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(54) Title: A CLEANING APPARATUS FOR CLEANING FILTER SCREENS
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Figure 1

(57) Abstract: There is disclosed an apparatus for cleaning circu-
lar filter screens comprising at least one suction chamber fitted to
a conduit of the dirt collection conduit system extending along a
central axis of the housing of the filter screen. The suction cham-
ber comprises a central nozzle through which fluid is forced to
flow by virtue of a pressure differential between the outer surface
of the filter screen and an extremity of the dirt collection conduit
system. The fluid flow through the central nozzle creates a low
pressure regime near the mouth of the central nozzle such that flu-
id is forced through a plurality of peripheral suction nozzles ar-
ranged around the central nozzle from the outer surface of the fil-
ter screen to the inside of the suction chamber, thereby forcing the
dirt and retentate accumulated along the inner surface of the filter
screen to be washed away.
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Title

A cleaning apparatus for cleaning filter screens

Technical field of the invention

This invention generally relates to a cleaning apparatus for cleaning filter screens
and specifically to cleaning apparatus for cleaning filter screens having nozzles
for creating suction. This invention finds particular, but not exclusive, application

in industries employing filter screens for filtering purposes.

Background of the invention

~ Many hydraulic equipments involve the use of filter screens for filtering water

that is used in the hydraulic equipments. The water that is used can be
contaminated, so that the contaminants are retained .at the filters and the
accumulation of the contaminants results in the formation of retentate. Retentate
slows down the flow of water and increases the differential pressure. Dust
extraction assemblies for removing contamination are constructed of a plurality of
nozzles at pre-defined distances from the surface of filter element. Such nozzles
are connected to collector pipe which moves with the help of hydraulics or electric
motors. A purge valve is connected to the dust collector pipe which opens to the
atmosphere. Cleaning of the filter screen is done automatically either on the basis
of differential pressure between filter housing and pressure at the purge valve
outlet (atmospheric pressure) or it can be done acéording to preset time interval.
During the cleaning process, the purge valve opens and fluid enters into the
plurality of nozzles which are in close proximity to the filter screen. Depending on

differential pressure, debris/retentate deposited on the element surface is pulled

out through nozzles and finally discharged from filter housing through the

flushing line. The disadvantage with the above described self-cleaning mechanism

is the reduction of the cleaning efficiency and effectiveness.
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Objectives of the Invention

1. It is the primary objective of the invention to provide an apparatus for efficient
cleaning of filters with increased suction force
2. It is another objective of the invention to provide an apparatus for utilizing a

low volume of liquid for cleaning as cleaning can be performed at low pressure
Summary of the Invention

According to-an aspect of an invention, a cleaning apparatus for cleaning filter
screen is disclosed, comprising a suction chamber movably positioned adjacent a
filter screen to be cleaned such that a first end of the suction chamber is positioned
adjacent an inner surface of the filter screen and a second end of the suction
chamber being coupled to a dirt collection conduit system for fluid

communication with the dirt collection system. The outer surface of the filter

'screen is arranged to be at a higher pressure than the dirt collection conduit system

such that a pressure differential is arranged to be maintained between the outer
surface of the filter screen and the dirt collection conduit system through the
suction chamber. The suction chamber further comprises a nozzle at the first end,
wherein a largest diameter of the nozzle is lesser than an inner diameter of the
suction chamber, the nozzle and the suction chamber arranged concentrically. The
suction chamber further comprises a circular clearance between the largest
diameter of the nozzle and the inner diameter of the suction chamber. The
pressure differential is arranged to facilitate movement of fluid from the outer
surface of the filter screen to the dirt collection conduit system and wherein the
fluid movement through the nozzle of the suction chamber creates a low pressure
regime around a mouth of the nozzle inside the suction chamber, thereby
facilitating fluid from the outer surface of the filter screen to rush towards the low
pressure regime through the circular clearance, thus removing retentate forcefully

from the inner surface of the filter screen.
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Brief description of drawings

Figure 1 shows a screen filtering system with a cleaning apparatus for cleaning the

filter screen in the screen filtering system
Figure 2 shows a first embodiment of the cleaning apparatus

Figure 3 shows a divergent nozzle disposed in the suction chamber of the first

embodiment of the cleaning apparatus
Figure 4 shows a second embodiment of the cleaning apparatus
Figure 5a shows a front elevational view of an orifice plate

