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[57] ABSTRACT 

A cleaning apparatus for use in connection with ?uid 
?ow tubing systems, particularly for cleaning tubular 
‘semipermeable membranes, comprising a cartridge 
which is adapted to supply scrubbing and cleaning ob 
jects such as sponge balls into the tubing system, and 
which is adapted to receive and contain the objects 
when the direction of ?uid ?ow in the system is re 
versed. A by-pass conduit and a check valve are pro 
vided to permit fluid to flow around the cartridge 
when the flow direction is reversed. 

7 Claims, 10 Drawing Figures 
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CLEANING APPARATUS 

BACKGROUND OF THE INVENTION 

I. Field of the Invention 
This invention relates to an apparatus for cleaning 

the inner surfaces of tubular members, particularly tu 
bular semipermeable membranes. 

2. Description of the Prior Art . 
Reduction of the permeation efficiency of osmotic 

membranes by accumulation of slime or deposits on the 
internal surfaces thereof is generally unavoidable in 
such processes as ?ltration, ultra?ltration and reverse 
osmosis. As a means for effectively restoring the per 
meation efficiency of the membrane, there has been 
developed a method in which the membrane inner sur 
face is rubbed and cleaned by a sponge ball or the like. 
However, it is very inconvenient to insert a rubbing and 
cleaning member, such as a sponge ball, into the ?uid 
?ow system and then withdrawing said member from 
the system after cleaning the membrane at prescribed 
intervals of several minutes to several hours, during the 
continuous operation of such equipment. 
As a means of overcoming this problem, we previ 

ously proposed an automatic washing apparatus in 
which at least two mesh screens are mounted in ?uid 
flow system and sponge balls are inserted between said 
mesh screens so that said balls are automatically and 
intermittently moved back and forth through the sys 
tem in response to the switching action of valves dis 
posed in the tubing system, whereby the inside of the 
tubing system is cleaned (U.S. Pat. application Ser. No. 
282 449 now U.S. Pat. No. 3,819,5I3). Because the 
movement of the rubbing and cleaning member or 
members is performed by utilizing only the dynamic 
pressure of the liquid flowing through the system, accu 
rate operation is not always achieved. 

SUMMARY OF THE INVENTION 

This invention relates to an improvement in our ear 
lier apparatus, and a primary object of this invention is 
to provide a washing apparatus having a structure such 
that the movement of the rubbing and cleaning mem 
bers can be performed more positively. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a longitudinal cross-sectional view of the 
cartridge employed in the apparatus of the present in 
vention. 
FIG. 2 is a perspective view of the check valve used 

in the cartridge of FIG. 1. 
FIG. 3 is a schematic illustration of the overall ?uid 

?ow system. 
FIGS. 4A through 4D are diagrammatic plane views 

showing the shapes of several porous barriers. 
FIGS. 5A through 5C are perspective views show 

ing the shapes of several check valves. 
This invention relates to an apparatus for rubbing 

and cleaning tubing systems such as the inner face or 
surface of a tubular osmotic semipermeable membrane 
in a liquid treatment system or the like utilizing reverse 
osmotic pressure, in which one or more rubbing and 
cleaning members are moved reciprocatively, i.e., back 
and forth, in the tubing system in order to clean same. 
Referring to FIG. 1, the invention provides a casing 

4 serving as a cartridge or container for receiving the 
rubbing and cleaning members 1. The casing 4 is open 

15 

20 

25 

30 

35 

40 

50 

55 

60 

65 

2 
at its rightward end and is adapted for connection to 
the tubing system 12 so that the members 1 can move 
from the casing through the tubing system and vice 
versa. At its leftward end the casing 4 has a fixed po 
rous barrier 7 which permits passage of fluid but does 
not allow passage of the rubbing and cleaning members 
1. The casing 4 is disposed within a housing 8 and is 
spaced therefrom to define an annular by-pass passage 
6 surrounding the casing 4. The by-pass passage 6 ex 
tends from the vicinity of the rightward end of the cas 
ing 4 to a postition beyond the barrier 7. A tube 20 ex 
tends axially from barrier 7 into the ?tting 21 attached 
to the leftward end of the housing 8. The tube 20 has 
openings 5 so that fluid can flow from the fitting 21 into 
the by-pass passage 6, and vice versa. A check valve 3 
is slidably movable within the tube 20 and is adapted 
to open and close the opening 5 in said tube 20. The 
check valve 3 is automatically opened and closed by 
reversals of the direction of ?ow through the housing 
8, as described below. 
One or more spherical elastically compressible mem 

