
CLEANING SYSTEM FOR CLEANING TUBING Field Of The Invention 5[0001]The invention relates
to a cleaning system for cleaning tubing. Background Of The Invention [0002]In heat exchanger
systems such as a condenser, an evaporator or heater in 10an air-conditioning system, heating or
cooling device for industrial applications, dirt or other unwanted deposits build up along the interior of
the heat exchanger tubing. [0003]One way of removing this dirt or other unwanted deposits is through
the use of cleaning elements, such as balls made of rubber or spongy material or  15 spherical objects
with bristles made of nylon or metal. The cleaning elements rub against the interior wall of the heat
exchanger tubing as they are transported via a fluid flowing along the heat exchanger tubing.
[0004]The cleaning elements are introduced into the heat exchanger system  20 through a cleaning
system. After the cleaning elements leave the heat exchanger tubing, they are returned to the cleaning
system for recirculation into the heat exchanger tubing. [0005]US 5,592,990 discloses such a cleaning
system. A cleaning ball receptacle  25 for US 5,592,990 uses a partition to divide the receptacle
interior into a lower compartment and an upper compartment. Fluid is permitted to pass through the
lower compartment, while keeping cleaning balls in the upper compartment. The receptacle has three
passageways disposed in the upper compartment, where two of the passageways are used for fluid
communication between the receptacle and an 30inlet pipe, while the third passageway is to allow fluid
communication between the  receptacle and the outlet pipe. The receptacle has a fourth passageway
disposed in the lower compartment to drain fluid from the receptacle out into the atmosphere. 



[0006]Singapore patent no. 107766 discloses another cleaning system. A  5 cleaning ball receptacle
for Singapore patent no. 107766 uses a partition to divide the receptacle interior into a lower
compartment and an upper compartment. Fluid is permitted to pass through the lower compartment,
while keeping cleaning balls in the upper compartment. The receptacle has three passageways
disposed in the upper compartment, where two of the passageways are used for fluid communication
10 between the receptacle and an inlet pipe, while the third passageway is to allow fluid
communication between the receptacle and the outlet pipe. The receptacle has a fourth passageway
disposed in the lower compartment that is in fluid communication with the outlet pipe. 15[0007]The
above two systems are complex in that a sequence of actions are needed to close and open valves
located in their respective systems to facilitate recirculation of the cleaning balls, these valves being
coupled between the receptacles and their respective inlet and outlet pipes. In addition, the four
passageways on the receptacles of US 5,592,990 and Singapore patent no. 107766 20provide for a
complicated receptacle design. [0008]It would be advantageous to have a cleaning system with a
simple architecture. 25Summary Of The Invention 100091According to one aspect of the invention,
there is provided a cleaning system for cleaning tubing used for conducting a fluid therethrough, the
tubing being connected between an inlet pipe and an outlet pipe, the cleaning system including: a
30receptacle; an apertured partition disposed within the receptacle and dividing the receptacle into a
first compartment and a second compartment, at least one cleaning  element disposed in the
receptacle second compartment, wherein apertures of the apertured partition having a size allowing
the fluid, but not the cleaning element to pass through the apertured partition; a fluid supply conduit
connected to the receptacle first compartment for establishing fluid communication between the inlet 



5 pipe and the receptacle first compartment; a cleaning element supply conduit with a directional valve
arranged therein, the cleaning element supply conduit being connected to the receptacle second
compartment for establishing fluid communication between the receptacle second compartment and
the inlet pipe, wherein the fluid supply conduit and the cleaning element supply conduit form a part  to
of a fluid supply loop for supplying the cleaning element from the receptacle second compartment into
the tubing via the inlet pipe; a cleaning element return conduit with a directional valve arranged
therein, the cleaning element return conduit being connected to the receptacle second compartment
for establishing fluid communication between the outlet pipe and the receptacle second compartment,
a  15 fluid return conduit connected to the receptacle first compartment for establishing fluid
communication between the receptacle first compartment and the outlet pipe, wherein the cleaning
element return conduit and the fluid return conduit form a part of a fluid return loop for returning the
cleaning element from the tubing via the outlet pipe into the receptacle second compartment; and a
valve arrangement operable to 20open/close the fluid supply loop and operable to open/close the fluid
return loop. [0010]The valve arrangement may be a three way valve with three ports, wherein the
receptacle first compartment, the fluid supply conduit and the fluid return conduit are each connected
to a respective port of the three way valve, wherein the three way 25valve is also operable to close
both the fluid supply conduit and the fluid return conduit simultaneously. [0011]A controller may control
operation of the valve arrangement. 30[0012]The directional valves may be check valves.  WO
2010/114479PCT/SG2009/000113 [0013]Both the cleaning element supply conduit and the cleaning
element return conduit may be coupled to the receptacle second compartment. [0014]The apertured
partition may extend generally vertically in the receptacle. 



5 [0015]A pressure relief device may be coupled to an opening in an outer wall of the receptacle, the
pressure relief device operable to release pressure from the receptacle. 10[0016]The opening may be
formed in a top of the outer wall of the receptacle, and the pressure relief device may include a valve
coupled to the opening, the valve being operable to release trapped air pockets formed within the
receptacle. [0017]The pressure relief device may further include a tube extending from the 15 pressure
relief device through the opening in the receptacle side wall into the receptacle, with the tube free end
arranged in close proximity to the interior surface of the top wall of the receptacle; and a valve may be
coupled to the portion of the tube outside the receptacle, the valve being further operable to release
trapped air pockets formed within the receptacle. 20 [0018]The tube free end may be tapered, wherein
a plane defined by the tapered tube free end surface forms an angle of around 20 degrees to around
70 degrees relative to a longitudinal axis of the tube free end. 25[0019]The opening may be in a part of
the outer wall of the receptacle adjacent to the receptacle first compartment. [0020]At least a portion of
a top of an outer wall of the receptacle may be a transparent cover allowing view of an interior of the
receptacle. 30 [0021]The transparent cover may be made of acrylic or tempered glass. 



4  WO 2010/114479PCT/SC2009/000113 [0022]An inlet portion of the fluid return conduit connected
to the receptacle first compartment may be misaligned relative to an outlet portion of the cleaning
element return conduit connected to the receptacle second compartment. 5 [0023]A longitudinal axis
of the inlet portion of the fluid return conduit may  form an angle of around 90 to around 1800 with a
longitudinal axis of the outlet portion of the cleaning element return conduit. 10[0024]The fluid return
conduit and the cleaning element return conduit may be connected to the receptacle on opposite
sides. [0025]A maintenance valve may be arranged in the cleaning element supply    conduit
downstream of the cleaning element supply conduit directional valve; and a 15maintenance valve may
be arranged in the cleaning element return conduit upstream of the cleaning element return conduit
directional valve. [0026]A maintenance valve may be arranged in the fluid supply conduit
upstream of the valve arrangement; and a maintenance valve may be arranged in the 20fluid return
conduit downstream of the valve arrangement. [0027]The maintenance valves may be hand valves. 