Figure 5b shows a longitudinal sectional view along section A-A of the orifice

. plate shown in Figure 5a

Figure 6 shows a first arrangement of a' nozzle in the conduit of the dirt collection

conduit system -
Figure 7 shows a schematic of the working of the nozzle shown in Figure 6

Figure 8 shows a second arrangement of an orifice plate in the conduit of the dirt

collection conduit system

Figure 9 shows a schematic of the working of the orifice plate shown in Figure 8
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Detailed Description

Figure 1 shows a screen filtering system 100 with a cleaning apparatus 200 for
cleaning the filter screen 105 in the screen filtering system 100. The screen
filtering system 100 comprises a housing 110 which is circular in profile. The
screen filter 105 is fitted by way of suitable fastening arrangements to the housing
110 internally, the fastening arrangements being water proof. For the purposes of
visualization, the housing 110 and the filter screen 105 are concentric cylinders
with the filter screen 105 arranged internally to the housing 110. The screen
filtering system 100 further comprises an inlet pipe 115 which opens into a
chamber 120 internal to the filter screen 105. The water that is pressurized passes
through the filter screen 105 into the circular clearance or interval 125 between
the filter screen 105 and the housing 110 and exist through an exit pipe 130 which
is controlled by a valve 135. In the process of water or any other fluid flowing in
this way, the contaminants in the fluid get accumulated on an inner surface 140 of
the filter screen 105. The accumulated contaminants form as retentate on the inner -

or internal surface 140 of the filter screen 105.

Figure 2 shows a first embodiment of the cleaning apparatus 200. The cleaning
apparatus 200 comprises a suction chamber 205, which is a cylindrical element of
constant diameter that is movably positioned adjacent the filter screen 105 to be
cleaned. The suction chamber 205 is positioned in such a way that it is orthogonal
to the filter screen 105. The suction chamber 205 comprises a first end 210
adjacent the inner surface 140 of the filter screen 105 and a second end 215 of the
suction chamber 205 coupléd to a dirt collection conduit system 220. The dirt
collection conduit system 220 extends along an axis 110 of the housing 110. The
suction chamber 205 extends from the dirt collection conduit system 220 to the
inner surface 140 of the filter screen. The suction chamber 205 is orthogonal to
the axis 110" as well. The suction chamber 205 is coupled to the dirt collection
conduit system 220 such that there is fluid communication between the suction

chamber 205 and the dirt collection conduit system 220. The filter screen
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comprises an outér or external surface 145 which is arranged to be at atmospheric
pressure or a pressure higher than that when the cleaning apparatus 200 is being
used. The dirt collection conduit system 220 extends along the axis 110' of the
housing 110 and opens out externally through a purgé outlet 150 and a purging
valve 155. The purge outlet 150 is connected to a low pressure environment when

the cleaning apparatus 200 is being used. Thus, when the cleaning apparatus 200

_is being used, there is maintained a pressure differential between the outer surface

or external surface 145 and the dirt collection conduit system 220.

The suction chamber 205 further comprises a central nozzle 225 attached to the
first end 210 of the suction chamber 205. The central nozzle 225 is such that a
largest diameter of the central nozzle 225 is lesser than an inner diameter of the
suction chamber 205. The central nozzle 225 and the suction chamber 205 are
arranged concentrically. Between the largest diameter of the central nozzle 225
and the inner diameter of the suction chamber 205 is a circular clearance 230 in
which is circularly arranged a plurality of peripheral suction nozzles 235. The
cleaning apparatus 200 is activated by initiating and maintaining a pressure
differential between the outer surface 145 of the filter screen 105 and the dirt
collection conduit system 220. This pressure differential causes movement of fluid
from the outer surface 145 of the filter screen 105 to the dirt collection conduit
system 220 through the suction chamber 205. When the fluid moves through the
central nozzle 225 of the suction chamber 205, a low pressureb regime 240 is
created around and in proXimity to a mouth 245 of the central nozzle 225 inside
the suction chamber 205. This low pressure regime 240 acts as a suction force to
suck or pull fluid from the outer surface 145 of the filter screen 105 to rush
towards the low pressure regime 240, such that the retentate accumulated in the
inner surface 140 of the filter screen 105 is forcefully removed. The low pressure
regime is formed due to increased velocity which is due to the convergence in the
section of the nozzle 225. The pressure differential due to the low pressure regime

240 created is more than the pressure differential between the outer surface 145 of
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the filter screen 105 and the purge outlet 150 through the dirt collection conduit
system 220.

