case 20, a first 

storage portion 81 is formed between the gas-liquid 20 

separation tube 60 and the inner wall 70, and a second 

storage portion 82 is formed between the introduction 

portion 40 and the side wall 21 and between the inner 

wall 70 and the side wall 21.  From another 

perspective, the second storage portion 82 surrounds 25 

the first storage portion 81 in the circumferential 

direction θ. 

 The volume of the second storage portion 82 is 

larger than the volume of the first storage portion 81, 

for example.  From another perspective, the length of 30 

the second storage portion 82 in the axial direction Dx 

is longer than the length of the first storage portion 

81 in the axial direction Dx. 
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 As shown in FIG. 2, the gas-liquid separation tube 

60 is provided with a relief hole 64.  The relief hole 

64 discharges the liquid that flows into the gas-liquid 

separation tube 60 to the interior IN20 of the clean 

case 20 when the plurality of first holes 63 are closed 5 

by foreign matter.  A plurality (e.g., two) of relief 

holes 64 are provided above the gas-liquid separation 

tube 60.  The relief holes 64 are larger than the first 

hole 63 and are not enclosed by the inner wall 70. 

 The separation device 1 further comprises a cover 10 

37 that encloses the first member 51 of the drain 

portion 50 from the outer side of the radial direction 

Dr.  The cover 37 is cylindrically formed around the 

central axis CX.  The cover 37 extends with a uniform 

diameter along the axial direction Dx.  The outer 15 

diameter of the cover 37 may, for example, be 

approximately equal to the outer diameter of the side 

wall 21 or smaller than the outer diameter of the side 

wall 21.  Below the first discharge port 14 is provided 

a foreign matter collection tank (not shown) for 20 

storing, for example, foreign matter or liquid 

discharged from the first discharge port 14. 

 Next, the process of separating and removing 

foreign matter from liquids containing foreign matter 

in the separation device 1 will be described. 25 

 First, a liquid containing foreign matter is 

introduced into the interior IN10 of the cyclone 10 

from the introduction port 13 via the introduction pipe 

31.  The liquid is fed at a predetermined flow velocity 

in the tangential direction of the introduction portion 30 

40.  The supplied liquid descends toward the first 

discharge port 14 while swirling along the inner 

circumferential surface 41 of the introduction portion 
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40 and the inner circumferential surface 55 of the 

drain portion 50. 

 This generates a downward vortex flow centered on 

the central axis CX in the interior IN10 of the cyclone 

10.  In FIG. 2, the downward vortex flow is indicated 5 

by a vortex flow DV.  Foreign matter contained in the 

liquid is separated by centrifugal force based on the 

downward vortex flow in the interior IN10 of the 

cyclone 10. 

 The separated foreign matter collects on the inner 10 

circumferential surface 55 of the drain portion 50 and 

descends while swirling along the inner circumferential 

surface 55 of the drain portion 50.  The foreign 

matter, for example, becomes sludge and is discharged 

with a small amount of liquid from the first discharge 15 

port 14.  The discharged foreign matter and liquid are 

collected in the foreign matter collection tank. 

 The downward vortex flow that descends along the 

inner circumferential surface 55 of the drain portion 

50 receives an upward force near the first discharge 20 

port 14 and turns upward.  This creates an upward 

vortex flow along the central axis CX of the cyclone 10 

from the first discharge port 14 to the clean case 20.  

In FIG. 2, the upward vortex flow is indicated by a 

vortex flow RV. 25 

 As shown in FIG. 4, the upward vortex flow 

includes a columnar air layer 84 centered on the 

central axis CX and a liquid layer 85 formed around the 

air layer 84.  A vacuum portion is formed in the 

central portion of the air layer 84.  The air layer 84 30 

extends from the first discharge port 14 along the 

axial direction Dx through the connecting tube 36 

toward the gas-liquid separation tube 60.  The liquid 
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layer 85 is formed by the liquid from which foreign 

matter is separated rising along the outer 

circumferential surface of the air layer 84 from the 

first discharge port 14 toward the gas-liquid 

separation tube 60. 5 

 As the upward vortex flow flows into the gas-

liquid separation tube 60, the liquid from which 

foreign matter is separated rises along the air layer 

84 from the first discharge port 14 to the gas-liquid 

separation tube 60.  The liquid flows from the liquid 10 

layer 85 located on a surface layer portion of the 

upward vortex flow through the plurality of first holes 

63 in the gas-liquid separation tube 60 to the first 

storage portion 81.  The liquid flowing into the first 

storage portion 81 flows through the plurality of 15 

second holes 73 in the inner wall 70 to the second 

storage portion 82. 