10028]A cleaning element separator may be designed to be placed in the outlet 25 pipe and collect the
cleaning element therefrom, wherein the cleaning element separator may have apertures having a size
allowing the fluid, but not the cleaning element to pass through the apertures, and is coupled to the
cleaning element return conduit. 30[0029]The end of the fluid supply conduit at the inlet pipe may be
tapered, wherein a plane defined by the tapered end surface of the fluid supply conduit may  form an
angle of around 20 degrees to around 80 degrees relative to a longitudinal axis of the tapered end of
the fluid supply conduit. [0030]The end of the cleaning element supply conduit at the inlet pipe may be
5 tapered, wherein a plane defmed by the tapered end surface of the cleaning element supply conduit
may form an angle of around 20 degrees to around 80 degrees relative to a longitudinal axis of the
tapered end of the cleaning element supply conduit. 10[0031]The end of the fluid return conduit at the
outlet pipe may be tapered, wherein a plane defined by the tapered end surface of the fluid return
conduit may form an angle of around 20 degrees to around 80 degrees relative to a longitudinal axis of
the tapered end of the fluid return conduit. 15[0032]A system may include a tubing with an inlet and an
outlet; an inlet pipe connected to the tubing inlet; an outlet pipe connected to tubing outlet; and a
cleaning system, wherein the fluid supply conduit and the cleaning element supply conduit are both
coupled to the inlet pipe, the fluid supply conduit coupled at a position further upstream than the
cleaning element supply conduit to provide a  20 higher pressure at the fluid supply conduit than at the
cleaning element supply conduit, wherein the cleaning element return conduit and the fluid return
conduit are both coupled to the outlet pipe, the cross-sectional area of the outlet pipe portion where
the cleaning element return conduit is coupled being larger than at the outlet pipe portion where the
fluid return conduit is coupled to provide a higher pressure at  25 the cleaning element return conduit
than at the fluid return conduit, and wherein the cleaning element separator is within the outlet pipe
portion with the larger cross-sectional area. [0033]The tapered end of the fluid supply conduit and the
tapered end of the 30cleaning element supply conduit may both be within the inlet pipe and the
tapered 



end of the fluid return conduit is within the outlet pipe; and wherein the fluid supply  conduit may be
arranged so that the tapered end surface faces downstream fluid flow in the inlet pipe, the cleaning
element supply conduit may be arranged so that the tapered end surface faces away from
downstream fluid flow in the inlet pipe, and the fluid return conduit may be arranged so that the
tapered end surface faces away from 5downstream fluid flow in the outlet pipe. [0034]The tubing may
be a heat exchanger. Brief Description Of The Drawings 10 [0035]In the drawings, like reference
characters generally refer to the same parts throughout the different views. The drawings are not
necessarily to scale, emphasis instead generally being placed upon illustrating the principles of the
invention. In the following description, various embodiments of the invention are described with
15reference to the following drawings, in which: [0036]Figure 1 is a schematic view of a cleaning
system according to one embodiment of the present invention. 20[0037]Figures 2 to 4 are schematic
views of a cleaning system, according to one embodiment of the present invention, during different
stages of a cleaning cycle. 



[0038]Figures 5A to 5C show top views of a receptacle according to one embodiment of the present
invention. 25 [0039]Figures 6A to 6C show cross-sectional views of a receptacle, according to one
embodiment of the present invention, as seen from different perspectives. [0040]Figure 7 shows a
cross-sectional view of an outlet pipe portion according 30to one embodiment of the present invention.
WO 2010/114479PCT/SG2009/000113 [0041]Figure 8 shows a top view of an outlet pipe portion
according to one embodiment of the present invention. [0042]Figure 9 shows an example of a tubing
to be cleaned using a cleaning 5system according to one embodiment of the present invention.
[0043]Figures 10A to 10D are schematic drawings of an operating position of a valve arrangement
usable in a cleaning system according to one embodiment of the present invention. 10 



[0044]Figure 11 is a schematic view of a cleaning system according to one embodiment of the present
invention. Detailed Description 15 [0045]While embodiments of the invention will be shown arid
described with reference to specific embodiments, it should be understood by those skilled in the art
that various changes in form and detail may be made therein without departing from the spirit and
scope of the invention as defined by the appended claims. The scope 20 of the invention is thus
indicated by the appended claims and all changes which come within the meaning and range of
equivalency of the claims are therefore intended to be embraced. [0046]It will be appreciated that
common numerals, used in the relevant 25drawings, refer to components that serve a similar or the
same purpose. [0047]Figure 1 is a schematic view of a cleaning system 100 according to one
embodiment of the present invention. 30[0048]One effect of the cleaning system 100 is that it provides
a simple structure while at the same time enabling that has good self-cleaning capabilities.  



WO 2010/114479PCT/SG2009/000113 [0049]The cleaning system 100 is for cleaning tubing 102 used
for conducting a fluid therethrough. The tubing 102 is connected between an inlet pipe 104 and an
outlet pipe 106. 5 [0050]The cleaning system 100 includes a receptacle 108. An apertured partition
110 is disposed within the receptacle 108 and divides the receptacle 108 into a first compartment 108f
and a second compartment 108s. 10[0051]At least one cleaning element 112 is disposed in the
receptacle second compartment 108s. Apertures of the apertured partition 110 have a size allowing
the fluid, but not the cleaning element 112 to pass through the apertured partition 110. [0052]A fluid
supply conduit 114 is connected to the receptacle first 15compartment 108f for establishing fluid
communication between the inlet pipe 104 and the receptacle first compartment 1081 [0053]A cleaning
element supply conduit 120 is connected to the receptacle second compartment 108s for establishing
fluid communication between the 20 receptacle second compartment 108s and the inlet pipe 104. The
cleaning element supply conduit 120 has a directional valve 122 arranged therein. The directional
valve 122 allows flow of fluid in one direction, namely from the receptacle 108 into the inlet pipe 104.
Thus, the directional valve 122 prevents the fluid in the inlet pipe 104 from flowing into the receptacle
second compartment 108s through the cleaning 25element supply conduit 120. [0054]During
operation, the fluid supply conduit 114 and the cleaning element 



supply conduit 120 form a part of a fluid supply loop 206 (see Figure 2) for supplying the cleaning
element 112 from the receptacle second compartment 108s 30into the tubing 102 via the inlet pipe
104. It will be appreciated that the cleaning  element 112 leaves the receptacle second compartment
108s via the cleaning element supply conduit 120 to enter into the inlet pipe 104. [0055]A cleaning
element return conduit 116 is connected to the receptacle  5 second compartment 108s for
establishing fluid communication between the outlet pipe 106 and the receptacle second compartment
108s. The cleaning element return conduit 116 has a directional valve 124 arranged therein. The
directional valve 124 allows flow of fluid in one direction, namely from the outlet pipe 106 into the
receptacle 108. Thus, the directional valve 124 prevents the fluid in the receptacle 10second
compartment 108s from flowing into the outlet pipe 106 through the cleaning element return wnduit
116. [0056]A fluid return conduit 118 is connected to the receptacle first compartment        108f for
establishing fluid communication between the receptacle first compartment 15108f and the outlet pipe
106. [00571During operation, the cleaning element return conduit 116 and the fluid     return conduit
118 form a part of a fluid return loop 406 (see Figure 4) for returning the cleaning element 112 from the
tubing 102 via the outlet pipe 106 into the 20receptacle second compartment 108s. [0058]The fluid
supply loop 206 (see Figure 2) is formed by having the fluid flow from the fluid supply conduit 114 into
the receptacle 108 (including the receptacle second compartment 108s) and then into the cleaning
element supply 



25 conduit 120. The fluid return loop 406 (see Figure 4) is formed by having the fluid flow from the
cleaning element return conduit 116 into the receptacle 108 (including the receptacle second
compartment 108s) and then into the fluid return conduit 118. Thus, from the perspective of the
apertured partition 110, there is a two-way flow of fluid inside the receptacle 108. This two-way flow of
fluid facilitates self cleaning of 30the apertured partition 110.  WO 2010/114479PCT/SG2009/000113
[0059]The cleaning system 100 filthier includes a valve arrangement 126 operable to open/close the
fluid supply loop 206 (see Figure 2) and operable to open/close the fluid return loop 406 (see Figure
4). 5[0060]The valve arrangement 126 has three modes of operation:  i) The fluid supply loop 206 (see
Figure 2) is opened, while the fluid return loop 406 (see Figure 4) is closed. This is achieved by
simultaneously opening the fluid supply conduit 114 and closing the fluid return conduit 118.     ii) The
fluid supply loop 206 (see Figure 2) is closed, while the fluid return loop 406 10(see Figure 4) is
opened. This is achieved by simultaneously closing the fluid supply conduit 114 and opening the fluid
return conduit 118.    Both the fluid supply loop 206 (see Figure 2) and the fluid return loop 406 (see
Figure 4) are closed. This is achieved by closing the fluid supply conduit 114 and closing the fluid
return conduit 118. 15 [0061]The valve arrangement 126 is a three way valve with three ports (126i,
1261i and 126iii). The receptacle first compartment 108, the fluid supply conduit 114 and the fluid
return conduit 118 are each connected to a respective port (1261ii, 



