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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 ¢. ‘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



di scharged froman outlet g provided in the bottom portion of the container
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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 filtering 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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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



oper ati on. 3 1t is another object of the invention to provide a
filtering device in which selection of two or nore different filtering
materials can be nmade freely without being limted by the specific gravity
of the filtering materials to be selected. O her objects and features of
the invention wll becone apparent fromthe description made hei nbel ow with
reference to the acconpanying drawi ngs.4Summary of the |Invention For

achi eving the above described objects of the invention, there is proivded a
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filter 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



materials performng filtering functions which are different from each
other and being filled one in each of the annul uses between the cylindrical
screens. According to the invention, an overwhel mingly |arger effective
filtering surface area than the pri.or art filtering device is available
owing to the structure of the filtering device as defined in the claim For
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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 1s 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
liguid to be treated and the common outlet pipes of said filtering devices being
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



inpurities of the liquid to be treated are trapped by the filtering
materials and the working efficiency of the filtering device can thus be
lmproved. Inpurities which have settled on the bottom of the container can
be renoved 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 nulti6-|1 ayered prepacked screen assenbly
in the formof a cartridge, replacenent of the filtering naterials by new
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W t hout congiddabiqtgrt he specific gravity of each filtering material. This
will enable a conbination of filtering materials which will achieve a nore
ef ficient According to this aspect of the invention, by rotating at least one of the

screen assembly and the Vibratbr, 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 membgr 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 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



filtering result at a reduced cost. Furthernmore, since inpurities renpved
fromthe filtering materials by the reverse washing operation wll be

conpl etely 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 inproved as conpared to
the case of the prior art in which sonme7of inpurities 5 renmoved fromthe
filtering materials tends to return to the surface of the filtering
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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
bhaving 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 iquid 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



According to this aspect of the invention, the filtering materials can nove
upwardly within the annul ar chanbers during reverse washi ng whereby turning
over of the filtering materials filled in the entire annul uses between the
cylindrical screens during reverse washing is permtted and renoval of
inmpurities fromthe filtering materials can thereby be facilitated. In

anot her aspect of the invention, a pl ur 8l i ty of said annular multi- |ayered
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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 Descrintion of the Drawi

In the accompanying drawings,

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

Fig. 2 is a perspective view of an annular multi-layered prei)acked
screen assembly used in the embodiment of Fig. 1 shown in a state in which
filtering materials are not filled in the annuluses 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 annuluses of the screens;

Fig. 5is 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



6 cylindrical filter nmenber attached fixedly on the outside of the support
rods, and said filtering devices further conprises a vibrator including a
shaft provided in the central portion of the screen coaxially with the
screen and at | east one leaf spring which is fixed in one end portion
thereof to the shaft and is capable of abutting in the other end portion
agai nst a part of each of the support r8ds, and a drive unit for rotating
at | east one of the screen assenbly and vibrator. According to this aspect
of the invepiégen by rotating at least one of the screen assenbly and the
vi brator, one end portion of the |leaf spring sequentially abuts against

each of the cylFigd8isalpkyspectiangisy sfippsther eabsdanehy of the sevgaangd t herefrom
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washing operation;

Fig. 12 is a perspective view of a reverse washing tube used in the
embodiment of Figs. 11 and 12;

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 Embodi
Figs.l 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



the filter menber can be prevented. The filtering device therefore can
prevent bl ocking of filter elenments while continuing the filtering
operation w thout stopping the filtering operation for reverse washing. In
anot her aspect of the invention, an outernost screen of said screen
assenbly conprises support rods extendiﬁ? in the axial direction of the
screen and arranged generally cylindricafly with a predeterm ned interval,
and a cylindrical filter nenber attached fixedly on the inside of the
support rodsntadnsk Sahfb ftb | Beerbmave®Vi The fupiedSfortiBAPsf H8S contHiRERADOs
including a frame provided on the outside of the screen coaxially with the
screen and cemstenctiedgsi antrehtedabiquld dsdheage pipeod whivh kay @eoutlotiéat | east one
| eaf spring which is fixed in one end portion thereof to the frane and is
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COMpri s€s 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 screems. In 1F1g 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 between the innermost
cylindrical scre’ien 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, 10b and 11b extending from screen portions 9a, 10a



flow creating nmeans for creating, in said container, a flow of the Iiquid
to be treated having a direction which is different fromdirection of a
ftow of the liquid to be treated into the screen assenbly.. According to
this aspect of the invention, a flow of the liquid to be treated having a
direction which is different fromdirection of a flow of the liquid to be
treated into the screen is created and pbwdery suspending solid particles
of inpurities in the liquid to be treated which tend to be deposited on the

surface of ahé 13arfehe anlindiged]isartods 9N 16 LRd NetoSBFRSH é’ﬁﬁulﬁ?%ﬁﬁﬂlb@"% from
the surface of the screen by this flow having the different direction from

the flow i nbeftwaea ther clesed stalt pattidizeSk anids péin dindgars emintilpackiwbes 19pe kept

away fromthe surface of the screen whereby blocking o fthe screen can be
pr eze nt ed. Q?F@"efepl ‘3& ¢lpspdywailcrortiens dibr %n(i aib.pr Eheset amndok ichgodiers ilbt er

i i nuj he filferi i i_t h t oppi ng_t he
T g SRR AL ) SR B o
rvent, on, okdd bSIRALHEIES el 0D R PSS R

rotatably alpupldbelnund fifted ol thesfredtd®HRRRP WEATIAIPINOS. NBkL LA 1 Nl et

for the treated liquid in one end portion thereof an openi ng .

di schar gi ngopdming rigatied ¢f the dlosed wail rpodtion r@) of the Sanvabit gy livd@éali n t he

other end pgcrr;[aér? g cgggtrﬁ?uot];s ?}Tg o&&gg 8ngf t%xepslcllj'égxl gés)ém(ﬂcly fy.ever >