 A part of the liquid flowing into the first 

storage portion 81 flows over the inner wall 70 to the 

second storage portion 82.  From another perspective, a 20 

part of the liquid that flows into the first storage 

portion 81 overflows into the second storage portion 

82.  When the separation device 1 is in operation, two 

flows of liquid are formed in the interior IN20 of the 

clean case 20 from the first storage portion 81 to the 25 

second storage portion 82. 

 By adjusting the size of the second hole 73, the 

flow rate that passes through the plurality of second 

holes and the flow rate that overflows can be adjusted.  

The flow rate through the plurality of second holes 73 30 

is greater than the flow rate that overflows, for 

example.  From another perspective, the size of the 

plurality of second holes can suppress the flow rate 
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that overflows. 

 The liquid flowing in from the gas-liquid 

separation tube 60 is temporarily stored mainly in the 

first storage portion 81 and the second storage portion 

82.  Since foreign matter is separated from the liquid 5 

in the interior IN10 of the cyclone 10, the liquid 

stored in the clean case 20 contains almost no foreign 

matter.  A liquid surface is formed in the interior 

IN20 of the clean case 20 by the stored liquid.  In 

FIG. 1 and FIG. 2, the liquid surface is shown as 10 

liquid surface L1. 

 In the interior IN20 of the clean case 20, an air 

puddle 83 is formed above the liquid surface L1.  The 

liquid stored in the second storage portion 82 is 

discharged from the second discharge port 27 to the 15 

liquid collection tank via the discharge pipe 32. 

 When the separation device 1 is in operation, the 

gas-liquid separation tube 60 and the inner wall 70 are 

immersed in liquid.  For example, the liquid surface L1 

is located on the cyclone 10 side than the center of 20 

the gas-liquid separation tube 60 in the axial 

direction Dx.  The length of the area of the gas-liquid 

separation tube 60 immersed in the liquid in the axial 

direction Dx is smaller than the length of the area of 

the gas-liquid separation tube 60 not immersed in the 25 

liquid in the axial direction Dx, for example. 

 When the separation device 1 is in operation, the 

entire inner wall 70 is immersed in liquid.  As shown 

in FIG. 1, the inner wall 70 is designed to be below 

the liquid surface L1 when the separation device 1 is 30 

in operation. 

 From another perspective, the inner wall 70 is 

located on the cyclone 10 side rather than on the 
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liquid surface L1 side when the separation device 1 is 

in operation.  As shown in FIG. 1, in the axial 

direction Dx, a length H1 from the barrier wall 26 to 

the liquid surface L1 is longer than a length H70 of 

the inner wall 70. 5 

 Here, a comparative example of the separation 

device 1 of the present embodiment is shown.  FIG. 5 

shows a comparative example of the separation device 1 

shown in FIG. 1.  FIG. 6 is a schematic cross-sectional 

view of a gas-liquid separation tube 60 shown along 10 

line VI-VI in FIG. 5.  In FIG. 5, some of the parts are 

shown transparent for convenience of explanation. 

 As shown in FIG. 5, an inner wall 70 provided by a 

separation device 100 does not have a second hole 73.  

In an axial direction Dx, a bottom wall 22 is in the 15 

same position as a barrier wall 26.  In the example 

shown in FIG. 5, the bottom wall 22 is formed 

integrally with the barrier wall 26. 

 The bottom wall 22 is formed more upward in the 

axial direction Dx compared to FIG. 1.  Therefore, a 20 

second discharge port 27 faces the inner wall 70.  The 

second discharge port 27 is formed more upwardly in the 

axial direction Dx compared to FIG. 1. 

