WO 2012/ 044249PCT/ SG2010/ 000374 1 A CLEANI NG SYSYTEM Fi el d of Invention The
present invention relates generally to a cleaning systemfor use with heat
exchangerwof0r2/almani ng t hereof. Background Heat exchangersglt®msoase used
in various industries for a nyriad of tapplications. Comon applications of
t he heat exchange systens include heating ventilation and air-conditioning
10 (HVAC) installations. In such installations, fluid is circulated through
t he heat exchange system for heat exchange to occur at a bundl e of tubes
maki ng up a portion of the heat exchange system Heat exchange efficiency
at the bundle of tubes require M\ in3g deposits accumul at ed
therewithin to be substanti all a(?g%o%é\@gg{&?#gl@he heat exchange system
off-line for physical flushing is not only ineffective but also disallow
use of tlﬂ,e hegh&lS exchange systemfor the duration it remains off-1ine.

C eani ng FE)4OLIYEEPN yse 'n conjunction with the heat exchange systems uses
el ast oner 1 i : I i heat
exchange mgg g 1?% h{lﬁv&éelﬁietﬁ Eéelﬁfé:l@ ggl'%zrirlg %chg %lgﬁlgf ;S));Sgés;% g(gqisﬁ r“;bl Egt@d'ti Egcﬁgﬂ%éé gorof

t ubesS ducleaningithesedfat i on i n t he heat exchange system any debris or fouling
deposits in the bundle of tubes are pushed out. The el astoneric 20 balls
are then subsequently retrieved by the cleaning system However, it is
known in the art that such cleaning systens utilises conplex nmechanisnms for
i nt roduciBagkgtvandl ast oneric balls into the heat -.exchange system and for the
subseque {g’%ﬁ%‘i eval of the elastoneric balls.therefrom The conplex

nechani s PSS SYSIEHEERT UshditA AR BdUSIEes b p ryTrad S GPRUGALGRS- hEPRER
mechani sapplciatibRgof #R hedd @k EhaaB@lsystems e Hé&ﬂh% Qb @hlion %p@fai@eﬂnaftr%ﬂﬁlg

cl eani ng sg{sterr_s known in the art”are conplicated and require extensiv
nmodi f1P cat YL mstaHatidneat Inesuch dngfellatipss,cfiuii ris girdelatefl ghrauigh tbe daati enghangst em

to be TNGOUBR" Bttt Qonkist ' Sdtut BP a“RARSBPRRLBalSY uf4°PGRGS PURE
exchange system. Heat exchange efficiency at the Vbundle of tubes requires debris and fouling
deposits accumulated therewithin to be substantially removed. Taking the heat exchangé
system off-line for physical flushing is not only ineffective but also disallow use of the heat

15  exchange system for the duration it remains off-line.

Cleaning systems for use in conjunction with the heat exchange systems uses elastomeric
balls transported by fluid to be fed and circulated in the heat exchange system. When the v
elastomeric balls passage through the bundle of tubes during circulation in the heat exchange
system, any debris or fouling deposits in the bundle of tubes are pushéd out. The elastomeric

20  Dballs are then subsequently retrieved by the cleaning system.

However, it is known in the art that such cleaning systems utilises complex mechanisms for
introducing the elastomeric balls into the heat exchange system and for the subsequent .
retrieval of the elastomeric balls therefrom. The complex mechanisms require frequent
maintenance and proper coordination between mechanisms during use. Additionally, the -
25  configurations of existent cleaning systems known in the art are complicated and require
extensive modifications to the heat exchange system in order for the cleaning system to be

incorporated for use with the corrésponding heat exchange system.

Therefore, there is an apparent need for an improved cleaning system for addressing the

foregoing problems.
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Therefore, there is an apparent need for an inproved cl eaning system for
addressing the foregoing problens. WD 2012/ 044249PCT/ S&010/ 000374 2
Sunmary Iwoaopiseaace with an aspect of the invention, trhese®odesel osed a
cl eaning systemfor use with a pluralety of tubes of a heat exchange
system The heat exchange system has an intake and an exhaust and conpri ses
a di splacenent system a nmanifold and a flow diverting system 5 The

di spl acenent systemhas a first port and a second port with the
displacenent system bei ng operable for drawing liquid into the second port
and expegl he drawn |liquid out of the first port when in a first
operatlng nD e and drawing liquid into the first port and expelling the
drawn |i Iwacrdoﬂlahca)ﬁvlthfm speanud the iiventian) thereds dixclonell aptdasingnysteRdfr ukbe
mani f ol d dﬁflnes a first chﬁga nd a second chanmber with the manifold