The screen portions 9a, 19a and 11a of the cylindrical screens 9, 10 and
11 in this embodiment are respectively made of a wedge wire screen. The
screen portions 9a, 10a and 11a each have, as shown in Fig. 5, support rods 18
extending in the axial direction of the screen portions 9a, 10a and 1la 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 19¢ forming a slit 20
which widens radially inwardly between 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 and 23 performing filter functions

which are different from each other are filled one in each of the annuluses 12
and 138. 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



washing water injecting holes at a predetermned interval in the axial
direction of the tube, a liquid transfer tube comunicating with the
opening for discharging the treated Iiquid and introducing reverse washi ng
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 8 the treated liquid ol%said reverse washing tube for
permtting flow of the treated liquid fromsaid inlet into the reverse

washi ng t uhglvandags oMt filt&dng ldevice factdidine v tiseinvaatioA GhwebaEe nb@mot Nsi de
of the reverse washing tube to said inlet, and neans for rotating the

rever se wasionsgletr uidfextmest int spezifics .gravitpr betmpeno filtermga mpatetriatd tbhbe

i nventi on, g i njecting pressurized reverse washing water fromthe reverse
washi ng watseledteq apdi therefore drasdomhef selacionrnd Hlermesmateritls igybragdened ever se
washing water is jetted out,in | et, streamand this jet stream
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screen of sgife the borderline between the screen portions 9a, 10a and 1la and the
closed wall portions 9b, 10b and 11b 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
liguid 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



screen assenbly is a wedge wire screen having a screen slit forned on the
out side of the screen and havi ng an opening which widens radially inwardly
fromthe screen slit. Preferred enbodi nents of the invention will be

descri bed below with reference to the acconpanyi ng drawi ngs. Breif
Description of the Drawings In the acconpanying drawings, Fig. 1 is a
sectional view show ng an enbodi nent of1d he invention; Fig. 2 is a
perspective view of an annular nulti-layered prepacked screen assenbly used

in the enbadtr@iked®from the duflBPBHfitRe Arsdtad iquid mbﬁ%ﬂrffe! pib8H e Hced i al s
are not filled in the annuluses of the screens; Fig. i's a sectional view
of the screanto ths amnuuesf 1Fiand 23 Batgeed the eylmdcicabsaleens Oy 16F ahdellscr een
assenbly with filtering materials filled in the annuluses of the screens;
Fig. 5 is albmrevesse washingewapey Bpwe to fhe drain part dhand yeaves apustiesen;

72 parti aPEperEpECRREed, At Bl TR R RO BHRAL S W fhfe sitts 20 of the O 1
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.



9 invention; Fig. 8 is a perspective view of another enbodi nent of the

i nvention; Fig. 9 is a sectional view of the enbodi nent shown in Fig. 8;
Fig. 10 is a sectional view of another enbodi nent of the invention during a
filtering operation; Fig. 11 is a sectional view of the enbodi nent of Fig.
10 during a reverse washing operation; Fig. 12 is a perspective view of a
reverse washi ng tube used in the embodi Ment of Figs. 11 and 12; Fig. 13 is
a view taken along arrows A, Ain Fig. 10; Fig. 14 is a perspective view
schemati cal | y iAdother admhbediarwaithef thebadicition ofillt hew beedtsctbedFivgth 15 i s
a sectinal view of the enbodinent of Fig. 13; Fig. 16 is a perspective view
schemat i calreferpn¢ause Bigi g Imdbiseembodinenbra vairatore 30 igseprovisted i ghe 17 i s
a perspecti,ve view schemafic Ig ilJustrating anat her enbodi nent_ of the
"nvent | on; TRREFMAY SEreRTSRce KaF SEORER FPVER IPhéigtnbod Rentothe ho

| nventi on; e%igodiment 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 38 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



F}g. 19 is a sectional view showing a prior art filtering device.

Description of Preferred Enbodiments Figs.1 to 5 illustrate an embodi ment
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 | ower portion of one end pdftion thereof and a drain port 4 in
a bottom portion thereof. The drain port 4 is nornally closed and is opened

when solid pamrthectibsatol drimeutnit 84 WAbedinhay BowefHatatheOshdth 8obRt pml the

container 2 are tQ he renoved. The upper portion of the container 2 is
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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
1nside 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



assenbly 7 in a state in which filtering materials are not filled in

annul ues between cylindrical screens. In Fig. 2, illustration of a part of
each of cylindrical screens constituting the screen assenbly 7 is omtted
for better understanding of the screen assenbly. Fig. 3 is a sectional view
of the screen assenbly in a state where filtering materials are not filled
in. The annular nulti-layered prepackedl€creen assenbly 7 includes three
cylindrical screens of different dianeters, nanmely an innernost cylindrical
screen 9 hastregns eomitbdd.est di aneter, an internediate cylindrical screen
10 having a dianeter larger than the innernost screen 9 and an outernost
cylindrical scr&eibisembadiment e cylindpieal sdicemet@includes, ay showiniin fMigstr eens