 In the separation device 100, when an upward 

vortex flow flows into the gas-liquid separation tube 25 

60, liquid flows from a liquid layer 85 located in the 

surface layer portion of the upward vortex flow through 

a plurality of first holes 63 in the gas-liquid 

separation tube 60 to a first storage portion 81.  The 

liquid flowing into the first storage portion 81 30 

collides with the inner wall 70.  A part of the liquid 

collides with the inner wall 70 and flows along the 

inner circumferential surface of the inner wall 70 in 
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the axial direction Dx. 

 The liquid then flows over the inner wall 70 to a 

second storage portion 82.  When the separation device 

100 is in operation, one flow of liquid is formed in an 

interior IN20 of a clean case 20, flowing from the 5 

first storage portion 81 to the second storage portion 

82 over the inner wall 70. 

 When the separation device 100 is in operation, 

since the liquid flows from the first storage portion 

81 to the second storage portion 82 over the inner wall 10 

70, the liquid surface tends to wobble and be unstable.  

The expression "liquid surface wobbles" means that the 

liquid surface moves in the axial direction Dx, or that 

the liquid level undulates, etc. 

 In FIG. 5, the liquid surface is shown as a liquid 15 

surface L100.  When the liquid surface L100 wobbles, 

the liquid tends to entrap air from an air puddle 83, 

and the liquid tends to foam in the interior IN20 of 

the clean case 20.  The wobbling liquid surface L100 

makes it difficult to adjust the location of the liquid 20 

surface L100 in the axial direction Dx by a valve 34. 

 If the liquid surface L100 is unstable, the flow 

rate from the gas-liquid separation tube 60 to the 

interior IN20 of the clean case 20 is unstable.  As a 

result, the flow of liquid forming the liquid layer 85 25 

of the upward vortex flow becomes less stable. 

 Therefore, a thickness W100 of the liquid layer 85 

is not uniform in a circumferential direction θ, as 

shown in FIG. 6.  The thickness W100 of the liquid 

layer 85 becomes larger in comparison to FIG. 4.  30 

Furthermore, in a case where the upward vortex flow is 

not formed stably, it may cause separation accuracy of 

foreign matter from the liquid in an interior IN10 of 
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the cyclone 10 to decrease.  Separation accuracy may 

also be referred to as filtration accuracy. 

 In the axial direction Dx, since the bottom wall 

22 is at the same position as the barrier wall 26, the 

liquid surface L100 is higher in comparison to FIG. 1.  5 

From another perspective, a length H100 from the 

barrier wall 26 to the liquid surface L100 is longer 

than the length H1 from the barrier wall 26 to the 

liquid surface L1 shown in FIG. 1.  Furthermore, since 

the second discharge port 27 is closer to the liquid 10 

surface L100, when the liquid surface L100 drops, air 

is more likely to be entrained when liquid is 

discharged from the second discharge port 27. 

 The separation device 1 of the present embodiment 

that is configured as described above comprises the 15 

inner wall 70 that surrounds the gas-liquid separation 

tube 60 and has a plurality of second holes 73.  By 

forming a plurality of second holes 73 in the inner 

wall 70, a flow of liquid flowing from the first 

storage portion 81 through the plurality of second 20 

holes 73 to the second storage portion 82 can be formed 

for the separation device 1. 

 Two flows of liquid are formed in the interior 

IN20 of the clean case 20 from the first storage 

portion 81 to the second storage portion 82.  By 25 

suppressing the momentum of the liquid when passing 

through the plurality of second holes 73, the liquid 

can smoothly flow from the first storage portion 81 to 

the second storage portion 82. 

 By forming a plurality of second holes 73 on the 30 

inner wall 70, the liquid flowing into the first 

storage portion 81 is less likely to collide with the 

inner circumferential surface 71 of the inner wall 70.  
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This can suppress the flow of liquid along the inner 

circumferential surface 71 of the inner wall 70 in the 

axial direction Dx. 

 As a result, the liquid surface L1 is less likely 

to wobble and more likely to be stable.  By stabilizing 5 

the liquid surface L1, the liquid is less likely to 

entrain air from the air puddle 83, and foaming of the 

liquid in the interior IN20 of the clean case 20 can be 

effectively suppressed.  Therefore, the separation 

device 1 can suppress foaming of the liquid more 10 

effectively in comparison to the separation device 100 

shown in FIG. 5. 

