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This invention relates to a filtering device and, more particularly, to a 

filtering device suitable for precision filtering in a state submerged in liquid to 

be treated. Liquid to be treated includes water for general uses, drinking 

water, river water, pool water and various other liquids. 

Known in the art of filtering devices is one which comprises multi­

layered filtering materials of different types provided in a single container 

through which liquid to be treated is subjected to different :filtering operations. 

One example of such prior art :filtering device is shown in Fig. 19. In this 

prior art filtering device, liquid to be treated is introduced into a container a 

through an inlet b provided in the upper portion of the container a. The 

liquid to be treated is spread over an upper filtering material layer d through 

distributors c. The upper filtering material layer d consists of coarse grains 

of anthracite and impurities of a relatively large diameter in the liquid to be 

treated are trapped by the anthracite layer. Then the liquid to be treated 

flows down through the lower filtering material layer e which consists of fine 

grains of garnet and impurities of a smaller diameter are trapped by the 

garnet layer. The treated liquid is collected by a collector screen f and 

discharged from an outlet g provided in the bottom portion of the container a. 

Since most impurities in the liquid to be treated are trapped by the 

upper layer in this prior art filtering device, the anthracite grains of the upper 

layer tend to be easily blocked by the impurities and, therefore, frequent 

reverse washing of the upper layer is necessary. For this purpose, 

compressed air is blown into the upper and lower layers d and e through the 

collector screen f to stir the filtering material grains of the upper and lower 

layers d and e and thereby remove the impurities and then reverse washing 
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water is forced into the upper and lower layers d and e through the collector 

screen f to wash away the impurities. This reverse washing must be 

performed accurately because otherwise the impurities, once removed from 

the anthracite grains but left in the container without being washed away, 

will fall on the surface of the upper layer d and are deposited thereon. 

Another problem in this prior art filtering device is that, since the 

diameter of a filtering material of the upper layer d is generally larger than 

the diameter of a filtering material of the lower layer e, if the filtering 

material of the upper layer d is of the same specific gravity as the filtering 

material of the lower layer e, the filtering material of the upper layer which is 

of a larger diameter settles sooner than the filtering material of the lower 

layer e after stirring of the filtering materials made during the reverse 

washing operation with the undesirable result that the filtering material of 

the upper layer d is deposited under the filtering material of the lower layer e. 

For preventing occurrence of this phenomenon, in the prior art filtering device, 

coarse grains of anthracite which is of a smaller specific gravity than garnet 

are used in the upper layer d and fine grains of garnet are used in the lower 

layer e. Thus, selection of filtering materials for the upper and lower layers 

is limited by the specific gravity of the filtering material. 

More importantly, the prior art filtering device has a relatively small 

effective filtenng surface area in comparison with the size of the container in 

which the multi-layered filtering materials are provided. 

It is, therefore, an object of the present invention to provide a filtering 

device which has a larger effective filtering surface area than the prior art 

filtering device. 

It is another object of the invention to provide a filtering device which is 

capable of reducing the amount of impurities deposited on the surface of a 

filtering material and thereby reducing frequency of a reverse washing 

operation. 
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It is another object of the invention to provide a filtering device in which 

selection of two or· more different filtering materials can be made freely 

without being limited by the specific gravity of the filtering materials to be 

selected. 

Other objects and features of the invention will become apparent from 

the description made heinbelow with reference to the accompanying drawings. 

Summary of the Invention 

For achieving the above described objects of the invention, there is 

proivded a filtering device comprising a container having an inlet for 

introducing liquid to be treated, an annular multi-layered prepacked screen 

assembly provided in said container and having an outlet for treated liquid, 

said screen assembly comprising three or more cylindrical screens having 

different diameters and being coaxially disposed in said container with their 

axes extending vertically in said container, an annulus being formed between 

respective adjacent cylindrical screens, and two or more different filter 

materials performing filtering functions which are different from each other 

and being filled one in each of the annuluses between the cylindrical screens. 

According to the invention, an overwhelmingly larger effective filtering 

surface area than the prior art filtering device is available owing to the 

structure of the filtering device as defined in the claim. For example, as will 

be described more fully later, more than ten times as large effective filtering 

surface area as the prior art filtering device can be obtained in a case of using 

a container having a diameter of 2 meters and a height of 2 meters. 

Further, since screen assembly is vertically disposed in the container, 

the liquid to be treated enters the vertically disposed screen surfaces of the 

cylindrical screens. This allows some part of impurities in the liquid to be 

treated to fall to the bottom of the container due to gravity before entering the 

cylindrical screens with the result that the amount of impurities trapped by 
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the filtering materials of the cylindrical screens is thereby reduced. As a 

result, frequency of a reverse washing operation for removing trapped 

impurities is reduced as compared to the prior art filtering device in which all 

impurities of the liquid to be treated are trapped by the filtering materials and 

the working efficiency of the :filtering device can thus be improved. 

Impurities which have settled on the bottom of the container can be removed 

periodically by opening a drain port provided in the bottom of the container. 

Since the filtering materials are prepacked in the cylindrical screens of 

the annular multi-layered prepacked screen assembly in the form of a 

cartridge, replacement of the filtering materials by new filtering materials can 

be made simply by replacing the entire screen assembly and this replacement 

work will be much easier and less time consuming than in the case of the prior 

art filtering device in which the filtering materials must be replaced one layer 

after another. 

Since the two or more different filtering materials are partitioned from 

each other by the cylindrical screens, there is no likelihood of mixing of the 

different :filtering materials with each other during the reverse washing 

operation. Accordingly, it is not necessary to select, as in the prior art 

filtering device, :filtering materials of different specific gravity for preventing 

reverse resettling of the filtering materials and, therefore, any desired 

filtering materials of different :filtering functions can be combined freely 

without considering the specific gravity of each filtering material. This will 

enable a combination of filtering materials which will achieve a more efficient 

filtering result at a reduced cost. 