As illustrated in Figure 1, the suction chamber 205 is arranged to rotate about an
axis 110" of the dirt collection conduit system 220. The axis 110’ of the dirt
collection conduit system 220 is the same as the axis 110" of the housing 110, as
the dirt collection conduit system 220 extends along‘the axis 110" of the housing
110. The rotation of the suction chamber 205 is meant to remove the retentate
from a circular portion of the cylindrical filter screen 105. Hence, one complete
rotation of the suction chamber 205 about the aXis 110" of the dirt collection
conduit system 220 when the cleaning apparatus 200 is functioning, results in the

removal of retentate circularly from the filter screen 105.

The cleaning apparatus 200 further comprises a plurality of suction chambers 205
coupled rotatably to the dirt collection conduit system 220 at different positions
along the axis 110" of the dirt collection conduit sybstem 220. The number of
rotatable suction chambers 205 can vary anywhere from 2 to 5 or more depending
on the length of the filter screen 105 inside the housing 110. The advantage of
having a plurality of suction chambers 205 is to cover the entire surface area of
the filter screen 105. The rotation of the suction chambers 205 is achieved by
hydraulic or electric rotating techniques, which is understood by a person skilled
in the art. The principle of working of the plurality of suction chambers 205 are

the same as described above.

The dirt collection conduit system 220 further comprises a plurality of nozzles
250 arranged inside a conduit 255 of the dirt collection conduit system 220, such

that the number of nozzles 250 is the same as the number of suction chambers

~ 205. One nozzle among the plurality of nozzles 250 is associated with one suction

chamber within the plurality of suction chambers 205. Each nozzle among the
plurality of nozzles 250 creates a low pressure regime near the mouth of the

nozzle which enhances or adds up the suction force inside the suction chambers
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205 triggered by the existence of the pressure differential between the outer
surface 145 of the filter screen 105 and the dirt collection conduit system 220.

This is described in detail hereinafter.

As illustrated in Figure 2, the central nozzle 225 comprises a first portion 260
with a constant cross sectional area and a second portion 265 with a converging
cross sectional area. The first portion 260 is proximal and adjacent to the first end
210 of the suction chamber 205 and the second portion 265 is distal to the first
end 210 of the suction chamber 205. Figure 3 shows a divergent cone 270
disposed in the suction chamber 205 of the first embodiment of the cleaning
apparatus 200. The suction chamber 205 can additionally comprise a divergent
cone 270 extending from an opening or mouth of the second portion 265 to the
second end 215 of the suction chamber 205 leaving a gap around 265. Divergent
cone 270 facilitates streamlining of fluid ejected from the second portion 265 of
the nozzie 225. In the presence of the divergent nozzle 270, the low pressure
regime 240 is generated inside the divergent nozzle 270 near the mouth of the
second poftion 265. The angle of the second portion 265 is o and the angle of the
divergent cone 270 is B. The optimum values for a and B can be 30° to 50° and 1°

to 10° respectively.

Figure 4 shows a second embodiment of the cleaning apparatus 200. In this
embodiment, the central nozzle 225 comprises a converging portion 275. The
second embodiment of the cleaning apparatus 200 is easy to manufacture resulting
in lesser cost of manufacture. Near the mouth of the central nozzle 225 is created
the low pressure regime 240. There is a circular clearance 230 as described above
between the central nozzle 225 and the suction chamber 205. The.central nozzle
225 and the suction chamber 205 aré arranged coaxially. The circuiar clearance
230 comprises a plurality of peripheral suction nozzles 235 arranged circularly in
the circular clearance 230. The low pressure regime 240 enables fluid to be
sucked in forcefully through the plurality of suction nozzles 235, SO as to remove

the retentate from the inner surface 140 of the filter screen 105. The central nozzle
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225 and’ the nozzles 250 of the dirt collection conduit system work on the
principle of venturi in producing a low pressure regime and associated suction.
The central nozzle 225 in all the embodiments mentioned can be circular,
ellipﬁcal, rectangular or apy other polygonal shape. The second embodiment as
mentioned above can be achieved with the help of an orifice plate as illustrated in
Figures 5a and 5b. Figure 5a shows a front elevational view of an orifice plate

280. Figure 5b shows a longitudinal sectional view along section A-A of the

orifice plate 280 shown in Figure 5a. The construction or structural arrangement

of the second embodiment is mentioned below. The suction chamber 205 is fitted
with the orifice plate 280 at the first end 210 such that the orifice plate 280 fits
over the central nozzle 225. The orifice plate 280 has a bore 285 which fits over
the central nozzle 225 of the suction chamber 205. The bore 285 comprises a

principal circular bore 290 and a secondary circular bore 295. The principal -

- circular bore 290 and the secondary circular bore 295 are coaxial and matches

with the dimensions of the central nozzle 225 to provide a good fit for the orifice
plate 280 over the central nozzle 225. The orifice plate comprises a plurality of |
holes 296 in the periphery and surroiinding the bore 285 to form the plurality of

peripheral suction nozzles 235.