126i and 126ii) of the three way valve 126. The three way valve 126 is also operable  20 to close both
the fluid supply conduit 114 and the fluid return conduit 118 simultaneously. By simultaneously closing
both the fluid supply conduit 114 and the fluid return conduit 118, both the fluid supply loop 206 (see
Figure 2) and the fluid return loop 406 (see Figure 4) are closed. 25[0062]Alternatively, as shown in
Figure 1, the receptacle first compartment 108f has a fluid connecting sleeve 128 for establishing a
passageway for the fluid to pass into the receptacle first compartment 108f. The receptacle first
compartment fluid connecting sleeve 128 is connected to the respective port 126iii of the three way
valve 126 via a connecting conduit 132. The connecting conduit 132 is preferably 30aligned with the
fluid connecting sleeve 128. It will be appreciated that two-way flow is experienced by the connecting
conduit 132. When the fluid supply loop 206  (see Figure 2) is established, the connecting conduit 132
becomes part of the fluid supply conduit 114. On the other hand, when the fluid return loop 406 (see
Figure 4) is established, the connecting conduit 132 becomes part of the fluid return conduit 118. S
[0063]A motorized three-way L-port valve may be used for the three way valve 126. The use of a three
way valve 126 provides the cleaning system 100 with a simple structure as the receptacle first
compartment 108f will only need a single port (the fluid connecting sleeve 128) to interface with the
three way valve 126. Further, 10only one valve (the three way valve 126) is needed to control the
operation of the cleaning system 100. 10064]Instead of using a three way valve, the valve
arrangement 126 may be a single valve (not shown) arranged therein the fluid return conduit 118 and
another 15 single valve (not shown) arranged therein the fluid supply conduit 114. Both single valves
would be operable to open or close their respective fluid conduits 118 and 114. By using single valves
for the valve arrangement 126, both the fluid supply conduit 114 and the fluid return conduit 118 may
be directly coupled (not shown) to the receptacle first compartment fluid connecting sleeve 128. The
fluid supply 



20 conduit 114 may be aligned with the fluid connecting sleeve 128. It will also be appreciated that the
fluid connecting sleeve 128 may be omitted from the receptacle first compartment 108f, in favour of
coupling both the fluid return conduit 118 and the fluid supply conduit 114 directly to respective
openings (not shown) in the receptacle first compartment. 25 [0065]A controller 134 controls operation
of the valve arrangement 126. The controller 134 is wired to the valve arrangement 126 to control the
operation of the valve arrangement 126. The controller 134 may send wireless signals to a remote
server (not shown) for providing feedback to monitor the cleaning system 100. 30  WO
2010/114479PCT/SC2009/000113 [0066]The directional valves 122 and 124 may be check valves,
which allow flow of fluid in only one direction. [0067]Both the cleaning element supply conduit 120 and
the cleaning element 5return conduit 116 are coupled to the receptacle second compartment 108.
[0068]Alternatively, as shown in Figure 1, the receptacle second compartment 108s has a fluid
connecting sleeve 130 for establishing a passageway for the fluid to pass into the receptacle second
compartment 108s. Both the cleaning element supply  10 conduit 120 and the cleaning element return
conduit 116 are coupled to the fluid connecting sleeve 130. The cleaning element return conduit 116
may be aligned with the fluid connecting sleeve 130. [0069]It will also be appreciated that the fluid
connecting sleeve 130 may be  15 omitted from the receptacle second compartment 108s, in favour of
coupling both the cleaning element return conduit and the cleaning element supply conduit directly to
respective openings in the receptacle second compartment. 



[0070]It will be appreciated that having fewer ports on the receptacle 108  20 provides for a simpler
structure. Thus, the receptacle 108 has a simple structure as there are only two ports (the fluid
connecting sleeves 128 and 130). This simple structure still allows for the establishment of the fluid
supply loop 206 (see Figure 2) and the fluid return loop 406 (see Figure 4), during operation of the
cleaning system 100, to effect self-cleaning of the apertured partition 110. The simple structure
25provides savings in manufacturing costs, as manufacturing costs increases when more ports are
formed in the receptacle 108. [0071]The apertured partition 110 extends generally vertically in the
receptacle     108. The generally vertical arrangement enhances self-cleaning of the apertured
30partition 110 by providing a surface which is substantially flush with the direction of fluid swirl inside
the receptacle 108.  WO 2010/114479PCT/SC2009/000113 [00721A pressure relief device 138 is
coupled to an opening 140 in an outer wall of the receptacle 108. The pressure relief device 138 is
operable to release pressure from the receptacle 108. 5 [0073]In performing maintenance work on the
receptacle 108 (such as to replace the apertured partition 110 or replace the cleaning element 112),
the pressure relief device 138 is operated so that the receptacle 108 interior equalises to atmospheric
pressure. Otherwise, injuries may result from immediately opening the receptacle 10108. Before
operating the pressure relief device 138, maintenance valves 144, 146, 



148 and 150 would first have to be closed to isolate the cleaning system 100. 10074]With reference to
Figures 5C and 6C, the opening 140 may be formed in a     top of the outer wall of the receptacle 108.
The pressure relief device 138 may have 15a valve 138v coupled to the opening 140, the valve 138v
being operable to release trapped air pockets formed within the receptacle 108. [0075]Returning to
Figure 1, the pressure relief device 138 further includes a tube 142 extending from the pressure relief
device 138 through the opening 140 in 20 the receptacle 108 side wall into the receptacle 108. The
tube 142 free end is arranged in close proximity to the interior surface of the top wall of the receptacle
108. A valve 138v is coupled to the portion of the tube 142 outside the receptacle 108, the valve 138v
being further operable to release trapped air pockets formed within the receptacle 108. 25
[00761When the valve 138v is operated to open the tube 142, a suction force is experienced from the
tube 142 free end to outside the receptacle 108. This suction force will not only release trapped air
pockets formed within the receptacle 108 during charging up of the cleaning system 100 with the fluid,
but also attract the 30cleaning element 112 towards the tube 142 free end. The cleaning element 112,
which is confined within the second compartment of the receptacle 108s, is  prevented from blocking
the tube 142 free end as the cleaning element 112 is too big to pass through the apertured partition
110. Preferably, the distance between the tube 142 free end and the interior surface of the top wall of
the receptacle 108 is around 1 mm. Having the tube 142 free end close to the interior surface of the
top 



5wall of the receptacle 108 facilitates remove of air pockets when the receptacle 108 is full of the fluid
from the charging up of the cleaning system 100. [0077]To further enhance the speed at which air
pockets are removed from the     receptacle 108, the tube 142 free end may be tapered. A plane
defined by the tapered 10tube free end surface forms an angle of around 20 degrees to around 70
degrees relative to a longitudinal axis of the tube free end. [0078]While the opening 140 is illustrated to
be in a part of the outer wall of the receptacle 108 adjacent to the receptacle first compartment 108f
(also see Figures 5A  15 and 6A), it will be appreciated that the opening 140 can also be in the outer
wall (see Figures 5B and 68) of the receptacle second compartment 108s. However, by locating the
opening 140 in the outer wall of the receptacle first compartment 108f, the apertured partition 110
prevents the additional advantage of preventing the cleaning element 112 from blocking the portion
(e.g. the tube 142 free end) of the 20pressure relief device 138 that is inside the receptacle first
compartment 108f. [0079]At least a portion of a top of an outer wall of the receptacle 108 is a
transparent cover 136. The transparent cover 136 allows view of an interior of the receptacle 108. A
user can inspect the condition of the cleaning element 112 through 25the transparent cover and
determine whether the cleaning element 112 should be changed or more cleaning elements 112
should be introduced. [0080]The transparent cover 136 may be made of acrylic or tempered glass and 