Furthermore, since impurities removed from the :filtering materials by 

the reverse washing operation will be completely washed away or fall to the 

bottom of the container due to gravity and will never return to the surfaces of 

the filtering materials, efficiency of the reverse washing operation will be 

improved as compared to the case of the prior art in which some of impurities 
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removed from the filtering materials tends to return to the surface of the 

filtering material on the upper layer due to gravity .. 

In one aspect of the invention, each of said cylindrical screens of the 

screen assembly has a closed cylindrical wall portion extending from one end 

of the cylindrical screen to form an annular chamber between the respective 

adjacent cylindrical screens, said annular chamber being continuous to said 

annulus between the adjacent cylindrical screens filled with the filter 

material and being unfilled with the filtering material and permitting free 

upward movement of the filter material within said annular chamber during 

reverse washing. 

According to this aspect of the invention, the filtering materials can 

move upwardly within the annular chambers during reverse washing 

whereby turning over of the filtering materials filled in the entire annuluses 

between the cylindrical screens during reverse washing is permitted and 

removal of impurities from the filtering materials can thereby be facilitated. 

In another aspect of the invention, a plurality of said annular multi­

layered screen assemblies are provided in the container and the outlets of said 

screen assemblies being connected with a common outlet pipe. 

In another aspect of the invention, a :filtering device comprises a 

plurality of such filtering devices which are disposed in parallel, the inlets of 

liquid to be treated and the common outlet pipes of said filtering devices be:ing 

connected respectively with common connecting pipes to form a module. 

In another aspect of the invention, a filtering device comprises a 

plurality of such :filtering devices forming a module, the common connecting 

pipes of said filtering devices being further connected respectively with 

common connecting pipes to form a larger module .. 

In another aspect of the invention, an innermost screen of said screen 

assembly comprises support rods extending in the axial direction of the screen 

and arranged generally cylindrically with a predetermined interval, and a 



6 

cylindrical filter member attached fixedly on the outside of the support rods, 

and said filtering devices further comprises a vibrator including a shaft 

provided in the central portion of the screen coaxially with the screen and at 

least one leaf spring which is fixed in one end portion thereof to the shaft and 

is capable of abutting in the other end portion against a part of each of the 

support rods, and a drive unit for rotating at least one of the screen assembly 

and vibrator. 

According to this aspect of the invention, by rotating at least one of the 

screen assembly and the vibrator, one end portion of the leaf spring 

sequentially abuts against each of the cylindrically arranged support rods and 

is disengaged therefrom and, by the impact of the leaf spring abutting against 

the support rods, slight vibration occurs in each support rod and the filter 

member which is fixed thereto. Powdery suspending solid particles of 

impurities in the liquid to be treated which tend to be deposited on the surface 

of the filter member as the liquid enters the filter memb~r are shaken off from 

the surface of the filter member by this vibration, so that these suspending 

solids are kept away from the surface of the filter member whereby blocking of 

the filter member can be prevented. The filtering device therefore can 

prevent blocking of filter elements while continuing the filtering operation 

without stopping the filtering operation for reverse washing. 

In another aspect· of the invention, an outermost screen of said screen 

assembly comprises support rods extending in the axial direction of the screen 

and arranged generally cylindrically with a predetermined interval, and ~ 

cylindrical filter member attached fixedly on the inside of the support rods, 

and said filtering device further comprises a vibrator including a frame 

provided on the outside of the screen coaxially with the screen and extending 

in the axial direction of the screen and at least one leaf spring which is fixed in 

one end portion thereof to the frame and is capable of abutting in the other 

end portion against a part of each of the support rods, and a drive unit for 
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rotating at least one of the screen assembly and vibrator. 

According to this aspect of the invention, a similar effect of shaking off of 

solid particles of impurities by vibration can be obtained. 

In another aspect of the invention, a filtering device further comprises 

:flow creating means for creating, in said container, a flow of the liquid to be 

treated having a direction which is different from direction of a flow of the 

liquid to be treated into the screen assembly .. 

According to this aspect of the invention, a flow of the liquid to be treated 

having a direction which is different from direction of a flow of the liquid to be 

treated into the screen is created and powdery suspending solid particles of 

impurities in the liquid to be treated which tend to be deposited on the surface 

of the screen as the liquid enters the screen are washed away from the surface 

of the screen by this flow having the different direction from the flow into the 

screen, so that these suspending solid particles are kept away from the 

surface of the screen whereby blocking o fthe screen can be prevented. The 

filtering device therefore can prevent blocking of filter elements while 

continuing the filtering operation without stopping the filtering operation for 

reverse washing. 

In another aspect of the invention, a filtering device further comprises a 

reverse washing tube provided coaxially in an innermost screen of said screen 

assembly and rotatably about the axis thereof, said reverse wahsing tube 

having an inlet for the treated liquid in one end portion thereof and an 

opening for discharging the treated liquid and introducing reverse washing 

water in the other end portion thereof and having a plurality of reverse 

washing water injecting holes at a predetermined interval in the axial 

direction of the tube, a liquid transfer tube communicating with the opening 

for discharging the treated liquid and introducing reverse washing water, a 

check valve provided on the side of the opening for discharging the treated 

liquid and introducing reverse washing water in the vicinity of the inlet for 
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the treated liquid of said reverse washing tube for permitting flow of the 

treated liquid from said inlet into the reverse washing tube and prohibiting 

flow of the reverse washing water from inside of the reverse washing tube to 

said inlet, and means for rotating the reverse washing tube about its axis. 

According to this aspect of the invention, by injecting pressurized 

reverse washing water from the reverse washing water injecting holes of the 

rotating reverse washing tube, reverse washing water is jetted out in a jet 

stream and this jet stream sequentially collides with the entire inner 

peripheral walls of the cylindrical screens thereby uniformly removing the 

impurities blocking the cylindrical screens. 

In still another aspect of the invention, an outermost screen of said 

screen assembly is a wedge wire screen having a screen slit formed on the 

outside of the screen and having an opening which widens radially inwardly 

from the screen slit. 