conpri si WYna Pi‘gag\é( s of, ange Wels- ¢ Hhe Bsat exchangssystemghas andatakecond

chanber . The
Conar ot oM SHE s ol BiRpisch S AlackRER! S, FindrBREaNENSL AR Bl
chanb®er Whe ﬂlspheemeumdemhMQrﬁranmri and hape@damﬂ withetiei chslﬂabefrmnt system

bstant al | f t
Cher et hr BB SPHRBCAPEIR A A gt B shppd BaRapt SUpaiRe MUV ESRHRU & ng
the firsthep@ist poft Whéh i aPHAEOFBRtin Yﬁ&ﬁ”ﬁrﬂeﬁ dARdEng hfﬁluldqﬁlﬁKQhé Firdthorf lah&t

chanmber of the nanlfold and substantially inpeding f conmruni cat i on of

the firsexpsding tadrawe lianidaewt ofihe Isecond p5>étcw en ithardseondapptritingsmodhadber

respecti t operatin Theflowdl rtin stemis
Hahif; l\é’f-'dci3 1ne§1 H;%t ch&%{)er & secc%[ afnbeg tWIE')Ib [ﬂfe é‘%’ﬁ&ﬁg&

further a ap 1 UPy Cotmuni cat i

t he $@C0§t§j>amltt&rdi§;fosai’lﬁetfvleéxs thecﬁxanmfnveesmpﬁtel seednd EHachbet b&‘halﬁfrdt ahhniber is
i npedi ng _fluid comunication of each of the first port 20 of the
di spl aceﬁ%ﬁ?ceé‘f}gg dhrieatPrerrdeanmghadl. vﬂ'lt%sepﬁl@tqnqeépe%ﬁalﬁﬁépn@ﬁpqrﬂ@e fRirflyid) d

when in the SRR Q‘ii"réltchﬁxﬂ 0 tthm S@ﬁ& i € a§g@aﬂ&dﬁmmp§d fo

di spl aced fromthe |rst C 0 t e Inta eani n
passage suhsGmthlly repgling phsshge of thailbedeasthene icleahing lfallr &teremlpeﬁgtl ﬂglenﬂmi& and

th t | t.one cleanln | 1. bei ng drawn from the e t of the cleaning
yst om i ANGHIGGTRENGE AEHHsth B AT HOTRE Mt At GOl § WL RSt
| eastys ongn®3R¢ §AMAKOGo PAL! ikBSHARBEr LRNREGharifid Plndr dhdstntily GMBESng Ofiuid

cl eani ng t her eof
communication of the first port and the exhaust with the second chamber and first chamber

respectively when in the first operating mode. The flow diverting system is further adapted
for fluid communicating the first pon and the exhaust to the second chamber and first
chamber respectively and substantially impeding fluid communication of each of the first port
20  of the displacement system and the infake with the first chamber of the manifold when in the
second operating mode. The at least one cleaning ball is displaced from the first chamber to’
the intake of the cleaning system for passage through the plurality of tubes when in the first
operating mode and the at least one cleaning ball being drawn from the exhaust of the
cleaning system into the first chamber when in the second operating mode. The at least one

25  cleaning ball passages through the plurality of tubes for cleaning thereof.



WO 2012/ 044249PCT/ SG2010/ 000374 3 Brief Description of the Drawings FIG 1
shows a system fl ow di agram of a cl eaning system coupled to a heat exchange
syst em acwonding4i40 an enbodi nent of the invention; 5 Fip@r/sg2ehmees7a system
fl ow di agram of the cleaning systemo8 FIG 1 in a single punp
configuration and operating in a first operating node; FIG 3 shows a
system fl ow di agram of the cleaning systemof FIG 1 in a single punp
configuration and operating in a second operating node; 10 FIG 4 shows a
system fl ow di agram of the cleaning systemof FIG 1 in a nmulti-punp

confi gur first operating node; -and  FIG 5
BHeP BB heRRSIAht Babihed

shows a sys lagramo he cleaning systemof FIG 1 in a

mul ti - puRIG. JlSstmmfa Quteat flow didpgard PE b @ldan@gisPstémeapied P BEatexBigany® dpstem