9, 10 and 11 are coaxiall IL.sposed in {h,e contajner 2 with their axes
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in the formof a disk i1s fixedly connect tot portions of
t he respect spieally bnnte ixsille sftlResimprt dddisatidinldubabshti Ay eREsiRe difpenof the

cylindrical screens 10 and 11 are closed with a top plate 15 in the form of
a di sk. Thetetrestpposteodd 4bs Thamedge adeel 48ns aheangedtwith stsrdmcsidef42uhe
cont ainer 2 and ar e, oreqted MerlLGal Yy LSy ST pm e 15 Ay cal screens
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



cl osed wall portions 9b, 10b and 11b extending from screen portions 9a, 10a
and 1la of the cylindrical screens 9, 10 and 11 to form an annul ar chanber
16 between the closed wall portions 9b and 10b and an annul ar chanmber 17n
bet ween the closed wall portions 10b and 11b. These annul ar chanbers 16 and
17 are continuous to and | ocated above the annuluses 12 and 13 The cl osed
wal | portion 9b of the innernost cylind’ cal screen 9 extends above the top
plate 15 and fitted in the treated liquid discharge pipe 5. The upper

openi ng pordockwisé inhFig| fseecacknlitafpsptingrnd® seqhentivdly mbatsraghinst! andri cal
screen 9 constitutes the outlet 8 of the screen assenbly 7. The screen

portions 9glsamgagesresiliendly drpam ceadhngrppent xd ddnand repeatendhisl aption hi s
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19 wound spirally on the outside of the support rods 18 in substantially
crossi ng disceedr agsdmblyh@ supiboatedr and, a8cordhelyasiyeiosyrlilopasticss afged
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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.



side 19a facing ouside and two other sides 19b and 19c formng a slit 20
which widens radially inwardly between 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 and 23
performng filter functions which are different fromeach other are filled
one in each of the annuluses 12 and 13. For exanple, coarse sand grai ns may

be filled in th&m@rupﬁmn&%&ammfth@tsm@n%géaﬁlyg? &mmutByateewitd | ed in
the inner annulus 12. For another exanple, active carbon grains may be
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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 iquid 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



as conpared 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, 10a and 1la and the closed wall portions 9b, 10b
and 11b but the filtering materials 22 and 23 should not fill up the
annul ar chanbers 16 and 17. This arrangenent is necessary for allowng free
upwar d noverment of the filtering materi &% 22 and 23 within the annul ar
chanbers 16 and 17 during a reverse washing operation. In the above
descri bed emstiginnefthe sireer asgémhtes Gadnd aredopt oy figmt the ¥edbb WHes.
Alternatively, the screen assenbly may be

constitute the screen assenbly. A , : >
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filtering operations through the filtering materials

enters the shafeofidhe elgdtricdnowal theouglen ddduchibs deaedheasichi £whshidiethat! ows
to the treated |liquid discharge pipe 5 through the outleet 8 of the screen
assenbl y 7 ¥iatipn ofj thenglegric mofer indransfeoedsto 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 direction 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 5 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,



Ihpurities, 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 renoved periodically fromthe
bottom of the container by opening the drain port 4 which is normally
cl osed. When a reverse washing operation is perfornmed, the inlet 3 is
cl osed and introduction of liquid to be 4dreated is stopped and rever se
washing water is 13 introduced fromthe outlet 6 of the treated liquid
di schar ge picpaxillrwith dhe exdrdent 62, tiheitabottbnesortidnarithls cetdee dp*émn%
cylindrical %c eens 9, 10 and 11. The reverse washing water flows to the
drain port 4 a’f]éa dischgysing trpatedtiewidandinthedusing wreeeslz wrashing mgemg% 64 |
materials 2 nd 23 and the slits of the cylindrical screens_ 9, 10 an
11 “Duri ng. PREAYR SErEae e pprgins f Bes artep BB S erimime
filtering rd FLal-ed, | S agﬁ ch are
stirred by ft g Ar Z‘%/‘i‘? s ﬁm%ghf%g%]%lg%%e;dgﬁ %‘r%fa%;)i{l/ %%Mﬁ‘lﬂr W“nteﬁ‘?%h{aﬁ’e
annul ar chaghaigpel®orfien YobdFehd Bleppadl p8¥§od Ur ni ng over of the | over
portions of the filtering materials 22 and 23 within a linmted space nade
avail abl e by thé& uevese waskbmgntubef 68his upler oper tibulaef mehther 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

1s 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

openings. 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, 73¢ 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



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 reroval of inpurities fromthe filtering materials 22 and 23
thereby is facilitated. 14 Anot her embodi ment of the invention will now
be described with reference to Fig. 6. In this enbodinent, a vibrator 30 is
provided in the innernost screen 9 of ti& enbodi mrent shown in Fi gs. 1to 5.
In the enbodi ment of Fig. 6, the same conmponent parts as the enbodi nent of
Figs. 1 to Bayr be ciesisgdaiye dehgtidr grodmsed biedeviatios hefr Bféctich afideverse
description thereof will be omtted. In Fig. 6, the innernpbst cylindrical
screen 9 onY¢shg watesdn gpedizestion|canderpreventedf t he ot her cylindri cal
screens 10 and 11 is,.om tted. devj provi ded in. the innernost
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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 74 is provided on the side of the opening 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 74 consists of a valve body 74a 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 74a, a valve holding member
74d (Fig. 13) which consists of an annular member in which the stem 74c 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 74e which is
fixed in one end portion thereof to the valve body 74a and fixed in the other
end portion thereof to the valve holding member 74d. The coil spring 74e has
its spring force adjusted in such a manner that the coil spring 74e 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.



Ih the innernost 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 |eaf springs 33
which are fixed to the shaft 32. The upper end portion of the shaft 32 is

projecting fromthe upper end of the screen 9 and is connected to a
vibrator drive unit 34 which is provided2in the upper portion of the

contai ner 2 above the top plate 15. The vibrator drive unit 34 is inparted
with a driving Adslade 55 teatiachéd 2o th@iﬁ;ipe&tm&;ﬁdvﬂp?)@ﬁt@@%fcihb\&%%féée

shaft 32 to rotate at a predeterm ned speed. Pairs o 1
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the | eaf springs 33

shaf t

32 located in the reen 9 in such a, manner that_each pair of the | eaf
kg Tbe; Aoyt