The external surface of the suction chamber 205 can be circular, elliptical or any
polygonal shape. The internal surface and cavity of the suction chamber 205 is
cylindrical. For an externally elliptically shaped suction chamber 205, it is
arranged in the housing 100 in such a way that the major axis makes an angle 0
with a horizontal plane. The suction chamber 205 is arranged such that the slope
of travel path of the suction chamber 205 matches 6. The advantage of this
arrangement is to minimize the drag force acting on the suction chamber 205 and

make the cleaning apparatus 200 more efficient.

Figure 6 shows one of the plurality of nozzles 250 disposed in the conduit 255 of
the dirt collection conduit system 220 as a first arrangement for producing a low

pressure regime in the conduit 255 of the dirt collection conduit system 220. As
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illustrated in Figure 6, the nozzle 250 is arranged inside the conduit 255 of the dirt
collection conduit system 220. The nozzle 250 is disposed in the conduit 255 such
that it is adjacent to where the suction chamber 205 opens into the conduit 255,
such that the low pressure regime created near the mouth of the nozzle 250 serves
to enhance the suction inside the suction chamber 205. The nozzle 250 comprises
concentrically placed boreholes 305, 310 and 315. Outer diameter b2 of the nozzle
250 fits inside the inner diameter ¢ of the conduit 255. The distance between the
boreholes 305 and 310 is al and this forms a first portion 306 of the nozzle 250
with a constant diameter. The length of the nozzle 250 between the boreholes 310
and 315 is converged such that the diameter of thé borehole 315 is lesser than the
diameter of the borehole 305 and 310. This converging portion forms a second
portion 307 of the nozzle 250. The angle of convergence is ®. The angle of
convergence @ can be any angle between 30° and 50°. The distance between the
boreholes 310 and 315 is a2. The inner diameter of the nozzle 250 at the borehole
310 is bl and the inner diameter of the nozzle 250 at the borehole 315 is d. The _ |
mouth of the nozzle 250 is at the borehole 315. |

F igure 7 shows the working of the nozzle 250 described in Figure 6. Liquid
flowing through the condﬁit 255 enters the borehole 305 and travels through the
borehole 310 and finally through the borehole 315 where it converges. According
to Bernoulli’s principle, a low pressure regime 320 in the conduit 255_ is created in
the proximity to the borehole 315 of the nozzle 250. This low pressure regime 320
in the dirt collection conduit system 220 along with a higher pressure on the outer
surface 145 of the filter screen 105 creates a pressure differential which makes the
fluid rush through the central nozzle 225 inside the suction chamber 205, which
subsequently results in removal of retentate through the plurality of peripheral

suction nozzles 235.

Figure 8 shows an orifice plate 325 in the conduit 255 of the dirt collection
conduit system 220 which is a second arrangement for producing a low pressure

regime in the conduit 255 of the dirt collection conduit system 220. Figure 9
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shows a schematic of the working of the orifice plate shown in Figure 8. The

orifice plate 325 has a thickness t1 is disposed or positioned inside the conduit

255 of the dirt collection conduit system 220, such that a low pressure regime 330
produced near a mouth of the orifice plate is adjacent the opening of the suction
chamber 205 into the conduit 255. The orifice plate comprises a first borehole 335
and a second borehole 340, the first borehole 335 being larger than the second
borehole 340. In other words, the bore of the orifice plate 325 converges from the
first borehole 335 towards the second borehole 340. The fluid passing through the
converging portion causes the low pressure regime 330 due to Bernoulli’s
principle. The first borehole 335 and the second borehole 340 are concentric and
the converging angle between them is . ¥ can be any value between 1° and 10°.
In Figure 8, e is the diameter of the second borehole 340, f1 is the diameter of the
first borehole 335, f2 is the outer diameter of the orifice plate 325 and ¢ is the

inner diameter of the conduit 255.

It is to be understood that the foregoing description is intended to be purely
illustrative of the principles of the disclosed techniques, rather than exhaustive
thereof, and that changes and variations will be apparent to those skilled in the art,
and that the present invention is not intended to be limited other than as expressly

set forth in the following claims.