Det ai | eda&%ﬁ?ﬁ%R)tdlpé}nﬁﬁlfltﬁéxﬁrb?%le%{/énu%ﬁw be nade in detail to an exenplary
0

enbodi nment he present 1 nvention exarrpl es of which are illustrated in
t he acconpanyi ng drawings. Wiile the invention will be 20 described in
conjunction with the enbodi nent, it vvi I | be understood that they are not

i nt endedg v the ont t he
i nvengl onf(‘? i| ﬁ{)&'s Eh% oV B3t & 89%% erna lgﬁggﬁoﬁ?‘?l Sat'i ns ah g}ﬁu Bé‘?@m S,
whi ch ma§PHBuraion 78 G’p?\ﬁaflﬁgW%ﬁ'@t%ﬁrﬂ’tg%?ffﬁscope of the invention as
defined by the appended clains. Furthernore, in the follow ng detailed
description of enbodi ments of the present invention, nunerous specific
details are set 25 forth in order to provide a thorough understandi ng of.
the presEHe- 3 Fhewe iaowstemp Revediagiom of the gleanieg syiiem ed (. dnin afsinglelpwapy
ski || i ncérfeguaationtandtoptfatngiresendnd opweatinganodey be practiced w t hout these
specific details. In other instances, well-known nethods, procedures,
conpadents, and circuits have not been described in detail as not to
unnecessarily obscure aspects of the enbodi nents of the present invention
FIG. 4 shows a system flow diagram of the cleaning system of FIG. 1 in a multi-pump -

configuration and operating in a first operating mode; and

FIG. 5 shows a system flow diagram of the cleaning system of FIG. 1 in a multi-pump
15 configuration and operating in a second operating mode.

Detailed Description ’
Reference will now be made in detail to an exemplary embodiment of the present inVehtion,
examples of which are illustrated in the accompanying drawings. Whiie the invention will be
20  described in conjunction with the embodiment, it will be understood that they are not intended
to limit the invention to these embodiments. On the contrary; the invention is intended to
cover alternatives, modifications and equivalents, which may be included within the spirit and
scope of the invention as defined by the appended claims. Furthermore, in the following |
detailed description of embodimenté of the present invention, numerous specific details are set.
25  forth in order to provide a thorough understanding of the present invention. However, it will
be recognized by one of ordinary skill in the art that the present invention may be practiced
without these specific details. In other instances, well-known methods,' p.rocedures‘,ﬁ
components, and circuits have not been described in detail as not to unnecessari‘ly 'obsc.ure.
aspects of the embodiments of the present invention |

30



WO 2012/ 044249PCT/ SG2010/ 000374 4 For purposes of brevity and clarity,
descriptions of enbodi nents of the present invention are limted

her ei naf tWo 20/@#Bani ng systens for use with heat exchaRgG#/S&Qetdnes74 Thi s
however does not preclude enbodi nents4of the invention where fundanental
principals preval ent anong the various enbodi nrents of the invention such as
operational, functional or performance characteristics are required. An
exenpl ary enbodi nent of the invention, a cleaning system 20, is described
with reference to FIGS 1 to 5. The cleaning system 20 is preferably used

for cl eaﬁ&g?lrgoseé bf ﬁxle’vfty afd cfaﬁﬂe%e%gﬂgn@o%odﬁﬁ&ﬂé‘ﬂgﬁxe?f%%ﬁmn%gntlo-gha?e

plurality ubes 22 exanpl an evapor at or condenser
heat i ng, liménd iheminadar tmdleamng(sgstdm's ifonisegwith\haa) exohatgarsystams. his however

| i ke- hea exch e For such heat .exchang heat. transfer
occurs af® o‘% ¥ E’g‘é g IR RRe ﬁ’r“igfi“?’gttngi’“f‘ﬂ!ﬂ& pZ?Va?emes es
plurali txms;fl ttH@e@an%as adfibddimbed! by thd UsdeRtie @RhaadRfbelaBioMhll HuAidnt dke 26
wher et hr ou h liquid is introduced, and an exhaust 28 wherefromliquid

passayi npe Qm@ugﬂmhamtqmsmsaarﬁmqumdtubes 22 are subsequently discharged. 15
Preferably, a displacenment punp (not shown) for circulating liquid, :
I ncl udi ng when in the gaseous state, through the heat exchange system 24,

speci fi cahlexeinplaepghbddigied ofrthe inventin, b elasing 3ystdi@0¢iseiREIrbEd i refdrafle i S
used in conﬂ unction with the heat exchange system 24 by being_ integrated

t her ewi t I ¥FiGeabfg 5-ahapleating gysiera 40 dopgstnably vesd foneleming a phunlifigé tubps22m 24
or 20 dehﬁ& e e\{(cﬁgﬂlﬁgggg Vﬂgﬁ@h@g@gﬁfh&lg%f E#rge C? 2aRbNG, ?{ %H‘eggpérat%m& he

heat exchange syste eani ng I Ses a
di splacenemniensy stfelmadig heasititgion dridr sit-cpnditiodig e(HId/AEC)seme‘tds poIthe lﬁke—}f&at-

mani fold 36 and a fl ow_divert yst em 38. Preferabl , the cleaning 25
syst em 26 PSS, T §F°*bb%3? ]Pf’d‘gﬁt?éf%te’é‘ﬁ’d ot $2B8fit OB{ET &t PRE ORTERIC The

fl ow di vesdnhdh® containing the plurality of tubes 22. Theses plurality of tubes 22 are typically
clustered as a module with an intake 26 wherethrough liquid is introduced, and an exhaust 28
wherefrom liquid passaging through the plurality of tubes 22 are subsequently discharged.