 From the separation device 1, liquid containing 

almost no bubbles can be discharged from the discharge 

pipe 32 to the outside of the clean case 20.  With the 15 

separation device 1 of the present embodiment, there is 

no need to use a defoaming agent, etc., and foaming of 

the liquid can be suppressed. 

 Furthermore, by making the size of the plurality 

of second holes 73 larger than the size of the 20 

plurality of first holes 63, the flow rate through the 

plurality of second holes 73 can be made larger than 

the flow rate that overflows. 

 This makes the liquid surface L1 more stable 

because the liquid flowing into the first storage 25 

portion 81 can reduce the momentum of the liquid and 

allow the liquid to flow primarily to the second 

storage portion.  By forming a flow that passes through 

the plurality of second holes 73 and a flow that 

overflows, it is possible to suppress the momentum of 30 

the liquid to the second storage portion 82 and to more 

effectively suppress foaming of the liquid. 

 By stabilizing the liquid surface L1, the flow 
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rate from the gas-liquid separation tube 60 to the 

interior IN20 of the clean case 20 is stabilized.  

Furthermore, by stabilizing the liquid surface L1, the 

liquid surface L1 can be set at a low position.  By 

setting the liquid surface L1 at a low position, the 5 

area P1 enclosed by the inner wall 70 of the gas-liquid 

separation tube 60 can be made smaller than the area P2 

not enclosed by the inner wall 70 of the gas-liquid 

separation tube 60. 

 As a result, the flow of liquid inside the gas-10 

liquid separation tube 60 is less obstructed and the 

flow of liquid forming the liquid layer 85 is 

stabilized.  As shown in FIG. 4, the thickness W1 of 

the liquid layer 85 tends to be uniform in the 

circumferential direction θ. 15 

 Furthermore, the thickness W1 of the liquid layer 

85 can be made thinner than the thickness W100 shown in 

FIG. 6.  By stably forming the upward vortex flow, the 

flow velocity of the downward vortex flow in the 

interior IN10 of the cyclone 10 is stabilized, and the 20 

separation accuracy of foreign matter from the liquid 

in the interior IN10 of the cyclone 10 is improved. 

 By stabilizing the liquid surface L1, it becomes 

easier to adjust the position of the liquid surface L1 

in the axial direction Dx by the valve 34.  25 

Furthermore, by stabilizing the liquid surface L1, a 

portion corresponding to the air puddle 83 in the 

interior IN20 of the clean case 20 can be made smaller, 

which shortens the length of the clean case 20 in the 

axial direction Dx and makes the separation device 1 30 

more compact. 

 In the separation device 1 of the present 

embodiment, the bottom wall 22 of the clean case 20 is 
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located between the first discharge port 14 and the 

barrier wall 26 in the axial direction Dx.  Therefore, 

the second discharge port 27 can be set lower than the 

barrier wall 26.  By positioning the second discharge 

port 27 between the bottom wall 22 and the barrier wall 5 

26 in the axial direction Dx, the second discharge port 

27 can be opened to face the outer circumferential 

surface 42 of the introduction portion 40. 

 This prevents the liquid passing through the 

second hole 73 from flowing directly along the radial 10 

direction Dr to the second discharge port 27.  As a 

result, air entrapment is prevented when the liquid 

flows directly to the second discharge port 27. 

 Furthermore, since the second discharge port 27 

can be set further away from the liquid surface L1, air 15 

entrapment is prevented when the liquid surface L1 

drops, and foaming of the liquid can be suppressed.  By 

setting the second discharge port 27 away from the 

liquid surface L1, it is possible to secure time for 

air bubbles to escape from the liquid stored in the 20 

interior IN20 of the clean case 20.  This allows more 

bubble-free liquid to be discharged from the discharge 

pipe 32 to the outside of the clean case 20. 

 According to the present embodiment, it is 

possible to provide a separation device 1 that can more 25 

effectively suppress foaming of the liquid.  In 

addition to the above, various other suitable effects 

can be obtained from the present embodiment. 

 The configuration of the separation device 1 

according to the embodiment described above is only one 30 

example.  Modifications are shown below for the first 

hole 63 and the second hole 73.  FIG. 7 to FIG. 9 

illustrate examples of holes applicable to the first 
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hole 63 and the second hole 73.  Hereafter, the first 

hole 63 and the second hole 73 are collectively 

referred to as "hole 3". 

