CLEANI NG SYSTEM FOR CLEANI NG TUBI NG Field OF The I nvention 5[0001] The
invention relates to a cleaning system for cleaning tubing. Background O
The | nverwDaemy0O®I2] | n heat exchanger systens such as aPCHGEHOONI11ANn
evaporator or heater in 10an air-conditioning system heating or cooling
device for industrial applications, dirt or other unwanted deposits build
up along the interior of the heat exchanger tubing. [0003] One way of
renoving this dirt or other unwanted deposits is through the use of

cl eaning el enments, such as balls nmade of rubber or spongy material or 15
spherical objects wit&LEANNGSYrREM E@R@WBYGFFH&N The cl eani ng

el ements rub against the interior wall of the heat exchanger tubing as they
are transported via a fluid flow ng al ong the heat exchanger tubing.

[ 0004] The dlidd@fikhedneemtidios are i ntroduced into the heat exchanger system
20 through a cleaning system After the cleaning elenents | eave the heat
exchanger tubing, they are returned to the cl eaning systemfor

reci scul at [(po1] Nt Phé hfehatreRic hen BRENihE Byshdn fdrtwﬁﬁh,g%ﬁné.%, 990 di scl oses
such a cl eaning system A cleaning ball receptacle 5 for US 5,592,990

uses a partition to divide the receptacle interior into a | ower conpartnent

and an uppgf,ck ﬂﬁﬁme'ln%xil’t'i& is permtted to pass through the | ower
conpart nent, ile keeping cleaning balls in the upper conpartnent. The

receptacle has three passageways di sposed in the upper conpartnent, where
two of the ag are used for fluid copmunication between the
recept acl e[@ﬂgls anﬁgﬁ%ﬁ FRhanges SYSIEIpS fu@i‘taﬁé‘ PRI AR §Yiﬂ’é’\5§‘§f (},}gle?%‘r W1 ow
fluild commaniafrabhdifiofiaf WRedn! Kkdting 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



receptacle and the outlet pipe. The receptacle has a fourth passageway

di sposed in the | ower conpartnent to drain fluid fromthe receptacle out

i nto the wormosphet’e. [ 0006] Si ngapore patent no. 107766 @#cIsiGeswsoandt her

cl eaning system A 5cleaning ball receptacle for Singapore patent no.
107766 uses a partition to divide the receptacle interior into a | ower
conpartnment and an upper conpai tnient. Fluid is permtted to pass through
the | ower conpartnent, while keeping cleaning balls in the upper

conpartment. The receptacle has three passageways di sposed in the upper
conpar t nentrecepfaskeeand e eftletmipey aElsrgaciigele hrea fywth passageway dispessthimi cat i on
10 bet ween I: I L e i sageway 1S
to ol ow f10 BsscannAthhe B BTt BEpepltl oft Wik drh AR O B
The receptacle has a fourth passageway di sposed in the | ower conpartnent

that is in i d nmuni cati on W e outlet pipe. 15[.0007] The above two
systems ar é&h%:lrpl ﬁ“g:aﬁ’o‘iehaitelg E%q&@#gﬁg 8’!5&85% Slgogr?eér %le_#%%ééfltﬁ%- c!%)se and

open sval vesldaamattal redeptabRifer Siﬁ%@%ﬁé AMént S¥ SLEME6 Lisesfadfaittionab divideahé cul ati on
of the cleaning balls, these valves being coupled between the receptacles

and their rieespiels ipEerionliee aaletepGemparipeiead auppeEcomptmentie Higd s
passageway eﬂﬂgtfeeﬁﬁ% pfsg %@%‘%{ #ie 10%5 U?fg@ax%%gm9@9%%@%g%g%@%%aﬁ?ﬁQﬂ% no.

107766 20provi I cate eptacl e 't woul d be
advant ageouwptocdrapetnzent | daairecppiagkt leam thicehpaasagewpysediapashd tie deummper

25Summary O Th Intven%i on éogogl%Accor ding to one ﬁs c(i_'l of the {.nventi on,

there is proUPEEEeal Y I5HITHY &y\OF ARSIV R4 Wit Bi%ﬁ'd FORFHER ¥nduct i ng
a fluwi d t hareatdenabghceptite indoinigldh pipaowhidsibechiedipireietan ig aloaluipi pe and

an outlet pipe, the cleaning system.including: a 30receptacle; ﬁn apertured
partition doBWHERcHtiaRhsfveenhe feserigelscand the @ulletpigendthersceniaclonbdict e into a
first Com%ﬁﬁ?ﬁésséﬁ%qfa? dfsﬁ&s%ﬁ% ARTPREL B Partnfht AR in AHR ohfARid3bon

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



el ement di sposed in the receptacl e second conpartnent, wherein apertures of
the apertured partition having a size allowing the fluid, but not the

cl eani ng EPaNt14479 pass t hrough the apertured partiti oRCTRGROW080183Ippl y
conduit connected to the receptacle first conmpartnent for establishing
fluid conmuni cation between the inlet 5 pipe and the receptacle first
conpartnent; a cleaning elenment supply conduit with a directional valve
arranged therein, the cleaning el ement supply conduit being connected to

t he recept acil e second conpartment for establishing fluid conmunication
bet ween t heflsBent glisposed metsrgcepbsisatccrich compertmens, mhbisin ppepareswifcthei n t he

fluid supplaperprd aI'tltf%ﬂqlarvIt}‘x%r CAI?&QIO%%I}%WH BUHARE YheS ‘II ﬁtel%rgéﬂp 1§ part

10 of a fluid sup | oop suppl yi ng the cleaning Fomt he
recept acl e 1wet dhmug]m rtheurapremred i parttionh ea tflwibd rsgpphyacdﬂdmtl cintctal pe;tha

I I d t I I d th
The- ol oani e BrEleL Rt FamaPRth fn it LG ol oy bedrop Atoriet o~

secorsd conqspe indhs redeptacle Hiratohphitignt bléldinﬁl@fﬂlﬂﬁilétﬁ @ﬁpfﬂyl cORluneAR, 4 he
out | et pipe,and t?e receptacl e _second conpartnent, fluid return

condui t corfiseiu! i lven arpnged pihgreine Pr@?%ﬁéﬁ*’ﬂ%n&uppldr cenguitbbsingi ng
11Ul d CONMYGRAIIO M iEe e Ele” SBHEChmblrilne CTIPLLIR Mm@ 1o out ! et

pi pe, wherein the cleaning elfement return c and urn
condui t f oroenunyégationfbetwédnuibd reetptache Isempdf ommpagtmenniang théenlet @ari ng

el ement fr VI a_ t e..0u nto the.rec cl e second
conpar t m*an'SIII eIgIg ﬂIieLIII/IIé SWPPLY 09 Sléﬁ%(I]Ihe(?I)élPﬁ‘gl et i@?&éﬁ?@ﬁ’é WM Hgatt | yi d
suppioy | oop)farﬂind)ptqrp@bloep tfor mppllsdngltmsae&ﬁiﬁg tlettieflt frefhUhdrdegitle §204H] The

val ve arrangenent nme %ﬁe {3 y valve with three ports, wherein the
recept acl e P’P%’Etmﬁ’btn%‘ﬁ)rf H mgt"lﬁ% € el PiRfR Sleatnal lemeBhERMACondwl d ret urn

condui { - ar &yigé eIk hifnded BRRAEIHY EIGAARL Rind:NRrkflcERuEYcial ve.

wherein the three way 25valve I's al so operable to c uid
suppl y condgiectedd tohethe | geagpieeleu rSﬁC@dn defvepaginpank t diore oestdbyishih®O0 fiijdA

i rect i onal” A RakEE beRReh e AD s hd B S b F R socameth oot s
[ 00113] Bot h ﬂulrdaratlhmacrmdglt ebareert ts um)fe,cepmael rbt conthaithent Fadliabshehge ment

return 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.



conduit may be coupled to the receptacle second conpartnent. [0014] The
apertured partition may extend generally vertically in the receptacle. 5

[ 0015] A pWe=81¥d4478| | ef device nmay be coupl ed to an opeRCHGG20PI&001d3L er

wal | of the receptacle, the pressure relief device operable to rel ease
pressure fromthe receptacle. 10[0016] The opening may be forned in a top of
the outer wall of the receptacle, and the pressure relief device may

i nclude a val ve coupled to the opening, the valve being operable to rel ease

trapped air_pockets formed within the receptacle. [0017] The pressure relief
devi ce may [f hetﬁqth&%@nwa%ﬁa@%ﬂmmPwyhlﬂtrmtbﬁéle&@n$>d@m§mtrr@mm i ef

devi ce thr alghit Aey 8RNI ﬂo%%ﬁ?c#ﬂ%?&%@rﬁi @oxﬁﬁa‘ilﬁ-néﬂ?l | into the receptacle,

with the tube free end arrange ose proximty to the interior surface
of the top wall of the receptacle; and a valve nmay be coupled to the

portion of tu i t receptacle, t val ve bejng further
oper abl e t(!b(?lgp ea?g1 e'(t21 E %%ng(gpiglaﬁorb%lé&%ft nc} %%agg'vﬁeﬁfﬁaﬁy%tée ?%S%tﬂ?l&cl e. 20
[ 0018] The tube free end nay be tapered, wherein a plane defined by the

tapered tu free end surface forms an angle of around 20 degrees to around
70 degr ees?&Hngti yePEegsuze F@ﬁgﬂ?"ﬁ‘iﬁ TR beysquplesk torameopepig in ppautghigall of

25[ 0019] ThepORERLAGI Mee Be ble GeRa' d t.er tacle
adj acent to the irjecgpt aec?e Sficr:s';3 corfcpvgg;etg n%@y[tgorf%?%’tp 8%‘%?%5‘{‘%3% on of a

top of an deeepfaclgal | of the receptacle may be a transparent cover allow ng
view of an interior of 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.