15

Preferably, a displacement pump (not shown) for circulating liquid, including when in the
gaseous state, through the heat exchange system 24, specifically through the plurality of tubes
22. The cleaning system 20 is used in conjunction with the heat exchange system 24 by being
integratcd therewith fixably as an integrated component of the heat exchange system 24 or

20  detachably to enable detachment of the cleaning systeni 20 from the héat exchange system 24

when not in use.

The cleaning system 20 comprises a displacement system 30 having a first port 32 and a
second port 34, a manifold 36 and a flow diverting system 38. Preferably, the cleaning |
25  system 20 comprises a first operatihg mode and a second operating mode. The flow diverting' _
_system 38 couples the manifold 36 to the intake 26 and the exhaust 28 of the plurality of tubes
22. The displacement system 30 is operable for displacing liquid from the heat exchahge
system 24 through the manifold 36. Preferably, a plurality of cleaning balls (nét shown) are '
contained in the manifold 36. The cleaning balls are preferably elastomeric ballé. H_owefrer,'
30 the cleaning balls may be made of other types of elasticz materials. When in the first operating |
mode, flow of liquid displaced by the displacement system 30 is diverted to transport the
plurality of cleaning balls out of the manifold 36 and into the intake 26 of the plurality of



system 38 couples the manifold 36 to the intake 26 and the exhaust 28 of
the plurality of tubes 22. The displ acenent system 30 is operable for

di spl aci ngol2opuisak4br om t he heat exchange system 24 t hr owghysiGherowesszi ol d 36.
Preferably, a plurality of cleaning balls (not shown) are contained in the
mani fold 36. The cleaning balls are preferably elastoneric balls. However,
30 the cleaning balls may be nade of other types of elastic materials. Wen
in the first operating node, flow of liquid displaced by the displacenent
system 30 is diverted to transport the plurality of cleaning balls out of

t he mani 6

2012/ 044{2%%%:213'/ ‘%%gg %@8@@‘@%%@%@ %istnﬁ?s?\%{%?rl H %‘S?%‘*%r DisgHErds e

pl ural i t yxhabstt2Rdise pRralgy fof oleahing hiails akeodibed Ditatitsintdke Xxirauetd thdhght the
lurality of. cl in al-] s .i ntrodyc othelntake 26 travels through

Ito he pl urﬁ“ﬁlﬁ BEwS%%spoéflef’%‘Pgél?eé%P# ?{369 apiag Pallsrafe Peg %T&Wiyrfbmﬁ%‘il‘l’rsedé? ke
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plurality of tubes 22. The cleaning I's are preferably shaped®for
ri cochet preferalfly shhped; ﬁIremmhetmg f)ﬁfc@e dhtetriag spifaceabf the pfuralupeﬁ’ whéd evhile

Ol eant ngPesiteg e Sen or GuPycng o defus i iimaf RertF i e sletnimagbereol

di mensi on@emhavely, nth@ icfeah@B A1 biet shagedMrdd difRRsihddl Rk hﬂtyrfé}%néeumgg %4th the
Pr ef erable{l t he cl eaning system 20 conprises a trap 42 disposed proximl to
3

where the Wﬂ’i“b@sr%z ng system 38 couples with the exhaust 28 of the
plurality of tubes 22. The trap 42 defines one or nore openings (not shown)
to enable flow of liquid but shaped and di nensi oned to inpede passage of

t he pb ur Rteféryblef theloﬂaeamnggsybmfﬂ 20 tdapided raQt@MZ dibpsed pkaximal tdewidrel il fléwy of
cleaning balls exiti the plurality of tu 22 toQ be caught by the trap
42 and 18\VEREgYsteny Eglcﬂ‘éﬁlesc Wé\thstb%le{‘ha&ﬁt ?%Qf ;S‘F%PI&MHEX/ °61"“Q9F 3ni Heg tap 13

through tbnesesie Q& hbg Bs é}ﬁn%xgtb@ vy Be%aﬁfe % o Rl St €GP

operating node, flow of I1qui by t pl acefment system del S
re- di ver tiensioned tovinprele [plassage iof yheo;blumlhe_sanf clgarhing bsllscﬁmglthrobm t Tlihlstatllaws42

pe. i nt r oMECERRY TSP e P Sohes 2 oot g Rohedte daando be

subs es|ueptdvints Sufth@V @ahspbit éfsmtel ;Slﬁltahpj of Q1daBfhgt bais ﬁl'i*&l%l gl fé@teHP@ﬁe fyait em
30 is operable for draw n uid into the second ort 34 and expelling the

drawn | i qmlwngm@ystﬁm 2he Wgﬁlsm persecarl oprsatingnmpdes ﬁqw of llqpldr(hSplax@drhydéeand
S P S B R P bl S U

42 back into the manifold 36.

b.