may be about 2 cm thick. Acrylic is suitable for use where the pressure inside the 30receptacle 108 is
expected to be around 6 bars or less, where acrylic provides the advantage of not cracking or
shattering when an opening 140 (see Figure 5C) is  formed by drilling through the transparent cover
136. Further, acrylic allows holes to be drilled near the circumference of the transparent cover 136 for
bolts 514 (see Figures 5A to 5C) to pass through. The bolts 514 are used to fasten the transparent
cover 136 onto the top of the receptacle 108. Tempered glass is able to withstand  5 higher
temperatures or pressures compared to acrylic. For instance, tempered glass may be used for the
transparent cover 136 where the pressure inside the receptacle 108 is expected to be greater than 6
bars. However, when tempered glass is used, the opening 502 should not be drilled in the transparent
cover 136 as this could crack or shatter the glass. Instead, the tempered glass transparent cover 136
can be  10 manufactured from a suitably shaped mould. The tempered glass transparent cover 136
may be mounted onto the top of the receptacle 108 by means of a circumferential device like a ring.
The ring has holes allowing the bolts 514 to pass through to fasten the transparent cover 136 onto the
top of the receptacle 108. 15[0081]From Figure 5C, it will be appreciated that the pressure relief
device 138 is coupled to the opening 140 in the transparent cover 136. [00821Where the pressure
inside the receptacle 108 is expected to be greater than 6 bars, the cleaning system 100 preferably
only has one pressure relief device  20 located at part of the outer wall adjacent to either the
receptacle first compartment 108f (see Figures 5A and 6A) or the receptacle second compartment
108s (see Figures 5B and 6B). This avoids having to form the opening 140 in the transparent cover
136 (see Figure 5C) for coupling a pressure relief device thereto, where the opening 140 may provide
a point of weakness from which the transparent cover 136  25 may crack or shatter. Thus, by coupling
the pressure relief device 138 to the opening 140 in the side wall of the receptacle 108, a transparent
cover without an opening (see Figures 5A and 5B) formed therein may be used, which is less
susceptible to cracking or shattering. 30[0083]The receptacle first compartment fluid connecting sleeve
128 is misaligned relative to the receptacle second compartment fluid connecting sleeve  



130. It was earlier mentioned (also see Figure 1) that the fluid supply conduit 114 and the fluid return
conduit 118 are coupled to the receptacle first compartment fluid connecting sleeve 128, while the
cleaning element return conduit 116 and the cleaning element supply conduit 120 are coupled to the
receptacle second 5compartment fluid connecting sleeve 130. Thus, an inlet portion of the fluid return
conduit 118 connected to the receptacle first compartment 108f is misaligned relative to an outlet
portion of the cleaning element return conduit 116 connected to the receptacle second compartment
108s. The misalignment creates a swirling effect (clockwise or anticlockwise) as fluid returns into the
receptacle 108 from the  10 cleaning element return conduit 116 and leaves the receptacle 108 via the
fluid return conduit 118. This swirling effect dislodges dirt particles from the surface of the cleaning
element 112 inside the receptacle 108, similar to how a washing machine works. It will also be
appreciated that an outlet portion of the fluid supply conduit 114 may be misaligned relative to an inlet
portion of the cleaning element supply 15conduit 120. [0084]The inlet portion of the fluid return conduit
118 may be radially misaligned relative to the outlet portion of the cleaning element return conduit 116,
which is best illustrated from Figure 5. A longitudinal axis 506 of the inlet portion  20 of the fluid return
conduit 118 forms an angle 510 of around 90% to around 180% with a longitudinal axis 508 of the
outlet portion of the cleaning element return conduit 116. The radial misalignment provides for a
stronger swirling effect and therefore better dislodging of dirt particles from the surface of the cleaning
element 112, compared to an arrangement whereby the longitudinal axis 506 of the inlet portion of  25
the fluid return conduit 118 is aligned with the longitudinal axis 508 of the outlet portion of the cleaning
element return conduit 116. From Figure 5, it will be appreciated that the outlet portion of the fluid
supply conduit 114 may be radially misaligned relative to the inlet portion of the cleaning element
supply conduit 120. 30[0085]Other misalignment orientations are possible. For instance, the fluid
return conduit 118 and the cleaning element return conduit 116 may be connected to  the receptacle
108 on opposite sides, so that there is vertical misalignment between the fluid return conduit 118 and
the cleaning element return conduit 116. Similarly, the fluid supply conduit 114 and the cleaning
element supply conduit 120 may be connected to the receptacle 108 on opposite sides, so that there is
vertical 5misalignment between the fluid supply conduit 114 and the cleaning element supply conduit
120. [0086]There may also not be any misalignment between the inlet portion of the 



fluid return conduit 118 and the outlet portion of the cleaning element return conduit  10 116. Similarly,
there may also not be any misalignment between the outlet portion of the fluid supply conduit 114 and
the inlet portion of the cleaning element supply conduit 120. The inlet portions of the fluid return
conduit 118 and the cleaning element supply conduit 120 may be on a same plane as the outlet
portions of the cleaning element return conduit 116 and the fluid supply conduit 114. 15 [00871A
maintenance valve 144 is arranged in the cleaning element supply conduit 120 downstream of the
cleaning element supply conduit directional valve 122. Similarly, a maintenance valve 146 is arranged
in the cleaning element return conduit 116 upstream of the cleaning element return conduit directional
valve 124.  20 By closing the maintenance valves 144 and 146 and operating the valve arrangement
126 to close both the fluid supply conduit 114 and the fluid return conduit 118, several components of
the cleaning system 100 can be removed for maintenance. These components are the portion of the
cleaning element supply conduit 120 upstream of the maintenance valve 144, the portion of the
cleaning element return 25conduit 116 downstream of the maintenance valve 146 and the receptacle
108. [0088]A maintenance valve 148 is arranged in the fluid supply conduit 114 upstream of the valve
arrangement 126. Similarly, a maintenance valve 150 is arranged in the fluid return conduit 118
downstream of the valve arrangement 126. 30By closing the maintenance valves 144, 146, 148 and
150, several components of the cleaning system 100 can be removed for maintenance. These
components are the  portion of the fluid supply conduit 114 downstream of the maintenance valve 148,
the valve arrangement 126, the portion of the fluid return conduit 118 upstream of the maintenance
valve 146 and the receptacle 108. 



5[0089]The maintenance valves 144, 146, 148 and 150 may be hand valves. [0090]A cleaning
element separator 152 is designed to be placed in the outlet pipe 106 and collect the cleaning element
112 therefrom. The cleaning element separator 152 has apertures 702 (see Figure 7) having a size
allowing the fluid, but 10not the cleaning element 112 to pass through the apertures 702. The cleaning
element separator 152 is coupled to the cleaning element return conduit 116. [0091]The end of the
fluid supply conduit 114 at the inlet pipe 104 is tapered. A plane defined by the tapered end surface of
the fluid supply conduit 114 forms an  15 angle of around 20 degrees to around 80 degrees relative to
a longitudinal axis of the inlet pipe 104. The tapered end of the fluid supply conduit 114 improves the
fluid flow rate into the fluid supply conduit 114. [0092]The end of the cleaning element supply conduit
120 at the inlet pipe 104 is  20 tapered. A plane defined by the tapered end surface of the cleaning
element supply conduit 120 forms an angle of around 20 degrees to around 80 degrees relative to a
longitudinal axis of the inlet pipe 104. The tapered end of the cleaning element supply conduit 120
improves the fluid flow rate out from the cleaning element supply conduit 120, 25 [0093]The end of the
fluid return conduit 118 at the outlet pipe 106 is tapered. A plane defined by the tapered end surface of
the fluid return conduit 118 forms an angle of around 20 degrees to around 80 degrees relative to a
longitudinal axis of the outlet pipe 106. The tapered end of the fluid return conduit 118 improves the
fluid 