bers, preferably sponge balls, are used as the rubbing 
and cleaning members 1 in the apparatus of the present 
invention. The rightward end of the housing 8 has an 
opening 9 adapted to be connected, as by a threaded 
or soldered connection, to the tubing system, which 
preferably is a reverse osmotic semipermeable mem 
brane module 12 as shown in FIG. 3. By the provision 
of such structure, connection of the reverse osmotic 
semipermeable membrane module 12 (tubing system) 
to the housing 8 can be accomplished very easily. The 
opening 9 is sized so that the balls 1 can move there 
through from the casing 4 into the membrane module 
12 and vice versa. The ?tting 21 on the opposite end 
of the housing 8 has an opening 2 for connection, as by 
soldering or a threaded connection, to a pipe con 
nected to a valving system, such as a system containing 
valves 14. 
The check valve 3 preferably is a ring valve as shown 

in FIG. 2, but it can take any shapes such as shown in 
FIG. 5, A, B, C. The valve 3 has a central divider 10 
providing a surface acted on by ?uid pressure so that 
the valve can be moved back and forth by application 
of fluid pressure on one end or the other end of said di 
vider. Thus when the treating liquid is ?owed into the 
housing 8 from the fluid passage opening 2 in a left to 
right direction in FIG. 1, the valve 3 is moved to the 
right to the position shown in broken lines in FIG. 1 
thereby closing by-pass holes 5. This causes the entirety 
of the liquid to be directed through the casing 4, 
thereby forcing the balls 1 from the casing 4 through 
the membrane module 12. When the direction of ?uid 
flow is reversed, the balls 1 at this time being in the 
other housing 8 at the opposite end of the membrane 
module, the liquid ?owing through casing 4 will act on 
the opposite end of divider 10 to move the valve to the 
left in FIG. 1 to the position thereof shown in solid lines 
and the openings 5 are uncovered. 

. As the barrier 7 there is usually employed a screen, 
but it can take any shapes such as shown in FIG. 4, 
which include net (FIG. 4, A), perforated plate (FIG. 
4, B) and grid (FIG. 4, C or D). When the treating liq 
uid is ?owed into the casing 8 from the opening 9 in a 
right to left direction in FIG. 1, the barrier 7 prevents 
discharge of the rubbing and washing members 1 which 
move to the left as shown in FIG. 1. The barrier 7 per 
mits flow of liquid into and out of the casing 4. 
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Two housings 8 are respectively connected by their 
openings 9 to the opposite ends of the reverse osmotic 
semipermeable membrane module 12. A prescribed 
number of sponge balls 1, three in the illustrated em 
bodiment of the invention, are thereby made present in 
the ?uid-?ow system. 
When a treating liquid under pressure is fed into one 

end of the ?uid-?ow system through the opening 2 in 
one of housings 8, the ring valve 3 adjacent that open 
ing 2 is moved inwardly and the ring valve 3 in the 
other housing is moved outwardly by the pressure ap 
plied on the dividers (resistance elements) 10 by the 
liquid. As a result, the by-pass hole 5 at the liquid inlet 
end of the system 12 is closed by its associated ring 
valve 3, whereas the by-pass hole 5 at the outlet end of 
the system is open. Hence, the majority or all of the 
treating liquid is caused to pass through the barrier 7 
of the casing 4 at the ?uid inlet end of the system, 
whereby the rubbing and washing members 1 are forci 
bly passed through the opening 9 and through the os 
motic semipermeable membrane module 12. 
The rubbing and washing members 1 are thereby 

moved through the module 12 to effect automatically 
the rubbing and cleaning of the inner surfaces of the 
module, under the hydraulic pressure of the treating 
liquid. The members 1 then enter the casing 8 at the 
liquid outlet end of the ?uid-?ow system and move into 
the casing 4 thereof where they are stopped by the 
screen 7. The ring valve 3 at the liquid outlet end of the 
?uid-?ow system has already been moved outwardly by 
the pressure of the treating liquid before the entry of 
cleaning members 1 into the casing 4, whereby the by 
pass holes 5 of the casing 4 is thereby open. Thus, the 
treating liquid entering the housing 8 at the liquid out 
let end of the system passes through the opening 9, the 
by-pass passage 6, the by-pass holes 5 and into the 
opening 2 at the liquid outlet end of the system. The 
rubbing and washing members 1 are stopped by the 
screen 7 at the discharge end of the system. The parts 
then remain in this condition until the direction of ?ow 
of the treating liquid through the module 12 is re 
versed. When the direction of flow of the treating liquid 
through the module 12 is reversed. reverse movement 
of the parts takes place. 
Thus, when the permeation efficiency of such a sys 

tem is reduced by contamination of the membrane 
after the reverse osmotic separation operation has been 
conducted for a certain time period, or when otherwise 
occasion demands, the direction of the liquid ?ow is re 
versed by reversing the liquid direction-changing valves ‘ 
14, whereby to cause the members 1 to clean and scrub 
the inner surface of the membrane‘ 
The treating liquid ?ow system includes a pump 13, 