Preferred embodiments of the invention will be described below with 

reference to the accompanying drawings. 

Breif Description of the Drawings 

In the accompanying drawings, 

Fig. 1 is a sectional view showing an embodiment of the invention; 

Fig. 2 is a perspective view of an annular multi-layered prepacked 

screen assembly used in the embodiment of Fig. 1 shown in a state in which 

filtering materials are not filled in the annul uses of the screens; 

Fig. 3 is a sectional view of the screen assembly of Fig. 2; 

Fig. 4 is a sectional view of the screen assembly with filtering materials 

filled in the annul uses of the screens; 

Fig. 5 is a partial enlarged perspective view of the cylindrical screen; 

Fig. 6 is a perspective view of another embodiment of the invention; 

Fig. 7 is a partial perspective view of another embodiment of the 
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invention; 

Fig. 8 is a perspective view of another embodiment of the invention; 

Fig. 9 is a sectional view of the embodiment shown in Fig. 8; 

Fig. 10 is a sectional view of another embodiment of the invention during 

a filtering operation; 

Fig. 11 is a sectional view of the embodiment of Fig. 10 during a reverse 

washing operation; 

Fig. 12 is a perspective view of a reverse washing tube used in the 

embodiment of Figs. 11and12; 

Fig. 13 is a view taken along arrows A, Ain Fig. 10; 

Fig. 14 is a perspective view schematically illustrating another 

embodiment of the invention; 

Fig. 15 is a sectinal view of the embodiment of Fig. 13; 

Fig. 16 is a perspective view schematically illustrating another 

embodiment of the invention; 

Fig. 17 is a perspective view schematically illustrating another 

embodiment of the invention; 

Fig. 18 is a sectinal view showing another embodiment of the invention; 

and 

Fig. 19 is a sectional view showing a prior art filtering device. 

Description of Preferred Embodiments 

Figs. I to 5 illustrate an embodiment of the filtering device made 

according to the invention. 

Fig. 1 schematically illustrates a structure of a filtering device 1. A 

container 2 is of a box-like configuration and has an inlet 3 for liquid to be 

treated in a lower portion of one end portion thereof and a drain port 4 in a 

bottom portion thereof. The drain port 4 is normally closed and is opened 

when solid particles of impurities which have settled on the bottom of the 
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container 2 are to be removed. The upper portion of the container 2 is 

constructed as a treated liquid discharge pipe 5 which has an outlet 6. 

In this container 2 are provided one or more annular multi-layered 

prepacked screen assemblies (5 screen assemblies in the illustrated 

. embodiment) which are designated by reference character 7. Each of the 

screen assemblies 7 has an outlet 8 in the upper portion thereof and this 

outlet 8 communicates with the treated liquid discharge pipe 5. 

Fig. 2 shows an example of the annular multi-layered prepacked screen 

assembly 7 in a state in which filtering materials are not filled in annulues 

between cylindrical screens. In )Fig. 2, illustration of a part of each of 

cylindrical screens constituting the screen assembly 7 is omitted for better 

understanding of the screen assembly. Fig. 3 is a sectional view of the screen 

assembly in a state where filtering materials are not filled in. 

The annular multi-layered prepacked screen assembly 7 includes three 

cylindrical screens of different diameters, namely an innermost cylindrical 

screen 9 having the smallest diameter, an intermediate cylindrical screen 10 

having a diameter larger than the innermost screen 9 and an outermost 

cylindrical screen 11 having the largest diameter. The cylindrical screens 9, 

10 and 11 are coaxially disposed in the container 2 with their axes extending 

vertically in the)container 2. An annulus 12 is formed b~tween the innermost 
I 

i 
cylindrical screen 9 and the intermediate cylindrical screen 10 and an annulus 

13 is formed between the intermediate cylindrical screen 10 and the 

outermost cylindrical screen 11. A bottom plate (seal plate) 14 in the form of a 

disk is fixedly connected to the bottom end portions of the respective 

cylindrical screens 9, 10 and 11 and top end portions of the cylindrical screens 

10 and 11 are closed with a top plate 15 in the form of a disk. The screen 

assemblies 7 are placed on the bottom surface of the container 2 and are 

erected vertically therefrom.. The cylindrical screens 9, 10 and 11 have 

closed wall portions 9b, lOb and llb extending from screen portions 9a, lOa 
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and lla of the cylindrical screens 9, 10 and 11 to form an annular chamber 16 

between the closed wall portions 9b and lOb and an annular chamber 17n 

between the closed wall portions lOb and llb. These annular chambers 16 

and 17 are continuous to and located above the annuluses 12 and 13 The 

closed wall portion 9b of the innermost cylindrical screen 9 extends above the 

top plate 15 and fitted in the treated liquid discharge pipe 5. The upper 

opening portion of the closed wall portion 9b of the innermost cylindrical 

screen 9 constitutes the outlet 8 of the screen assembly 7. 

The screen portions 9a, 19a and lla of the cylindrical screens 9, 10 and 

11 in this embodiment are respectively made of a wedge wire screen. The 

screen portions 9a, lOa and lla each have, as shown in Fig. 5, support rods 18 

extending in the axial direction of the screen portions 9a, lOa and lla and 

arranged generally cylindrically with a predetermined interval and having a 

projecting portion 18a in a radially outward end portion and a wedge wire 19 

wound spirally on the outside of the support rods 18 in substantially crossing 

direction to the support rods 18. The wedge wire 19 is arranged with its one 

side 19a facing ouside and two other sides 19b and 19c forming a slit 20 

which widens radially inwardly l?etween adjacent wedge wire portions and 

with an inward apex 19d of the wedge wire 19 being welded to the projecting 

portion of the support rods 18 at crossing points 21 of the wedge wire 19 and 

the support rods 18. 