30flow rate out from the fluid return conduit 118.  WO 2010/114479PCT/SC2009/000113 [0094]The
tubing 102 has an inlet 152 and an outlet 154. The inlet pipe 104 is connected to the tubing inlet 152
and the outlet pipe 106 is connected to the tubing outlet 154. 5[0095]The fluid supply conduit 114 and
the cleaning element supply conduit 120  are both coupled to the inlet pipe 104. The fluid supply
conduit 114 is coupled at a position further upstream than the cleaning element supply conduit 120.
This provides a higher pressure at the fluid supply conduit 114 than at the cleaning element supply
conduit 120. When the valve arrangement 126 is operated to open  10 the fluid supply conduit 114 and
close the fluid return conduit 118, the higher pressure at the fluid supply conduit 114 causes the
cleaning element 112 to leave the receptacle second compai fluent 108s to enter the cleaning element
supply conduit 120 (see Figure 2). The cleaning element 112 then enters the inlet pipe 104 from the
cleaning element supply conduit 120 (see Figure 3). 15 [0096]The cleaning element return conduit 116
and the fluid return conduit 118 are both coupled to the outlet pipe 106. The cross-sectional area of the
outlet pipe portion 154 where the cleaning element return conduit 116 is coupled is larger than at the
outlet pipe portion 156 where the fluid return conduit 118 is coupled. This  20 provides a higher
pressure at the cleaning element return conduit 116 than at the fluid return conduit 118. When the
valve arrangement 126 is operated to close the fluid supply conduit 114 and open the fluid return
conduit 118, the higher pressure at the cleaning element return conduit 116 causes the cleaning
element 112 to leave the outlet pipe 106 (see Figure 4) and enter the cleaning element return conduit
116. 25The cleaning element 112 then returns into the receptacle second compartment 108s via the
cleaning element return conduit 116. 



[0097]By providing an enlarged cross-sectional area at the outlet pipe portion         154, a faster flow
rate is effected so that the cleaning element 112 takes a shorter 30time to return to the receptacle 108.
It will be appreciated that the fluid return  conduit 118 may be coupled at any point of the outlet pipe
106 which is downstream from the outlet pipe portion 154. [0098]The cleaning element separator 152
is within the outlet pipe portion 154 5with the larger cross-sectional area. [0099jThe tapered end of the
fluid supply conduit 114 and the tapered end of the cleaning element supply conduit 120 are both
within the inlet pipe 104. The tapered end of the fluid return conduit 118 is within the outlet pipe 106.
The fluid supply  10 conduit 114 is arranged so that the tapered end surface faces downstream fluid
flow in the inlet pipe 104. The cleaning element supply conduit 120 is arranged so that the tapered end
surface faces away from downstream fluid flow in the inlet pipe 104. The fluid return conduit 118 is
arranged so that the tapered end surface faces away from downstream fluid flow in the outlet pipe 106.
15 [00100] From Figure 1, it can be seen that there is a 90 elbow at the portion of the fluid return
conduit 118 that is within the outlet pipe 106. It will be appreciated that the 90 elbow need not be
present, whereby the fluid return conduit 118 is generally straight and perpendicularly connected to the
outlet pipe 106. Similarly, there is a  20 900. elbow at a portion of the fluid supply conduit 114 that is
within the inlet pipe 104 and a 90 elbow at a portion of the cleaning element supply conduit 120 that is
within the inlet pipe 104.        [001011 The tubing 102 may be a heat exchanger. A heat exchanger
may include 25condensers, evaporators and heaters in central air-conditioning systems, 



[00102] Operation of a system 170 that includes the cleaning system 100 will be described with
reference to Figures 1 to 4. 30[001031 Figure 1 shows the system 170 at the start of a cleaning cycle,
where the cleaning element 112 is disposed in the receptacle second compartment 108s and where
the valve arrangement 126 is operated to close the fluid supply conduit 114 and close the fluid return
conduit 118. [00104] At the start of the cleaning cycle (see Figure 2), fluid 202 begins to flow  5 down
the inlet pipe 104. The flow of the fluid 202 is sensed by a flow switch 204. The flow switch 204 sends
an activation signal to the controller 134, along with activation signals to other electrical components in
the cleaning system 100. It will be appreciated that the flow switch 204 cuts off electrical supply to the
controller 134, along with cutting off electrical supply to other electrical components in the 10cleaning
system 100, when no fluid is flowing through the system 170. [00105] The controller 134 activates the
valve arrangement 126 to open the fluid supply conduit 114 and close the fluid return conduit 118. This
allows the fluid 202 to flow from the inlet pipe 104 into the receptacle 108 via the fluid supply conduit
15 114. The directional valve 124 in the cleaning element return conduit 116 will prevent the fluid 202
from entering the outlet pipe 106 through the cleaning element return conduit 116, as the directional
valve 124 is arranged to only allow fluid flow in the direction of the outlet pipe 106 towards the
receptacle 108. Thus, the fluid 202 flow will carry the cleaning element 112 out of the receptacle
second compartment  20 108s into the cleaning element supply conduit 120. Subsequently, the fluid
202 flow will carry the cleaning element 112 past the directional valve 122 of the cleaning element
supply conduit 120 into the inlet pipe 104, where the cleaning element 112 will then move towards the
tubing 102. 25[00106] The cleaning element 112 is designed to be oversized compared to the
diameter of each tube in the tubing 102. Thus, when the cleaning element 112 passes through the
tubing 102, fouling deposits along the inner surfaces of the tubing 102 are scoured off. 30[00107] As
illustrated in Figure 3, after the cleaning element 112 leaves the tubing 102, the fluid flow 202 carries
the cleaning element 112 towards the cleaning  element separator 152. The cleaning element
separator 152 prevents the cleaning element 112 from passing through as the apertures 702 (see
Figure 7) are sized smaller than the cleaning element 112, thereby allowing the fluid, but not the
cleaning element to pass through the apertures 702. The cleaning element 112 will 



5 accumulate at the cleaning element separator 152 and is not able to enter the cleaning element
return conduit 116. This is due to the establishment of the fluid supply loop 206 (see Figure 2) brought
about by the fluid supply conduit 114 being open and the fluid return conduit 118 being closed, thereby
disrupting the fluid return loop 406 (see Figure 4). 10 [001081 In Figure 4, the controller 134 activates
the valve arrangement 126 to close the fluid supply conduit 114 and open the fluid return conduit 118.
[00109] With the fluid supply conduit 114 closed and the fluid return conduit 118  15 opened, the
pressure in the receptacle 108 will be lower than the pressure in the portion 154 of the outlet pipe 106
(due to the receptacle 108 being in fluid communication with the portion 156 of the outlet pipe 106
through the fluid return conduit 118). Thus, the cleaning element return conduit 116 provides a
passage for the fluid 202 to carry the cleaning element 112 from the cleaning element separator  20
152 into the cleaning element return conduit 116 to return into the receptacle second compartment
108s. The fluid return conduit 118 provides a passage for the fluid 202 to return to the outlet pipe 106.
The fluid 202 will not flow back into the inlet pipe 104 via the directional check valve 122 along the
cleaning element supply conduit 120 as the pressure at the inlet pipe 104 is higher than the pressure
at the outlet pipe 25106, due to a drop of fluid pressure across the tubing 102. [00110] The cleaning
element 112 returning back inside the receptacle second compartment 108s marks the end of one
cleaning cycle, where the cleaning element 112 remains in the receptacle 108 until the next cleaning
cycle. 30  [00111] From the above, the cleaning cycle does not require use of an additional power
source, such as from motorized pumps or air compressors to circulate the cleaning element 112
through the tubing 102. Thus, the cleaning system 100 is non-powered. The automatic rinsing of the
cleaning element 112 inside the receptacle  5 108 to remove dirt prolongs the durability and
effectiveness of the sponge balls. Further, it will be appreciated that during the cleaning cycle, fluid
from the outlet pipe 106 does not return to the inlet pipe 104. This improves the cooling efficiency of
the cleaning system 100 in the scenario where the tubing 102 is a heat condenser, as warrn fluid in the
outlet pipe 106 is prevented from mixing with cool fluid in the 10inlet pipe 104. [00112] Figures 5A to
5C show top views of the receptacle 108 of Figure 1. [00113] The receptacle 108 has a curtain-beam
sensor 512 (also see Figures Ito 4)  15 disposed anywhere along the fluid connecting sleeve 130 to
before the point where the cleaning element return conduit 116 and the cleaning element supply
conduit 120 are connected (see Figures 1 to 4). The curtain-beam sensor 512 detects movement, size,
number and colour of the cleaning element 112, for monitoring the condition of the cleaning element
112. From the data provided by the curtain-beam sensor 512, it 