30 [0021] The transparent cover may be nade of acrylic or tenpered glass. 4
WO 2010/ 114479PCT/ SG2009/ 000113 [0022] An inlet portion of the fluid return
conduit A8 Po the receptacle first conpartnent nRETHE2069980113ned
relative to an outlet portion of the cleaning el enent return conduit
connected to the receptacle second conpartnment. 5 [0023] A | ongi tudi nal axis
of the inlet portion of the fluid return conduit nmay form an angl e of
around 90 to around 1800 with a |ongitudinal axis of the outlet portion of
the cleaning el enment return conduit. 10[ 0024] The fluid return conduit and
the cl eani ng elenent return conduit may be connected to the receptacle on
opposite si ep,& eani ng
el enent s u;gp y conﬁ%gg&nﬁglt%?@gd %?df}{%%%@%ﬁ %%%é@@ﬁ@eﬁgk{bt&cﬁ‘e ﬁrﬁy condui t
di r ect i onalcomphrmentamay ke rhisahgnet eelaticeto\sal oudetm‘utm oﬂth?fahagmdg elerchie

cl eani ng el enent Let strream of the cleaning elenment return

condui t dif 18] Oﬁg?l %%tegf%%iéﬁc AP AR SCBPYLPSE nay be arranged in the
fluid supply conduit

[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



upstream of the val ve arrangenent; and a nai ntenance val ve may be arranged
in the 20fluid return conduit downstream of the valve arrangenent. [0027]
The mai ntwoanoelivabves nay be hand val ves. [0028] A cl eaRrCmEGebm®roeot 3
separator may be designed to be placed in the outlet 25 pipe and coll ect
the cleaning el ement therefrom wherein the cleaning el enent separator may
have apertures having a size allowing the fluid, but not the cleaning

el enent to pass through the apertures, and is coupled to the cleaning

el ement return conduit. 30[0029] The end of the fluid supply conduit at the
inl et pipe fAay apanglyof apnd gRelegress & pround SHdepreatralaiivetie atlapsifgmabng
surface of L I i rman angl e of around 20 degrees
to around g%ﬁ&%éél&ééﬂg@er?déf@ﬁf\%@?%ﬁg ?%I%é?r%élﬂlg[l nal axis of the tapered end of
the fluid supply conduit. [0030] The end of the cleaning el enent supply

condui t at i nlet pipe . may_be apered, wherein_.a plane defijned by the
t aper ed en(!lédéﬁ} f agzl egg d toﬁéhec%ﬁgglﬁ?%éeéfgtn%lﬁ?lysﬁoﬁ‘g}@ aggf?d‘ﬁ]{e? p’r?ﬁ)fn?yol?em an
angl & of angend, 3Detgs pREe Uofimsddyntle Hpecsndasrhed ot the @lchfing elegfegi t udi nal

axis of the tapereq end of the cleaning el nt supply conduit. 10[ 0031] The
end of t he SFPRIY FOPERL MAYC R aﬁgletcffear%‘{‘dreg‘ﬁ ‘éﬁgﬁeé’s Ry §p&egdes wher ein

a plane defijpget RY aUbSit@RGT 86s §FAnS WUdetdCef of AR Elbaifh "eﬁfrféﬁ?s%?}gu;t may

forman angle of around 20 degrees to around 80 degrees relative

| ongi t udi naondwii-s 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 1@ cl eafd03g] sy Jherand Wiaheiffuid hetufnl condui i phy oodedpipé nddydbéd kpedeani ng

el ement supply .conduit. are pboth coupled to_the inlet pipe, the fluid supply
condui t cod’@?%“d“ &tpqaaiepﬁ&gpﬂ ﬂf%‘@?ﬁé‘%‘ eﬁ‘bé‘frf*’é’ﬁrﬁfttﬁ%ﬁuldﬁé g enent

supply condgint ah Gnge QY afifind 202 g8 RELroRAE 86 Webredd rdidifeflth WilfngitdBRby condui t
than at the cleaning el ement supply conduit, erein the cleaning el ement

return condsistof ghedandied ¢ndpfthe fuid retumeendiit are both coupled to the outl et
pi pe, the cross-sectional area of the outlet pipe portion where the
cleaning el enent return conduit is coupled being |arger than at the outl et
pi pasporti §003her & systenf may dndlwdeus mbimgnebith tani islet onip be dutlay; pr olétgdpea hi gher
pressure at 25 the ¢l eaning el enment return condujt than at the fluid
return conddfectednig etrugli“ﬁ ’P%& & é’éfﬂ?tnﬁlpglcéi‘?ﬂ?ﬁwi S AFBES P G n t he
outl et pipeldafinispfem] Wherbiherht TGL EupplyOSSirdafGind AR kleAti8A 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



[ 0033] The tapered end of the fluid supply conduit and the tapered end of

t he 30cl eani ng el enent supply conduit nmay both be within the inlet pipe and
t he taperw@20mdl1¢£79t he fluid return conduit is wthin t RETEG20E00¢IIHe; and
wherein the fluid supply conduit may be arranged so that the tapered end
surface faces downstreamfluid flowin the inlet pipe, the cleaning el enent
supply conduit may be arranged so that the tapered end surface faces away
fromdownstream fluid flowin the inlet pipe, and the fluid return conduit
may be arranged so that the tapered end surface faces away from 5downstream

fluid flowcprivityaashs aeangpd prothal the twpredend suifany faesp downstrésmnfluid flowanger .
Bri ef Desctl pt s T i 5 aw i ef erence
characters E% g{ﬁa elggjlt @}3 % g’f%eér-i)&tgf({)ﬂ%] ﬂ%né[gn%alg glg’r ‘]folg aﬁ% :ﬁgagg%eo#{ﬂ%g% S!EI :ﬂ#%?élﬁee nt

vi ews. The taperdiend surdace facss awey osaddwnstream Sid Bowenpiedslespipasind alek
general ly hei | aced. upon il lustyating.the pringiples of the i.nvention.
I'n the fol ?18@11%51%?1 eYE ftﬁlﬁ)?yo%?, a%g?(%i?sth%%ﬂf) Efipﬁ'geﬂtegﬁ S&f?%éfa"leﬁ FERY 18R ar e
descsi bed bwhsticamehad 66&6n b duklet fipd.| owi ng drawi ngs, in which:

[0036] Figure 1 is a schematic view of a cleaning systemaccording to one

enbodi mrent of the present invention.
[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.



20[ 0037]Figures 2 to 4 are schematic views of a cleaning system according
to one enbodi nent of the present invention, during different stages of a
cl eani ng woch®/11§40938] Fi gures 5A to 5C show top vi ews ofPCa/SGeawpb@Eaes e
according to one enbodi mrent of the present invention. 25 [0039]Fi gures 6A
to 6C show cross-sectional views of a receptacle, according to one

enbodi nent of the present invention, as seen fromdifferent perspectives.

[ 0040] Figure 7 shows a cross-sectional view of an outlet pipe portion
accordin one, enbadi hrent of the present, invention. WO,

2010/ 114273%) SGIBYEF COBPOYS ¢ Gom YR Q{JP% ogtletBiRe RorighacreElinG o 8P out | et

pi pe porti afnaaREH bhthelpPeseiGnfidbigdi ment of the present invention.
[ 00421Fi gure 9 shows an exanple of a tubing to be cleaned using a cl eaning

Ssystem according to one embodi ment of the present invention. [00431Fi gures
10A to loD[@Mé] SCI}?QH‘E '9Csh%'§>v§vgnn9)§am%ie 8P 2 WELHH R Hé’a%'e& i {rllgoaf cl%aning

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.



val ve arrangenent usable in a cleaning system according to one enbodi nent
of the present invention. 10 [0044]Figure 11 is a schematic view of a

cl eani ng wobsmiazeor di ng to one enbodi nent of the present/SGReENDIGS.
Det ai | ed Description 15 [00451Wi | e enbodi nents of the invention will be
shown and described with reference to specific enbodinments, it should be
understood by those skilled in the art that various changes in form and
detail may be nade therein without departing fromthe spirit and scope of
the invention as defined by the appended clains. The scope 20 of the

I nvention is thus indicated by the appended clains and all changes which

come Wt hi i d (o} ' e f~the, el al

therefore i Oi)‘gﬂdrergﬁ{é oﬁ%gﬁ%n%%%glgg).o %6%}%3\[/“@%%%‘%&0 Ze{%f)dr goélcgﬁl&ﬁ{‘%at comon
nuneral s, ufleid therethtvagh elTheanbing 302 ancagscted degvech @ndsleppipeng ahhan serve a
simlar or th urpose. [0047]Figure 1 is a schematic view of a

cl eani ng sy%‘{ H’lfggoﬁgccordi ng to one enbodi nent of the present invention.

30[ 00«18] One effect of the cleaning system 100 is that it provides a sinple
structure (9p50] 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



while at the sane tine enabling that has good self-cleaning capabilities.
WO 2010/ 114479PCT/ SG2009/ 000113 [ 0049] The cl eani ng system 100 is for

cl eani ng wolorg14402 used for conducting a fluid therethPolige200pe01181bi ng
102 is connected between an inlet pipe 104 and an outl et pipe 106. 5

[ 0050] The cl eaning system 100 i ncludes a receptacle 108. An apertured
partition 110 is disposed within the receptacle 108 and divi des the
receptacle 108 into a first conmpartnent 108f and a second conpartnment 108s.
10[ 0051] At | east one cleaning elenent 112 is disposed in the receptacle
second conpiemerédd2 leoues thayseentegle second coraparpraent P8sivip dret dleaning elebenhave a
size all ow g element 112 to pass through
t he apertursleEl Bar?ﬂlwﬂti%& Og,%]fﬁi ﬁ}ﬁ‘?gM;uppl y conduit 114 is connected
to the receptacle first 15conpartnment 108f for establishing fluid

comuni cat i en the i.nlet e 104 and _the rec acle first

conpar t mentlﬁ)%g \xége@%‘]nﬁ AeTae; ‘r%apr’él@ﬁé?ﬁ qgép‘ﬁl“gpnﬁ?fﬁﬁ{]ﬁ the treprtadgnnect ed
to the recepbd @riRARRE: PETIDRE LOEIhHISHil Qon@ikadtibs Befiteh ki Sutlet
conmuni cati gn bet ween the 20 receptacle second conpartnment 108s and the

i nl et pi pe Pip106Tand the Eagaptag]e é?‘@ﬁér@?m%ﬁﬁpﬁlv 108addihe cleagng glsmeniiehat i onal
valve 12, Aohanoetk I Sldroli Sulk 198 bhahAl KBLHC, HEZfho Lot [ i

in one direction, nane romt e recepta I'nlet  prpe 104.
Thus, the dillows tloyn aif ﬂnaxl vie obR iereare tasnel sh droid lthedomttbttﬂi@e |m6 @iito ph@e 104

I:{ g;nnr lng\M ngceppacfé d%e rfh%% elli‘)lt ad?rlegtlgn% 8;196 384 laervte&gr% c ghll 1nt er Igeléepr’}actl

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

l-!

