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 sutHA3H8dAti@nser, an evaporator or heater in 10an air-conditioffhd/2G3MHPREing 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 araQr@meNONed YIS FENIBECOR\GNB AN T isgRicexchanger 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 recRizldboO6 The drtenkieat exchanger tubing. [0005]US 5,592,990 discloses such a cleaning
system. A cleaning ball receptacle 25 for US 5,592,990 uses a patrtition to divide the receptacle
interior into a lower compartment and an upper compartment. Fluid is permitted to pass through the
lower Tompartf$il, whilbekaspitipestatés dooatisanitiesysper fooslparinganbidhie 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
communicatioBastgvenndiQf Thedmuensiemd the outlet pipe. The receptacle has a fourth passageway
disposed in the lower compartment to drain fluid from the receptacle out into the atmosphere.

[0002] In heat exchanger systems such as a condenser, an evaporator or heater in
10 an 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

30 inlet pipe, while the third passageway is to allow fluid communication between the



[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
compartmenYaR#18M dper compartment. Fluid is permitted to pass throug®€HeSIeWe/ eddartment,
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 thecasyecrompatiananisthspis iThidepeaci nigad doudtitptiegeiley dispostd[@007]The
above two systems are complex in thaf a, sequence of actions aye needed.to close and open valves
ovated i thor! TEAPAER (LR AEIAE 8 Freimels R RATSFEBIHE CYLaMg BATCoHBEE valves being
coupled between the receptacles and their respective inlet and outlet pipes. In addition, the four
passageways recgeptacles of US 5,592, nd. Singapore patent no. 107766 20provide for a
complicated r@%ﬁ?ﬁcle?ﬁé%@&@&ﬁf v?gulﬁ%%9%%vgalﬁf%gou%nf)(ﬁﬁévgi%ma%%nﬂ%esr?/steé with a
simplé architeclessir@3slimenerriad fnSilpapotiopatdi @01 ATHbinpta paritepertvidadimvention,

there is provideg g elsniNaRISIED feainging se Bragnduatinadud Massioush, the

tubing being connected between an inlet pipe e, cleaning system including: a

30receptacle; aerafitsd irepapatbtasltbp dewer wimiprrroawcspie eepinziledmpethellddbeacle into a
first COmpartmﬁﬁﬁ&%ﬁlﬁﬁ%@ﬂt?%@@@&@ﬁ&zl@tﬂﬁéﬁmg%E&@Q%E%g?'@iﬂﬁﬁwiﬁp%?%ﬂeme
rtured partitio

receptacle second compartment, wherein apertures of the ape n having a size allowing

the fluid, but nEPRRSEBEHNFRIEMETR 1©f PHESRATASSIT S afseMERe dprallign commmnsaipn, conduit
connggted to therReRRIRGIEEpeiFo mHaaHMaBt fasesiahlishing iy ishsQpeanpicaiicnibetygan the inlet

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

20 provide for a complicated receptacle design.

[0008] It would be advantageous to have a cleaning system with a simple

architecture.
25 Summary Of The Invention

[0009] According 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
30 receptacle; an apertured partition disposed within the receptacle and dividing the

receptacle into a first compartment and a second compartment, at least one cleaning



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
compartmenY ©&2%3&tHdtéhing fluid communication between the receptacle EcHRG98¥98HHent 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 establishinglémientatispuseit atiahebriwpabltheatiie tpinpaanttinewaermagieraasond aympartment,

a 15 fluid return conduit connected.to the receptacle first.compartment for. establishing fluid
communication bé v&ggr}\) g éthélgéiaa‘faméeaﬁr"é?gg%“ﬁgﬁt en%lg‘r‘i%]%ﬁélb?}tféfﬁ’llﬁé?’\%g}%%eméocleaning
element returnpeshdhivagll the fhpieknetdrpesitauit forfiuadpanppla dniduieteonieordotaetwning the

cleaning elemept omd pé la t utlet pipg into the,receptacle second compartment; and a
valve arrangem.erﬁi5 oper%%?‘g toﬂ%)%%ggi%gé%%%ﬁ%g %éﬁlﬁ?yﬁ%lgglgﬁlg acflﬁél%\% eet%no%%ﬁgl%se the fluid
returnioop. [0®1B Phé thelvecaptaslgdirae sompartbent;tarcleantng whéweentituphlp e puidi, wittesein the

receptacle firsysoBAUMENJne gl sunsburondl e R SRCUL AR Sagh,connected

to a respective port of the three way valve, wherein the three way 25va SO opera Y& to close
both the fluid SHBBRFEEndINt ahE tHEgrriacietusseesddurcsparanabusiy. [estblisbiesitrdlid may control

operation of the,aNmRHMIDBVRESALOLELE IR Idrecinnab YAyt MAY RRChRCkYaVESe, WO
2010/114479PCT/SG2009/000113 [0013]Both the cleaning element supply conduit andthe cleaning

element returnCtsHEiti s AP wenly eepsyitinddhe slganinglemant teeaAuifderm prpastapertured
partition may eftethidenpiaiylosy featNpie: Be_IaRIRe 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

20 open/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
25 valve 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.



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 Yo ¥ Witer wall of the receptacle, and the pressure relief d®GESHAYPPUEHe 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[f@tfpn oBtith thbeleattiigeldirere cappieleotieit ahdethe e fiith eleprat ablg-Ho release
trapped air pockets formed within the receptacle. 20 [0018]The tube free end may be tapered, wherein
a plane definea%f%h%@%e?gg%%g ??eﬁeleelrr'%ﬁegﬁar éecséi%ﬁf‘?é %Iﬁpﬁﬁé?ée%f 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 gigfig receningle.adlacsntin e eesrinrls MishromaRIent J202QlALpast a portion of
a top of an outer wall of the receptacle may be a transparent cover alio Ing view of an Interior of the
receptacle. 30 [0021]The transparent cover may be made of acrylic or tempered glass.

[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 retd¥Q 28HYitt8nnected to the receptacle second compartment. SPEOHSSPRAYAYHEinal 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

drection val O T2 a A AL B e e A B PG RO Sepeenaer
upstream of theowglsenamangerhe mhjahigrednalatonanea vatie puatidmeofitiandeshingtbrmeiiuid return
conduit downsiggam g {16 YA AIARIRTSN, 1292 TIThe, mAlRiEARAGE valves may be hand valves.
5
[0023] A longitudinal axis of the inlet portion of the fluid return conduit may
form an angle of around 90° to around 180° 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
15 maintenance 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

20 fluid return conduit downstream of the valve arrangement.
[0027]  The maintenance valves may be hand valves.