10
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We claim:

1. A cleaning apparatus for cleaning filter screen, comprising:

a suction chamber movably positioned adjacent a filter screen to be cleaned
such that a first end of the suction chamber is positioned adjacent an inner
surface of the filter screen and a second end of the suction chamber being v
coupled to a dirt collection conduit system for fluid communication with the dirt
collection system, Wherein the outer surface of the filter screen is arranged to be
at a higher pressure than the dirt collection conduit system such that a pressure
differential is arranged to be maintained between the outer surface of the filter
screen and the dirt collection conduit system through the suction chamber;
wherein the suction chamber comprises: .

a central nozzle at the first end, wherein a largest diameter of the central
nozzle is lesser than an inner diameter of the suction chamber, the central nozzle
and the suction chamber arranged concentrically; and

a plurality of peripheral suction nozzles arranged circularly in a circular

* clearance between the largest diameter of the nozzle and the inner diameter of

the suction chamber;

wherein the pressure differential is arranged to facilitate movement of fluid
from the outer surface of the filter screen to the dirt collection conduit system
and wherein the fluid movement through.the central nozzle of the suction

chamber creates a low pressure regime around a mouth of the central nozzle

- inside the suction chamber, thereby facilitating fluid from the outer surface of

the filter screen to rush towards the low pressure regime through the plurality of
peripheral suction nozzles, thus removing retentate forcefully from the inner

surface of the filter screen.

2. The cleaning apparatus for cleaning filter screen as claimed in claim 1,
wherein the suction chamber is arranged to rotate about an axis of the dirt
collection conduit system, the dirt collection conduit system extending along an

axis of a cylindrical housing, the cylindrical housing containing the cylindrical

11
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filter screen internally and wherein the rotation of the suction chamber is
arranged to facilitate removing retentate from a circular portion of the

cylindrical filter screen.

3. The cleaning apparatus for cleaning filter screen as claimed in claim 2,
further comprising a purge outlet and a purging valve, arranged for connecting

the dirt collection conduit system to a low pressure environment.

4. The cleaning apparatus for cleaning filter screen as claimed in claim 3,
further comprising a plurality of suction chambers rotatably coupled to the dirt
collection conduit system with fluid communication between the plurality of
suction chambers and the dirt collection conduit system, the plurality of suction
chambers arranged at different positions along the dirt collection conduit syStem y
to facilitate removing retentate from different positions of cylindrical filter

screen.

5. The cleaning apparatus for cleaning filter screen as claimed in claim 4,

wherein the dirt collection conduit system further comprises a plurality of

" nozzles arranged inside a conduit of the dirt collection conduit system, each of

the plurality of nozzles associated with each of the plurality of suction
chambers, such that each of the plurality of nozzles is arranged to produce a low
pressure regime to facilitate suction from each of the suction chamber when the

pressure differential exists between the outer surface of the filter screen and the

dirt collection conduit system.

6. The cleaning apparatus for cleaning filter screen as claimed in claim 5,
wherein each of the nozzle within the plurality of nozzles comprises a first
portion with a constant diameter and a second portion with a convergence

leading to a mouth of the nozzle.

12
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7. The cleaning apparatus for cleaning filter screen as claimed in claim 5,
wherein each of the nozzle within the plurality of nozzles comprises a first

borehole with a larger diameter and a second borehole with a lesser diameter.

8. The cleaning apparatus’ for cleaning filter screen as claimed in claim 1,
wherein the central nozzle comprises a first portion with a constant cross-
sectional area and a second portion with a‘»converging cross-sectional area,
wherein the first portion is proximal to the first end of the suction chamber and

the second portion is distal to the first end of the suction chamber.

9. The cleaning apparatus for cleaning filter screen as claimed in claim 8,
further comprising a divergent nozzle extending from an opening of the second
portion to the second end of the suction chamber to facilitate streamlining of the

fluid ejected from the second portion of the nozzle.

10. The cleaning apparatus for cleaning filter screen as claimed in claim 1,

wherein the central nozzle comprises a converging portion.

11. The cleaning apparatus for cleaning filter screen as claimed in claim 4, .

- wherein each of the plurality of suction chambers is shaped elliptical externally, -

- such that a major axis of the suction chamber forms an angle 6 with a horizontal

plane, wherein the angle 6 is the same as an angle of spiral movement of the

nozzle to minimize drag.

13
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