Two different filter materials 22 an4 23 performing filter functions 

which are different from each other are filled one in each of the annuluses 12 

and 13. For example, coarse sand grains may be filled in the outer annulus 

13 and active carbon grains may be filled in the inner annulus 12. For 

another example, active carbon grains may be filled in the outer annulus 13 

and ion exchange resin grains may be filled in the inner annulus 12. Various 

other combinations of different filtering materials will be available for 

performing desired filtering operations by these filtering materials. It is an 
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advantage of the :filtering device according to the invention that one need not 

consider difference in specific gravity between filtering materials to be 

selected and, therefore, freedom of selection of :filtering materials is broadened 

as compared to the prior art filtering device. 

The filtering materials 22 and 23 may be filled up to a level slightly 

above the borderline between the screen portions 9a, IOa and Ila and the 

closed wall portions 9b, IOb and llb but the filtering materials 22 and 23 

should not fill up the annular chambers 16 and 17. This arrangement is 

necessary for allowing free upward movement of the filtering materials 22 and 

23 within the annular chambers 16 and 17 during a reverse washing 

operation. 

In the above described embodiment, three cylindrical screens forming 

two annuluses constitute the screen assembly. Alternatively, the screen 

assembly may be constructed of four or more cylindrical screens forming three 

or more annuluses and three or more different filtering materials may be 

employed to fill in these annuluses. 

In operation, liquid to be treated is introduced from the inlet 3 of the 

container 2 and enters the outermost cylindrical screen 11 of the annular 

multi-layered prepacked screen assemblies 7 through the slits 20 and is 

subjected to two different filtering operations through the filtering materials 

23 and 22 and then enters the innermost cylindrical screen 10. The treated 

liquid then flows to the treated liquid discharge pipe 5 through the outleet 8 of 

the screen assembly 7 and is discharged from the outlet 6. 

Impurities, i.e., powdery suspending solid particles in the liquid to be 

treated which are not trapped by the filtering materials but fall to the bottom 

of the container 2 due to gravity are removed periodically from the bottom of 

the container by opening the drain port 4 which is normally closed. 

When a reverse washing operation is performed, the inlet 3 is closed and 

introduction of liquid to be treated is stopped and reverse washing water is 
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introduced from the outlet 6 of the treated liquid discharge pipe 5 and forced 

into the annulues 12 and 13 between the cylindrical screens 9, 10 and 11. 

The reverse washing water flows to the drain port 4 and removes impurities 

which have blocked the filtering materials 22 and 23 and the slits 20 of the 

cylindrical screens 9, 10 and 11. During the reverse washing operation, the 

uppermost portions of the filtering materials 22 and 23 filled in the annuluses 

12 and 13 which are stirred by the reverse washing water bulge or move 

upwardly within the annular chambers 16 and 17 and this allows turning 

over of the lower portions of the filtering materials 22 and 23 within a limited 

space made available by the upward movement of the upper portion of the 

filtering materials 22 and 23 due to reverse washing. Thus, the entire 

filtering materials 22 and 23 filled in the annuluses 12 and 13 are turned over 

and removal of impurities from the filtering materials 22 and 23 thereby is 

facilitated. 
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Another embodiment of the invention will now be described with 

reference to Fig. 6. In this embodiment, a vibrator 30 is provided in the 

innermost screen 9 of the embodiment shown in Figs. 1 to 5. In the 

embodiment of Fig. 6, the same component parts as the embodiment of Figs. 1 

to 5 are designated by the same reference characters and description thereof 

will be omitted. In Fig. 6, the innermost cylindrical screen 9 only is 

illustrated and illustration of the other cylindrical screens 10 and 11 is 

omitted. 

The vibrator device provided in the innermost cylindrical screen 9 is 

described in the applicant's copending United States Patent Application Serial 

No. 09/012,292 and the description of this copending application is 

incorporated herein by reference. 

In the innermost cylindrical screen 9 is provided a vibrator 30 which 

consists of a shaft 32 which is disposed in the central portion of the screen 9 

coaxially with the screen 9 and a plurality of leaf springs 33 which are fixed to 

the shaft 32. The upper end portion of the shaft 32 is projecting from the 

upper end of the screen 9 and is connected to a vibrator drive unit 34 which is 

provided in the upper portion of the container 2 above the top plate 15. The 

vibrator drive unit 34 is imparted with a driving force by means of an 

unillustrated motor and drives the shaft 32 to rotate at a predetermined 

speed. 

Pairs of the leaf springs 33 are fixed to the shaft 32 along the entire 

length of a portion of the shaft 32 located in the screen 9 in such a manner 

that each pair of the leaf springs 33 extend in the radial direction of the screen 

9 and cross adjacent pairs of the leaf springs 33. The radial length of each 

leaf spring 33 is so determined that the front end portion 33a of the leaf spring 

33 comes into abutting engagement with the radially inside portion of each 

support rod 18. 

During the filtering operation, the shaft 32 of the vibrator 30 is rotated 
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by the vibrator drive unit 34. Assuming now that the shaft 32 is rotated 

counterclockwise, the leaf spring 33 moves from a state shown in Fig. 1 to a 

state where the front end portion 33a of the leaf spring 33 abuts against the 

radially inside portion of the support rod 18. The leaf spring 33 is pushed 

and bent and thereby is resiliently disengaged from the support rod 18. Thus, 

while the shaft 32 is rotating, a slight vibration is imparted to each support 

rod 18 and the wedge wire 19 which is the filter member fixed to the support 

rod 18 by the impact of the leaf spring 33 abutting against the support rod 18. 

This vibration is imparted from the innermost cylindrical screen 9 to the other 

cylindrical screens 10 and 11 so that the entire screen assembly 7 is vibrated 

by the vibrator 30. 

Powdery suspending solid particles of impurities in the liquid to be 

treated which tend to be deposited on the surface of the filter member as the 

liquid enters the filter member are shaken off from the surface of the filter 

member by this vibration, so that these suspending solids are kept away from 

the surface of the filter member whereby blocking of the filter member can be 

prevented. The filtering device therefore can prevent blocking of filter 

elements while continuing the filtering operation without stopping the 

filtering operation for reverse washing. 