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



25el enent supply conduit 120. [0054] During operation, the fluid supply
conduit 114 and the cleaning el enent supply conduit 120 forma part of
a fluid swppbw/tieop 206 (see Figure 2) for supplying theceiseaniongoies enent
112 fromthe receptacle second conpartnent 108s 30into the tubing 102 via
the inlet pipe 104. It will be appreciated that the cleaning elenent 112
| eaves the receptacle second conpartnent 108s via the cleaning el enent
supply conduit 120 to enter into the inlet pipe 104. [0055] A cl eaning

el ement return conduit 116 is connected to the receptacle 5 second
conpart mentl04¥s fHie elsenipg i syriemy 109 ufuethero implirdes a2 i vatveb atrewgsmenhd26ut | et

pi pe 106 a e t. . 108s. The_ c i el ement
return cond |e%ﬂ%1%0eﬁ§§y§8%i trhggﬁﬁgggf ¥l %ﬁ%@gz{se&r E%Hrg%g) ?]lllde(rgg‘%}%ﬂgfﬂe
di r ect i onal opealclose fiz4had tavwvs 16dpot06aEecf Higard 4).n one di rection, nanely from

the outlet pipe 106 into the receptacle 108. Thus, the directional valve
124 prevents the fluid in the receptacle 10second conpartnent 108s from

flowisng intjoogope OmhelvatlvepidagachMt 1 76 RisGhret D dE SBSHRMio! €Ment return
conduit 116, [O0Q56] A fluid return_conduit 118 is connected to the
recept acl e ¥ Tpg flu tlpRINE06 (see Figure@dfis epsnedovhilsl the finidgetumlogp 406
comuni cat i Q. BeLWest Jheqr - ' - 08f- t he
outl et pi pe@106.§ﬁ[0857] %%f’il %ﬁg%g@%ﬁ%h&%ﬁ@%@?@%ﬁ{% gég%béiﬁ 1dr & n
condui t 116oaduit 1 Hearid awsihg the fingitratum cordditild8118 forma part of a fluid

oL 10000 RGNS I (0 SLU L 0% N ELERRL NG SheED a2 rom
conpar t ment(sédObgure UPOSSperddte THislishehiePdd by diRQRandBs1{ SR8k A d Jpply f or med
by having tcb)gdliilc H 4dand 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



flow fromthe fluid supply conduit 114 into the receptacle 108 (including
the receptacle second conpartnent 108s) and then into the cl eaning el enent
supply 250201du#479120. The fluid return | oop 406 (see PCEEHGR0M§009143f or med
by having the fluid flow fromthe cleaning elenent return conduit 116 into
the receptacle 108 (including the receptacle second conpartnent 108s) and
then into the fluid return conduit 118. Thus, fromthe 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
30t he aper fsge @cguyaﬂl ist ¢stablighed, thewonpertiog ronduyip PErbeeees Paood tha 1p@do59] The

cleaning s Q. furt her rr ble to
open/ cl ose¥'1§13rl‘|’ey T ulé 1g%p§ﬁ§h% &ﬁé&%ﬁ% v?tée\élgdl ﬁﬁhrrg %gte %366 éer a%l%?g%

open/ cl oseist &s&bhhhed;iﬂmabma%g@pndlﬁﬁlE(ZSB&oﬁiegq_waﬁ of)the BfdORAHd kendudd ve
arrangeneni 26 has three nodes of operation: i) The fluid supply |oop 206
(see Figur is opened, while the fluid return | oop 406 (see Figure 4) is
cl osed. This |s achi eved by sinultaneously opening the fluid supply conduit
114 and closing the fluid return conduit 118. ii) The fluid supply | oop
206 (see Fi0§63le 23 metodressibre- Wit L@Ot’th@l\tel mirbe vsadriar thedpreageyn@lvsee Figure

IS open V, i f suppl
condU|tpllzﬂ%ngﬂgég%?ﬁgqﬁﬁ%‘%ﬂh?%v hﬁ@%ﬁgﬁg%k%%@gs Il REB%thhe Fruyd
suppl y | oopiniplSstivetree b malrm;eﬁﬁaclarfdsttcbmptﬂtmnt Y08f wilh ohlgapediDGinglegertFi gure 4)
are cl osed,  Thi .hi eved 0 th id su d 114 and
cl osi ng thgh?aﬂéémP%ﬁ %5@8W3ﬁ¥9 TgﬂgﬁgvT@ﬂ%iﬁﬁﬁ%wggp@ﬁ i$$ 'ﬂéﬁ%nt 126 is
a thpee waynlyain¥&aWet (thet fire2ewPvISe §3@6k 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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126ii and 126iii). The receptacle first conpartnent 108, the fluid supply
conduit 114 and the fluid return conduit 118 are each connected to a
respect i WEOROKW1144726i i i, 126i and 126ii) of the three WRETH&2WL/00PE3 The
three way valve 126 is al so operable 20 to close both the fluid supply
conduit 114 and the fluid return conduit 118 sinul taneously. By

si mul taneously closing both the fluid supply conduit 114 and the fluid
return conduit 118, both the fluid supply |oop 206 (see Figure 2) and the
fluid return | oop 406 (see Figure 4% are closed. 25[0062]Alternatively, as
shown in Fil¢fle6k 1 The lireeiéonaptvalyee 122 rad 126 mpay bensheckiodves, dichaalfowui d
connecti ng . r ] pshing a passageway for the fluid to pass
into the ré%%ﬁ@ggPéaf??gfn%§%%§%¥hent 108f. The receptacle first
conpartment fluid connecting sleeve 128 is connected to the respective port

126iii of e T hree alve 126 via a connecti opdujt 132, The
connect i ngtnih?ﬁ ui oﬁ\é\@éi P éF’é‘B‘PtyS“Qg]é(l ‘?%‘H%‘& l%ﬁ?aﬂﬁtt.%c P’E}P%I.elfﬁ}?ﬁbcti ng
sl eeye 128 rethin dbinbihit DES ARREGSERAH: Ifé_@?taéw\@ec\ﬂﬁ&’céﬂ'lﬁé‘i’trhélt@me“ enced by the
connecting conduit 132. When the fluid supply |oop 206 (see Figure 2) is
est abl i shed, the connecting conduit 132 becones part of the fluid supply
conduit 11 t [ h : |yl r p see Figure
4) is est a@?(ll@ed?%te'%ﬂg%m’ngggg}or‘%p @21511 ul tf’ tgéq%c%g%enlggs e‘[L')%hr Coi)}l?p%eenﬁ?l uid
return cond@Bs hdsB8fluid cpai6BhAslamted3i0fedestdblickinga\patsapeowiy foakhecfluitiyo be used

for the three. val v 26. The use, of hr e y.val ve 126 provides the
cl eani ng sf@?sﬁﬁﬁwﬁfﬁﬁéﬁs?f’ FRArifaf 39% a&"%?ﬁg Cﬂeé‘l‘}g]ﬁtemeé‘t Elmp

conpar t mentcoddiff 120 kild 0l fediifidelomehthin RBAduI{ § I ofd shuldonnBE iy S| eeve
128) to interface with the three way valve 126. Further, 10only one val ve

(the t hr ee SfRectng sleeverb30.i Theslegpstdemensreym epndugpblbampy e Glisagde

cleani ng systam nddQonddHGF koI Bad of using a three way valve, the valve
arrangenment 126 nay be a

[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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single valve (not shown) arranged therein the fluid return conduit 118 and
anot her 15 single valve (not shown) arranged therein the fluid supply
condui t MWO.20B6k78i ngl e val ves woul d be operabl e to op@eTHG21998&13 hei r
respective fluid conduits 118 and 114. By using single valves for the valve
arrangenment 126, both the fluid supply conduit 114 and the fluid return
conduit 118 may be directly coupled (not shown) to the receptacle first
conpartment 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 nmay be omtted fromthe

recept acl e (fd-4H9t C t ment ~ 108f . J.n favouy. of coupli .both the fluid
return con&ﬁﬁﬁ 11§Q§%§§utr?1reeﬁff ‘%‘?Weshﬁédf y° 8?%{{‘&3{1 Offﬂlgailrg‘g&‘ AR, Opigr W%li pective
openi ngs ( ndtthesteowpicle M08 hEhe prespiacdier ddvicet 138APAELBIRNS reldhe pREGHRE A
controller 134 controls operation of the valve arrangenment 126. The
controll er ‘§ﬁﬂ?§E%WFﬁ%]@%'the val ve arrangement 126 to control the
operation of the valve arrangenent 126. The controller 134 may send

Wi rel ess signals to a renote server (not shown) for providing feedback to
moni t or t hé0¥Bkanilngedgtatiegrmeiotenagee Wy @0tho recentadlo ROT(SCREO Y BPHE 3

0066] Th ' ' 2 12 I whi . |
i ow of 11 opiregSabart@’ B AepRRC ol BT i b OB RS e BUER: “suppl
condui t 12@cuice 18R ds oparated Bg thitahe Méceptacle U8 ifRAdbEGualidd @ramopuplied to the

receptacle second(gg ai tnent, 108. %0 68] Al.ternatively, as shown in Figure
1, the recdpti¥fe > CYHPSH AR AgsuY Hapgnegiatgly, jogering fasctereriacds eeve 130

for @stabl i19Bi Hpfdte @g&%ﬁ%ﬂﬁ)brés@ﬁretreﬁeffdewcg 189, AaRRnteQ iR 16£CRRL acl e
second conmpartment 108s. Both the cleaning el enent supply 10 conduit 120

and the cl d4Riapd 180 waeldifirstdeve o kesthensil to salgtethecleanipg sxtew 18he f | ui d
connecting sleeve 130. The cleaning elenent return conduit 116 may be
aligned with the fluid connecting sl eeve 130.

[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



[0069] 1t will also be appreciated that the fluid connecting sleeve 130 may
be 15 omtted fromthe receptacle second conpartnent 108s, in favour of
coupl i ng WOt2B10He&478| eani ng el enent return conduit and t RETEGEENI0AY12] enment
supply conduit directly to respective openings in the receptacle second
conpartment. [0070]It wll be appreciated that having fewer ports on the
receptacle 108 20 provides for a sinpler structure. Thus, the receptacle
108 has a sinple structure as there are only two ports (thﬁlflrid f .
connecting sl eeyes. 12 d 130). This sinple structure sti .allows for e
establis h%é’ﬁ?veﬂ%gﬁtfﬁ’én og gi‘&‘p‘ﬁ?’%ﬂ%ﬁﬁ enyens (the gleanipg elemeyt HRAds t99eig | ui d
return | oopo ' d pAHfibg10P€ | Ot ot | stem
100, to efPeggﬁzg%?%%ﬁggﬁ?ﬁgﬂ%fpﬁhe agégtu?@%&ggyi?$f§%m%%ggﬂ¥%gtg?nple
structure 28p% &4 ee esdandihy inferionAwitanst ofrthedor wetlxnf the revaptaflad0Bris ng cost s

I ncr eases . e Ln the recegpt.acl.e 103, 71] The
gpertured %@@?@?ﬁ%ﬁmE?%%§§?%%gé98g%gﬁng@c@g?§1@%Havn?%m¥ Ssgggﬁé%%cle
108. 5The gevedr afl thy raceptntle 4108 ddilitage rendveastaansekes eifen Ghe rBbptacloOfiog he

apertured 30partitign.110 roviding a surface which is substantially
flush with' ﬁ@f§$%ﬁ?19§W%%PﬁﬂﬁﬁgM°%lthq dletrene PrEn Kept acl e 108. WO
2010/ 114479PCT/ SG2009/ 000113 [0072] A pressure relief device 138 is coupled

to an opening 140 in an outer wall of the receptacle 108. The pressure
relief devil(wg”hss Tosfugher enbprcetthe pided ¢ avhicheais ppekety amrethevadeteptiac| e 108.