[0028] 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



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 theWQig0 180t #Pthe cleaning element to pass through the aperturd®; HRG380800M&E 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, whebtem anpiagke détraad20hdpapsared @oandusihdegpéchedtieianitgelengandmapply conduit
may form an an Leo&){haer%urége 0 %eoqfrﬁlesﬂtfg) Loy d go egrees relative to a longitudinal axis of the
tapered end ofthe cleanlr?g eleffent su%p ylcc%11 utt. 28 1]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 f a r gre r eeselative to a longitudinal axis of
the tapered ejgﬁg he r1?I%i|% %&t%r%n%%%%%[%ﬁﬁ %g?ﬁgr%ga%%c ut 6 gjj[ﬁ%) gvf/lllt ar‘%J inlet and an

outlet5an inlettpistedohersiackiplene dsbimast inlcthaitrpergdignpswtrnsarides tolcaiingyderment and a
cleaning systegy, \hergiihenuyidiSHRPY ibARchi CRPALICEICICALIHRPYY GRuaskl are both

coupled to the inlet pipe, the fluid supply conduit coupled at a position further upstream than the-
cleaning elem&HeEYR Ay Tdoraitndinglovitecd o fagersd padefrdhe: ttramiar) dapisit conBbit than at the
cleaning elemeggi&ypply 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 copebsi}s corpeshdodiredtadnietien aRRITeRtthdSCleipBIRgh ¢lemeaiperedurn conduit
than at the fluid return conduit, and wherein the cleanjng elemept separator is withip the outlet pipe
portion with th& TSFg&r %ﬂ%@?éﬁ?ﬂ}?ﬁ%ﬁé}&ﬁﬁf@ 17 r%?%{?&?&d’gﬁ}fﬂ iy §88§Wt68%uit and the
tapered end ofihe a0cegning ataimde A0sigppéecandiatmnda8Obddfros wslbiivéhe ilehgipdiasd the
tapered

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
30 cleaning 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



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 suppf) ¥BRdidt May be arranged so that the tapered end surface fdtel/Hr#a0°1P8f13
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 toceediet ampbasisdngédad gantialypbrin¢dlacetdeaselusiatingth epidtples of the

invention. In the Ilo%/ﬁ\fir\t:\%des%igti n, varictjs embodi ent;g;f,the inyention arg described with
15reference t SIS HIBCH AR GRS OO e R GEPEUEG 3% Of ATTaRgedish BPh Bfeaning
system accordapgrtd ené smfhadfacentwhihizoprelenisireant iind X003 Al gnlee piddoad i Schematic

views of & clegigg SYSIE, AT R:aRE-ETPRANANLoLINE AIPSERIDVRINOR, JHing different
stages of a cleaning cycle.
5 downstream 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

15 reference 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 SA 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

30 ‘to one embodiment of the present invention.



[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
embodimené! IE[id4Eht invention, as seen from different perspectives. [BOESEHMEP1dRows 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 [D0Aljo 10figare Schlematiz tawings af &n opdeatpnee postion afcardalgetarsaagement

usable in a cle%mﬁxgﬁ%}ﬁl%cg{%i&g ]tlgvgﬂgogmbodiment of the present invention. 10

[0042]  Figure 9 shows an example of a tubing to be cleaned using a cleaning

5 system 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 acéording to one

embodiment of the present invention.

Detailed Description
15
[0045] While embodiments of the invention will be shown and 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

25 drawings, 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.



[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 Wi® AfYEhdE%o specific embodiments, it should be understood BGEHESEWKMNEH I 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 schematjc¢ view of a cleaning.system 100 according.to one
embodiment o{‘{ﬂ%’ res%ﬁfiﬁ%‘?@ﬁ’ﬂ?&f@fff%@@%lﬁe‘? SUPBR PR A sed JBnoRgBIE At it provides
a simple structfiigdvhigsaidhghsamie tintingnEiding dhaidoas deostsalhal aasingpeapmbiiiican

outlet pipe 106.

[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
15 compartment 108f for establishing fluid communication between the inlet pipe 104

and the receptacle first compartment 108f.

[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 cieaning

25 element 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

30 into the tubing 102 via the inlet pipe 104. It will be appreciated that the cleaning



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 M. 281WHBET?he cleaning system 100 includes a receptacle 10 AP ERUREd1Bartition
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 conduiteldddst dapnestesike fb@pﬂiﬂ@b%@lﬁx@&nléﬁ@ﬂmﬁm%&%éwaﬁﬁfgmmm fluid

communication between the i é e 104 d.the recegtacle first compartment 1081 [0053]A cleaning
element supply'&&} uﬂnf% Sfelﬂtf’o e“?Jc?EBBTS R*second compartment 108s for establishing

fluid communication between the 20 receptacle second compartment 108s and the inlet pipe 104. The
cleaning elem pply cop duit 12 has d| ectiona éf}/ 22 arran therein. The directional
valve 122 aIIO\WH%(N cfln Ofe q irection {Lﬁame %\i lrg'e?:cémfg%ﬁ%g ﬁ% fﬁ%plﬁﬁg? pipe 104.
Thus, fhe diresgomad vampalmmd@@at@mmhbm&mktmmﬂﬁdaﬁambﬂmag tinttitletreceptacle
second compaend ey g e deanina2aRmEN RRPtAeRRAZ0 SR ARYe
operation, the Tluid supply con 114 and the cleaning element

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

10 second compartment 108s from flowing into the outlet pipe 106 through the cleaning

element return conduit 116.

[0056] A fluid return conduit 118 is connected to the receptacle first compartment
108f for establishing fluid communication between the receptacle first compartment

15 108f and the outlet pipe 106.

[0057]  During 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
20 receptacle 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
30 the apertured partition 110.