Fig. 7 illustrates another embodiment of the invention. This vibrator 

47 of this embodiment is described again in the applicant's copending United 

States Patent Application Serial No. 09/012,272 and is incorporated herein by 

refererence. This embodiment is suitable for uses in a filtering device in 

which, conversely to the embodiment of Figs. 1 and 6, liquid to be treated is 

caused to flow from the inside of the screen assembly to the outside thereof 

and powdery solid particles of impurities are collected in the vicinity of the 

inside surface of the wedge wire. 

In the embodiment of Fig. 7, an outermost cylindrical screen 40 only is 

illustrated and illustration of an intermediate and innermost cylindrical 
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screens is omitted. 

In this embodiment, a cylindrical screen 40 includes, as shown in Fig. 7, 

suuport rods 41 extending in the axial direction of the screen 40 and arranged 

generally cylindrically with a predetermined interval and having a projecting 

portion 4 la in a radially inward end portion and a wedge wire 42 wound 

spirally on the inside of the support rods 41 in substantially crossing direction 

to the support rods 41. The wedge wire 42 is arranged with its one side 42a 

facing inside and two other sides 42b and 42c forming a slit 43 which widens 

radially outwardly between adjacent wedge wire portions and with an 

outward apex portion 42d being welded to the projecting portion 41a of the 

support rods 41 at crossing points 44 of the wedge wire 42 and the support 

rods 41. The wedge wire 42 constitutes a cylindrical filter member. 

On the outside of the screen 40 is provided a vibrator 47 which consists 

of a cylindrical frame 45 in the shape of a lattice extending in the axial 

direction of the screen 40 and a plurality of leaf springs 46 which are fixed at 

one end portions thereof to axially extending bars 45a of the frame 45 and are 

capable of abutting against the support rods 41 at the other end portion 

thereof. 

The frame 45 is connected at one end portion thereof to an unillustrated 

drive unit and the frame 45 is rotated by this drive unit. 

Pairs of the leaf springs 46 are filxed to the axial bars 45a of the frame 

45 along the entire length of a portion of the frame 45 in which the screen 40 

is located in such a manner that each pair of the leaf springs 46 extend in the 

radial direction of the screen 40 and cross adjacent pairs of the leaf springs 46. 

The radial length of each of the leaf springs 46 is so determined that the front 

end portion 46a of the leaf spring 46 comes into abutting engagement with the 

radially ousdie portion of each support rod 41. 

During the filtering operation, liquid to be treated is caused to flow from 

the inside to the outside of the screen 40. As the frame 45 is rotated 
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clockwise in Fig. 7, each leaf spring 46 sequentially abuts against and 

disengages resiliently from each support rod 41 and repeats this action 

thereby imparting a slight vibration to the wedge wire 42 through the support 

rods 41. By this arrangement, the vibration is transferred to the 

intermediate and innermost cylindrical screens 10 and 9 so that theentire 

screen assembly 7 is vibrated and, accordin:gly, powdery solid particles of 

impurities in the screen assembly 7 are shaken off. Thus, a similar effect to 

the filtering device shown in Fig. 6 can be obtained. 

Figs. 8 and 9 illustrate another embodiment of the invention. The 

means for producing a flow of different direction from the flow into the screen 

assemblies is described in the applicant' copending United States Patent 

Application Serial No. 09/050,618 and is incorporated herein by reference. 

A filtering device 50 has a container 52 having a circular cross section. 

An inlet 52a for introducing liquid to be treated is formed in the lower portion 

of the container 52. A pump 53 is connected to the :filtering device 50. The 

liquid to be treated is filled nearly to the upper end wall of the cotainer 52. A 

screen holder 54 of a short cylindrical configuration closed in its upper and 

lower end portions by a top plate 54a and a bottom plate 54b is suspended in 

the liquid to be treated in the container 52 by means of a hollow drive shaft 55 

which extends vertically through an opening 52b fromed in the top wall of the 

container 52 and is fixedly secured at its lower end portion to the top plate 54a 

of the screen holder 54 and connected at its upper end portion to a drive unit 

56 which in turn is fixed to an upper frame 57 of the filtering device 50. 

A plurality (four in the present embodiment) of annular multi-layered 

prepacked screen assemblies 7 are secured :fixedly to the bottom plate 54b of 

the screen holder 54 and extend vertically downwardly in a state submerged 

in the liquid to be treated. The structure of each of the screen assemblies 7 is 

similar to that of the screen assembly 7 shown in the embodiment of Figs. 1 to 

5 and.description thereof will be omitted. 
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The open upper end portion of the screen assembly 7 communicates with 

the inside space of the hollow screen holder 54 and the hollow drive shaft 55 

also communicates with the inside space of the screen holder 54. The drive 

shaft 55 extends through the drive unit 56 and a flexible hose 58 which 

constitutes an outlet of treated liquid is connected to the upper end portion of 

the drive shaft 55. 

The drive unit 56 includes an electric motor (not shown) and a known 

drive mechanism such as a slider crank mechanism which transfers a 

reciprocating sliding motion to the drive shaft 55 to thereby reciprocate the 

drive shaft 55 in the vertical direction. Since such drive mechanism is well 

known, illustration and detailed description thereof will be omitted. 

The operation of this filtering device 50 will now be described. 

During the filtering operation, the pump 53 is operated to introduce 

liquid to be treated from the inlet 52a into each screen assembly 7. The 

liquid to be treated flows into the screen assembly 7 and flows out of the hose 

58 through the inside space of the screen holder 54 and the hollow drive shaft 

55. 