2 LDo7 311 1 xBlaefe o8 AnT RN 192 BB End' bl vOThp bR, PHIER! Biilra bYTheligpisly 2 0
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

15



the apertured partition 110 or replace the cleaning elenent 112), the
pressure relief device 138 is operated so that the receptacle 108 interior
equal i seswbaosrmespheri ¢ pressure. O herw se, injuries may/SGee90001f18 om

i mredi ately opening the receptacle 10108. Before operating the pressure
relief device 138, mmintenance val ves 144, 146, 148 and 150 would first
have to be closed to isolate the cleaning system 100. [0074]Wth reference
to Figures 5C and 6C, the opening 140 may be forned in a top of the
outer wall of the receptacle 108. The pressure relief device 138 nay have

15a val ve 1f889edby grillmetthrongh thayeanspayent soven hiS. vEurther, mgaxlicisdiows helser abl e to
rel ease tr i t et e

[ 00751 Ret ur ol Rg e RACIEE! ot B, YU Qur b TR P fr bis 314 s

i ncl udes a Fipgires $A20e5?)en giasegthfaugh TheebqitseH duare useel toefhstetettieamand@Berit hr ough

th ing 140.in 20 th tacle 1 i 11 int, tacle 108.
The tube 145Fr L8 M P on FoAE SHPACEN D80 TSPEN T4 H5Pois b0 BRRDYy
surface of Hiflertampetbtes ¥k S&é&m&@@@@@@d ® akPlic. AFotahitshch3RMpbRd Gupl ed to

the portion of the tube 142 outside the receptacle 108, the valve 138v
bei ng furt HBRY Bpasedpios theptranspargatecoveralioethere thy prerbws infsisterthel rasentagle t he

receptacl e % i . e tube
142, a suct%%ﬁs?ggg%gggﬁi pg@%gﬁggég%igﬁ%t%gn?ﬁfgﬂﬁégﬁffgéﬁénﬁgﬁﬂ£€utside

t he recept aapering(382 sHild nstiext drdiedfio flearanispdremtabvemnllyp asahieaswd icraabped air
pockets for Lthin the receptacle 108 during charging u f the cleaning
systen11005ﬁﬁ%ﬁmﬁﬁegﬁﬁhi§?m%ﬁf &?s%nﬁ??ﬁag S%ﬁ%mgﬁgngﬁgﬁbqégeﬁﬂnge112

t owarods t hemirufetké® e seitly sHafedhealdl NChetle@ipBRl glakd tradpafeht bsvecONf i ned
wi thin the second ﬁonpartnent of the regggtacle 108s, is prevented from

bl ocki ng t Nt 98 b omppmed emio aberive of chni TrgeRsrddirellS byomeans 68 dig to
pass t hr ougly hier@RAI IMHEHIRA Libhd | PR &ﬂé’haﬁ&cﬁéseglgyg{i%getht%@gltgg P4 R}, Det veen

the tube 142 free end and the interior Surface o he
recept acl e thieggh o fastow the transparenitawien ¢34 o tthbiop bf thefreeeptaghedl 08| ose to t he
interior surface of the top

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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5wal | of the receptacle 108 facilitates renove of air pockets when the
receptacle 108 is full of the fluid fromthe charging up of the cleaning
system 1090 2p00IAF+7¥o further enhance the speed at whi chP&ITSGRUOKLId3 ar e
renoved fromthe receptacle 108, the tube 142 free end nmay be tapered.
A pl ane defined by the tapered 10tube free end surface forns an angl e of
around 20 degrees to around 70 degrees relative to a |ongitudinal axis of
the tube free end. [0078] Wiile the opening 140 is illustrated to be in a
part of the outer wall of the receptacle 108 adjacent to the receptacle
first conpd3d nkrvask@dier winsionsle@lskisgeFesrs ) thabtherthid Aypply tonduitl11he

appreci ated at, the openi 0 _can al.so .be in the.outer ||, gsee Figures
SR and o8) st A ERBPFRAE R AR e BHIR M TR e st BT ocat ng
t he openi ngonkd@ingnsledie 028, ewhil@lthe eleadiie dl@naNt REIE dondsit 196ngEAr theent 108f,
the apertured partition 110 prevents the additional_ advantage of preventing
the cl eani Plganing fdsment 1 supphb RoBAYE Ki29g aFshoppled i thn t{l%_r@c_:epgaﬁge 569984142 free
end) s of t he, pOPLEASHLR Jofi%é o AR6E B30 38nddah 1St HAHALSISE IHRGIS@ AR ac! e
first conpartnent 108f. O/9TAt least a portion of a top of an outer wall
of the receptdait/lé8 ¢aBetsd fo theaersptacledirstcomprrthest. 108Aes misalippd radstivecover 136
all ows vi ew of i.nteriof .of the receptacle 108.. A .uyser can jpnspect the
condi tion Of %} ﬂlth%lpeogrlﬁ%ﬁi: gfeeﬂﬁ?ﬂmgﬁ]%". it &R SR ]tlisacr? %frteedn{g’ @Sver and
det erm ne whgitihes sédoad coapaitngnte] BeE Mhelhdalfnutd deatahasgaiingeffeqr

cl eaning el enents 112 shoul d be introduced. [0Q80] The trangp{arenth cover 136
may be n’ad@lc{?kwb?@r‘}/‘l ?Etl%?d“?"é??béfseﬂ“‘&l refns, ipfo the receptacle 108" irom the

10 cleaning element return conduit 116 and leaves the receptacle 108 via the fluid return

(1=}

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 cmthick. Acrylic is suitable for use where the pressure
inside the 30receptacle 108 is expected to be around 6 bars or |ess, where
acrylic pvovdtued44’he advant age of not cracki ng or shatt ECITSE20094900143
opening 140 (see Figure 5C) is formed by drilling through the transparent
cover 136. Further, acrylic allows holes to be drilled near the
circunference 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. Tenpered glass is able to w thstand
5 hi gher t dhgpeeeentesle$0%en ppeasita sisss,corthatrtberetiv vertiegll misalighorent hgwasrce,

t enpered gl . e r anspare er 13 eLe .fhe pressure
i nside the t?i@%‘g? étclzl ecoﬁglgilig)g?(%g%t%%n?% eg%m‘gl&é% er’ "#él?ll 'balrmsliagpfbmever,
when t enpenledflgidasipplycondtl 114 had dpecleanind Blémshosipglynedndog 1doinhdyelsk i n t he
transparent cover, 136 as this cggé/d crack .or shatter thaﬁgl ass. | nstead,
the t enper SAMCEds e fhe, Ipeeptante e PRBOSIE sides: §Q) thifn Heli dtiretictl om a

sui tgbly shapginfen tbtwddagnt ﬁﬁﬂ%u?ﬁly%ﬁ&ﬁt § [ ARSPAE RMank@ \eBmehB by be
nmounted onto the top of the receptacle 108 by neans of a circunferential
devi ce |ikeéordwii129. 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 dev[i86]l38 Theremmaypdlsmindtcbet o1y mipalignngeni H6twican threiniet posjparoiie cover

136. [0082] VWhere the pressure inside the receptacle 108 is expected to be
greater t hbﬂf“greﬁﬁ? §?n‘£1ﬁeﬁglaé the et Rqrtipn ?g%‘e ﬁﬁe@F’é‘lgfiﬁl“S‘Fn& Fﬁ“&‘nﬁ&%‘s"tﬁhe
pressure ralibelidgaiys there fhal AGdtRA bdtanP MibalRhmlcheb QWb &I theRbllerdfi@zent to
either the receptacle first conpartnent 108f (see Figures 5A and 6A) or the

recept acl e %% d senpbacenduiit 114084 theindet pogginneef the cleasing Blemerhsuppliy oi ds
paving to Lardiud I, OPEDAG dflohdlof R AGiANSRA! SHASOYH adPtheldiefidy 9Ur e °C)

for coupling a pressure vi ce thereto, ere the opening r40 may
provi de a pkiment efpplyeaknessl20rmay bhiools tduee plaae sp diecodtlet pugiond 36 the25 nmay

crack or shatter.. Thu by ¢ |.i e pressure relij device 138 to the
openi ng 1461%F?{ngﬁl§m§p§t’gu\%f?n%§ﬁ ltlﬁgmﬁE‘fggﬁ“gﬁqpé’iyﬁ%‘%wéﬁ?ansparent cover
wi t heut an opening (see Figures 5A and 5B) formed therein nmay be used,

which is less susceptible to cracking or shatteri I’ﬁl;? 30[ 0083] The receptacle
first conpli08hkent Af Maintenasimselrs ng4sk edtaegddn i the wegainggelemetietuipiyve to t he

recept acl e REANDCQTMALLIR Y the Ylednin® Bednk REppil @8H&uit 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 nentioned (al so see Figure 1) that the fluid supply
conduit 114 and the fluid return conduit 118 are coupled to the receptacle
first corfy@r20eni#47P| ui d connecting sl eeve 128, whil e t h&@CEIS&a9M919801d8 enent
return conduit 116 and the cleaning el enent supply conduit 120 are coupl ed
to the receptacle second 5 conpartnent fluid connecting sleeve 130. Thus,
an inlet portion of the fluid return conduit 118 connected to the
receptacle first conmpartnent 108f is msaligned relative to an outl et
portion of the cleaning element return conduit 116 connected to the

recept acl e Posisnef the Myt suppht condsll 114 o wmpiseanm gf thermaintenancesvalvesiiy | i ng

effect (cl ] I i . Upa4r I At Q et ept acl e
1081 rom t hie ASE ftindRleh LA B Béitioff B e hikg' EhH) Dindll {15 it FE

r ecept acl e tidBaintemandecratiedidd ané therracepoiouia8. 118. This swirling effect

di sl odges dirt particles fromthe surface of the cleaning elenent 112

i nsi de the ptacle 108, sim/lar to, how in chine works. It wll
al sogbe apé‘i@% at emte‘}i‘ﬁc%mlﬁ’eétmﬁo]r‘{%r %Sa%‘?\%ifﬁ{bem%f g%&?“él)’ﬁ’me? conduit 114
may be m saligned relative to an.inlet portion of the cleaning el enent

supply 15conduit 120. [0084] The inlet portion of the fluid return conduit
118 nay be[0028] al 1Ay clepsing clgedt pavarptorykS2t is designeditd be pproed ipthegfutiehe

cl eani ng el dui.f . i i itdustrate rom Fi gure
5. “A 1 ongt i 12 S HaebRCHebde Bl 152 BesbSl D Flhg etepLt 1y
condui t 118epavatos 1 hhangkeurdd 00D {seafigunel 79Bating arsantlodbBy the fhida but

| ongi.t udi nal is, 508 of the tlet portion of the cl ing elenment return
condUit 1149t eClF%i‘BP%IeEet‘??%Ilﬁngﬂeﬁ’ﬁsgﬁ 89&8&23 PB?m’éeSs&?%ng;ﬂW degning ng
effect and cldaemeiphid?abl & colprl 8ltHe R aRing Gl dntenk Atirh Cbaduif 11@M t he surface

of the cleaning elenent 112, conpared to an arrangenment whereby the
| ongi tudinal axis 506 of the inlet portion of 25 the fluid return conduit

118 i . . . s . _ : £ oth
118 1o al | aneg) ¥ e it @004l e OB 8L bR AL 0 OF (e
t hat t he ouwpidnetdefived by theotperbd efid sirdacs g phy floahsipipty dohduitrdy4 Fermsaai al | y

m saligned rel at.ive t.he inlet hion of the cleani .el.enent. supply
condti ¢ 126081 Bf 855ed 2 pekFecnta ForB sRaPEsFY wlate o R EnaR G S 45 Foy

i nstance, fifilet pibelil 04.r Fhelkdpeednadaiof tHel Buidnthpplyontigidnl M gnsrboesemt flnRL ur n
conduit 116 may he conpected to the receptacle 108 on opposite sides, so
that ther e o Bigiptodhs twid supnly pondwet dt ween the fluid return conduit 118
and the cleaning elenment return conduit 116. Simlarly, the fluid supply
conduit 114 and the cl eaning el enent supply conduit 120 nay be connected to
t he recept H¥92] 108he endbpitbetleaning dementsupplyaonduitt29 dtsheviplet pipall04 is