. e RROVEHS AXIRdUEIG Bevesse frashing. e chhe shape, iz end

springs 33 &R
! . ! ! f
o g 33" bh@ s abtheneRRe BRIRE Biacd s S8 Uk Bea e e (i due S

spring 33 CoMMR eRbrieaPidtibPIuBe 83! Bitul L r&%‘?s% %isﬁﬂ{%vglig%;?&%sggtret i on

of each support rod 18. During the fil'tering operation,
vi brat or 30ané& necdsahefirevolving 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
hiquid 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 thé 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 74e being
contracted so that the treated liquid flows in the directon of arrow through the
check valve 74 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 74a of the check valve 74 is moved
downwardly by the force of the pressurized reverse Waéhing water against the
force of the coil spring 74e and is seated on the valve seat 74b and the check
valve 74 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
1s 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

of the



15 by the vibrator drive unit 34. Assum ng now that the shaft 32 is rotated
count ercl ockwi se, the leaf spring 33 noves froma state shown in Fig. 1 to
a‘state where the front end portion 33a of the |eaf spring 33 abuts agai nst
the radially inside portion of the support rod 18. The leaf spring 33 is
pushed and bent and thereby is resiliently disengaged fromthe support rod
18. Thus, while the shaft 32 is rotatin@[,3 a slight vibration is inparted to
each support rod 18 and the wedge wire 19 which is the filter menber fixed
to the suppwashingdtul® 6§ ishwtatedass thit imputities Hpciing tha sdroédh i62yaadai nst
the support_rod 18. This vibration is inparted fromthe innernost

cyli ndFr)ipcaI ﬁitemegrmgtecr g AR tbfemméyﬁeaqgrrpthgaascrg@n assemhbly e mnifomlyiat t he

entire screen assenbly 7 is vibrated by the vibrator 30. Powdery suspendi ng
solid parti’éqr%%"e inmpurities in the liquid to be treated which tend to be

deposited on theyURkaGe ﬁﬁﬁote\?a&tjth%?%n:m% acén%\?f%gn%&?%g enters the

filter menber are shaken of T from the sur menber by this

vibration, so thathisRegRdsueRe oA dbRe 808nKaRES §W@¥-lﬁ{e%§;zgﬁe§ giface
of the filter nmenber whereby bl ocking of the filter nenber can be

prevent ed. Whichf ¢dnteisng phienalite (fiveiretle dhedratpd exenipld) afcdimgdap imilti-t er
el enent s ile continuing the filtering_operation w thout stopping the
filtering Op¥eEad BiePREked sarepn assambliery? 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 lquid transfer tube 87.

The container 81 has an inlet 82 for liquid to be 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 for 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 F in 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



Fig. 7 illustrates another enbodinent of the invention. This vibrator 47 of
this enbodinent is described again in the applicant's copending United
States Patent Application Serial No. 09/012,272 and is incorporated herein
by refererence. This enbodinment is suitable for uses in a filtering device
I n which, conversely to the enbodinent of Figs. 1 and 6, liquid to be
treated is caused to flow fromthe insidé of the screen assenbly to the
outsi de thereof and powdery solid particles of inpurities are collected in
t he vi ci ni t§onéginen8l msthkefarm bhadlow hatimgne diection avhich is éffertpedigmnt  of

Fig. 7, an guternost cylindrical screen 40 only is illustrated and _
il Igust rati or*®o O‘anl}tﬁté%ﬁﬁeéﬂeaﬁﬁﬁ@hl\?ﬁe'? r’?bhﬁl‘egylpmqrﬁa%hd pastigles edns s

' . . | .S,s di | i cal 40. i ncl udes,, as shown in
2o 0 sumA TR e siochihe RFCReR Gl Siledals G bt wakks Brekn 40

d [ ' I L. 143: r.edefer m I ptyervwal an
havi ng o pr oy ac R Shufkcd 68 e pefr Kdthiphd, PEHOUE, Bhibiy (Ritbiiene 305
wedge wire #hersurgdlwepdral ly on the inside of the support rods 41 in

substantially crossing direction )
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 llustrated
example) of the containers 81 of Figs. 14 and 15 are disposed in parallel and
the inlets 82, outlets 883, 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 in which a plurality (three in the
llustrated 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



to the support rods 41. The wedge wire 42 is arranged with its one side 42a
facing inside and two ot her sides 42b and 42c formng a slit 43 which

wi dens radially outwardly between adjacent wedge -wire portions and with an
outward apex portion 42d being welded to the projecting portion 4la of the
support rods 41 at crossing points 44 of the wedge wire 42 and the support
rods 41. The wedge wire 42 constitutes # cylindrical filter menber. On the
outside of the screen 40 is provided a vibrator 47 which consists of a

cyl i ndri calfiltering deSiderist a” sh3pkd of. aln xoninast,cint thedcongainert ) akithe
direction of the screen 40 and g plurality of |eaf rings 46 which are
fixed at orRFeseRy ?)@E)t) t 99 @dimdrica %ﬁ&qmbf@?mﬁﬁba%w BERGLT hie

e T S e R
e eof L ol | 48RS Sflebteut oL e 8B OXhA0 Y 1

of the fr ar&fe%ﬁvalmt@iﬁgihmm hfeh dfoi@t dtrédn asmm'zmsqilzsiﬁ xf FARE1&kS=1 n
whi ch the screen 40 is located in such a manner that each pair of the | eaf

springs 46 @4tmAdthe tetad effediing fltarbng isurfacé arke ofcdkemrest assdmbimss?
adj acent pairs of the |legaf springg 46 The radial |ength of each of the
| eaf spri ngmavnisstodhd e ePArmm hal buhanpreianiea thiges ps faugs £isetivee | eaf

spring 46 &t ersm,i; né[u?'fa%g uatrteia % e %gi%ge a% ﬁ’fltetrrfné rgl?evice 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.