During the filtering operation, the drive unit 56 is operated continuously 

to move the drive shaft 55 in a vertical reciprocating motion as shown by 

arrows A, A: in Fig. 8. By this operation, the screen assemblies 7 which are 

fixed to the screen holder 54 are also moved in a vertical reciprocating motion 

and, as a result, there is created a flow of liquid to be treated having a 

direction of flow which is different from the direction of flow of the liquid to be 

treated flowing into the screen assemblies 7. That is, a vertical reciprocating 

flow of liquid is created relative to the surface of the screen assemblies 7 in 

addition to the horizontal flow of liquid flowing into the screen assemblies 7. 

According to this embodiment, powdery solids which tend to be deposited 

on the surface of the wedge wire are washed away from the surface of the 

wedge wire by the vertical flow of liquid caused by the vertical reciprocating 
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motion of the screen assemblies 7 and are kept away from the wedge wire. 

As a result, blocking of the slit of the wedge wire and filtering materials by the 

powdery solids 5 can be prevented. 

In another embodiment of the invention, the drive unit 56 includes an 

electric motor (not shown) and the drive shaft 55 is connected to the drive 

shaft of the electric motor through a reduction gear in such a manner that 

rotation of the electric motor is transferred to the drive shaft 55. In this 

embodiment, the drive shaft 55 is rotated about its axis as shown by arrow B 

in Fig. 8 by driving of the electric motor in the drive unit 56 and, therefore, the 

screen holder 54 is also rotated with the drive shaft 54. This creates a vortex 

flow in the liquid to be treated in the container 52 and this vortex flow 

constitutes a flow of liquid having a directfon which is diffferent from direction 

of the flow into the screen assemblies 7. As a result, the solid particles which 

tend to be deposited on the surface of the screen assemblies 7 are washed 

away by this vortex flow and the same advantage as that in the previously 

described embodiment of Fig. 8 can be obtained. 

Another embodiment of the invention will be described with reference to 

Figs. 10 to 13. In this embodiment, the same component parts as those in 

the embodiment of Figs. 1 to l5 are designated by the same reference 

characters and description thereof will be omitted. 

The filtering device 60 of this embodiment has annular multi-layered 

prepacked screen assemblies 7 in the container 2 as in the embodiment of Fig. 

1. Figs. 10 and 11 show an innermost cylindrical screen 62 of the screen 

assembly 7 only and illustration of the other cylindrical screens of the screen 

assembly 7 is omitted. In Figs. 10 and 11, support rods 18 and wedge wire 19 

are shown in their upper end and lower end portions only and a middle 

portion thereof is illustrated by chain and dot lines. 

A liquid transfer tube 69 of a rectangular cross section is disposed above 

the innermost cylindrical screen 62. This liquid transfer tube 69 is formed, 
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coaxially with the screen 62, in its bottom portion with a cylindrical opening 

70 for discharging treated liquid and introducing reverse washing water. A 

portion forming the opening 70 has a stepped portion in the vertical direction 

and a lower portion 70a of this stepped portion has a smaller diameter than 

an upper portion 70b of the stepped portion. 

A reverse washing tube 63 is made of a tubular member disposed 

coaxially with the screen 62 in the screen 62. The reverse washing tube 63 

has an open upper portion which is formed as a sliding portion 63a having an 

inner diameter which is slightly larger than the outer diameter of the lower 

portion 70a of the cylindrical opening 70 of the liquid transfer tube 69 and is 

slidably fitted on the outer peripheral surface of the lower portion 70a of the 

cylindrical opening 70. The lower end portion of the reverse washing tube63 

is closed with a bottom plate 63b in the form of a disk. A pivot 71 is provided 

in the central lower surface of the bottom plate 63b. This pivot 71 is fillted in 

a pivot receiving recess 72 formed in the bottom plate 14 of the screen 62 

whereby the reverse washing tube 63 is supported by the screen 62. By this 

arrangement, the reverse washing tube 63 can rotate about its axis. 

The reverse washing tube 63 is formed in its lower end portion with an 

inlet 63c for treated liquid which inlet consists of a plurality of circular 

opemngs. The open upper end portion of the reverse washing tube 63 

constitutes an opening 63d for discharging treated liquid and introducing 

reverse washing water. This opening 63d communicates with the cylindrical 

opening 70 of the liquid transfer tube 69. 

The reverse washing tube 63 has a plurality of reverse washing water 

injecting holes 73 at a predetermined interval in the axial direction of the tube 

63. As will be apparent from Fig. 12, in the present embodiment, groups 

73a, 73b, 73c and 73d of four vertically formed injecting holes are provided at 

an interval of 90 degrees in the circumferential direction. By this 

arrangement, a trouble in the roation of the reverse washing tube 63 which 
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may be caused by reaction produced by deviation of injection of reverse 

washing water in one direction can be prevented. 

An optimum value of the diameter of the reverse washing water 

injecting holes 73 is from 0.5mm to 0.8mm. If the diameter exceeds 0.8mm, 

pressure of injected reverse washing water is not sufficient and the blocking 

prevention effect is reduced. If the diameter is below 0.5mm, there is 

likelihood that the injecting hole may be blocked by fine dust. 

As a preferred example, a reverse washing tube having a diameter of 

20mm may be disposed in an innermost cylindrical screen having a diameter 

of 70mm and reverse washing water injecting holes having a diameter of 

0. 7mm may be formed at an interval of 5mm. 

A check valve 7 4 is provided on the side of the operung 63d for 

discharging treated liquid and introducing reverse washing water in the 

vicinity of the inlet 63c of the reverse washing tube 63 for the treated liquid. 