 As shown in FIG. 7, the shape of the hole 3 can be 

a rectangle.  As an example, the shape of the hole 3 is 5 

a rectangle, square, rhombus, etc.  As yet another 

example, as shown in FIG. 8, the shape of the hole 3 

may be a long hole such as a slit.  In the example 

shown in FIG. 8, the hole 3 is a long hole extending in 

the circumferential direction θ, but it can also be a 10 

long hole extending in the axial direction Dx. 

 As yet another example, as shown in FIG. 9, the 

hole 3 may be formed in a mesh shape.  The gas-liquid 

separation tube 60 and the inner wall 70 can be formed, 

for example, by a mesh sheet.  The hole 3 may include 15 

notches.  The shapes of holes as described above can be 

applied to the first holes 63 and the second holes 73, 

respectively, in which the first holes 63 and the 

second holes 73 may have the same or different shapes. 

 Note that the size of all first holes 63 may be 20 

the same or different.  The size of all second holes 73 

may be the same or different.  Note that the intervals 

of the first holes 63 and the second holes 73 in the 

axial direction Dx may be equal to or different from 

the intervals in the circumferential direction θ.  Each 25 

part of the separation device 1 can be formed of a 

metallic material, for example.  However, the 

separation device 1 may also include components formed 

of non-metallic materials such as resin. 

Reference Signs List 30 

1…Separation device, 10…Cyclone, 11…End portion (upper 

end), 12…End portion (lower end), 13…Introduction port, 

14…First discharge port, 20…Clean case, 21…Side wall, 
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22…Bottom wall, 23…Upper wall, 26…Barrier wall, 

27…Second discharge port, 28…Connecting hole, 60…Gas-

liquid separation tube, 63…First hole, 70…Inner wall, 

73…Second hole, 84…Air layer. 
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C L A I M S 

 1.  A separation device comprising: 

 a cyclone extending along a central axis, 

including an introduction port for introducing a liquid 

containing foreign matter into an interior and a first 5 

discharge port provided at a lower end for discharging 

the foreign matter, and separating the foreign matter 

from the liquid by centrifugal force by swirling the 

liquid in the interior, a columnar air layer formed in 

a manner extending from the first discharge port along 10 

the central axis, and the liquid from which the foreign 

matter is separated rising along an outer 

circumferential surface of the air layer; 

 a clean case provided on an opposite side of the 

first discharge port in an extending direction of the 15 

cyclone, including a barrier wall on which a connecting 

hole is provided at an upper end of the cyclone and a 

second discharge port, and connected to the interior by 

the connecting hole; 

 a gas-liquid separation tube provided in the clean 20 

case, extending from the connecting hole along the 

central axis, and including a plurality of first holes; 

and 

 an inner wall provided in the clean case, 

extending along the central axis, surrounding the gas-25 

liquid separation tube, and including a plurality of 

second holes, wherein 

 the liquid from which the foreign matter is 

separated that rises along the air layer from the first 

discharge port to the gas-liquid separation tube passes 30 

through the plurality of first holes and the plurality 

of second holes and is discharged from the second 

discharge port to outside the clean case. 
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 2.  The separation device of claim 1, wherein 

 the plurality of second holes are larger than the 

plurality of first holes. 

 3.  The separation device of claim 1, wherein 

 an area enclosed by the inner wall of the gas-5 

liquid separation tube in the extending direction is 

smaller than an area not enclosed by the inner wall of 

the gas-liquid separation tube. 

 4.  The separation device of claim 1, wherein 

 the clean case further comprises a bottom wall 10 

located between the first discharge port and the 

barrier wall in the extending direction, and a side 

wall connected to the bottom wall and enclosing the 

inner wall and the cyclone, and 

 the second discharge port is provided on the side 15 

wall. 

 5.  The separation device of claim 4, wherein 

 the second discharge port is located between the 

bottom wall and the barrier wall in the extending 

direction. 20 

 6.  The separation device of claim 1, wherein 

 the second discharge port faces the cyclone. 

 7.  The separation device of claim 1, wherein 

 the inner wall is located more on the cyclone side 

than a liquid surface of the liquid stored in the clean 25 

case, from which the foreign matter is separated. 

 