radi ally ousdie portion of each support rod 41. During the filtering
operation, liquid to be treated is caused to flow fromthe inside to the
outside of the screen 40. As the frame 45 is rotated 17 cl ockwi se in
Fig. 7, each leaf spring 46 sequentially abuts agai nst and di sengages
resiliently fromeach support rod 41 and repeats this action thereby

i nparting a slight vibration to the med@% wre 42 through the support rods
41. By this arrangenent, the vibration is transferred to the intermediate
and |nnernﬁﬁﬂm¢ySchUMmda$ screens 10 and 9 so that theentire screen
assenbly 7 is yibrated and, accordingly, powdery solid particles of

i mpurities 1#5ﬁH@r%%ﬁdﬁﬂ$%£9§Hﬂ@ﬂ9g7 are shaken off. Thus, a simlar effect

to the filteri d h 6 bt aj ped. Figs, 8 and 9
i1 lustrate anot AEPOEA w%“n”éaéf #Heor C%@vcang%ﬁﬂi‘d% '%ﬁ'proﬁﬂci ng a
fl f diff

deg\évr?bedllne{ﬁgﬁa%h{ﬁggn th g@}%ﬁré;{#ﬁeg}ﬁc&%%s% pblca on
Serial No. @Mt@hdr6a8d amvmg B COUtDEY Bre drda@E@1 IdaM, rs&fders@fé%ﬁ aésemBlyer i ng

device 50 has a container 52 having a circular cross section.
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 1 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 1 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

WAL




An inlet 52a for introducing liquid to be treated is forned in the |ower
portion of the container 52. A punp 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
inits upper and |ower end portions by a top plate 54a and a bottom plate
54b is suspended in the liquid to be tré&dted in the container 52 by neans
of a hollow drive shaft 55 which extends vertically through an opening 52b
fromed in t#Wiéhcommen torxecting piped ti foem Seaude.i s fi xedly secured at its

| ower 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

[ f b57 of the filteri deyi 50, A pl Ity (four in
he or coent hBTRrEISviRy cMRERTE Aurtraht o éi}gﬁngrﬁgm%%%ﬁ@%meyd in
bl i : ' ; . | at 4b of, the .sgreen
ol der. 54 S, BREGE KEMoLD $ies 0P AR ARE RifsR hetl bR
liquid to kenhé&aledspettioeBi withiddhfindh cSRsdbtRly ﬁlgést ﬁgfogﬁ%%ﬁ@dﬁ%7 I's
18

simlar to that of the screen assenbly 7 showni’i igs. 1
to 5 and. débenithe mpodulbef elaimvd.| | be omitted.

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
I —

N O A A

rotating at least one of the screen assembly and vibrator.



The open upper end portion of the screen assenbly 7 communicates with the

i nsi de space of the hollow screen holder 54 and the hollow drive shaft 55
al'so communi cates 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 drivefunit 56 includes an electric notor
(not shown) and a known drive mechani smsuch as a slider crank nmechanism
whi ch transférd fiterteg devicatdndefhédlimglaint itofurtifert fenshiiing ﬁdi@fdreéﬁnéo
thereby reciprocate the drive shaft 55 in the vertical direction. Since
such drive reaaniormreatingin saidepntainen atftow phrhedigiiddodiel trdatddsloniipgi on

. il itted., Th tion.of thig fjltering device 50 will now
bo® toscr | bed: EBoT, MR S S piRcroR of aHIow oh Apedinnd tobe terated t o
i nt roduce | iigti;tgh‘{)ge)crp&%sge%@g fromthe inlet 52a into each screen assenbly

7. The |iqui rea OwWs into the screen assenbly 7 and fl ows out
of the hose 58 through the inside space of the screen holder 54 and the
hol I ow drive shaft 55. During the filtering operation, the drive unit 56 is
operated corfliAfilbershy devicomealefined dh iclsdns D iithebcdipAsings t 1 cal

reci procating notion as shown by arrows A A in Fig. 8. By this ope(ati on,
t he screen asserfblevesserwabhislg ta\%e 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 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.

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

R, 0 R VR

from the screen slit.




fixed to the screen holder 54 are also noved in a vertical reciprocating
notion and, as a result, there is created a flowof liquid to be treated
having a direction of flow which is different fromthe direction of flow of
the liquid to be treated flowng into the screen assenblies 7. That is, a
vertical reciprocating flowof liquid is created relative to the surface of
the screen assenmblies 7 in addition to £Re horizontal flow of liquid
flowng into the screen assenblies 7. According to this enbodi nent, powdery
solids which tend to be deposited on Ab#rael f ace of the wedge wire are

washed away fromthe surface of the. wedge re by the vertical flow of
| i quid caused by the vertical recig?@%'égg#—@w notion of the screen

of the st of et Bevity ol d PonRae ki gt 1 nbodBlel 1
5 can be pryg cgﬁﬁgﬁ%%e ér@a@é&oraﬁeixzﬁﬂgf’%@ﬁﬂay@{'ed ??eﬂd&k@&tsb%n éd@enﬂﬂy@ uni t

56 i ncl udes ectric nmbtor (not sh own) he drive shaft 55 i's
connect ed tgrolvideddini the ehtdihePhnd hRvid@ah outletfidroresteddiglida Thdwetdean gear

in such a manner that rotation of the electric notor is transferred to the
drive shaf tagsbmbly indlides three or more cylindrical screens (9,10,11) having different
diameters and bieng coaxially disposed in the container with their axes
extending vertically in the container. An anulus (12,13) is formed between
the respective cylindrical screens (9,10,11). Two or more different filter
materials performing different filtering functions are filled one in each of the

annuluses between the cylindrical screens.