5m sal i gn t het he f..ui uppl.y.condui t 4 and the cleani el enent
S up%ﬁy con |efelal Z%S E?Bé@@]efihbé' rtge ?T%@’Pegl < g S%quceo%ﬁéﬁﬁfé e eaﬁa Hg?‘ﬂpp ir}gt ween
the inlet poiduitor20dbridien iddlé df dretud PO dogrdes fo atduhdoagdddghes aelttiveitopor tion of
the cleani T g?tluc?ina neExisr g% 'Eilrenin ect) r;])?ﬁjel 504. 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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10 116. Simlarly, there may al so not be any m salignnment between the
outlet portion of the fluid supply conduit 114 and the inlet portion of the
cl eani ng &Paft14460ppl y conduit 120. The inl et porti onsPET/SGREOOPLE ret urn
conduit 118 and the cl eaning el enent supply conduit 120 nay be on a sane

pl ane as the outlet portions of the cleaning el enent return conduit 116 and
the fluid supply conduit 114. 15 [00871A nai ntenance valve 144 is arranged
in the cleaning el enment supply conduit 120 downstream of the cl eaning

el enent co it . directional valve 122. Simlarly, a maintenance
val ve 142uﬁ8b%‘gr azﬂg&‘l‘"ﬁétlﬁg hlé’ﬁ é%Hﬂ%/fgls\élaéﬁeﬁﬁtQWt%E Bh 'Egﬁh@tlﬂtﬂ’i@ﬂ@“d[sst ream
of the cl canng:el Bkl 14 169008 ke SlifePRi0RBlis Lliteied 38 the FllnBY

cl osing the nai ntenance valves 144 and 146 operating the valve
arrangenentoutl?6134% cl ose both the fluid supply conduit 114 and the fluid
return conduit 118, several conponents of the cleaning system 100 can be
renoved for mai ntenance. These conponents are the portion of the cl eaning

el ement  suipe95] c orkheifluid Aplipsindeian Hind ihe cloahinpRIHNGHE supply Conlidd 126 he
portion of rn, 25conduit 116 downstream of the

th | i | t. T . :
nai nt enancear?/EPtg‘eC%ﬁ I Qg%&et?ﬂn]gp?l@‘gc i@f-aﬁ% PeesuPPyCRenfivit At istconpled et v al ve 148
I s arrangegydsitiohrthér hﬁsltl%%p{hﬁn GRS @'fgahjn%léieilﬁgﬁtt %_l%%’f@} Wnddie 1Y Vhhis

arrangenment 126. Simlarly, a maintenance valve Is arranged 1n the
f1uid returBfouderdaihigher prerswissatrtbarflvid stpply veaindeit drld aherenetite ¢26ninB0By

closing th | I 4. ,146, 148 and 150  several, conponents of
t he cIeaniﬁ%agég%gﬂggggm%ghﬁﬁé.%éﬁ%g%dég%ﬁa?%ﬂgﬁpgﬁéﬁ?éFO?W@% 2 8Rbnent s
are he pche iftud sfppiyneohduii d14updlcjose ahelfldid kdednd oumbit €8N thE hidher

mai nt enance_val ve &%gk?éhe al¥ﬁ arignﬁgnent 26, the portion of the fluid
return conddfT"ifh SBRIOTERE L Fatsehil cleaping psmens L i leave thecept acl e
108. 5[ 0089tcEhticIEBdeBb e edthsariadny @68sltbdentdihe i derhal ST d

val ves. [0090] A cl eani_nhg eleneﬁt separg%or ESZ S degigne gQ%g pl aced in

the outl et 1gPeeioBradl Eu qlewingdenert daditeg cotesnibntinletpipe K4 #bmsm  The
cl eaning el gRRAL clement 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

20



separator 152 has apertures 702 (see Figure 7) having a size allow ng the
fluid, but 10not the cleaning elenent 112 to pass through the apertures
702. The wbearwmgi7el ement separator 152 is coupl ed to tireTSIGeemon@ 12l ement
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 forns an 15 angle of around 20 degrees to
around 80 degrees relative to a longitudinal axis of the inlet pipe 104.
The tapered e 14 inproves the fluid flow

d the. fl ui upply conduyi t
rate into t??é‘g?lf' gi%n"gﬁ%ﬂ}uﬁﬁfﬁﬁ p?‘.{l&."g ?@@%ﬁﬁﬁ@gg%wwh%@\msgw ng
el ement  supbi tieanlét pipd gGktidh 15pe i nl et pipe 104 is 20 tapered. A plane
defined by the tapered end surface of the cleaning el enent supply conduit

120 forns an angle of around 20 degrees to around 80 degrees relative to a
| ongi t udi ndP098Li s Tdre dlepaingntlemensispparaton 15 frewithipethe dutetchind pértien d5£ani ng

el e t su j } es the fluid flowrate out fromthe
clegﬁ?ng eP@ﬁ%ﬁ%qﬁggﬁ%?éégﬂ%ﬁﬁi8%%0. 25 [0093] The end of the fluid return

conduit 118 at the outlet pipe 106 is tapered. A plane defined by the
it . 118 forms an angl e of

t d f f t fluid ret duyi,
around 20, d83Pbes s bl i e SuPHERH e oo heoRBrEheR Bl hexi s of
the outlet QépmgldémentBedipB&HdRE 1204rLhoth Math gl;egnlr'ét:;%igé 'i'O/-F.Ofgédﬂla%erﬁg VIO

inproves the fluid 30flowTrate out fromthe f rn con
2010/ 11447 gmdpf SepBeid/rgmon ¢onduit 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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[ 0094] The tubing 102 has an inlet 152 and an outlet 154. The inlet pipe 104
is connected to the tubing inlet 152 and the outlet pipe 106 is connected
to the tuwwwongloougd7et 154. 5[ 0095] The fluid supply conduiPCTEGA0@RdtIHe

cl eaning el enent 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 el enent supply conduit 120. This provides a higher
pressure at the fluid supply conduit 114 than at the cl eaning el enent

supply condujt 120. Wien the valve arrangenment 126 js operated to open 10
the fluid st Pihec%%ﬁﬁl?anfiﬁle%tn Ocis Sperat OfQT‘Eﬁeotﬁ? é‘ltuuir Frelyneandeit 118, t he

hi gher pr esgidrfosethd fifd FithEos@pPl 18, conduit 114 causes the cl eani ng el enent
112 to |l eave the receptacle second conpartnent 108s to enter the cleaning

el ement supply conduit 120 (see Figure 2). The cleaning elenent 112 then

enters thepg t pi fer. L tq. S conduit 120 (see
Figure 3). [dfgbfjoog%ﬁgﬁﬁégéloggﬁﬁlégg?é%zcﬁgl(sggt%uggggnﬂdﬂ#‘? B}ﬁ%glasn%%%“é fluid
retursn condiovtn thd Snleirgipd 004 Theifibedftthe fibid 202tk @énspd pe alflifv swWitsh 204.

ut | et 154 where the cl eaning

cross-sectignal, area of_ the .pi.pe portio
el e?r:nts r eltﬂ?enhﬁ‘ﬁr‘?a"&ﬁcg Pieep %ﬁﬁ?‘%&‘gpss%“&i I@‘?e?“et Fraytroqer f—’rﬂe | With pi pe
portion 156cubaiod sigh@lsith Witk CREMCE Cfshibhts 1d thel Sednfigly8edm 100 St walf

provi des a higher pressure at the cleaning el ement return conduit 116 than
at the fl uile mprasiatedcbadthetflom switthhafd4 cis offieleetrigel smgbnterthe to@raller oper at ed

to close t f Ll Lt t fEluid return conduit
118, the hihlg’ﬁé%‘Biﬁgé@g’g&ég%%c8§ﬂﬂé‘%:‘?‘%aﬁﬁ%9é?3’%ﬁte%§é‘?°&r ﬁgné%%nc?ﬁfstmltﬁ causes
t he W eani rmjeapingrspsttm 100, wloen afhdd ih@owimg tlebugh the sidém (13@e Fi gure 4) and

enter the cleaning elenent return conduit 116. 25The cl eaning el ement 112

then returns into the receptacle second conpartnment 108s via the cleaning

el ement r efoanos5]Ccordiconddifor 139QQHT% ﬂae%ivéimngéin@ﬁh%g@@lp&f%&w&ct i onal
area at the outlet pipe portion 4, a faster flowrate is effected

154,
so that t heueplspndif driand slosq the fuideaur copduit b18. 3Bhisrmllows thedtuid 202 o t he
receptacl € {1 QRw fbm\thé tn1Q§iP P£ Gl tfdebdhdicid 168 Ha4hd abfel 4bPly 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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conduit 118 nmay be coupled at any point of the outlet pipe 106 which is
downstream fromthe outl et pipe portion 154. [0098] The cl eani ng el enent
separ at orw02R10/844t hi n t he outl et pipe portion 154 5w POTHSSGROIIANEGES
cross-sectional area. [0099] The tapered end of the fluid supply conduit 114
and the tapered end of the cleaning elenment 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 t hat the t apered e rface.faces downstreamfluid flow in ,the inlet
o pe 104 | THERBTERIAR: d5 e LG O APERE 158 BipYeRRghR SBNERAl ¢ he

t aper ed endelsmeﬁtam fre@egasang thiohgiNad QHE ShéaREs bbyl(géeflhgwel 7) 4B&ij.pl et pipe
104. The fluid return conduit 118 is arranged so that the tapered end

surface fac@%a%éymﬁf&wlamﬁmtfhlaa gheretyiallowing ethe (Auidt byi pes thee. 15
[ 00100] - Pt off s ihéiEmdt th balsAHfrdifn SEL ML 038 he FeallinB I EhBR 1 2 1vify N

portion of the fluid retarn con |svm outlet pi pe 106.
It wiil be mgpmebteea:tdtt did'aahlgtdh@n@ﬁ sefaledoy ]rﬁéeddrm:hottablepo eﬁiﬁﬂﬂlﬂ clsbringby t he

fluid returg t 11 st.rai and p endi cul

connected t® lf‘ﬁn gﬁ)’% Sg@ 35‘# Pé}?qfifa lﬁ@"r‘g’tog@fﬂﬁé %é{oﬂﬁw at a

. portion 0f2(16i‘(eed‘1hgmfé 23@1&11@@& Qﬁﬂﬂb'yihelfﬂeﬁd blpply echdwicting Be&@%pbﬂ'&rﬁith?' pe 104
and a 90 el ow at a portl on _of the cleani ng el enen{hgéllfng conduit 120 that

is within tHEdiHPE condgis 118 peing closed, therrhyolisrontine leey 48@ a heat
exchanger . (@egwlrgggreq changer nay include 25condensers, evapor at ors and

heaters in central air-conditioning systens. [00102] Operation of a system
170 that includes the cleani ng syst em 100 will be described with reference