20can be deduced whether the cleaning element 112 needs to be replaced. [001141 Figures 6A to 6C
show cross-sectional views of the receptacle 108 of Figure 1, as seen from different perspectives.
95[00115] From Figures 6A and 6B, it can be seen that the free end 602 of the tube 142 is arranged in
close proximity to the interior surface of the top wall of the receptacle 108. As earlier mentioned, the
tube free end 602 is tapered. The angle 604 of taper of around 20 degrees to around 70 degrees,
relative to the longitudinal axis 606 of the tube free end 602, can also be seen from Figures 6A and
6B. 30  [00116] Figure 6C shows the pressure relief device 138 being connected to the opening 140
formed in the top of the receptacle 108. The pressure relief device 138 is operated by opening the
valve 138v. 5[00117] Figure 7 shows a cross-sectional view of the outlet pipe portion 154 (i.e. the
portion of the outlet pipe 106 with the enlarged cross-sectional area) of the system 170 of Figure 1.
[00118] From Figure 7, it will be appreciated that the cleaning element separator  10 152 is designed
to fit against the interior wall of the outlet pipe portion 154. Figure 7 also illustrates how the end 704 of
the fluid return conduit 118 is tapered. As earlier mentioned, the angle 708 of taper is around 20
degrees to around 80 degrees, relative to the longitudinal axis 710 of the outlet pipe 106 (see Figure
1). Figure 7 also illustrates how the fluid return conduit 118 is arranged so that the tapered end surface
15704 faces away from downstream fluid flow in the outlet pipe 106. [00119] A transparent panel 714
(such as a viewing glass) is located at outlet pipe portion 154. The transparent panel 714 allows visual
monitoring of the cleaning element 112. 20 [00120] The cleaning element 112 may clump at die
cleaning element separator 152, thereby blocking the entrance 712 of the cleaning element return
conduit 116. The clumping may be prevented through the use of a protrusion 706 that is coupled at
one end to the interior wall of the outlet pipe portion 154, while having an  25 opposite end positioned
adjacent to the entrance 712 of the cleaning element return conduit 116. The protrusion 706 vibrates
due to the turbulent flow of the fluid through the cleaning element separator 152. Thus, the protrusion
706 acts as a non-motorised vibrating device. The non-motorised vibrating device 706 agitates the
cleaning element 112 at the cleaning element separator 152, thereby preventing 



30blockage at the entrance 712 of the cleaning element return conduit 116. [001211 Figure 8 shows a
top view of the outlet pipe portion 154 of the system 170 of Figure 1. Figure 8 illustrates that the fluid
return conduit 118 can instead be coupled to the outlet pipe portion 154 at two other positions 802 and
804, relative to the position where cleaning element return conduit 116 is coupled to the outlet pipe
5portion 154. [001221 Figure 9 shows the tubing 102 that is to be cleaned by the cleaning elements
112 (see Figures 1 to 4). A random distributor 902 is placed upstream of the tubing 102 to be disposed
along the inlet pipe 104. The random distributor 902 is  10 activated by the fluid 202 in the inlet pipe
104 flowing towards the tubing 102, where the random distributor 902 distributes more evenly the
cleaning elements 112 to each tube of the tubing 102, as opposed to not having the random distributor
902 present. The random distributor 902 increases the probability that the cleaning element 112 enters
each tube, regardless of the tube arrangement within the tubing  15 102. A propeller, an impeller or
radially misaligned plates with bent or warped surfaces to divert the cleaning elements in different
directions can be used for the random distributor 902.     [00123] Each of the Figures 10A to 10D is a
schematic drawing of an operating 20position of the valve arrangement 126. For Figures 10A to 10D, a
motorised three way L-port valve is used for the valve arrangement 126. [00124] Comparing Figures
10A to 10ID with Figure 1, the three way valve port 126i is coupled to the fluid supply conduit 114, the
three way valve port 12611 is 25coupled to the fluid return conduit 118 and the three way valve port
126iii is coupled to the receptacle first compartment 108f via the fluid connecting sleeve 128.    [00125]
In Figure 10A, the three way valve 126 is in the operating position where the ports 126i and 126iii are
simultaneously opened (by establishing a channel 30between the ports 126i and 126iii), while the port
126ii is closed. In turn, the fluid  supply conduit 114 is opened, while the fluid return conduit 118 is
closed. Accordingly, the fluid supply loop 206 (see Figure 2) is established. 



[00126] In Figure 10B, the three way valve 126 is in the operating position where  5 the ports 126ii and
126iii are simultaneously opened (by establishing a channel between the ports 126ii and 126iii), while
the port 126i is closed. In turn, the fluid return conduit 118 is opened, while the fluid supply conduit 114
is closed. Accordingly, the fluid return loop 406 (see Figure 4) is established. 10[00127] In Figure 10C,
the three way valve 126 is in the operating position where the ports 126i and 126iii are simultaneously
closed, while the port 126ii is closed. In turn, both the fluid supply conduit 114 and the fluid return
conduit 118 are closed. [00128] In Figure 10D, the three way valve 126 is in the operating position
where  15 the ports 126ii and 126iii are simultaneously closed, while the port 126i is opened. There is
no fluid flow between the fluid supply conduit 114 and the cleaning element supply conduit 120, and
there is no fluid flow between the cleaning element return conduit 116 and the fluid return conduit 118.
20[00129] The motorised three way valve 126 may be programmed, via the controller 134, to operate
in a clockwise direction, i.e. to firstly adopt the position shown in Figure 10A, followed by Figure 10B
and finally to Figure 10C. After Figure 10C, the three way valve 126 will return to the position shown in
Figure 10A. 25[00130] With reference to Figures 1 to 4, the three way valve 126 may use the following
program sequence. The three way valve 126 remains in the Figure 10A position for a duration
sufficient (around at least 15 seconds) for the cleaning elements 112 (see Figure 1) to enter the inlet
pipe 104. The three way valve 126 remains in the Figure 10B position for a duration sufficient (around
at least 30 30seconds) for the cleaning elements 112 (see Figure 1) to return into the receptacle
second compartment 108s from the cleaning element separator 152. The three way  valve 126
remains in the Figure 10C position to store the cleaning elements 112 (see Figure 1) in the receptacle
second compartment 108s until the next cleaning cycle is repeated (around 15 minutes). 5[001311
Figure 11 is a schematic view of a cleaning system 1100 according to one embodiment of the present
invention. 
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CLAIMS 

 

1. A non-motorized cleaning system for cleaning tubing used for conducting a fluid 

therethrough, the tubing being connected between an inlet pipe and an outlet pipe, the 

non-motorized cleaning system comprising: 5 

a receptacle; 

an apertured partition disposed within the receptacle and dividing the receptacle 

into a first compartment and a second compartment,  

at least one cleaning element disposed in the receptacle second compartment, 

wherein apertures of the apertured partition having a size allowing the fluid, but not the 10 

cleaning element to pass through the apertured partition;  

a fluid supply conduit connected to the receptacle first compartment for 

establishing fluid communication between the inlet pipe and the receptacle first 

compartment;  

a cleaning element supply conduit with a directional valve arranged therein, the 15 

cleaning element supply conduit being connected to the receptacle second compartment 

for establishing fluid communication between the receptacle second compartment and the 

inlet pipe, 

wherein the fluid supply conduit and the cleaning element supply conduit 

form a part of a fluid supply loop for supplying the cleaning element from the 20 

receptacle second compartment into the tubing via the inlet pipe; 

a cleaning element return conduit with a directional valve arranged therein, the 

cleaning element return conduit being connected to the receptacle second compartment 

for establishing fluid communication between the outlet pipe and the receptacle second 

compartment, 25 

a fluid return conduit connected to the receptacle first compartment for 

establishing fluid communication between the receptacle first compartment and the outlet 

pipe, 

wherein the cleaning element return conduit and the fluid return conduit 

form a part of a fluid return loop for returning the cleaning element from the 30 