(Fig. 2)



enbodi nent, the drive shaft 55 is rotated about its axis as shown by arrow
Bin Fig. 8 by driving of the electric notor in the drive unit 56 and,
therefore, the screen holder 54 is also rotated with the drive shaft 54.
This creates a vortex flowin the quuide@ be treated in the container 52
and this vortex flow constitutes a fl ow of ?iquid havi ng a direction which
is different fromdirection of the flowinto the screen assenblies 7. As a
result, the solid particles which tend to be deposited on the surface of
the screen assenblies 7 are washed away by this vortex flow and the sane
advantage as that in the previously described enbodi nent of Fig. 8 can be
obt ai ned. Anot her enbodi nent of the invention wll be described with
reference to Figs. 10 to 13. In this enbodi nent, the same conponent parts
as those in the enbodinment of Figs. 1 to 5 are designated by the sane
reference characters and description thereof will be omtted. The filtering
device 60 of this enbodi nent has annular nulti-Ilayered prepacked screen
assenblies 7 in the container 2 as in the enbodinment of Fig. 1. Figs. 10
and 11 show an innernost cylindrical screen 62 of the screen assenbly 7
only and illustration of the other cylindrical screens of the scrden
assenbly 7 is omtted. In Figs. 10 and 11, support rods 18 and wedge wre
19 are shown in theirgupper end and | ower_end portions only and m ddl e
portion thereof is iljlustrated by chain aad dot Iines.
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A liquid transfer tube 69 of a rectangular cross section is di sposed above
the innernost cylindrical screen 62. This liquid transfer tube 69 is

for med, 20 coaxially with the screen 62, in its bottomportion with a
cylindrical opening 70 for discharging ty ed liquid and introducing
reverse washing water. A portion form ng the opening 70 has a stepped
portion in the vertical direction and a | ower portion 70a of this stepped
portion has a smaller dianeter than an upper portion 70b of the stepped
portion. A reverse washing tube 63 is nade of a tubular nmenber disposed
coaxially with the screen 6g—n—the eer—62—7Fhe—{ everse washing tube 63
has an open upper portiop ichis fornmed as a slidiing portion 63a having
an i nner di aneter which $lightly larger than_thelouter dianeter of the
| ower portion 70a of A£ke cyN\i ndrical opening 70 of e15 qui d transfer tube
69 and is slidablyd A the outer peripheral surface of the | ower

cal opening 70. The | owér end portion of the
reverse washi ng tubg pf ate 63b in the formof a

yli p@
2‘f‘§ cl osed wi-+h-@a bottoen
di sk. A pivot 71 is\prOvided in tfhe ;'W- n8f ace of the bottom
plate 63b. This pivot—7t i led in
I 15

. /-\ 7
—

10—

14

FIG. 2



a pivot receiving recess 72 formed in the bottomplate 14 of the screen 62
wher eby the reverse washing tube 63 is supported by the screen 62. By this
arrangenent, the reverse washing tube 63 can rotate about its axis. The
reverse washing tube 63 is formed in itg ewer end portion with an inlet
63c for treated liquid which inlet con5|sts of a plurality of circular
openi ngs. The open upper end portion of the reverse washing tube 63
constitutes an opening 63d for discharging treated |iquid and introducing
reverse washing water. This opening 63d conmunicates with the cylindrical
opening 70 of the liquid transfer tube 69. The reverse washi ng tube 63 has
a plurality of reverse washi water ingecting holes 73 at a predetermn ned
interval in the axial directiQ%bof the fube 63. As will be apparent from
Fig. 12, in the present_enbodi nent, arobps 73a. 73b._ 73c and 73d of four

vertical ly formed i nj GORRRSROPESSareroviae interval of 90 degrees
inthe circunferentialydirection. By/this arrangeneht, a trouble in the
roati on of the reverseg washing tube 3 which 21 y be caused by
reaction produced by deXahNOANINT n”ect/
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washing water in one direction can be prevented. An optimum val ue of the

di aneter of the reverse washing water injecting holes 73 is fromO.5mmto
0.8mm If the dianmeter exceeds 0.8nm pressure of injected reverse washing
water is not sufficient and the bl ocking ggevention effect is reduced. If
the dianmeter is below 0.5mm there is |likelihood that the injecting hole
may be bl ocked by fine dust. As a preferred exanple, a reverse washing tube
having a di aneter of 20mm nay be di sposed in an innernost cylindrical
screen having a dianeter of 70mm and reverse washing water injecting holes
havi ng a di aneter of 0.7mm nmay-be forned at an interval of 5mm A check
valve 74 is provided on the si%e of the ®pening 63d for discharging treated
| iquid and introducing reverse shing water in the vicinity of the inlet
63c of the reverse washi Laui d. The check val ve
74 consists of a valve
seat 74b on which the v
axially upwardly from the val ve bod

4a, a val ve hol{di ng nenber 74d (Fig.

13) which consists of ar~amatbar-sEnber u24ﬁﬁ$§ﬁiﬁﬁﬁxstenl74c is slidably
inserted and four support rods whigh secufe this annyggar menber to the
inner wall of the reverse Hashi Flibe 63 and Ol pring 74e which is
fixed in one end portion thereof té the vl ve ?Qx,Jigséﬂg fixed in the
ot her 10b ANNANRNNN ? e~
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end portion thereof to the val ve hol ding nenber 74d. The coil spring 74e
has its spring force adjusted in such a manner that the coi

spring 74e is

in a contracted state in an unloaded condition and stretches to cause the
“valve body 74a to be seated on the val ygygeat 74b when the coil spring 74e
is subjected to pressure of reverse washing water. Therefore, the check

val ve 74 functions to allow flow of the treated liquid into the reverse
washi ng tube 63 fromthe inlet 63c and prohibit flow of

reverse washi ng
water frominside of the reverse washing tube 63 to the inlet 63c. 22 A
bl ade 75 is attached to the upper inner wall poriton of the reverse washing
tube 63. This blade 76 constitutes neans for rotating the reverse washing
tube about its axis during reverse washing. The shapgg