10



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 P QEpHYAEE that the cleaning element 112 leaves the receptXéld/8e2Peidartment
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 valyeosaf allaks ﬂxbwtﬁﬁglu@sifelﬁneadjrqrgﬁﬁer ngmﬂysfrgwgp@o%gggﬁr@@j@to the
receptacle 108. Th the dlre onal ntsh$ id in_the re ept cle 10second
compartment ﬂ?gsli)romoﬂc?% ?lst?) \é%t bgﬁg'l SR §9 % ’@%’ﬁn %e E’tJPn wnduit
116. [0056]A flopemédosa ﬂ:mrﬁtud ehdriclegnaet@e:tBigueeréy.eptacle 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 fofm a paf086@] fluidhetuatytooparS8rged Fidhastiefomodisrofiugpemicteaning element 112 from the

tubing 102 via l@tﬁtﬁhg J th@%s@Qﬁ%%@%ﬁﬁ f?g%??rlaéj\g rtrﬁ]wﬁt 11%11‘?‘ lLOO he fluid

supply loop 20 (see Flgur is f rmed by ha w from tid": supply uit 114 into
the receptacle @%FGE@IG&MQ ?ﬁ@?@cé}hﬂé@'ﬁeﬁ%@@ﬁ@ Wosipaltmernslyepyring tirefiuiteuwdicleaning

element suppl¥onduit 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.
iii) 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,
126ii 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 (126iii,
1261 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 retwrn 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

30 aligned 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

11



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

compartmentYQ38YY Hrtd’then into the fluid return conduit 118. Thus, from tHEIEISRAYUY YPthe
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]Thesyalvgak adsarisikied) a bipadnade saidaneradGeedn g ditisk s Bhyiioop 206 (see
Figure 2) is opened, while, thij{h“d return logp 406 (see Fi%\l.Jr,e 4) is closed. This is achieyed by
I

simultaneous/SPBRAMRHE i QB SRR s daRh sk theHdg drerorP A0S Eoigie fs. i) The
fluid supply loppegiablisied, Rigusemieisialpseaduwtilgntibe dbuids eartrolonr 406 1LR(seedoighie 4) is

opened. This ﬁgchieved 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 condui 15 [QOe1lThe valve arrangement 196 is a {hree lve with three ports (126i,
2611 and 12808 e (acR e e s B e B M e B T i
return conduitl268 dikeemehodontioetetdy aalaspstipeoyotes 126 Thcaning 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,
10 only one valve (the three way valve 126) is needed to control the operation of the

cleaning system 100.

[0064] 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 éhown) 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
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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 flui¥ QPN EEHAuit 114 and the fluid return conduit 118, both the fRfid/SGAMN/88H 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 foge6pecting chirduinkBaies copnactingreanguisl heisrrefesabini@alinged with the
fluid connectv\ﬁ?sle%\g 128. Itﬁi/vill bedgppr,eciated that two-way flow is experienced by the connecting
conduit 132. WShheHo il SUppRMFSBF B (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 e ished .t onnecting conduit 132 hecomes of the fluid return conduit 118. S
[0063]A motosr@éz%J hregévlgyate-&f?wa & ﬁ%?/ 3“@32%! ?8??%%%@5 1\}\/&;%51 grﬂ%.e%%eﬁtse of a three
way valve 126retovidesititldieardrnguistcion theevdphanl s vagledstumparenaenth 6% eceptacle 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 tH80&8kningltsrsesiveln rs19064] | isBigurof Lisihe) matptaslwayovall eothpavaivet
arangement 1aR{ugy baa el AR BRShANG) ARnth e aDe I dJehepnguit 118 and

another 15 single valve (not shown) arranged therein the fluid supply conduit 114. Both single valves
would be ope@#eiRPIPeireFiirsie wrond copmatiraentit) SonBails the slamringldemontshimglsingle valves

for they valve agtagrmenthdomaatiihe Judseppiveanduiidid medihefuiddetdrmeondyit 118 may

be directly coupled (not shown) to the receptacle first compartment fluid connecting sleeve 128. The
fluid supply 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
25 provides 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
30 partition 110 by providing a surface which is substantially flush with the direction of

fluid swirl inside the receptacle 108.
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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 boM EMWihd#é8urn conduit 118 and the fluid supply conduit 114 diethEI8Y Y dtive
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 directian. 5006,7]Both the cleaning element supply conduit 120 and

the cleaning elMéht srevEEBIFdEHAEAs RS LB B iBladeircmepratinas L i aomHisAAdnt 108,

[0068]Alternativitite ascepravla 108Zigriie fretlereaetpfaldeise ¢98 G SHRRBIEE Rl a8 phasugelluid
ﬁging a passageway for the fluid to pass into the receptacle second

connecting slegve 130 f%r etgg?‘gi
compartment ¢ Horr R e ng element supply 10 conduit 120 and the cleaning element return

conduft 116 are coupled to the fluid connecting sleeve 130. The cleaning element return conduit_116
Connecting SRese T30 b LG MR o R R PO R PR T ravour o
coupling both the apetning pietitiont ktuon mphateaitianc dhs rged anene iR rihs ppplyucoraisf directly to
respective OPeIRYs G r&%@%% %ﬁ&{)ﬁ% %85@8{3«@1@61\6% interior equalises to atmospheric
pressure. Otherwise, injuries may result from immediately opening the receptacle
10 108. 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.

[0074]  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
15 a valve 138v coupled to the opening 140, the valve 138v being operable to release

trapped air pockets formed within the receptacle 108.

[0075] Retuming 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
[0076]  When 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
30 cleaning element 112 towards the tube 142 free end. The cleaning element 112,

which is confined within the second compartment of the receptacle 108s, is

14



[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 ¥EBYIHE7And 130). This simple structure still allows for the eBtaMiSRMEA YA 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  I@8verisldemeliiykiegiteal taba il hentrehiratheadeanihglelaniog of thie /pesiyred

iti di f ich is substanti ith the direction of fluid swirl inside
e receptack 108 WO IBLO L I8PV ERSUB 001 L2 (DO A e BREIGEES 133 i
coupled to an 8fkenlig fwe pndrred the indtrist therfarepfdble wp8valheptesseceptatiel Hifise 138 is
operable to relgagg Piesairerfiomdht. aierias!adO8, » AL I nRY %ﬁg%nglrr}q?%lengﬁqﬁggg work on the

receptacle 108 (such as to replace the apertured partition 110 or replace the cleaning element 112),‘
the préssure r&ialt abthedersptasls Jo faciliatas detmevrcebprpie ka8 Witen dreagaenieels tt08tmospheric

pressure. Otheaise RS AL IRMITH GARIALANRPUB S 6 eptacte 10108, Before
operating the pressure relief device 138, maintenance valves 144, 146,
[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
10 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.