tubing via the outlet pipe into the receptacle second compartment; and 

[001321 Comparing Figure 11 with Figures 1 to 4, it will be appreciated that 90 elbows need not be
present in both the portion of a fluid supply conduit 1114 within  10 the inlet pipe 104 and the portion of
the cleaning element supply conduit 1120 that is within the inlet pipe 104. The tapered end surface of the
fluid supply conduit 1114 faces downstream fluid flow in the inlet pipe 104, while the tapered end surface
of the cleaning element supply conduit 1120 faces away from downstream fluid flow in the inlet pipe 104.
15 [001331 Returning to Figures 1 to 4, ball-shaped sponge or a spherical object with bristles may be
used as the cleaning elements 112. The ball-shaped sponge or the spherical object should preferably
have a diameter equal or slightly larger than the diameter of each tube in the tubing 102. Irregularly
shaped sponge with a size larger  20 than that of the diameter of each tube in the tubing 102 may also be
used as the cleaning elements 112. Pipes can be used for the fluid supply conduit 114, the cleaning
element supply conduit 120, the fluid return conduit 118 and the cleaning element return conduit 116.
CLAIMS 1.A non-motorized cleaning system for cleaning tubing used for conducting a fluid
therethrough, the tubing being connected between an inlet pipe and an outlet pipe, the 5non-motorized
cleaning system comprising: a receptacle;       an apertured partition disposed within the receptacle and
dividing the receptacle into a first compartment and a second compartment,         at least one cleaning
element disposed in the receptacle second compartment, 10wherein apertures of the apertured partition
having a size allowing the fluid, but not the cleaning element to pass through the apertured partition;       a
fluid supply conduit connected to the receptacle first compartment for establishing fluid communication
between the inlet pipe and the receptacle first compartment; 
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a valve arrangement operable to open/close the fluid supply loop and operable to 

open/close the fluid return loop. 

 

2. The non-motorized cleaning system of claim 1, wherein the valve 

arrangement is a three way valve with three ports, wherein the receptacle first 5 

compartment, the fluid supply conduit and the fluid return conduit are each connected to 

a respective port of the three way valve, wherein the three way valve is also operable to 

close both the fluid supply conduit and the fluid return conduit simultaneously. 

 

3. The non-motorized cleaning system of any one of the preceding claims, further 10 

comprising a controller to control operation of the valve arrangement.  

 

4. The non-motorized cleaning system of any one of the preceding claims, wherein 

the directional valves are check valves. 

 15 

5. The non-motorized cleaning system of any one of the preceding claims, wherein 

both the cleaning element supply conduit and the cleaning element return conduit are 

coupled to the receptacle second compartment. 

 

6. The non-motorized cleaning system of any one of the preceding claims, wherein 20 

the apertured partition extends generally vertically in the receptacle.  

 

7. The non-motorized cleaning system of any one of the preceding claims, further 

comprising a pressure relief device coupled to an opening in an outer wall of the 

receptacle, the pressure relief device operable to release pressure from the receptacle. 25 

 

8. The non-motorized cleaning system of claim 7, wherein the opening is formed in 

a top of the outer wall of the receptacle, and the pressure relief device comprises a valve 

coupled to the opening, the valve being operable to release trapped air pockets formed 

within the receptacle. 30 

 

15a cleaning element supply conduit with a directional valve arranged therein, the cleaning element
supply conduit being connected to the receptacle second compartment for establishing fluid
communication between the receptacle second compartment and the inlet pipe,            wherein the fluid
supply conduit and the cleaning element supply conduit 20form a part of a fluid supply loop for supplying
the cleaning element from the receptacle second compartment into the tubing via the inlet pipe;       a
cleaning element return conduit with a directional valve arranged therein, the cleaning element return
conduit being connected to the receptacle second compartment for establishing fluid communication
between the outlet pipe and the receptacle second 25 compartment,       a fluid return conduit connected
to the receptacle first compartment for establishing fluid communication between the receptacle first
compartment and the outlet pipe,            wherein the cleaning element return conduit and the fluid return
conduit 30form a part of a fluid return loop for returning the cleaning element from the tubing via the outlet
pipe into the receptacle second compartment; and         a valve arrangement operable to open/close the
fluid supply loop and operable to open/close the fluid return loop. 2.The non-motorized cleaning system of
claim 1, wherein the valve 5arrangement is a three way valve with three ports, wherein the receptacle first
compartment, the fluid supply conduit and the fluid return conduit are each connected to a respective port
of the three way valve, wherein the three way valve is also operable to close both the fluid supply conduit
and the fluid return conduit simultaneously. 



 31 

9. The non-motorized cleaning system of claim 7, wherein the pressure relief device 

further comprises a tube extending from the pressure relief device through the opening in 

the receptacle side wall into the receptacle, with the tube free end arranged in close 

proximity to the interior surface of the top wall of the receptacle; and a valve is coupled 

to the portion of the tube outside the receptacle, the valve being further operable to 5 

release trapped air pockets formed within the receptacle. 

 

10. The non-motorized cleaning system of claim 9, wherein the tube free end is 

tapered, wherein a plane defined by the tapered tube free end surface forms an angle of 

around 20 degrees to around 70 degrees relative to a longitudinal axis of the tube free 10 

end. 

 

11. The non-motorized cleaning system of claims 7 to 10, wherein the opening is in a 

part of the outer wall of the receptacle adjacent to the receptacle first compartment. 

 15 

12. The non-motorized cleaning system of any one of the preceding claims, wherein 

at least a portion of a top of an outer wall of the receptacle is a transparent cover allowing 

view of an interior of the receptacle.   

 

13. The non-motorized cleaning system of claim 12, wherein the transparent cover is 20 

made of acrylic or tempered glass. 

 

14. The non-motorized cleaning system of any one of the preceding claims, wherein 

an inlet portion of the fluid return conduit connected to the receptacle first compartment 

is misaligned relative to an outlet portion of the cleaning element return conduit 25 

connected to the receptacle second compartment. 

 

15. The non-motorized cleaning system of claim 14, wherein a longitudinal axis of 

the inlet portion of the fluid return conduit forms an angle of around 90
o
 to around 180

o
 

with a longitudinal axis of the outlet portion of the cleaning element return conduit.  30 

 

103.The non-motorized cleaning system of any one of the preceding claims, further comprising a
controller to control operation of the valve arrangement.  4. The non-motorized cleaning system of any
one of the preceding claims, wherein the directional valves are check valves. 15  5. The non-motorized
cleaning system of any one of the preceding claims, wherein both the cleaning element supply conduit
and the cleaning element return conduit are coupled to the receptacle second compartment. 20 6.The
non-motorized cleaning system of any one of the preceding claims, wherein the apertured partition
extends generally vertically in the receptacle.    7. The non-motorized cleaning system of any one of the
preceding claims, further comprising a pressure relief device coupled to an opening in an outer wall of the
25receptacle, the pressure relief device operable to release pressure from the receptacle.  8. The
non-motorized cleaning system of claim 7, wherein the opening is formed in a top of the outer wall of the
receptacle, and the pressure relief device comprises a valve coupled to the opening, the valve being
operable to release trapped air pockets formed 30within the receptacle.   9. The non-motorized cleaning
system of claim 7, wherein the pressure relief device further comprises a tube extending from the
pressure relief device through the opening in the receptacle side wall into the receptacle, with the tube
free end arranged in close proximity to the interior surface of the top wall of the receptacle; and a valve is
coupled 5to the portion of the tube outside the receptacle, the valve being further operable to release
trapped air pockets formed within the receptacle.  10. The non-motorized cleaning system of claim 9,
wherein the tube free end is tapered, wherein a plane defined by the tapered tube free end surface forms
an angle of 
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16. The non-motorized cleaning system of claims 1 to 14, wherein the fluid return 

conduit and the cleaning element return conduit are connected to the receptacle on 

opposite sides.  

 

17. The non-motorized cleaning system of any one of the preceding claims, further 5 

comprising a maintenance valve arranged in the cleaning element supply conduit 

downstream of the cleaning element supply conduit directional valve; and a maintenance 

valve arranged in the cleaning element return conduit upstream of the cleaning element 

return conduit directional valve. 