;Ocriagﬁirﬁz[(gﬂ);@ﬁe I?Ah‘?}g eotjzﬁe cI lﬁéjlgﬁear‘?ﬁﬁ?teﬁﬁ?sy E’%%%%ﬁ%g%%‘f EE(? gt o

recept acl e deweahlileaRmaply Emﬁlhltill(13 and@bpkn 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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where the val ve arrangenent 126 is operated to close the fluid supply
conduit 114 and close the fluid return conduit 118. [00104] At the start of
t he cl earwogouyiahe9(see Figure 2), fluid 202 begins to PCO®G26090%00M3t he
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 conponents in the cleaning
system 100. It will be appreciated that the flow switch 204 cuts off

el ectrical supply to the controller 134, along with cutting off electrical
supply tol6AHd} eFmwot thechbve dinporaning cyde dhes dobquri usg of\eatadditibfdl, when no
fluidis flqw%pgwkgrg&gp tge S s%gnu%?O. 00105] The controllg; é%4
activates PREVENG 1T affge RENTOPYECT BUEBR AT Al PIRIFHOBUB TS ChnlGi t 114
and cl ose tlesnifig eleshenitetiarthroagn thaitiibidd 802. TiThss, #d PMBidghestehuiod i2@8n-t 0 fl ow
fromthe inlet pi 104 into the receptacle 108 via the fluid supply
conduit 1BOWHRY- Pfﬁ‘é agfomatic itsime Qfdhe elesping ielemang 147 angilenige éFcéH‘i?ﬁIl% return

condyi t 116o3d LenRfRVERtprbRBed tHY EurdOhnf LRMARLREARY OE% %Mé@f‘baﬁé pe 106
I e dire

through the cleaning elenment return conduit 116, as t ti onal val ve
124 is arr Begfess, it avib dleyapatdcipieds thai duridgoteicteaning qiclee finidofromfthe loetlaut | et

pi pe 106 t # e receptacle. 108. Thus,~the fluid, 202 flow.w |l carry
t he cIeaniﬁ%@éﬁégé%fnﬁﬁﬁugﬂﬁ%%?m%%@“Fb ep{ggﬁ%mgggﬁﬂHeﬁ%ﬂ$§F$@%ﬂFy 20 108s
into the cofhaiclkanieteysteih 160 ppihy scantuivihet?he nHibs OB Aeyt cdrdenset,ui d 202
floww Il carr he .cl eani elenent 112 past the directiaonal valve 122 of
t he cl eani ?Fgwé‘%bh\%’ﬁtm I?Fp?)‘ftG%]E’é’ﬁ&thls R@Ueﬁtﬁfg‘)mmmﬁ with ﬁP?Jef?‘EE@A!} thghere t he
clegni ng efn@iiBHe 1842 Wil |l then nove towards the tubing 102. 25[00106] The

cleaning elenent 112.is designed to be oversized conpared to the dianeter
of each tube in the tubing 102. Thus, when the cleaning el enent 112 passes

th h t 1A o] f [ ' I [ - f f th
Lubi ng 1080 2P Mabes And SCoBR TIPS PG AR B BERBI S5 Ot or the

cleaning element 112 | eaves the tubing 102, the fluid flow 202 carries the

cl eanin t 112 to ds..t.he cl eanin el enen eparator 152. The
cl eani ng i‘#@ﬂ@t ’éh?pfg?e \f,\%ie %?aﬁflé’{}’éﬂflé’egﬁée’éﬁogghé 025168 €51l Dt om
passi Ng t haigutahd asyvithee ABRE tH @Sd TORnLERE sl%ie&uﬁfi‘)l t6)beBdi8 thd &t WALl er than

the cleaning element 112, thereby allow ng the uid, but not the cleaning

el ement t o'hpsisaning plsmght repen egneluitid 6 suq O clommeclanent Agppy eqnshitt 1282 will 5
accunul at ey @t i Rered l(?e@'l’i o€l .FT@%%?aﬁﬁéa&%s%@Z'd%te@ﬁtm&%%ﬁ {,O ent er
nduit 116. ue'to t aB

the cleaning elenment return co IS 1S e es i shnment
of the fl uiizk, suppéryant coloup0Bih¢ skeenikp glenen?) 1% fougbritoaing uite dwpditiva of | ui d

supply congduit 114 bein p a e flujd.return conduit 118 hei ng

ol Doed. ot ot BRsPIHEY Hhaf e M pisvifi o Sh Colb P S ) 10

[ 00308] | ncahibgldeducdd whbthethbcleahing elehizAt BLX hosas ﬁﬁ)etrBJ]ﬂaébﬂl ve arrangement 126
to close the fluid supply conduit 114 and open the fluid return conduit

118.
[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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[00109] Wth the fluid supply conduit 114 closed and the fluid return
conduit 118 15 opened, the pressure in the receptacle 108 will be | ower
t han t he WO28WNIN&7Pn t he portion 154 of the outlet pipePCIBGRUIDQIA3t he
receptacle 108 being in fluid comrunication with the portion 156 of the
outl et pipe 106 through the fluid return conduit 118). Thus, the cl eaning
el ement return conduit 116 provides a passage for the fluid 202 to carry
the cleaning elenment 112 fromthe cleaning el ement separator 20 152 into

t he cl eani ng el ement return conduit 116 to return into the receptacle
second contf%Hk6lenfFigreBeC shewstthe pepssuse gplief dsiigai 138 1being rorpeeted 14 thrassage
for the fly %‘3%@46%&%&&&{ ti6h bfic PlebLlicRoRE ThY dHef i {11 not
fl ow back i.gt o the inlet pfhge6b104 S?a #ﬁeegi re(’:I:[:hI gﬁeasgﬁgﬁel%ﬁﬁvéﬁgg\fﬂ al ong
t he cl eani ngopetaterthn openpygl the vawmell3dv. 120 as the pressure at the inlet pipe
104 is higher than the pressure at the outlet pipe 25106, due to a drop of

fluid pre across the tubing 102. [.00110]. .The cl eani ng. el at 112

r et ugni ngslﬁgw]i ngllgblée %ﬁgo‘?’%ﬁéffgiféﬁf"é%%c"dﬂﬁo ShodtierRiwe pf%f?él fﬁgﬁgg t he end
of one cl ea g«ﬂ'tiﬁﬂ_Cdfethe \WagEepipB el 06! WARithE) eflafI¥B NdroshlsdctidMAR bRE) b thehe
receptacle 108 until_the next cleaning cycle. 30 [00111] Fromthe above,

the cl eani Apteydi@oubigdredot require use of an additional power source, such
as fromnotorized punps or air conpressors to circulate the cleaning

el ement 1 ou [ . : t I ' S

non- power gg(.)h%e g}t}tn%%éﬁ’r?%gﬁ% ag%m:tﬂ %@edc@gtaﬁlf%geg{é{ﬂgﬁe#&iwag%’% de the
recapt acl e 155isde8Sighal toditagaindithd inprriok eall of tHeeutut @pe portiyn 25wl BipfireGt | veness
of the sponge.balls. Further, it wl] Rke apprecia .that during..the

cl eani ng cﬁgf’ él?‘fs%rﬁtiﬁf Bo‘f’rt%‘?ﬁlldh@‘lo(_lf\t,t\ﬁ‘ee{]mgirﬁt_@g{i?%‘%%te@g KPS '_u‘?ﬁe?ggert he inl et
pi pe 104. HehfiodedPthe\haslet708 of APkt 8 drodhfl ROIdeREeYs Bfardud 80l ReRk: Jelatiit em 100
in the scenario where the tubing 102 is a heat condenser, as warmfluid in
t he out! et ipfhselongigndingl grisy Eik elgthe rawietipipe n@ovise Figges Lk | Higdrd # alsee 10i nl et
pi pe 104. [RQd L?% i e A - ' e 108 of
Figure 1. [0 113 hd:l'dﬁe r@%gt acl%gﬁ@ét; %ggsg&c%Pt% %?Ehggfkh%ééedﬁeglggh@%f (al so
see 1Fi gur e§04 faces #yay fidin dowpssath fing Woerie tled @nlgt pipe 1606.ui d connecti ng sl eeve
130 to before the point where the cleaning elenent return conduit 116 and

t he cl eani ement supply c it 120 are connected (see Figures 1 to 4).
The curtai{ﬁgﬂ&m”‘ggmﬁ%i’aﬂ‘g?ﬂgﬂ?c Rt e H % ,Isg‘ifl(‘ﬁ?glatﬁﬁ'gﬁ@meour of
the cl eani g@m@h e58Nt THel Bansh@ent™pddiel 914 RUoWH&itONBohit@hgOdf el ni ng
el enent 112. Fromthe data provided by the curtain-beam sensor 512, it
20can be de§gwedldlighet her the cleaning el enent 112 needs to be repl aced.
[00114] Figures 6A to 6C show cross-sectional views of the receptacle 108
of Figure S i ct] i gures 6A
and o6, | 100ZRF, FREclehih Soncl 103 SR REG A (5 picRb ghhithn Spafik

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,

25



142 is arranged in close proximty to the interior surface of the top wall
of the receptacle 108. As earlier nentioned, the tube free end 602 is

t apered. WReIHMigh4€92604 of taper of around 20 degrees toP&TGGAWINO0IdEgr ees,
relative to the longitudinal axis 606 of the tube free end 602, can al so be
seen from Figures 6A and 6B. 30 [00116] Figure 6C shows the pressure
relief device 138 being connected to the opening 140 fornmed in the top of
the receptacle 108. The pressure relief device 138 is operated by opening

t he val ve 138v %p0117] Figure 7 shows a cross-sectional view of the

outl et pi plOpHH %g%&slmweatOPWéeVpeWw@nﬂefplnmramI&ofpihmvsmslmth t he

enl arged crss; éqt'P&%&e §ﬁﬁ@9tra§f thﬁetmﬁﬁ@ talzloc&duf 71 194" Gin dnstbd0get8]  From

Flgure 7, it be appreciate the ¢ eanln enment separator 10
152 is desmguuddd toothf: ptltlfagmetm’u@mﬁéi atttwmod:ter\pablhom‘ 8(2rend (ROY) xelatlpep:e portion

154. Figure 7 also rates, how t he end 70 f th turn conduit
118 is tapg?e%osnﬁ‘gl ear %’Pmﬂ%ﬁ{ CPISRLRFIUTR Gandp @Oﬁﬁguﬁf‘sf %‘&Duﬁ%tpél?%und 20
degr ees t o paftiounrd480 degrees relative to the | ongi tudi nal axis 710 of the

outl et 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 f1om @gygt r@%me‘ oUlibuls! @Y difink 0L H ('bB%1lA0Y thOft dlarthe
transparent panel 714 (such as a view ng gl ass cated at outlet pipe
portion 15¢knmh§3ﬂﬂdﬁ§p§@EN$lpaﬁblAvmwdQMHbMBbwmsI@lmqﬂﬂwﬂmpmngnnﬁfthe

| l 001 The t th
cl sant ng olERbe 187 1085 hrepisAopd BB oo Pt Ik b Rateun euRlor 0BT *L e
cl eani ng elaetivarid byether fluidopaduin thlzihﬁlet P cdunphig fardrethpriadiagtied, t hrough

t he use of rusi-on 70 t hat oupled at one end to the |nter|or wal |
of the outl ep‘ﬁ @‘%8?%418 ‘?E‘Sﬂ90%‘? uﬁﬁﬂ%ﬁewy@%ﬁ%l angfdl Posi ti oned

adj acent t @ the t@&tmﬂe&bmgmj ab prdskc?am&qlae rfﬁ@l*anﬁ@x?x%ﬂn ¥ 3t 116.