[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 6B) 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
cleahing element 112 from blocking the portion (e.g. the tube 142 free end) of the

20 pressure 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
25 the 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
30 receptacle 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
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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 ina top of the outer wall of the receptacle 108.
The pressuW@a{dfdéwAée 138 may have 15a valve 138v coupled to the op&RIH§GUWOY e NAIve 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 13éwisddpppieting theongitian eidkmitinedder aoisidputieresamactaidfs hbesvalve 138v

being further opeyable to release trapped air pockets formed within the receptacle 108. 25
[00761When tt?% ii;/%fé/%ﬁféﬁle?sr ee?é??éﬂ”lfg% ceenoﬁé’?dﬁ%ni%?’%{‘ SQEbAIB A E"&ﬁéﬁeé%%d from the
tube 142 free digutesoiusidesttptoepaptdaienjRSTHNID R Idnferascd/ilb Tastamhhsalaageaisapped air
pockets formed within, the receptacle 108 durin ing.Hp of the cleanin stem. 100 with the fluid,
but also attract ﬂ%lgrggﬂc%};%%)n%%glgmeori]ltgﬁietcoe %?f:{ﬁgtut%mf&eﬁ At glbrige ey |rs1té“b ement 112,
which s confineighgittempiseatcsnd pesspatprenpotd® euslitackyi 68sgrse prawpertaldgessn blocking

the tube 142 figPRE A4 AR UARBIEER) K 4 15 (RRHI0 48 RSN QAN . a@etief] partiion

110. Preferably, the distance between'the tube 142 free end and the interior surface df the top wall of
the receptacle Hi8ssspeciad to hvnsredtevifignifbarbeHawedyrer whendespasdigastrivesd tface of the

top ' 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.

[0082]  Where 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 SA 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
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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 areWEMBWEI#HEM the  receptacle 108, the tube 142 free end may b&¥538¢¢8%U ¥1ane

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 SB and &8iaf e feaeR@els secendeomRastmeiiRBa @ RIuiPY igcating the

opening 140 in the outer wall of the receptacle first compartment 108f, the apertured partition 110

prevents the #8di W@d@%@@@‘f‘%ﬂé\%ﬁﬁﬁﬁ‘%ﬂl@%i@éﬁﬁﬁ%@émﬁﬁi‘?%ﬁ%@ﬁi fYithe portion

(e.g. the tubecb%?tf[ﬁﬁgeexé):ﬁﬁ tmzs,ZQpﬁﬂésu{$ eﬁéﬁﬁﬂ%@vér&MB I’eﬁlifﬂi Bral)ﬁ&ﬁtthﬂ 6e|@ﬁ@t&ﬁ§e first
compartment 108f. [0079]At least a portion of a_top of an outer wall of the receptacle 108 is a
transparent 6P 8 SRR BRI CRBIEF 1 aI‘I‘B‘?NsCWEﬁ?g}, i i%rﬁfg?tgﬁg*r&?%%‘}gde 108. A

user san inspesinthereentiliid obinectisaslag elE30enThik? dhrplghpatitbe ttmsfehteoaver and
dermine RSS2
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

15 conduit 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
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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 WHER?%Y/dlerthg 140 (see Figure 5C) is formed by drilling throuBR PNt 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 cogerricpradierrthennspssite Hudesthmicaentorle dii8JsaxaRstackie hawkgater than 6
bars. However Wﬂen tem ereg)rdglassﬂéésa:ﬁ%eég e opening 502 should nat be drilled in the transparent
r §

cover 136 as thg LBAEPIRBEH AHEESlAMARY TSHTerapdyitdd Sratepildtst cover 136

can be 10 matheffoidrespfiyneansuitally shaped cpauite Ehanam paspll Jasduitarxpagnbeover 136
may be mounted on%o&h%tqﬁ]of the regiep e 108 b means of a circ rqfe ential device like a ring.
5 R :

The ring has holesa owing e Begﬁgt% to pas°§1 it ?o?élgtsénsﬁ'net PinEiFett d5UA# 36 onto the

top ofsthe recepisadignisit H5[ee8A jRrofinidigupeld Contlviill Hid appribeiatechihgtibagutesppie relief
device 138 is ggﬁl@q%dl%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 IrS0B8G1P2 S HIDTARE S5 Pureny s AHRRWOR LR RIAGR STGARA cpppariment

108s (see Figures 5B and 6B). This avoids having to form the opening 140 in the transparent cover
136 (see FigufEayigncoughitg b8pred shpovtrtperinnofiibeeisaning amens permganBitay provide
a poify of Weakﬂ‘?.s%fﬁ%'lﬁrl’yhiﬁ@r%&@é‘i%@%f@c’%&gﬂﬁ%%i@%%@%&ﬂh%%ﬁ%-%}?ﬁ% by coupling

the pressure relief device 138 to the opening 140 in the side wall of the receptacle 108, a transparent

cover without ShtBp&id ey eruhuit B¢ snd the)irdehioatior of tha sleaingselamant sAPRYess
susceptible toggratkingor snbéeniRg p3RiBASAThe BerPieaimfitshemmnpastmeantilidsanpecting sleeve

128 s Misal g P ]y Condait T30 s Becens & e e e e Sordons o e
cleaning element return conduit 116 and the fluid supply conduit 114.
15
[0087] A 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

25 conduit 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.
30 By 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
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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 eleYf2AP ¥t @onduit 116 and the cleaning element supply condit T2&2E/88I3Rkd 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 10§ igiontoe tﬂ@ﬁﬂu&a@ﬂ@glgleaﬁamtrmww@mwmﬁl@fam ﬁ@ﬂﬁeﬁm&ereaeetme 108 via the
fluid return congun%&LS This SW|rI|n t dislpdge 'g arficles fro urface of the cleanlng
clement 115 HEHLTNE PERORORTEHIR: SRR Gh HoHOH A G b TS LD b
appreciated thﬁtemmanﬁdﬁmrﬂﬂneoﬂﬁ@ﬂﬂnﬂe%p@iyacmmt 114 may be mlsallgned relative to an inlet
portion of the cleaning element supply 15conduit 120. [0084]The inlet portion of the fluid return conduit
118 may be r ﬁ eﬁgnrelatlve t the putlet,po 5%%{ lﬁh cleanin e nt return conduit 116,
WhiCrf.]%?S best i L@t ted ir 9{}1 gtﬁlrlé1 onglf%tfr?a géngl% R XI%? gor f@ of the fluid return
conduit 118 forms an angle 510 of around 90% to around 180% with a Iongltudlnal axis 508 of the

outlet portion ﬂfgbq clealing AT SlUeh ToRRA1 339, Wsiiadelyisalnm st Aoyides for a

stronger swirlin ect and theretore better dislodging of dirt particles fr the sur ac the cleaning

element 112, @dpRptieded sallagathisepleaninghelennth bl hfefine axdbcoBafingecisoensortion of 25
the fluid returnygpngdit iéﬁnasaéwﬁgewwf@e@mwéIa?hazﬂﬁgSQ%@é i QUIEHROfGN Rhthe cleaning