 10 

18. The non-motorized cleaning system of any one of the preceding claims, further 

comprising a maintenance valve arranged in the fluid supply conduit upstream of the 

valve arrangement; and a maintenance valve arranged in the fluid return conduit 

downstream of the valve arrangement. 

 15 

19. The non-motorized cleaning system of claims 17 or 18, wherein the maintenance 

valves are hand valves.   

 

20. The non-motorized cleaning system of any one of the preceding claims, further 

comprising a cleaning element separator designed to be placed in the outlet pipe and 20 

collect the cleaning element therefrom, wherein the cleaning element separator has 

apertures having a size allowing the fluid, but not the cleaning element to pass through 

the apertures, and is coupled to the cleaning element return conduit. 

 

21. The non-motorized cleaning system of any one of the preceding claims, wherein 25 

the end of the fluid supply conduit at the inlet pipe is tapered, wherein a plane defined by 

the tapered end surface of the fluid supply conduit forms an angle of around 20 degrees to 

around 80 degrees relative to a longitudinal axis of the tapered end of the fluid supply 

conduit. 

 30 

10around 20 degrees to around 70 degrees relative to a longitudinal axis of the tube free end.  11. The
non-motorized cleaning system of claims 7 to 10, wherein the opening is in a part of the outer wall of the
receptacle adjacent to the receptacle first compartment. 15  12. The non-motorized cleaning system of
any one of the preceding claims, wherein at least a portion of a top of an outer wall of the receptacle is a
transparent cover allowing view of an interior of the receptacle. 2013.The non-motorized cleaning system
of claim 12, wherein the transparent cover is made of acrylic or tempered glass.  14. The non-motorized
cleaning system of any one of the preceding claims, wherein an inlet portion of the fluid return conduit
connected to the receptacle first compartment 25is misaligned relative to an outlet portion of the cleaning
element return conduit connected to the receptacle second compartment.    15. The non-motorized
cleaning system of claim 14, wherein a longitudinal axis of the inlet portion of the fluid return conduit
forms an angle of around 90 to around 180 30with a longitudinal axis of the outlet portion of the cleaning
element return conduit.  16.The non-motorized cleaning system of claims 1 to 14, wherein the fluid return
conduit and the cleaning element return conduit are connected to the receptacle on opposite sides.
517.The non-motorized cleaning system of any one of the preceding claims, further comprising a
maintenance valve arranged in the cleaning element supply conduit downstream of the cleaning element
supply conduit directional valve; and a maintenance valve arranged in the cleaning element return conduit
upstream of the cleaning element return conduit directional valve. 
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22. The non-motorized cleaning system of any one of the preceding claims, wherein 

the end of the cleaning element supply conduit at the inlet pipe is tapered, wherein a 

plane defined by the tapered end surface of the cleaning element supply conduit forms an 

angle of around 20 degrees to around 80 degrees relative to a longitudinal axis of the 

tapered end of the cleaning element supply conduit. 5 

 

23. The non-motorized cleaning system of any one of the preceding claims, wherein 

the end of the fluid return conduit at the outlet pipe is tapered, wherein a plane defined by 

the tapered end surface of the fluid return conduit forms an angle of around 20 degrees to 

around 80 degrees relative to a longitudinal axis of the tapered end of the fluid return 10 

conduit.  

 

24. A system comprising 

a tubing with an inlet and an outlet;  

an inlet pipe connected to the tubing inlet; 15 

an outlet pipe connected to tubing outlet; and  

a non-motorized cleaning system according to claim 15, wherein the fluid supply 

conduit and the cleaning element supply conduit are both coupled to the inlet pipe, the 

fluid supply conduit coupled at a position further upstream than the cleaning element 

supply conduit to provide a higher pressure at the fluid supply conduit than at the 20 

cleaning element supply conduit, wherein 

the cleaning element return conduit and the fluid return conduit are both coupled 

to the outlet pipe, the cross-sectional area of the outlet pipe portion where the cleaning 

element return conduit is coupled being larger than at the outlet pipe portion where the 

fluid return conduit is coupled to provide a higher pressure at the cleaning element return 25 

conduit than at the fluid return conduit, and wherein the cleaning element separator is 

within the outlet pipe portion with the larger cross-sectional area. 

 

25. The system of claim 24, wherein the tapered end of the fluid supply conduit and 

the tapered end of the cleaning element supply conduit are both within the inlet pipe and 30 

the tapered end of the fluid return conduit is within the outlet pipe; and wherein the fluid 

10 18.The non-motorized cleaning system of any one of the preceding claims, further comprising a
maintenance valve arranged in the fluid supply conduit upstream of the valve arrangement; and a
maintenance valve arranged in the fluid return conduit downstream of the valve arrangement. 15  19. The
non-motorized cleaning system of claims 17 or 18, wherein the maintenance valves are hand valves.  20.
The non-motorized cleaning system of any one of the preceding claims, further 20 comprising a cleaning
element separator designed to be placed in the outlet pipe and collect the cleaning element therefrom,
wherein the cleaning element separator has apertures having a size allowing the fluid, but not the
cleaning element to pass through the apertures, and is coupled to the cleaning element return conduit.
2521.The non-motorized cleaning system of any one of the preceding claims, wherein the end of the fluid
supply conduit at the inlet pipe is tapered, wherein a plane defined by the tapered end surface of the fluid
supply conduit forms an angle of around 20 degrees to around 80 degrees relative to a longitudinal axis of
the tapered end of the fluid supply conduit. 30   22. The non-motorized cleaning system of any one of the
preceding claims, wherein the end of the cleaning element supply conduit at the inlet pipe is tapered,
wherein a plane defined by the tapered end surface of the cleaning element supply conduit forms an
angle of around 20 degrees to around 80 degrees relative to a longitudinal axis of the 5tapered end of the
cleaning element supply conduit.  23. The non-motorized cleaning system of any one of the preceding
claims, wherein the end of the fluid return conduit at the outlet pipe is tapered, wherein a plane defined by
the tapered end surface of the fluid return conduit forms an angle of around 20 degrees to 10around 80
degrees relative to a longitudinal axis of the tapered end of the fluid return conduit. 



 34 

supply conduit is arranged so that the tapered end surface faces downstream fluid flow in 

the inlet pipe, the cleaning element supply conduit is arranged so that the tapered end 

surface faces away from downstream fluid flow in the inlet pipe, and the fluid return 

conduit is arranged so that the tapered end surface faces away from downstream fluid 

flow in the outlet pipe. 5 

 

26. The system of claims 24 or 25, wherein the tubing is a heat exchanger. 

24. A system comprising a tubing with an inlet and an outlet; 15an inlet pipe connected to the tubing inlet;
an outlet pipe connected to tubing outlet; and       a non-motorized cleaning system according to claim 15,
wherein the fluid supply conduit and the cleaning element supply conduit are both coupled to the inlet
pipe, the fluid supply conduit coupled at a position further upstream than the cleaning element 20supply
conduit to provide a higher pressure at the fluid supply conduit than at the cleaning element supply
conduit, wherein       the cleaning element return conduit and the fluid return conduit are both coupled to
the outlet pipe, the cross-sectional area of the outlet pipe portion where the cleaning element return
conduit is coupled being larger than at the outlet pipe portion where the  25 fluid return conduit is coupled
to provide a higher pressure at the cleaning element return conduit than at the fluid return conduit, and
wherein the cleaning element separator is within the outlet pipe portion with the larger cross-sectional
area.  25. The system of claim 24, wherein the tapered end of the fluid supply conduit and 30the tapered
end of the cleaning element supply conduit are both within the inlet pipe and the tapered end of the fluid
return conduit is within the outlet pipe; and wherein the fluid  supply conduit is arranged so that the
tapered end surface faces downstream fluid flow in the inlet pipe, the cleaning element supply conduit is
arranged so that the tapered end surface faces away from downstream fluid flow in the inlet pipe, and the
fluid return conduit is arranged so that the tapered end surface faces away from downstream fluid 5flow in
the outlet pipe. 26.The system of claims 24 or 25, wherein the tubing is a heat exchanger. 
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