20 To enable the plurality of cleaning balls to be introduced into the piurality of tubes 22 for
cleaning thereof and to be subsequently retrieved, it is first preferred that the displacement
system 30 is operable for drawing liquid into the second port 34 and expelling the drawn ,
liquid out of the first port 32 when in the first operating mode and drawing liquid into the first
port 32 and expelling the drawn liquid out of the second port 34 when in the second operating ‘

25 mode. It is further preferred that the manifold 36 defines a first chdmber 44 and a second : |

_chamber 46 interposed by a separator 48. The separator 48 defines a plurality of apertures
(not shown) for fluid communicating the first chamber 44 with the second chamber 46 with
each of the plurality of apertures being shaped and dimensioned for impeding passage of the
plurality of cleaning balls therethrough. |

30
The flow diverting system 38 is adapted for fluid communicating the first port 32 of the
displacement system 30 and the intake 26 to the first chamber 44 of the manifold 36 while



25 node. It is further preferred that the manifold 36 defines a first
chanber 44 and a second chanber 46 interposed by a separator 48. The

separ at orwéothafsunaes a plurality of apertures (not showrrTisorofoloussis
comuni cating the first chanber 44 with the second chanber 46 with each of
the plurality of apertures being shaped and di nensioned for inpeding
passage of the plurality of cleaning balls therethrough. 30 WO

2012/ 044249PCT/ SG2010/ 000374 6 substantially inpeding fluid conmmunication
of the first port 32 and the exhaust 28 with the second chanber 46 and

first chg . hval ]%gﬂ'- t ! rati n.th
second o%g’irgghl% i:?@%gﬁ% ﬂ'glﬁfﬁ%owv |(\:/éélrgfliogghésiﬁsst§ 2)818%? iﬁlg tggre?ﬁ%‘rgt %%z%{hetg‘ef or
fluid cosavomnd clefmbreg 46 land first sharplaert443espactivelhehex hatis firs? Bpératih@mode.C hinle
chanmber 46 apd first ch er 44 respectively and_substantially inpedin
fluid co?ﬁ‘fﬂ?fpc%ﬁefﬁwgofn@ggﬁkﬁf ﬁ?‘ﬁeﬁg’l"'ﬂg’tg Sotem338ofs tpdheg; §‘EﬂP&’@e@htﬂ‘§ stem
30 and t BsninihRkEh g2 et 3 120§ thE RY t Lo 6
Preferably, the figrzste clhsargt())te%?44 oftv fhemngfl%gtpgﬁl%&?%ﬂag%%g%gﬁdmd ﬁrSt_

di mensi oelsantfco 4 gespectintelyn gndl gubataotialyomipedingr fws chbmpwinivation lof gathcbfi the first

s For obnbeZ e iehcementiysim 3P ol b e g6 Al Lt Shagnoes dcon g
bal | s outagffold3a. fi rst chanber 44 and into the intake 26 of the plurality

of tubes 22. The manifold 36 may conprise a ball screening unit (not shown)
di sposed within the first chanber 44. After a period of use, a portion of

the plurgli facl b b n. and reduyced 15 below an ..
accept ab?téf%r¥gl ’tfhg rtﬁ%}[k'fh g%xp?r\%i ?:ﬁ ‘ggx’?aﬁlgfﬂﬁg‘?ﬁéﬁ%‘?e&ra&ﬁi Ve%slior{egggrsgef?at}fﬁe
bal | 1@ cr eeytlogicvirtex dtdw mdrndiquidisadibglycedf thereiitd i e SREPFHaRImAUEEI Theoned
for passaging of a portion of the cleanings balls 40 bel ow the acceptable
si ze t heF¥Rlome YgHEX Howr sy for gisneratng insktia fQgdisplepement of thecplurplityof cleaning
separat i i oo : C i 0k4 i of
ho. ol can o BaREC TRClaRy HECoRdhl) GF ibhRP B3GR Bk, Sotpiosd) he