element return conduit 116. From Figure 5, it will be appreciated that the outlet portion of the fluid
suppld conduif9t Al SjeRring Slammiskiy e sk o ¥ahHB S RRCHBFED T 03 thg%}’eaﬁﬁﬂi@“élement

supply conduitfetbn8 iR b visglienoant elianialicnnAtR REssIRhWduar 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 ejegagnt réIUfeﬁeﬁdnﬂUHeJﬂJﬁdSinﬂl@Flgbﬁhﬁ?iﬂUi@l asuppyntensipd 1ddiangdhd.clganing

element suppl lannge#%%% eco nec the ft%i acle 10 on o eili;h?des so that there is

vertical 5misafignmen supp cagﬁoo i Er osﬁxfg glégﬂ 8W§%ply conduit

120. 1[5)086]Th@nglma§amgod12ﬁ b@mw mlwlgldrﬁéldegmweehmhe tnleﬂcpmgmmmﬂ thas 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
30 flow rate out from the fluid return conduit 118.
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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 port¥$h281tHd4¢®aning element supply conduit 120. The inlet porticHS T8GRI e urn
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 cleaninglé0gdient tetnidiogdoR hiSapisiedFPoittarleaingslemaatiiRiupipequdul directional

valve 124. 20 ing t intenan lves.144 146 .operating the valve arrangement
126 to close b(?t%%g%%?& Zﬁeprg%% I%@L?ﬁis 4%%&%8‘1%%?gﬁr%&éjéﬁﬁﬁwlfi%, SVBF S Eponents of
the cleaning sy®tdeh 1590 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. [6088]A rHIN® nanthe\Hinid stpalis eonditiy éddinnd dhiuiteauipglyleoruuitonly opsireala®df the valve
arrangement 148 .v3iitanyiea m%iﬁtﬁn%fyé‘i%'@béﬁ 1R F.agwgRY RGO SR sanguit 118

downstream of the valve arrangement OBy closing the maintenance valves 144, 146, 148 and

150, several cBRTHMTEAEtBEtHE sisamnthasy dherrlegpingnchenethsvenlocondinteF2hceTisese
components aggdiidepartiaphel thediuid surpl ferdvilbhbid dawnstrepmpling mainieRanee valve 148,

the valve arrangement 126, the portion of the fluid return conduit 118 upstream of the maintenance
valve 146 an dei%glfzél&&wg ocppguit 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 compartment 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 higﬁer 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.

25 The 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

30 time to return to the receptacle 108. It will be appreciated that the fluid return
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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 therefroWQ THA/EIdAing element separator 152 has apertures 702 (seFSaPPReUARYy 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 serduftthtSintey pipeolPleddtanmpeiaticfibecfuttiet fiipe $06 pliich iditwikddanproves the

fluid flow rate iﬁf&ﬁhﬁefbﬂﬁe%;gpé 88{33?”1.3314' [0092]The end of the cleaning element supply conduit
120 at the inlet pipe 104 is ta)éere . 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 axi8¥Bihe il plpaniraelement prnasatendssr ihavisliarthwoidenpiftesppigncbitiuit 120

improves the fligighflawsate-_uiEQm e ¢I8aRINg 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 axjgeghihe olittetapiped @ JihedIReTad i Qe iid satHie sangduit hiingproves the

fluid 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 90° 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.

[00101]  The tubing 102 may be a heat exchanger. A heat exchanger may include

25 condensers, 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 | to 4.

30 [00103] Figure 1 shows the system 170 at the start of a cleaning cycle, where the

cleaning element 112 js disposed in the receptacle second compartment 108s and
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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 out®hAIdEH connected to the tubing outlet 154. 5[0095]The fIREEOHNWELAt 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 rettare bendive ldBitmreighE2 (piespuaratat theclbsio thefhljdcapglit cohduiai $és the

cleaning elemean ¥V | ve;dthef\ receptacle, second compai fluent 108s to enter the cleaning element
supply conduit f?o éseg}ﬁglﬁre . %o%i%léhlrig'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 raiHAondhi’d 841 PRID CRURIRS 0T RuALAIY 100, I8 RSk qEiNg] area of the

outlet pipe portion 154 where the cleaning element return conduit IS coupled is larger than at the

outlet pipe porfera §& whereinselfidid Feauflovoridbr fluslidGbistessetity 2Oqywowites 30igher
pressure at thergleMGRIASIIA QR canduivat Brhaghat theflichigibiigconduliohLBwyighen the

valve arrangement 126 is operated to close the fluid supply conduit 114 and open the fluid return

conduit 118, tHSHTgHeR siewdsite athgreelaesival s empaaemtici theceisering 1eeaudee e willaning

element 112 toieays-dhiatediriinine 468 saarigosecdisand erianihr Higa9ing @leomabiriurn conduit
116. 25The cleaning element 112 then re{urns into the receptacle second compartment 108s via the
cleaning elem e}ﬁ ré%?ﬁ? aglrtl}a&ltltilfg_off electrical supply to other electrical components in the

10 cleaning 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 cIéaning 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] Asillustrated in Figure 3, after the cleaning element 112 leaves the tubing

102, the fluid flow 202 carries the cleaning element 112 towards the cleaning
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[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 appY€?a18d P the fluid return conduit 118 may be coupled at arRCF6 e28494e0bLilet 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 supplylen®Erosrhaitator4l f2arrBing ebatnp a thetapepethiond S2fesefiacds ddevanatpeam fluid

flow in the inletgpipg 0t T Be sleans SYRRLY it is arranged sQ that the tapered end
surface faces ay‘rva/ from downsﬁr%a%gﬁw floévi\% in t%e ir%‘%?g#bées ﬁ%%ifﬁ%aﬁiﬁé‘ FetdrA ?:osrll%flﬁlltt 118 is
arranged so th&®detdbare the rdesningcelesesy ddy frorebsioaliesvinanthiiu@aitbwbin thet chitlet pipe 106.