! ( gi@sjﬁﬁ@ angl e of
attachenent of the blace 75 are deter@duxihavagghre ard to the size of the
reverse washi ng tube 63, magni4Ude oé S [

I evers i Ag water pressure and
necessary revol ving speed o}~ re—reuyer sf washi ng fube 63. The operation of
this enbodi ment will nOMlbs d-kcribe kAring th fiéfeﬂﬁ ng operation,
liquid to be treated is 1ni|rpdifceayn t|H
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contai ner by neans of a punp (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 fromthe the inlet 63c provided in
the |l ower end portion of the reverse magpﬁgg tube 63. At this tinme, the

check valve 75 is in an opened state as

shown in Fig. 10 with its coi

spring 74e being contracted so that the treated liquid flows in the

di recton of arrow through the check 4 and enters the liquid transfer
tube 69 through the opening 63d and jt he cylindricgk opening 70 and then is
verse shimgs

di scharged to the outside. During re

the liquid to be treated

is discharged fromthe contai ner and then, as shown in Fig. 11, pressurized
reverse washing water is introduced infofthe reverse washing tube 63 :
t hrough the cylindrical opening 70 th eni ng 63d. The val ve body 74a
of the check valve 74 is noved war dl y by e force of the pressurized
reverse washi ng water against tgge forcke qf the\Yoil spring 74e and is
seated on the valve seat 74b anfl the chegk val 7 3%ereby is closed.
Therefore, the press@b se washi 1 in the reverse washing
tube 63 is ijected in a jet str@gamfrom tthe reverse $§shing wat er injecting
holes 73 and this jet stream coflides hggi snt t epr$2. In the
meanwhi | e, the reverse washing ter cpl lli des tht bl ade 75 and pushes
the blade 75 and, therefore, th e } tubg 63 is thereby rotated
about its axis. As a result, th A I ad enétally
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collides with the entire inner peripheral wall of the screen 62 as the
reverse 23 washing tube 63 is rotated so that inpurities blocking the
screen 62 and filtering materials in the annul uses of the screen assenbly 7
are uniformy renoved. Figs. 14 and 15 sﬂpm%another enbodi ment of the
invention. In this enbodinent, a filterihg device 80 includes a box-Iike
container 81 which contains a plurality (five in the illustrated exanple)
of annular multi- |ayered prepacked screen assenblies 7 provided in
parallel. The structure of each of the screen assenblies 7 is substantially
the sane as that of the enbodi mrent shown in Figs. 10 to 13. The opening for
di scharging treated liquid and introducing reverse washing water in each
screen assenbly 7 communicates with a common |iquid transfer tube 87. The
container 81 has an inlet 82 for liquid to be treated, an outlet 83 for
liquid to be treated, liquid tragipjer opening 84 communicating with the
liquid transfer tube 87 and a drai,n port 85 4fhich is normally closed and
can be opened during draining of i The inl et %%'forli(nafito be

treat ed | 41 ‘/////
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—41
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has a | arger dianeter than the liquid transfer opening 84. A punp 86 is
connected between the inlet 82 for liquid to be treated and the outlet 83
for liquid to be treated to forma closed |oop within which the liquid to
be treated circul ates. By causing, by t§91§ction of the punp 86, liquid to
be treated in an anount which is larger than an anmount of treated liquid
flowing out of the liquid transfer opening 84 to flow forcibly into the
container 81 fromthe inlet 82, a flow of the liquid to be treated as shown
by arrow F in Fig. 14 which has a direction different fromthe direction of

flow of the liquid to b§8 rea [ the screen assenblies 7 is created in
t he container 81. gyring the filtduigg operati the drain port 85 is
closed and the liquid to be tr d iIs~\ntropduced fromthe inlet 82 into
the container 81. Thenliquid tio b eat pd/enters bTe screen assenblies 7
and the treated liquid iy disgh t he 4dqui d transfer opening 84
through the liquid tra e 87. In whi | e, Eﬁﬁess liquid to be
treated circulates int 4 cont ai ne in-the for f a flow having a
direction which is different ffromthe flow into the s€reen assenblies 7
wher eby powdery solid particl esof
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inmpurities which cause bl ocking of the filtering materials can be washed
away fromthe surface of the screen assenblies 7 and the anmount of bl ocking
is thereby reduced. During reverse washing, the inlet 82 and the outlet 83
of the container 81 are closed and the |y gquid to be treated is discharged
after filtering. Then, the drain port 857i'S opened and pressurized reverse
washing water is forced into the screen assenblies 7 through the Iiquid
transfer opening 84 to performreverse washing in the nmanner descri bed
above with respect to FFQ? 10 7,uwzﬂamnuh ed water after reverse
washing is drained out from Eig. 16 shows an enbodi nent
in which a plurality (six in the i | e) of the containers 81

of Figs. 14 and 15 ane disposed_infpdrallel 4&nd the inlets 82, outlets 83,
liquid transfer openin 84 ang drgrk por Sese containers 81 are
connected by comon con i pi pgs P2, nd 95 to conbine into a
smal |l nodule 90. Fig. 17 showsjan ¢nypdi nent