di vert i ngnasifekde’6 188y comprisesdmllzcidening ueiti(not shelupdiSibsed tvithincthel fikst Bharhber

first f the, di spl acenent st em 30 d th i rst, chanber, 44 of the
s £ of d s A s prddd ShiE, SETDEN S5 RERLY QG EIeRHGE bR PRy b wOmMMAEdwEdof
the Agni belot Boacasabiosizt MraffRcdi &éan‘idé%fhﬁ@fﬂu%ﬁl{:gﬁﬁﬁessﬁt% it scieefifngond

entry valve 54 inter-coupling the exhaust 28 of t heat 25 exchange system
24 and t maitdefirgs acplurebitr ofapegiires ishaped and dirderd®ned diok passagingef apartiov af the 56

i nter-coypli.ng ambe 6.0f .the manifald 36 and the.first port
52 ot noraig B AFFARY GEARIBL LR wrrefiih o wiiter® Varcie nay i B
first existrestihy andsspatdimgsFamacteptablyysizell poitibe fidhfladdaptabBECRAd oriidn ¥Rlhse 56
has an open state and a shut state for respectively enabling and

subst ant icisrpg bakeby thg ball sereening Btt her et hr ough. 30
20

Preferably, the flow diverting system 38 comprises a first entry valve 50 inter-coupiing the
first port 32 of the displacement sysfem 30 and the first chamber 44 of the manifold 36,a ﬁrst'
exit Qalve 52 inter-coupling the first chamber 44 of the manifold 36 and the intake 26 of the
heat exchange system 24, a second entry valve 54 inter-coupling the exhaust 28 of the heat |
25  exchange system 24 and the first chamber 44 of the manifold 36, and a second exit valve 56
_inter-coupling the second chamber 46 of the manifold 36 and the first port 32 of the |
displacement system 30. Each of the first entry valve 50, the first exit valve 52, the second
entry valve 54 and the second exit valve 56 has an open state and a shut state for respectively
enabling and substantially impeding liquid flow therethrough.
30
The first entry valve 50 and the first exit valve 52 are in the open state while the second entry |

valve 54 and the second exit valve 56 are in the shut state when in the first operating mode,



WO 2012/ 044249PCT/ SG2010/ 000374 7 and the first entry valve 50 and the
first exit valve 52 are in the shut state while the second entry val ve 54
and t he swoaotk/@xis val ve 56 are in the open state whenpcmscheloseaond
operating node. Preferably, each of the first entry valve 50, the first
exit valve 52, the second entry valve 54 and the second exit valve 56 is a
check-valve. Alternatively, each of the first entry valve 50, the first
exit valve 52, the second entry valve 54 and the second exit valve 56 is a
sol enoi d actuated two-way val ve. The flow diverting system38 is further

adapted a [ [ ui cqnnunicatin the secaon rt .34 of the

di spl ac ear’P@gtpgglgsst% 21 krrr?}?}jﬁgieog(i %&i‘hﬁt gﬁteexi%vach{e ?%gr eh‘&iﬁe g‘?&ﬂﬁgﬁ%@ & hé esfﬁeef‘ﬁcﬁﬁd 10
when in &g Valvesi4 sdahebdcogd 8%iE €alae 86 b infthdlogbnGendifier it the gedon@ operaang
port 34 with, the exhaust 28 of the heat exchange system 24 when in the

second opedat Prrjcrablyecachinfthe dirgt apfryvalve thdhe firss exibyelvat 12a gherérgend entui d

used for_di ' C j I h i.-f ol d ' ' i ke
26 1's ar Sk T4 B IR SOREORFGIIOPR 4 etk e AT By, otk Hrnt B ol
node,s | i ealved 5Qirthovfirdt re@invialve R leustcotBeritor valves f4 and tig debendcbdanilng 56a 4 s
back into liﬂihe mapi fold 36 i s subsequently channell ed back to the exhaust
28 of t h¥l§h %ﬂt‘i‘att?fpté‘fo"ﬂ"ﬁb&lv%z. The flow diverting system 38 therefore

i npedes m xing of |iquids between the intake 26 and the exhaust 28. As a
tenperature difference typically exist between liquid at the intake 26 and
| i qui d aTh¢ Hewedinentiog sg8cwf 3§ kefunthat adeptdiamgleosyatle for2fluidi copsdumcatinigtheg of

| i qui ds between the.i.ntake 26 and the ust 2 ugh the cleanin

syat em 207 Pt iiacemsRfate YBR0BE Mpsccrtiht R ey hapes RBlEas
exchangewhys i Melfirst Bdratify #1088 ahd Y tuidycopfimédting the 8econ@3drH Sitht @\ 20
therewith. Therefore, the cleaning szgten120 further conprises a third