The check valve 7 4 consists of a valve body 7 4a in the form of a disk, an 

annular valve seat 74b on which the valve body 74a can be seated, a stem 74c 

extending axially upwardly from the valve body 7 4a, a valve holding member 

7 4d (Fig. 13) which consists of an annular member in which the stem 7 4c is 

slidably inserted and four support rods which secure this annular member to 

the inner wall of the reverse washing tube 63, and a coil spring 7 4e which is 

fixed in one end portion thereof to the valve body 7 4a and fixed in the other 

end portion thereof to the valve holding member 7 4Cl. The coil spring 7 4e has 

its spring force adjusted in such a manner that the coil spring 7 4e is in a 

contracted state in an unloaded condition and stretches to cause the valve 

body 74a to be seated on the valve seat 74b when the coil spring 74e is 

subjected to pressure of reverse washing water. Therefore, the check valve 

74 functions to allow flow of the treated liquid into the reverse washing tube 

63 from the inlet 63c and prohibit flow of reverse washing water from inside of 

the reverse washing tube 63 to the inlet 63c. 
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A blade 75 is attached to the upper inner wall poriton of the reverse 

washing tube 63. This blade 76 constitutes means for rotating the reverse 

washing tube about its axis during reverse washing. The shape, size and 

angle of attachement of the blace 75 are determined having regard to the size 

of the reverse washing tube 63, magnitude of reverse washing water pressure 

and necessary revolving speed of the reverse washing tube 63. 

The operation of this embodiment will now be described. 

During the filtering operation, liquid to be treated is introduced in the 

container by means of a pump (not shown). As shown in Fig. 10, the treated 

liquid flows into the screen 62 through slits 20 of the screen 62 and then flows 

into the reverse washing tube 63 from the the inlet 63c provided in the lower 

end portion of the reverse washing tube 63. At this time, the check valve 75 

is in an opened state as shown in Fig. 10 with its coil spring 7 4e being 

contracted so that the treated liquid flows in the directon of arrow through the 

check valve 7 4 and enters the liquid transfer tube 69 through the opening 63d 

and the cylindrical opening 70 and then is discharged to the outside. 

During reverse washing, the liquid to be treated is discharged from the 

container and then, as shown in Fig. 11, pressurized reverse washing water is 

introduced into the reverse washing tube 63 through the cylindrical opening 

70 and the opening 63d. The valve body 7 4a of the check valve 7 4 is moved 

downwardly by the force of the pressurized reverse washing water against the 

force of the coil spring 7 4e and is seated on the valve seat 7 4b and the check 

valve 7 4 thereby is closed. Therefore, the pressurized reverse washing water 

in the reverse washing tube 63 is ijected in a jet stream from the reverse 

washing water injecting holes 73 and this jet stream collides agaisnt the 

screen 62. In the meanwhile, the reverse washing water collides with the 

blade 75 and pushes the blade 75 and, therefore, the reverse washing tube 63 

is thereby rotated about its axis. As a result, the jet stream sequentially 

collides with the entire inner peripheral wall of the screen 62 as the reverse 
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washing tube 63 is rotated so that impurities blocking the screen 62 and 

filtering materials in the annuluses of the screen assembly 7 are uniformly 

removed. 

Figs. 14 and 15 show another embodiment of the invention. 

In this embodiment, a filtering device 80 includes a box-like container 81 

which contains a plurality (five in the illustrated example) of annular multi­

layered prepacked screen assemblies 7 provided in parallel. The structure of 

each of the screen assemblies 7 is substantially the same as that of the 

embodiment shown in Figs. 10 to 13. The opening for discharging treated 

liquid and introducing reverse washing water in each screen assembly 7 

communicates with a common liquid transfer tube 87. 

The container 81 has an inlet 82 for liquid to he treated, an outlet 83 for 

liquid to be treated, liquid transfer opening 84 communicating with the liquid 

transfer tube 87 and a drain port 85 which is normally closed and can be 

opened during draining of impurities. The inlet 82 for liquid to be treated 

has a larger diameter than the liquid transfer opening 84. A pump 86 is 

connected between the inlet 82 f~r liquid to be treated and the outlet 83 for 

liquid to be treated to form a closed loop within which the liquid to be treated 

circulates. By causing, by the action of the pump 86, liquid to be treated in 

an amount which is larger than an amount of treated liquid flowing out of the 

liquid transfer opening 84 to flow forcibly into the container 81 from the inlet 

82, a flow of the liquid to be treated as shown by arrow Fin Fig. 14 which has 

a direction different from the direction of flow of the liquid to be treated into 

the screen assemblies 7 is created in the container 81. 

During the filtering operation, the drain port 85 is closed and the liquid 

to be treated is introduced from the inlet 82 into the container 81. The liquid 

to be treated enters the screen assemblies 7 and the treated liquid is 

discharged from the liquid transfer opening 84 through the liquid transfer 

tube 87. In the meanwhile, excess liquid to be treated circulates in the 
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container 81 in the form of a flow having a direction which is different from 

the flow into the screen assemblies 7 whereby powdery solid particles of 

impurities which cause blocking of the filtering materials can be washed away 

from the surface of the screen assemblies 7 and the amount of blocking is 

thereby reduced. 

During reverse washing, the inlet 82 and the outlet 83 of the container 

81 are closed and the liquid to be treated is discharged after filtering. Then, 

the drain port 85 is opened and pressurized reverse washing water is forced 

into the screen assemblies 7 through the liquid transfer opening 84 to perform 

reverse washing in the manner described above with respect to Figs. 10 to 13. 

The soiled water after reverse washing is drained out from the drain port 85. 

Fig. 16 shows an embodiment in which a plurality (six in the illustrated 

example) of the containers 81 of Figs. 14 and 15 are disposed in parallel and 

the inlets 82, outlets 83, liquid transfer openings 84 and drain ports 85 of 

these containers 81 are connected by common connecting pipes 92, 93, 94 and 

95 to combine into a small module 90. 

Fig. 17 shows an embodiment m which a plurality (three in the 

illustrated example) of the small modules 90 are disposed in parallel and the 

common connecting pipes 92, 93, 94 and 95 are connected further by common 

connecting pipes 102, 103, 104 and 105 respectively to combine into a larger 

module 100. 

Fig. 18 shows an embodiment in which a multiplicity of screen 

assemblies 7 are provided in a container similar to the container a of the prior 

art :filtering device shown in Fig. 19. 

A container 110 has an inlet 111 for liquid to be treated, an outlet 112 for 

treated liquid and a drain port 114. 