_ n which a Qurality (three in
the illustrated exanple) of the sm Ul es 90 are di § sed in parall el
and the conmmon connecti ng pi pes—2924-98—94 and 95 ares/connected further by
common connecting pi pes 102, 103, #d4] and 105 respegfively to conbine into
a larger nodule 100. 55 g. 18 shows Arf embodjggnt i which a multiplicity of
screen !
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assenblies 7 are provided in a container simlar 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 assune that both the cqg%qbner a of the prior art
filtering device and the container 110 have an inner dianeter of 2m and
i nner height of 2m The effective filteri surface area of the filtering
material d of the prior art 25 filteriﬁgnaevice is [err] =3.14 merr].
In contrast, in the container 1F0Q of the prjesent enbodi nent, 90 cylindri cal
assenblies 7 each having a dianmetyer of 12.8 nm and hei ght of 100 nm can be
receiveq in the cont f&i&o&%&&ﬁ@&x, QAKQI Dnnlbgtmeen t he
respective screen assemnnlles. bInCR\[he gfrrective Tkltering suface area of
e

one screen assenbly 7}is 0.125m x [\err] Im= 0.4 err], the total

effective fil J face area of90 reen_assenplies 7 amunts to 0.4
nferr] x 90 :%§% nf er PP ﬁ§§9ﬁ§§ e\gﬁggﬁLéu\FT s large effective
filtering surface area ag/jthe p§ Dr artﬁy | t er-Hflg—clevBb8g is avail able from
he fil . . : P .
the filtering deV|f§ accc?dlng So the i QnLLODé““-~70a 60
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As the filter menber constituting an elenment of the cylindrical screens of
the screen assenbly 7 in the above descri bed enbodi nents, either of wedge
wire, porous plate, wire-nmesh, filter cloth and other screen elenents can
be enployed. In case a wedge wire is us?g/£$ich i s wound about the suuport
rods in such a manner that slits of a predetermned width is fornmed between
adj acent portions of the wedge wire, the cylindrical screen of the
wedge-wi re type having V-shaped slits are i%@brently resi stant to bl ocking
and, therefore, blocking of the gigts of tzi}screen and filtering materials
can be prevented nost efficiently ind a prol/onged continuous filtering

i i inqg device dan _he achi eved __A i
operation of the filte g daviceLan be-a \\xyoxvgxxnndule as shown in

Fig. 16 and a | arger uéuu e as bHOWﬂ?IH Frig. L7 naywae formed also with the

filtering devices sho in Figs. 1 and {9. 26 at is clainmed is: 1. A

filtering devi o ASsing: a_contailner Rayving an il et for introducing
liquid to be tr¥ated; /{ﬁ?ﬁ¥qéilt'-l S prepatked screen assenbly
provided in said ¢ : N ) \\u/ 633
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contai ner and having an outlet for treated |liquid, said screen assenbly
conprising three or nore cylindrical screens having different dianeters and
bei ng coaxially disposed in said container with their axes extending
vertically in said container, an annul ugsbggng fornmed between respective
adj acent cylindrical screens; and two or nore different filter materials
performng filtering functions which are different fromeach other and
being filled one in each of the annul uses between the cylindrical screens.
2. Afiltering device as defined in claim1l wherein each of said
cylindrical screens of the screen assenbly has a closed cylindrical wall
portion extending fromone end 2&,Lhe~QxLindrical screen to form an annul ar
chanmber between the respective gdjacent ylindrical screens, said annul ar
chanber being continuous to said annul us|between the adjacent cylindrical
screens filled with the filter rmaterial and being unfilled wth the
filtering material and permtting free upward novenent of the filter
material within said annul ar chgnber during reverse wa8Bing. 3. Afiltering
device as defined in claiml whgrein a pllurality of sgid annul ar

mul ti-1ayered screen assenblies jare provided in contai ner and the
outlets of said scre assenbl i gs bei ng ¢onnecged with a common outl et
pipe. 4. Afiltering fce~eonmftising a|plurality of filtering devices as
defined in 7332 ———nb
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claim3 which are disposed in parallel, the inlets of liquid to be treated
and the common outlet pipes of said filtering devices being connected
respectively 27 wi th common connecting pipes to forma nodule. 5. A
filtering device conprising a plurality of ﬁgyﬁfring devices as defined in
claim4, the comon connecting pipes of said filtering devices being
further connected respectively with conmon connecting pipes to forma
| arger nodul e than the nodule of claim4. 6. Afiltering device as defined
in claiml wherein an innernost screen of said screen assenbly conprises
support rods extending in the axial directi 6hdof the screen and arranged
generally cylindrically with a predgetesny ned interval, and a cylindrica
of tPgesupport rods, and said
filtering devices further coapris€sS 4 aradgx pel udi ng ..§haft provi ded
e ; « ¢ screen and at | east
reof to the shaft and
is capable of abutting i g4 4a part of each of
t he support rods, and a/4d ' A east one of the screen
assenbly

81 94




and vibrator. 7. Afiltering device as defined in claim1 wherein an
outernost screen of said screen assenbly conprises support rods extending
in the axial direction of the screen and arranged generally cylindrically
with a predetermned interval, and a cyljyndgi cal filter nenmber attached
fixedly on the inside of the support rods, and said filtering device
further conprises a vibrator including a frane provided on the outside of
the screen coaxially with the screen and extending in the axial direction
of the screen and at | east one |eaf spring which isgpxed 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 |east one of§4t he screen assenbly and/vi brator. 28 8. A
filtering device as defijned in cIain11F¢urther conmprising flow creating
means for creating, in said container,’a flow of” the qugzd to be treated
having a direction which is different fifromdirection of fl ow of the

liquid to be treated int e screen agsenbly.. 9. filterin% devi ce as
defined in claiml fury Npri-sing: 6
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e

a reverse washing tube provided coaxially in an innernost screen of said
screen assenbly 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 ljgguigd 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 comrunicating with the
opening for discharging the treated Iiquid and introducing reverse washing
wat er; 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
permtting flow of the tré%ted liquid fromsaid inlet into the reverse
washi ng tube and prohibitrig flow of the reverse washing water frominside
of the reverse washing tubeito said inlet; and neans for rotating the
reverse washing tube about iNs axis. 10. A fitering dgvicesas defrned in
claiml1l wherein an outernost soreen of said screen aS8enbky is a”ﬁedge wre
screen having a screen slit forngd on the outside of f{he reen and having
an opening which widens radially ' inwargly fromthe scfeen slit. (&
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