entry vaPxhaug@§ of bie-heaugicharget systenedd diep an thesspeornd pprsatingsplodee fhatefagst em
30 and ' ' S £ em. 4, i '
Vel ve.sontgh i HE o Sleckld NEAL REGIIIAP &Y ShOAT A AR ES L

exhaust REni#bldt 3¢t et intike RBNGadrayatfes e idfaeh2@®f Sihiarlhiwhdn dntthy sscdhde 58
and the third exit valve 60 is operable between an open state and a shut

state foPPHFaempdsdidyiddrannfm Maexdaps 2arfer dsplhcingthessipaping ballscark s
t her g hr %gxﬂ%x}iﬁ)@d JO% sgbﬁlgﬁ A i3 haR @the)af E@J%'Mtﬁgg@;%g}eg;{@ﬁeﬁ 2,

bi -direction punp 6 In a single punﬁﬁconflgur
first poiThe B@dwadiderting systani3@ tharefordinixeies guxieg of Equidy betheeh thedintake 26 andl
ggg / giaWThe&‘}bl %&%%B%thyenaffgrzenées ty%ic%ﬁ)r'] g{ilstfb%g\gcleenquu d atathg gl%tlﬂgeIZ\{SeandVD
liquid at the exhaust 28 of the heat exchange systenﬁ 24, impeding mixing of liquids between
the intake 26 and the exhaust 28 through the cleaning system 20 mitigates effects to heat- -
20 exchange éfﬁciency 6f the heat eiufhange system 24 that is contribﬁted by operating the

cleaning system 20 therewith.

Therefore, the cleaning system 20 further comprises a third entry valve 58 inter-coupling the
second port 34 of the displacement system 30 and the intake 26 of the heat exchange system |
25 24, and a third exit valve 60 couplihg the second port 34 of the displacement system 30 to the |
_exhaust 28 of the heat exchange system 24. Each of the third entry valve 58 and the third exit
- valve 60 is operable between an open state and a shut state for respectively enabling and .- |

substantially impeding liquid flow therethrough.

30 The displacement system 30 preferably comprises a bi-directional pump 62 arranged in a
single pump configuration with the first port 32 and the second port 34 being defined by the

bi-directional pump 62. The bi-directional pump 62 is a centrifugal pump, a positive



8 di spl acenent punp or the |ike punp adaptabl e and operable for alternating
| i qui d di splacenent between two flow directions. Alternatively, the

di spl acengot2osymtiam 30 conprises a first punp 66 and a etcGdoPWINB7H3
arranged in a nulti-punp configuratios with each of the first punp 66 and

t he second punp 68 being operable for displacing liquid in one 5 flow
direction as shown in FIG 4 and FIG 5. In the nulti-punp configuration,
the first port 32 is couplable to an outlet of the .first punp 66 and an
inlet of the second punp 68. Preferably, operati ons of the first punp 66
and the 3@EIAEGhRNTPuRS oS tROOKKH fb%lrﬁd aRptEH1€ 0 e%le( f}glt agéamfm)] f Rluid

al ternating between exhaust of liquid J)the | purrp rom the outl et
when in digplagdment bﬁp\wm twig e edizagtionk: avsAlrcgnaﬁvely, qthi ddilspla¢eneens esystas pONP
68 through 10 th? 674211%?(” in the fcond 8perat| n% node. fI nl et anﬁ
outlet (RIPPHER& éﬁé’gabp GRS AR OF el & a N PEBPAnf e LR
punp 68 adch dfitief Brsephnip 66 taaaamal :fécIan plifp 6866 oB@;rable%r d\éﬁﬁang $iq0 ihRdge

mul ti-punp configuration, acement system 30 furt conprises a 15
firstS ch8ew-digrijen asashomnfdﬁu‘b pmﬁ@l(i e louthe mulwm@mﬁmtlmnlpe fBtaod the

f dj m 3 d heck: val 78
|t or - bovis e abiefio U BLARCEP e SXEDERL B8 aa il G e ESHY PS8 o
t he di spPrfaaly} opatatic® FOthe THiret i)mihpt6601ilﬁil Krevedcufd PanipS6d of cJ)drﬂinﬂted by a

comruni cating the outlet of the first 66 with the first port 32 and
the seco H%P‘U%QEQ’% ghoya) fer 3lismating ?F%Yﬂep &K %PSF ofpleichBy the firgt mmmﬁ@ frent then

bet rt nin
Dhe 11 1 sp et Heftin ft B S mERARM AR o8 HARA Ve Sbcahl o s rold

checkO valtheeintd 74 Wlmn Bubst mbnchldpyramrpadbdag fIhlmt dmdoasmwm(ﬁai reﬂféreﬁmﬂyveﬁn
the outlet of. th nd the fir ort and th second
check- vaf$REH e]fnge lfSEPH‘%BM t@%ffic PyHBP 2% pr?ff"r ly conplable inthe seropd 68
with thephitngt port 32 when in the second operating node. 25 In a forgoing

manner, a cleaning systemis described according to an_exenpl ary enbodi nent
of the |nvent| on. Al though only one enbodi ment of the i nvention is