a main ?ow control valve 15 and a reservoir or supply 
16. Thus. when the apparatus is operated as described 
above. the rubbing and cleaning members 1 rub and 
wash the inner faces of the reverse osmotic membrane 
module 12 on each change of the direction of flow of 
the treating liquid and said members are moved into 
the casing 4 at the discharge end of the system. 
The valve arrangement used for reversing the direc 

tion of flow of the treating liquid is not critical. The var 
ious valve arrangements described in Ser. No. 282 449 
can be used. for example. In the illustrated embodi 
ment of FIG. 3. in one direction of liquid flow through 
the membrane module 12, the valves 14b. 140 are open 
and valves 14a, 14d are closed. In the opposite direc 
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4 
tion of liquid flow valves 14a, 14d are open and valves 
14b, 146 are closed. The valves can be opened and 
closed by hand or by an automatic cycle timer. 
When the apparatus of the present invention is em 

ployed, the rubbing and cleaning operation can be per 
formed simply at any time as occasion demands, by re 
peating the above procedures‘ The membrane cleaning 
operation can be carried out by employing the treating 
liquid which is to be subjected to the reverse osmosis 
operation. Alternatively. a special washing liquid can 
be used to effect movement of the cleaning elements. 
As described above, the rubbing and cleaning of the 

membrane can be performed by reversing the direction 
of the liquid flow, using the check valves 3. Therefore, 
the separation operation need not be interrupted for 
the rubbing and cleaning, and the separation operation 
can be conducted continuously. Further, when a con 
trol member such as a timer is employed for operating 
the liquid passage valves 14, automatic cyclic cleaning 
is possible. 

in the present apparatus, since it is possible to use a 
structure in which the tubular osmotic membrane 12 
can be directly attached to the openings 9 for the eas 
ings 8, the assembly can be made very compact. 

Still further, by virtue of the above-mentioned char 
acteristic features, the apparatus of the present device 
can be used not only for reverse osmotic systems but 
also for tubing systems in which slurries or precipitates 
frequently become present in the inner faces of the tub 
ing, and these slurries or precipitates can easily be re 
moved by rubbing and cleaning. 

in the drawings, 17 represents a receiver for receiv 
ing puri?ed water coming from the reverse osmosis 
module 12. 
The embodiments of the invention in which an exclu 

sive property or privilege is claimed are de?ned as fol 
lows: 

1. In a ?uid-?ow system comprising a tubular piping 
arrangement having reversing valve means for revers 
ing the direction of ?ow of ?uid through the piping ar 
rangement. one or more resiliently compressible ob 
jects movable back and forth through said piping ar 
rangement to clean same. and retaining means adapted 
to retain said object or objects at the ends of the travel 
thereof through said piping arrangement, the improve 
ment in which said retaining means comprises a con 
tainer which is open at one end for receiving said ob 
jects from or directing said objects into said tubular 
piping arrangement and which is blocked at its opposite 
end by a porous barrier: by-pass conduit means con 
nected in parallel with said container for by-passing liq 
uid around said container; and check valve means cou 
pled to the blocked end of the container and which is 
responsive to the direction of flow of liquid through 
said piping arrangement for movement between posi 
tions in which ( l) the liquid entering said tubular pip 
ing arrangement ?ows substantially entirely through 
said porous barrier and said container to force said ob 
ject or objects through said piping arrangement. and 
(2) the liquid leaving said tubular piping arrangement 
flows into said container and then through said by-pass 
conduit means and said check valve means. 

2. A fluid-?ow system according to claim 1 in which 
said tubular piping arrangement comprises a tubular 
semipermeable membrane module. 
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3. A ?uid-?ow system according to claim 1 in which 
there are two retaining means respectively connected 
to opposite ends of said tubular piping arrangement. 

4. A ?uid-flow system according to claim 3, including 
a housing surrounding and radially spaced from said 
container with the space therebetween de?ning said 
by-pass conduit means, said housing having a ?rst 
opening at one end thereof connected to said tubular 
piping arrangement and having a second opening at the 
other end thereof connected to said reversing valve 
means. 

5. A ?uid-flow system according to claim 4, in which 
said check valve means is disposed within said housing 
between said second opening of said housing and said 
porous barrier, said by-pass conduit means having one 
end in open communication with said first opening and 
having its other end extending beyond said porous bar 
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6 
rier for communication through said check valve 
means with said second opening. 

6. A ?uid-?ow system according to claim 5, in which 
said check valve is a slideable sleeve valve movable be 
tween positions opening and closing communication 
between said other end of said by-pass conduit means 
and said second opening. 

7. A ?uid-?ow system according to claim 6, including 
a tube extending from said porous barrier across said 
other end of said by-pass conduit means, said tube hav 
ing opening means therethrough, said sleeve valve 
being slideable axially inside said tube between posi 
tions opening and closing said opening means, said 
sleeve valve having a divider extending across the inte 
rior thereof for being acted on by the fluid ?owing 
through the system. 

ilt * llI * * 