15 1001001 Frogtefi 31kl Besserbliatiielfln 90 6Aorhe o e/ o hifa fygtyretum

conduit 118 that is within the outlet pipe 106. It wi appreciated that the 90 elbow need not be
presertt, wheretF R iRt the Flcaphgrlementsparipal ko masbismet able tpenticthaslestingected to the

outlet pipe 106c]Simsiiarbthesadsia 26, 9D0s nw ff ddestisnahibs fuidsuapiegulp14 thatis
within the inlet pipe 104 and a 90 elbow at a portion_of the cleaning element supply conduit 120 that is
within the inIet%qge(sf@ .lgure%éi?}@ﬁ"’r]?é’% hine §3idhsupply &%ﬁﬂ%ﬁﬁﬁé@%‘hé‘&% techanger

may include 25adddensarsomitap0I8idsmanel sied}atisboedimpaing e ligaiRensySIespS406
(see Figure 4).
10
[00108] 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 preésure at the outlet pipe
25 106, 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
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[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 cN@ARY/RIdAi&nt 112 is disposed in the receptacle second compRFFREIUSY H3d 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 e 108oiwilk b ArpigsialethihaiihecawsnitcR Rk s AtRIsesigsisuPply to the

controller 134, along with cutting off electrical supply to other electrical components in the 10cleaning

system 100, WASISPHERS iSBvih J BRomgEPHE L yBIPs 197020 BT R T dh G BRI hactivates the

valve arrangesieming8dmanan 1harbuit swppiviagndait Thisand clesatbefiuichreders gepduit 118. This

allows the fluid 202 to flow from the inlet pipe 104 into the receptacle 108 vja the fluid supply conduit
15 114. The o‘?Pé’%?fSF?alL%v%“g‘}é&ai%"tﬁ‘é‘sfﬁ%ﬁ S TR lamPRL b TS J b‘?%??é?ﬁp?ne fluid 202

from éntering 108 auilehpipedifGibionghtireduiediiing ednrthtiReisconfdud iddgrstslg directional

valve 124 is agranged. o only allow fluid flow in.the direction of the outlet pipe 106 towards the
receptacle 10 l.mﬁ#uré,l tt%%ﬂlﬁ?j %Eeﬁ&%% %%acrl}lfl {geegi%ndnée%(gl?fteé%P&(%f%eo% eéptacle
second comppipnébt 2@s108sratmont ke thtepnen gipke hddnt Bhis plypconeiuihd 260lGighsifigisantty, the fluid
202 flow will t ﬁ]ﬁ@h! e e directional valve 122 of the cleaning element
supply condu?’?{l{gg ?r%o the n?%%igg% 1 }&\%V#Erﬁe%?e“éq?ggen%%%%%eE?%lfzav%ﬁﬁfﬁgﬁ%%\% towards the
tubing 102. 23f08206 |Ipik ialdxinvglet pine 08 ie psavesioh&dno hixingvdikezbebfhpdriadhe the
diamgter of eag; e jp4he 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 pignent 1 dewaklsshe sleaniog wiomepPtiReRAEBIREIL 28 bhRiglaaning 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 elerfoent ) pashdhcotighclbe BRIt RErTAR-bEhR claabi Tl 2RI Récl kgl 1 to 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

20 can be deduced whether the cleaning element 112 needs to be replaced.

[00114] Figures 6A to 6C show cross-sectional views of the receptacle 108 of

Figure 1, as seen from different perspectives.

25 [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
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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 théMurd¥WHat/tonduit 114 being open and the fluid return conduRGH8GEARYPUdEEd, 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 rejddpistle Tagubeing ishBuis denpressunaticlicivibvibe pastibeinkbbonhtiedutahpipe 106
through the fluid return duit 118 TFus cleanin efdtge return conduit 116 proyvjdes a
passage for the Tluc Zlozgpt%)ré%?ry'?h%% 8gr9£¥gﬁ%F§rcnegnatgﬁ tom the Cleant Sllllgé(r}ﬁ‘éﬁf S}égarator 20
152 into the clisapiergteddrmependigrihevaldeil %6 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 flyid 202yt ek g bs Wleline:304 Ve e dionaLalicpl ralvs 422 glono he
cleaning element supply conduit 120 as the pressure at the inlet pipe 104 | hlglhert an the pressure
at the outlet pibe ps1o® gfidhe evdesppifer| R pratsihe solergsdheresbivegtivn! [@92)10f T cleaning
element 112 refurning7barigaide 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 [001111 From the above, the cleaning cycle does not require use of an additional power

source, such 888 MgnAAePampt SilliPesripreisted that dhe Nepninge drmenhseemsaiEnt 112

through the tupsngsld¥digheaso heaglaading systesm w40 i themRRVEHRI, ISR MAtiGHNsing of the
cleaning element 112 insid theg[leceptacle gﬂ%o&é}o remove dirt prolongs the durability and
ST AP

effectiveness & st aentmat B Hgneretieah i & cle, fluid
from the outletrpipd&l theesmplet7@8wNiipdhie Mmringdipe dédeddis iropnd\eBdbgeeptigieticiency of
the cleaning system.100Q in.the scenarig where the tubin is a heat condenser, arrn fluid in the
outlet pipe 10 iéﬁﬁréc\’/n 1%%‘?% Xlllsli)?ir}’l% c\)\tl?t ecc%ﬁﬁbi%lﬁ’rg tt%glgFﬁ tpipe 4.9[’(%161 ];ivl—{fﬁures 5A to
5C show top \ilbwiaésthewabeftaicl echid obidyinrkel 8 i§0dbhgtd bethatdpttagerdd8ndasdacartain-beam

senspy 512 (el 3£8 FANPRIIR B3 ISRRRA AOWRSHE algng e fid connecting sleeve 130 to

before the point where the cleaning element return conduit dthe cleaning element supply
conduit 120 are connected (see Figures 1 to 4). The curtain-beam sensor 512 detects movement, size,
number and (I3LPlof tieterasprrapichansd il 4 (sudb psnpriesying shesvdadavstedrtmadeéaiiing element

112. From the,daignPieyidephRy e sHeipRRamM 5o W2xdhl monitoring of the cleaning

element 112.