The protrusion 706 vibrates due to the turbul en t hr ough
the cl eani mtpseitenthn randpar distbut@202Tingeeasashibe probability shat7te fdcanmgas a

non- Mot or i Sgh] PrALYEG HAY S TSRO RLGE! SSShALBIALLNG flexhee 706

agitates the cleaning ele cl'eani ng epa r 152,
t herteby pr @a02ntA lpgopi&ﬂhi (mkm@ellat oft hdiatiptmialiged Jflatod whthebapk @aRvangdel ement

return conduit 116. 0 jire 8 sh view of the outlet pipe
portion 1584&ees Ff’ed'é’?[% eﬁeﬁﬁrlﬁ #grﬂ“g%'(%“gnﬁ Fff“ué‘ff bsedder theat t he
fluid retugam&gqﬁgh&n&@ﬂmean i nstead be coupled to the outlet pipe portion

154 at two other positions 802 and 804, relative to the position where
cl eaning el enent return conduit 116 is coupled to the outlet pipe

[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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S5portion 154. [00122] Figure 9 shows the tubing 102 that is to be cl eaned
by the cleaning elenents 112 (see Figures 1 to 4). A randomdistributor 902
i s placedvOpstvdddiPof the tubing 102 to be disposed al oRGTSEE0UINPHELL3 pi pe
104. The randomdistributor 902 is 10 activated by the fluid 202 in the
inlet pipe 104 flow ng towards the tubing 102, where the random distri butor
902 distributes nore evenly the cleaning elenents 112 to each tube of the
tubi ng 102, as opposed to not having the random di stributor 902 present.
The random di stributor 902 increases the probability that the cleaning

el enent 11supplt eprduiiad bt tigbepenedgwhie dhe fgrldtt@@mu%@daﬁr bifgénekasedyi thin the
tubing 15 . i . i yi. /4 sal igned plates with
bent or m%%%sdlgg’yfglgggq%%m}@gﬁE@ﬁ@%@%ﬁ%gﬁ% eblrlr%l?létgs in different
directions can be used for the random di stributor 902. [00123] Each of

t he Fi gur t 0D i.s,a,schematic draw_ng.of an operati. 20posi tion of
the varve (GP28hoJRdeRs JBBT EEARRE Sev GalveHHons i s Obs gk Bl B ce. way
L-post val e dostsU@d 4ddr 13418 aelsiRulthbAREE 6peHed 139 estddBiiddd Ceanadli ng
Figures 10A to 10D with Figure 1, the three mag val ve port 126i i s coupled

19 L, : .
to the fl uPWeuLE POE® AR and) 126iii), peile therorhd yoiig (clased oy tump ghg flpid
25coupl ed h Wi g of 0 it all r . port
126iii is ’tcegﬁlté@é‘mt“g ﬂﬁe?% é@g‘betgac tle f}ges?lugd;%‘ﬁ%@?n%%dﬁ%o}é@ﬁlgi# & uid
connect i ngAsdoediugly,1th8 fluid ref@d kidp]40p GseBiFigme 418 Astablished.nr ee way val ve 126 is
in the operating position where the ports 126i and 126iii are
si mul t aneousl y opened (by establishing a channel 30between the ports 126i
andol26i i ijgo12whi |18 Hif@e ROCT thk3hick way valvesied.is intheWwparatihp Poditien Ghersuppl y
conduit 114 is o?ened while the fluid return conduit 118 is closed.
Accor di ngl {ie pPFie 1361 ands 1261 grs simylipneondly closed, mhils the port 261ids elostd: dRed.
[00126] | i Viuid 28uinScoh Bui | Nng position
where 5 '[]lipuleil ’ %g{rhﬁlééilagig i %&gﬁb@gﬁ 1:’1/;33413%{ g&esi;?ur%%lgt anegb glluglmggpge}ﬁg{jﬁ%dby
establishing a channel between the ports 126ii and 126iii), while the port

126i is cl Ingurn,the fluid retur onduj,t 118 . 2ned, while the
fluid supb@sgl)nc}ﬁiélg%i Ollt)sﬁlg Itoseggfayilggvgﬁﬁ r%gsg%{,heﬁjégrafmgpgﬂﬁ%f %lrl%rel oop 406
(sees Fi gure4prts 326is kbl 26ifiege 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

27



10[ 00127] In Figure 10C, the three way valve 126 is in the operating
position where the ports 126i and 126iii are sinmultaneously closed, while

t he port WwO@pio/iig47¢l osed. In turn, both the fluid suppl pyCescduiotoodid 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 fl ow between the fluid supply conduit 114 and the cl eani ng el enent
supply conduit 120, and there is no fluid fl ow between the cl eani ng el enent
return congilve 126I6maind in the Higure d0C€ ebsition costolei the dléhing Sleedt2 3] 2 (Hee

notori sed t.hree way val ve 126 y be progr d,..yia the controll.er 134, to
operate i 1gur€ﬁa&ﬁ]esrgcemarcﬁ¢cstep%ﬁl, COP?péﬁmte tﬁg;gwlil%ﬁd‘%tt S‘Paﬁ’éngp%?'getl?on shown
in Figure dpéted @duawas nhiiutbd)gure 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] Wth reference to Figures 1 to 4, the three way val ve
126 smay u f : : al o\ 6 remains
T the Fi B g B e i sl PR R MEIS ot °T
seconds) fenbddieentlof theipnesent ieverips. 112 (see Figure 1) to enter the inlet

pi pe 104. The three way valve 126 remains in the Figure 10B position for a
duration sufficient (around at |east 30 30seconds) for the cleaning

el ements jdo3sg)s eecd?hmmﬁ Figurt Q 1 ek Figuiedt 0t A€t 61C 8P tappreciae el §0°
conpartment 108s fromt | ement separator 152. The three way

I !

val ve 126 #lbows pesdingt b%@%ﬁ%@?&tﬂgﬁe%@% phn il supplysondnit Eldawitiy el ement s

112 Fi i : | i:L th t
1 S€e ﬂagf{g@tipéﬁer gdgeaglth&g%ga& BEME c&s&xﬁg@leﬁ%{)gﬁ%ﬂ@mm&e it the nex

cl eani ng cyc ound 15 mnutes). 5[0 1 Figure 11 is a
schemat i ¢ witlgw thf indet pirgaliidn JTtsytapered drkoBurface of therfipid sunphe candgddilient of t he

present inventjon. [00%321.Co ring. Fiqure 11.wi.th Figure to 4, it wll
be appr eci ‘feé?odot“ﬂlﬁrg% E%b%%qlﬁ Sd™ 6?“%&0&3 elﬁtthei tﬁlp%rg ﬁn(?ﬁ%faﬁgrofi on of a
fluid supphy cleasifly elembiddipplytdahduit 1120t facesiatlagtirom pewddeamrithid flewpor t i on of
t he cleaning. el enent supply conduit 1120 that is wthin the inlet 'pipe
104. The tBp&re®RP4surface of the fluid supply conduit 1114 faces
dowpstream fluid flowin the inlet pipe 104, while the tapered end surface

L
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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15 [001331 Returning to Figures 1 to 4, ball-shaped sponge or a spherical
object with bristles may be used as the cleaning elenents 112. The

bal | - shap®0 28pagE9or t he spherical object shoul d pref eP&BISEGE201QNE01A3

di aneter equal or slightly larger than the dianmeter of each tube in the
tubing 102. Irregularly shaped sponge wwth a size larger 20 than that of
the di aneter of each tube in the tubing 102 nay al so be used as the

cl eaning el enents 112. Pipes can be used for the fluid supply conduit 114,
t he cl eaning el ement supply conduit 120, the fluid return conduit 118 and
the cl c€hARMSe| ement return conduit 116. WO 2010/ 114479PCT/ SG2009/ 000113
CLAIM5S 1. A cleaning system for cleaning tubing used for conducting a fluid
t her et hr ough, t he tubi ng bei ng connected between an inlet pipe and an

outlet phpe, hhg@efli@Assteeh Sof lRMnGAOBRAE ivséd Gr cdndetidptafblia;therethrougln
apertured partition disposed within the receptacle and _divyiding the

r ecept ac the thbing bgingicprpecidhshyecheRinghpiPs a§‘§é“6 AR R F]%erfé?ﬂ“ng system 54
Ieastsongaﬁgﬁaﬁ%ng el ement di sposed in the receptacl e second conpartnent,
10 wherein apeftures of the apertured partition having a size allow ng the
fluid, but notrd¢ckptaclepani ng el enent to pass through the apertured

partition; a fluid L.y condui,t connecte . first
conmpart ment f 8t a%?{.ué%‘i P "’s‘ﬁﬁﬁfgdﬁ?ﬁ% “f:l%‘r%@nel ) pft%cﬂe %lgq \E}\iggdﬁﬁ ? ﬁ%%%ﬂea?lepi pe and
t he recepitaelfestbmpirtbornad b s&phd cdhparaheani ng el enent supply conduit with
a directional valve arranged therein, tge g%ganin | emen sug&%g %onduit
bei ng connect adlead enseclpaing element diseeied B IHHARS © $GPIESPH fi>ng f 1 uid
co | CafpR ?}%&m@eg t SaRAt GIORAGWINE The A0, bitenot Beet pi pe,
mhg?gpn ?%%Rﬂ1 1 d suggfggggnduiéﬁgﬁg)the c_%aning eﬁ%nent supply conduit
20f or m acleaming efemgnt fowiash thraugh thelapepured pagigiopl yi ng t he cl eani ng el ement

fromthe r ecth ﬁ&ilde sépela(f}p n&l)n&%pp c%%é@ég ti) nﬁ-B }éagptEHQ' 4t Véoﬁlptanﬁlehp If(ﬁI pi pe;
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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a cleaning element return conduit with a directional valve arranged
therein, the cleaning elenent return conduit being connected to the

r ecept aclwogewprdt78onpart ment for establishing fluid coRglifsGeend0aMibet ween
the outlet pipe and the receptacle second 25 conpé&t nent, a fluid
return conduit connected to the receptacle first conpaitatent for
establishing fluid communication between the receptacle first conpartnent
and the outlet pipe, wherein the cl eaning el enent return conduit
and the fluid return conduit 30forma part of a fluid return |oop for
returning the cleaning elenment fromthe tubing via the outlet pipe into the
receptacl e second conpartnent; and WD 2010/ 114479PCT/ SG2009/ 000113 a
val ve arrangenent operable to open/close the fluid supply | oop and operable
t o open/ cl ose ytAReldidhgenict dpdrablo @popdn/Aosthite dlubsupply Ioys tiehomeirabdé & m 1,
wherein the valve arrangenent is a three way valve with three ports,
wher ei n vhe/elesedpe Hujdgefirp looPconpart nent, the fluid supply conduit and the
quidsreturn conduit are each connected to a respective port of the three
way valve, wherein the three way valve is also operable to close both the
fluid supply P.() Tbadlertingnysttrhef tlaimd, mbersihtheomnlie arrangement dnaHig v .

3. The cl eani ng sys of any_pne th recedi L 7% th§ Wotd &lont

conpri si ﬁ’ﬁyava%@n%’}tgﬁ{’?& pp %S’c‘gﬁetr?%ﬁ %[r)%cr%g alcgenﬁrglf Q‘%ﬂ@r@}éﬁe %r r angg Fent .
conduit and the fluid return conduit are each connected to a respective port of the three
way valve, wherein the three way valve is also operable to close both the fluid supply

10  conduit and the fluid return conduit simultaneously.