Let us assume that both the container a of the prior art filtering device 

and the container 110 have an inner diameter of 2m and inner height of 2m. 

The effective filtering surface area of the filtering material d of the prior art 
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filtering device is nr2 = 3.14 m2
• In contrast, in the container 110 of the 

present embodiment, 90 cylindrical assemblies 7 each having a diameter of 

12.5 mm and height of 100 mm can be received in the container 110 with an 

interval of 50mm between the respective screen assemblies. Since the 

effective :filtering suface area of one screen assembly 7 is 0.125m x n x lm = 

0.4 m2
, the total effective filtering surface area of 90 screen assemblies 7 

amounts to 0.4 m2 x 90 = 36 m2
• Thus, more than ten times as large effective 

:filtering surface area as the prior art filtering device is available from the 

filtering device according to the invention. 

As the filter member constituting an element of the cylindrical screens of 

the screen assembly 7 in the above described embodiments, either of wedge 

wire, porous plate, wire-mesh, filter cloth and other screen elements can be 

employed. In case a wedge wire is used which is wound about the suuport 

rods in such a manner that slits of a predetermined width is formed between 

adjacent portions of the wedge wire, the cylindrical screen of the wedge-wire 

type having V-shaped slits are inherently resistant to blocking and, therefore, 

blocking of the slits of the screen and filtering materials can be prevented 

most efficiently and a prolonged continuous filtering operation of the filtering 

device can be achieved. 

A module as shown in Fig. 16 and a larger module as shown in Fig. 17 

may be formed also with the filtering devices shown in Figs. 1, 6 and 9. 
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What is claimed is: 

1. A filtering device comprising: 

a container having an inlet for introducing liquid to be treated; 

an annular multi-layered prepacked screen assembly provided in said 

container and having an outlet for treated liquid, said screen assembly 

comprising three or more cylindrical screens having different diameters and 

being coaxially disposed in said container with their axes extending vertically 

in said container, an annulus being formed between respective adjacent 

cylindrical screens; and 

two or more different filter materials performing filtering functions which 

are different from each other and being filled one in each of the annuluses 

between the cylindrical screens. 

2. A filtering device as defined in claim I wherein each of said cylindrical 

screens of the screen assembly has a closed cylindrical wall portion extending 

from one end of the cylindrical screen to form an annular chamber between 

the respective adjacent cylindrical screens, said annular chamber being 

continuous to said annulus between the adjacent cylindrical screens filled 

with the filter material and being unfilled with the filtering material and 

permitting free upward movement of the filter material within said annular 

chamber during reverse washing. 

3. A filtering device as defined in claim I wherein a plurality of said annular 

multi-layered screen assemblies are provided in the container and the outlets 

of said screen assemblies being connected with a common outlet pipe. 

4. A filtering device comprising a plurality of filtering devices as defined in 

claim 3 which are disposed in parallel , the inlets of liquid to be treated and 

the common outlet pipes of said filtering devices being connected respectively 

11111111 1111~ 11111 tllf 1111111 
* C L M S * 



< -z:;;~-- ··~ 

27 

with common connecting pipes to form a module. 

5. A filtering device comprising a plurality of filtering devices as defined in 

claim 4, the common connecting pipes of said filtering devices being further 

connected respectively with common connecting pipes to form a larger module 

than the module of claim 4. 

6. A filtering device as defined in claim 1 wherein an innermost screen of said 

screen assembly comprises support rods extending in the axial direction of the 

screen and arranged generally cylindrically with a predetermined interval, 

and a cylindrical filter member attached fixedly on the outside of the support 

rods, and said filtering devices further comprises a vibrator including a shaft 

provided in the central portion of the screen coaxially with the screen and at 

least one leaf spring which is fixed in one end portion thereof to the shaft and 

is capable of abutting in the other end portion against a part of each of the 

support rods, and a drive unit for rotating at least one of the screen assembly 

and vibrator. 

7. A filtering device as defined in claim 1 wherein an outermost screen of said 

screen assembly comprises support rods extending in the axial direction of the 

screen and arranged generally cylindrically with a predetermined interval, 

and a cylindrical filter member attached fixedly on the inside of the support 

rods, and said filtering device further comprises a vibrator including a frame 

provided on the outside of the screen coaxially with the screen and extending 

in the axial direction of the screen and at least one leaf spring which is fixed in 

one end portion thereof to the frame and is capable of abutting in the other 

end portion against a part of each of the support rods, and a drive unit for 

rotating at least one of the screen assembly and vibrator. 
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8. A filtering device as defined in claim 1 further comprising flow creating 

means for creating, in said container, a flow of the liquid to be treated having 

a direction which is different from direction of a flow of the liquid to be treated 

into the screen assembly .. 

9. A filtering device as defined in claim 1 further comprising: 

a reverse washing tube provided coaxially in an innermost screen of said 

screen assembly and rotatably about the axis thereof, said reverse wahsing 

tube having an inlet for the treated liquid in one end portion thereof and an 

opening for discharging the treated liquid and introducing reverse washing 

water in the other end portion thereof and having a plurality of reverse 

washing water injecting holes at a predetermined interval in the axial 

direction of the tube; 

a liquid transfer tube communicating with the opening for discharging 

the treated liquid and introducing reverse washing water; 

a check valve provided on the side of the opening for discharging the 

treated liquid and introducing reverse washing water in the vicinity of the 

inlet for the treated liquid of said reverse washing tube for permitting flow of 

the treated liquid from said inlet into the reverse washing tube and 

prohibiting fl.ow of the reverse washing water from inside of the reverse 

washing tube to said inlet; and 

means for rotating the reverse washing tube about its axis. 

10. A fitering device as defined in claim 1 wherein an outermost screen of said 

screen assembly is a wedge wire screen having a screen slit formed on the 

outside of the screen and having an opening which widens radially inwardly 

from the screen slit. 

I fBfllf llllil llllf fllll II 1111 
* C L 14 S * 