20
[00120] The cleaning element 112 may clump at the 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

30 blockage at the entrance 712 of the cleaning element return conduit 116,
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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] FAPHYLIEBA and 6B, it can be seen that the free end 602 of REERIFEWAY4E 3 rranged 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[@12A]the Frreptslo w8 idheiprestirecalialsipyiserlas isopeiaiedstyoprning the
valve 138v. 5[0 g?ll Figure,.7 sho ross-secti naéé\l/j w of the outlet pjpe portion 154 (i.e. the
portion of the cc)’gte1 plifég '1% St ﬁ%ﬁréﬁaseg‘éio@& é%&ﬁ%‘%r&%ﬁ‘%ﬁhﬂ%ﬁéﬁ?ﬁ HFigure 1.
[00118] From Eegpled 7o ithwitiutketapipequistied thatahisvoledeinposidmertepal 803, 1hiit2tis designed
to fit against the | g'% Wail of the outlet,pipe portion 154, Ei .7 alsa illustrates how the end 704 of
the fluid returr?ﬁc%%%utt f18 ig ta%gg?gl& A?slgé%er |€:¥emenﬁ81rl1eu tg[irlllle%e é%é?él 8]‘8 tc())f aepcélrl}ellg%%’ﬁnd 20
degreés to arqumtioBd stegrees, 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 vidMIkePYlasEigrfolatbat dhelctbipe bRt 54 1 the tedernsdrdnt hanelemaingllows visual

monitoring of g,ilganing elemephila &P4P0A20NING ARANNGLRMED LI M RMMBAL die
cleaning element separator 152, t ereb¥ blocking the entrance 712 of the cleaning element return

conduit 116. THe ERiHYg trdy gis 8 thedalsh rirs 184-of Asgiaamatistrdrtier43 oupled at

one gnd to thesstiseiied bplief thadutiet RiRBLRIEDHipe4 0MhHB WRENG RIS IPROGSIE AR positioned
adjacent to theﬁtr%%ce 712 of the cleanin a{éement return conduit 116. The protrusion 706 vibrates
u%‘#t

due to the turbUfSHt O st R RS B fYERY s Slsrreesdenats e protrusion
706 acts as a twosrch obbeisefcthahidiimng 2y ise o dion- mathiisag wbratidoHeiiashils agitates the

cleaning element & 42 3t he QoA G IR P A A A SISO A B e 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
20 position 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 10D with Figure 1, the three way valve port
126i is coupled to the fluid supply conduit 114, the three way valve port 126ii is
25 coupled 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 1261 and 126iii are simultaneously opened (by establishing a channel
30 between the ports 1261 and 126iii), while the port 126ii is closed. In turn, the fluid
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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 cond¥YC1 28 ¥hH4AStead be coupled to the outlet pipe portion 154 at f¢d ohEI*¥8&éhs 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 texygyHs doaduieing 402, M@r@lth@}rﬁadmm disidibrstard G slisiibutesimeteseyenly the
cleaning elements 112 to %lr tybe of the tug .as 0 ose émving the random distributor
902 present. TH& M%& %Et%\p@ ietsis g%ésse S Bﬁl?}? ﬁ%?h‘? cleaning element 112 enters
each tube, regardless of the tube arrangement within the tubing 15 102. A propeller, an impeller or
radially misa pla |th b or warped surfaces ivert e clea elements in different
directions caL ﬁl e rar@dr{]{%l 6&}’{0}’38?2’ f%éjdsifé ach o {F% |g{$res }5‘5\ tol0Disa
schefatic drahﬂng)d‘s a2 eipenatirg Glipasitimalttheouslly eopersmdg Grerntdldhingr Fighmael OA to 10D, a
otorised IMGEE R RNE P e ORI CARMBLHARISRINAS (0BT 2 Spana Figures
10A to 101D Wlt Figure ree way va ve port 126i is coupled to the fluid supply conduit 114, the
three way valveyoricepdil 518580 qneeeth thﬁﬁJl&lﬁetﬂwdc@hmw 1aenduidl thied thpeelosad. valve port
126iii is couplgd {0 dhe e eaPtRge dishtpinpasmesy #3fvig thediggeanecting sleeve 128.  [00125]
In Figure 10A, the tﬁree 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

126ijs closggointyrn, theiuid 19Rhe cRRLUNY hISODRNRANYRI @ 1BR: fikichiatHEm Gangyit 118 is

closed. Accordingly, the fluid s ly loop 206 (see Figure 2) is established,
the go);'ts 1261 and 1f£1¥ are sﬁ)multalgeously%losed)Whlle 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

30 seconds) 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
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[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 126M8Q &ldeadeH4t turn, the fluid return conduit 118 is opened, while R&dAGPUHIIAEonduit 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 podq 32QiaR0 1Ol %{@&MW@'&%@M@&%@&M@ {3 ppgaed. There is

no fluid flow between the fluid supply conduit 114 and the cleanin_(lq element supply conduit 120, and
there is no flUFEEHERV. D Eh TR FPERRIRESPRIE (PR B el 8 Ryt 1he 26% SHremitl S conduit 118.
20[00129] Theypapiariersuiies wamialve 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. RO} 30]Mgitiver efeiken sentankrigvasvlofadléhaitiarems eyl valyact a@limaio use the following
program sequence,, The three way valve 126 remains in the Figure 10A position for a duration
sufficient (aroedﬂqﬁoglr’féeggf) gggﬁ%BE}W%W%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 3 ds) for the. cleanin ments.112 (see Figure 1) {0 return.intg the receptacle
second comggﬁ(r‘;f?jnt 1%%3?8&%@%%;?%%5 3 eﬁ?s(sslep?%rzzﬂa’t(}){r‘f gb ?‘ﬁgpt ercelae{%ev%a{tsaba ve 126
remains in thelbogurectd @qidsitorstotstobetththe ipemion o erfloit suppdy(serdrity Litd 4 yithihe receptacle
secqpd CompaimERLIABRN{IE. MK PAIND US> JRREAISBIPUOLR MiMiR)S00151L

Figure 11 is a schematic view of a cleaning system 110 accordin%to one (—i-mbo%iment of the present
uid supply conduit 1114

invention.  within the inlet pipe 104. The tapered end surface of the
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.

N [00133)  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.
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[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 cleanigg algypent 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 eqnal@i-sligbtlydar@enthaniRe sianretrnAheaabitideéa the sehinedd2a rgaularly

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 Liestineraleintubing bsipe<onprpiediSebvmA8 ittt APpRPEHGHUE Ahse BBaning

elementssuppbn GaBkE PO thenfiuigkratueampAtiaie: 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 tdiF§ MG connected between an inlet pipe and an outlet pipe, the Snon-motorized

cleaning system compijeingicd ReEARCIEposcanapehtuiedRapitian gispasedivathip ibe:peggptacle and
dividing the receptacle into a first compartment and a second compartment, at least one cleaning

element dispBLet O FRAPRs L2 Aot XBh PERATERE -owherein apertures of the apertured partition
having a size allowingiéhe fhie, dednied thiemleaning&lemantlie pasptiveughdne apaipuradepartition;  a

fluid supply conduijt connected to the receptacle first compartment for estabiilshglngdﬂ%id communication
e fluid,

betweell the IREPIFRHRY The r Eke ARSEIR A RUSHPa iYL, 2 size allowing € ut 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;