3. The cleaning system of any one of the preceding claims, further comprising a

controller to control operation of the valve arrangement.

15 4. The cleaning system of any one of the preceding claims, wherein the directional

valves are check valves.

5. The 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

20  the receptacle second compartment.

6. The cleaning system of any one of the preceding claims, wherein the apertured

partition extends generally vertically in the receptacle.
25 7. The cleaning system of any one of the preceding claims, further comprising a
pressure relief device coupled to an opening in an outer wall of the receptacle, the

pressure relief device operable to release pressure from the receptacle.

8. The cleaning system of claim 7, wherein the opening is formed in a top of the

30 outer wall of the receptacle, and the pressure relief device comprises a valve coupled to
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15 4. The cl eaning system of any one of the preceding clains, wherein the
directional valves are check val ves. 5. The cl eani ng system of any one
of the preogdivig44€Pai ns, wherein both the cl eaning el enBOT/S&AMII0001ddNdui t
and the cleaning element return conduit are coupled to 20 the receptacle
second compartment. 6. The cl eaning system of any one of the preceding
clains, wherein the apertured partition extends generally vertically in the
receptacle. 25 7. The cl eaning system of any one of the preceding clains,
further conprising a pressure relief device coupled to an opening in an

out er walthe effeninge theevadyst being operrble ip aelsapedrapppd air n9ekqtt Eorgysd vaHe they

rel ease RLESANEe fromthe receptacle. 8. The cleaning systemof claim?7,

wherein gﬁgpopehing is formed in a top of the 30 outer wall of the

receptacle, and the pressure relief device conprises a valve coupled to

t he openi ng, e val ve bein rable to rel ease trapped_.ajr. po ts forned
within tHe rgtc[gﬁt%anﬂl.g S’éﬁte“g‘rﬂ%p P‘é‘brﬁ? n‘§he§9‘§1 ﬁlﬁ] Wssgfeg?%ef,demgr%ﬁert he
pressyr e cbbligdhs Oevk cRtehdink TRIm Th MRS Rtich dbwbe 1RXIMNAE RPetingmn the
pressure relief device through the qggpln in the receptacle side wall into

t he recepeaseiaele sigertplkinte therseentpde vafthe fybeftrednd grrangsddn pOSRHRIIYLE o t he
interior f . Of f a ; ; i oupl ed
to the pé‘? 'ltd|{ eoﬁl?eg]fog)tswtef&%u%f(e)tﬂg\g@s :Wé‘fei Qﬁlﬁelg f é%g%? fa% %é@ at‘%gg vlglcégﬂ)lﬁ(git?lghe?urt her
oper abl e pbaionedfeths guther ayupidd the recppiedlet thefailveebleing tiimither toperablectoptekeasee. 10

10. The cl eani ng systemof claim9, wherein the tube free end is tapered,
mhereinz?ﬁWé%%ﬁ%ﬁ%ﬂﬁganﬁg“PW@lggﬁé?gﬁaFube free end surface forms an angle
of arigund 20 degrees to around 70 degrees relative to a |longitudinal axis
of the tube free end. . ) ) . )

10. The cleaning system of claim 9, wherein the tube free end is tapered, wherein a

plane defined by the tapered tube free end surface forms an angle of around 20 degrees to

around 70 degrees relative to a longitudinal axis of the tube free end.

15 11.  The 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.

12.  The 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

20 interior of the recep:cacle.

13.  The cleaning system of claim 12, wherein the transparent cover is made of acrylic

or tempered glass.

25 14.  The cleaning system of any one of the preceding claims, wherein an inlet portion
of the fluid return conduit connected to the receptacle first compartment is misaligned
relative to an outlet portion of the cleaning element return conduit connected to the

receptacle second compartment.
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1511. The cl eaning systemof clains 7 to 10, wherein the opening is in a
part of the outer wall of the receptacle adjacent to the receptacle first
conpart new0.2010/11429 The cl eani ng system of any one of tRreTSGea®®GE3Cl ai ns,
wherein at |east a portion of a top of an outer wall of the receptacle is a
transparent cover allow ng view of an 20interior of the receptacle. 13.
The cl eaning system of claim 12, wherein the transparent cover is made of
acrylic or tenpered glass. 25 14. The cl eaning system of any one of the
preceding clains, wherein an inlet portion of the fluid return conduit
connect ed5t o tlihe cleauinptsagitm ofickam ko mbareime hengitydimplsais b inlel partiore t o an

outl et poartion,Qf the cleanj el nt,rekturn co Lt ¢ e t he
Fecept acld LEcBitl ST Bk toR F o0k B A0ech i ssRoR ST e
cl eani ng lengitudimalofxicdfaherodtet pudtien ef thealdaaingidl antkint adturaxbaddf. t he inl et

portion of the fluid return conduit fornms an angle of around 90 to around
1800 with a longitudinal axis of the outlet portion of the cleaning el enent

return copdui trhe YikEnihB&ySbBadH dmS NSl Qfhefdift e fidid retudhftconthiR =8l ind he
fluid return conduit and the cleaning elenent return conduit are connected

to the relespmgclemeshredpposndudt ase ganmected o thyeeplaelgonegpesjtssiies.of any one of
the preceding clains, further conprising a nmaintenance valve arranged in
the cl eaning el ement supply conduit downstream of the 10 cl eaning el ement
suppl y cdridui Thdiclcaaingasyadenveal wgy omndf thenprieoddimanizény dinkerasonmpnging 4 n t he

cleaning el.ement return conduit upstream of the cleaning el enent .return
Condui t - dRHEEEER RIS AFgased 1aghe FleanipE Slnmans SURRIY SRRGK SHPGREn o the

prece@i NGldahk Bomdnt bty cHRRIdiftil¢haBvalve; and a maintenance valve arranged in
the cleaning element return conduit upstream of the cleaning element return conduit

directional valve,

18.  The cleaning system of any one of the preceding claims, further comprising a
15 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.

19.  The cleaning system of claims 17 or 18, wherein the maintenance valves are hand

20  valves.

20.  The cleaning system of any one of the preceding claims, further 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
25  a size allowing the fluid, but not the cleaning element to pass through the apertures, and

is coupled to the cleaning element return conduit.

21.  The 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
30  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.
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15 mai ntenance val ve arranged in the fluid supply conduit upstream of the
val ve arrangenent; and a mai ntenance valve arranged in the fluid return
conduit dwonstweaamof the val ve arrangenent. 19. The clpeassicrepgyaitizm of
clainms 17 or 18, wherein the mai ntenance val ves are hand 20val ves. 20. The
cl eani ng system of any one of the preceding clains, further conprising a

cl eani ng el enent separator designed to be placed in the outlet pipe and
collect the cleaning elenent therefrom wherein the cleaning el ement
separator has apertures having 25a size allowing the fluid, but not the

cl eaning el enent to pass through the apertures, and is coupled to the

cl eani ng e i i Vi of the
pr ecedi ngﬁél gtiafr}{se, Jl%%gg?yﬁfé?ﬁgf Eenr?fdo%]}ot}tﬁgﬁﬁ%hﬁgg S %ﬁ,y@l&%ﬁ%ﬁ% ég%’oft]'ﬂlg i nl et
pi pe is tdpmirgslembgrsepply xoplunat thefinletgupdis tapered, aplereid a3farendefmad bace of

the fluid,s Ly condui t f an _angl e of around .20 degrees tq around 80
degrees r&F ﬁjpf%vé elng SglfT‘Cg nod“%%g'leﬂjé’ilg ’ingntoslup?]t){ecof‘g'b‘ ?Oé'ﬁls gﬂ&néﬁe Ogﬁ@“f‘%fui d
suppl ys cordddgrees t&\@oald 80 HbdreéORMative @ Q08 SR nhB axid 3f thEhepdibeai HOhsyst em
of any one of the preceding clains, wherein the end of the cleaning el enent

suppl y cotlerming demeni supnly eondyitpe i s tapered, wherein a plane defined by the
tapered end surface of the cleaning el enment supply conduit forns an angle
of around 5 20 degrees to around 80 degrees relative to a |ongitudinal axis
of the ta¥er edltendeaning $ystenl ebariyngneaifahe ptecedipg klairogneher¢in the2dnd ditthe

Flard r o OiR Elmaerohet PR e et R RRe heiplchimSEren By S5 ERE der | ned

by the t agdrsatface of the fluid return conduit forms an angle of around 20 degrees to around 80

degrees relative to a longitudinal axis of the tapered end of the fluid return 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 cleaning system according to claim 15, wherein the fluid supply conduit and the
cleaning element supply conduit are both coupled to the inlet pipe, the fluid supply
conduit coupled at a position further upstream than the cleaning element supply conduit
20  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 flnid return conduit is within the outlet pipe; and wherein the fluid
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10 end surface of the fluid return conduit forns an angle of around 20
degrees to around 80 degrees relative to a longitudinal axis of the tapered
end of thwof2buwd447@t urn conduit. 24. A system conpri si RgT&GRubONg18v t h an
inlet and an outlet; 15an inlet pipe connected to the tubing inlet; an

outl et pipe connected to tubing outlet; and a cl eaning system
according to claim 15, wherein the fluid supply conduit and the cl eaning

el enent supply conduit are both coupled to the inlet pipe, the fluid supply
conduit coupled at a position further upstreamthan the cleaning el enent

S trjlppl y cmﬁﬂlyi dlon&lﬂt ismrqmlagnd sdehat the ghaed Eié&_&ﬁth’c%ﬂies Hbﬁns‘tieuincmﬁdl ﬂ@ilv){n condui t

t han at e cl eani enmen condui.t, ere e cl eaning

el enent t:h@tl’é}%p‘é’& "ttlﬁ’éerFISHgR:ly (cap 1?1150‘3}’196‘&?‘% s that g tresdsred to the
outl et pipfice Ft8s ﬁﬁv@? fﬁ'o%?gb‘bvﬁﬂfblamaﬂlﬁa fR*fw ﬁﬂ" %@Hﬁé‘ceﬁlpep'alﬂﬁ tROfhidORnher e the
cleaning el enent return conduit is coupled being I'arger than at the outlet
pi pe porQqnéwt wharanges so dhatthe taperedtand pucfoerd frices pway @@m dawnstrepmoiiidle a

hi ghey ﬁy%_o %&ﬁ cl eaning el enent return conduit than at the fluid
return condu an& rein the cleaning el enent separator is within the
out | et plpe portion with the |arger cross- sectional ar ea. 25. The system

of cl ai erein ta end of flui y conduit and 30 the
t aper ed “hd owetsﬁge@logﬁfﬁ‘rﬁﬁ&gf’%%ePi‘fhe’éeﬂbﬁ‘fawﬂﬁ%ﬁlﬁ ea $’@L‘H}ﬂeﬁ within the

inlet pipe and the tapered end of the fluid return conduit is within the
outl et pipe; and wherein the fluid supply conduit is arranged so that the
tapered end surface faces downstreamfluid flowin the inlet pipe, the

cl eani ng el enent supply conduit is arranged so that the tapered end surface
faces away from downstreamfluid flowin the inlet pipe, and the fluid
return conduit is arranged so that the tapered end surface faces away from
downstream fluid 5flowin the outlet pipe. 26. The systemof clains 24 or

25, wherein the tubing is a heat exchanger.
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