15 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

20 form 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
30 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
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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 elemepti sharesaPkRER5%0NE SRRRIEN! IR BIPIRGYmherRisIBRg:  a
cleaning element return conduit with a directional valve arranged therein, the cleaning element return
conduit bein§RSBfetadbetd itk FsEadeMe 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 outldtpipn-motoriged el S Abnsbitrelurn 6t BHd#HESIuid return

conduit 80fosradeaibaf asfiluidirgtdrnil@ppvareetiiinentoe geaningRiemenhiocipeatubingyia the outlet
pipe into the receptacle second compartment; and a valve arrangement operable to open/close the

fluid supply CUBPAHEPEReEE 1S syBRI 6 HE A dhe fi Issp PRl o et Rl Eding system of

claim 1, whesgiysberivalyedar angement iy adhieannayvaiie Witk tREsevaRidSs Wherepethgdeseptacle first
compartment, the fluid supply conduit and the fluid return conduit are each connected to a respective port

of the three \ﬁ)ﬁ?/ﬁ’\}%ﬂ%t% PR Y W gndRe Tuid Syt s B 4ansets the fluid supply conduit

and the fluid return conduit simultaneously.
10 3. 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

25  receptacle, 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

30  within the receptacle.
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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 cleaging elgmensfatyidcoRCMERIA LR 3P dheniecapiaedeh SBE ek GaRAIM@RLcE0 6.The
non-motorized cleaning system of any one of the Preceding claims, wherein the apertured partition

extends genBHENG YREENG A (HBG sXspding from the, BRI ERBFE e ide AR APSHAEYoNe of the

preceding clagimsedisthar CRRRPHSING RPERS SR RIS, dptisaicoupediig-ashapafingan an auter wall of the
25receptacle, the pressure relief device operable to release pressure from the receptacle. 8. The

non-motoriz8EPEEARIG SIS SuifAC?, AP thalbpEHIRgISRIATECRIA Y bt thEBIMEA wall of the

receptagle, apdibepprassuse terliahgevas kRMpEiISespialyvetteuRlRe tBeine sRenindbphanialys being
operable to release trapped air pockets formed 30within the receptacle. 9. The non-motorized cleaning

system of cl&miere WARPeshaihagssds dramen eyttt AiARIAYSmprises 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 ik porlith BPIRRABEF Al Einine sesRatlecHaN ANV Y ffHEPoJ&aRYdYelease
trapped air papkets fornecthwithinthecrarepiacire thferbhauenRotatzedraleapingsysiamiobelaim 9,

wherein the tube free end is tapered, wherein a plane defined hy the tg\,pefed ,tubf) free %nd surface forms
1

an angllé) of around 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.

20 13.  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
25 is 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°

30  with a longitudinal axis of the outlet portion of the cleaning element return conduit.
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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 ggver atipwing Vigoakamn dMeRipg ofllienieseptasie. 2ed 34 hemesmatoriaed eeaning system
of claim 12, wherein the transparent cover is made of acrylic or tempered glass. 14. The non-motorized

cleaning systeR{WH i e SRRt Tamfr diEiths, SOREREIHE FRRIESEITIA dPEhECALREAF4URR conduit
connected teppesiecsatacle 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 ag angte of argend e aigend1d S Owithm lonaiydinal Fxiseoptbe @uietippRiofughthe cleaning
element return conduit. 16.The non-motarized cleaning system of claims 1 to 14, wherein the fluid return

conduit and SRERILRN G eTRHHURRIREE Y HYRaBFAE dolhdbte ¢ 5 HREr SLEBEN S WP b o8 ¥ Lides.

517.The nontowaisiizad cfaapioe SusEaMmeafeanyRpey Aot RrécesiogLlaims; indhereamprsieg a
maintenance valve arranged in the cleaning element supply conduit downstream of the cleaning element

supply condUR ¥frarRasal VA Slsaning RRAEL VA IR A ARSEHIHY dhearry i AeMEPttum conduit
upstream of tfiaraleandng alespenidetdriieconduit 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
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.

25 21. 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

32



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 plgaminthysiedadianmnngy okt PregesiRb e laitnssudhey 28isRMRHSIEG a cleaning
element separator designed to be placed in the outlet pipe and collect the cleaning element therefrom,

wherein the B84t E & &IR288A AR RAS RN GRY HAh g d06! ATBGS g AREMSRlia ISEE ROt the
cleaning eleggnd tRPA&S BRGIRHBRORIHIES QO R cRURG WadihentlagipRocelemrmbFRIER conduit.

2521.The non-motorized cleaning system of any one of the preceding claims, wherein the end of the fluid

supply cond@REAt Pearaerdipd sy, P05 BERES JEHIRG B9 thiopsuriprlAdi8 B8 of the fluid

supply condipéesmenanangleleiamuwenhdagisesiadmund 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 plape defingcby-thadapedaedeanthsukasm FrthgycleaningnelpreeatiapRpneQRAbidarms an
angle of around 20 de&r?ees to around 80 deé;r:tees relative to a longitudinal axis of the 5Stapered end of the

cleaning eleMePLHRF B EruBLopARI NI StlE SiPe LRGeSy SYBRTS? ARABRETITRL BYeceding

claims, whengintthereandaf {herfleidretvmeopeuihaidie pytahpipedsdrparedunberiradqlans defined by
the tapered end surface of the fluid return conduit forms an angle of around 20 degrees to 10around 80
degreerelatfo818 8 otrstesh ﬁﬁﬁﬁ%g i ﬂlio%téﬁ%ﬂaéﬁéléf%é%ﬂ JRPFERHrANdopGife fluid return

conduit.

24, A system comprising
a tubing with an inlet and an outlet;
15 an 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
20  supply 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

30 the 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
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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 prayige, 24HahR PEASHUER 3b thar M SRl SRNAILtaanRaS REWHARIRoRIRNIRAE SUPPIY

conduit, wherein the cleaning element return conduit and the fluid return conduit are both coupled to

the outlet pipBS tHEERIBS-JBEHIRAIALSITPAN: SIRRY SiRRIBYrbATIRErd tife B dhmE R eteturn
conduit is coyplactbeing IakaST than abie eaistiNRE PERIR WhaiRdhpiped hidretamdceanduit is coupled
to provide a higher pressure at the cleaning element return conduit than at the fluid return conduit, and
wherein the EfR4HIhdSetEREssih datdhss BRATHY (A BRI b PO AT RS EF ¥R Elide ctional
area. 25. Theosysiens efigkaipipé4, 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 myrfacehiacgstclawnstieagiiuid Iowikibe nletwipe, theraanianmeement 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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