0 sl ookl b 54 Hin IR S L i 31
be masle fiesticheckeiaivd %Bﬂer&mﬁpﬂngrﬂﬂtou%ﬁ SRt fieet Py 60arkDihk!RER Jope3 B60Mme and
spirit Ofdlsi)lrz]lger;lgn\{ %9stttlenc1)ril’a0 an\gg SZng.nZ({ ((:)hilcllg %glsec% ?ntegg-odp(l)lgg :t))IZe41n19et % g}' tr}rlg second
pump 68 and the first port 32 of the displacement system 30. The first check-valve 76 is for
fluid communicating the outlet of the first pump 66 with the first port 32 and the second
check-valve 78 for subs_tantiall_y impeding fluid communication between the inlet 74 of the
20 second pump 68 and the first port 32 when in the first operating mode. In the second
operating mode, the first check-valve 76 is for substantially impeding fluid communication
between the outlet of the first pump 66 and the first port 32 and the second check-valve 78 for
fluid communicating the inlet 74 of the second pump 68 with the first port 32 when in the-
second operating mode.
25
‘In a forgoing manner, a cleaning syétem is described according to an exemplary embodiment
of the invention. Although only one embodiment of the invention is disclosed in th_is:
document, it will be apparent to one skilled in the art in view of this disclosure that numerous |
changes and/or modifications can be made to the disclosed embodiment without departing

30 from the scope and spirit of the invention.



1. A cleaning systemfor use with a plurality of tubes of a heat exchange
system the heat exchange system having an intake and an exhaust, the
cl eani ng wpE04¢IPr i Si NY: a di spl acenent syst erchac2og/oao37ir st
port and a second port, the displacenent system bei ng operable for draw ng
liquid into the second port and expelling the drawn liquid out of the first
port when in a first operating node and drawing liquid into the first port
and expelling the drawn liquid out of the second port when in a second
operating node; a manifold defining a first chanber and a second chanber,
the mani §pkgs10 conprising a separator disposed between the first chamber
and the second chanber, the first chanber for receiving at |east one
cl eaning ball, the separator defininP at |least one aperture for fluid

uf

comuni cht i ngA chkeningsystemfantrervili ¢ plurdlidy eEnbatiothbensbexchange pisteny thehbgaed
. . sl oding . _ l
cleani g bar 1 it st ERA0mE 3y s SRRCL BT AROR g AR corfBing ) i

conmuni cating the fd displagedidnt OfstdnhBavlhg plfasieiverindSyseteid o thd@ispladenkent t O
the first chanber of the manifold and substantially inpeding fluid _
conmuhi cat i orSYStem pfang ppaseblp fpridrairine gaidantpths seqgndl portised sxpellins tissingr and
first chanbery;, tvel WeNE i i g e f.

di verting syslt“gl?né Egﬁgﬁg lfbrf %twgﬁ%%p%lghgﬁ%s}) rbﬁ%r %&?g%?%gtﬁ?%g%ﬁéhﬁ rst _
port and 20 filse pert edstxpeling Hbe slevan diquidaodiesf thadeédndsport lndiehen a second
respectively and subs%fr_lti all'y inpeding fluid communi cati on of each of the

first port of ROFBINGMOTE

acenent systemand the intake with the first chanber

of the manifol d whepndifliedsMeRNd AREICALPE ML sebdi SanltRRSthe Msnifold
cl eaning ball being displaced fromthe first chanber to the intake of the

cl eald ng systeamirsinga sepagaion Aispasgh betvecep|the rst chambert andethe wheomdi ahamber,

first operati . at | east one cleaning ball Dbei dr g from
t he exhaust 01?1%5&@%@?@3%{1@6%2 §1§’ fn§rf%t i?eﬁitS tomF:hcec s aﬁlcﬁlgﬁﬁ%?ra%g%lﬂg %ast
second oper at priegaprRrdes, for fluid contfh@iiiCating the fast dhambér VIR titd &6ADBhAAMdr and

passages through the plurality, of tubes for cleaning thereof. 30 2. The
cl eani ng syst @snsghapsd and dypensiqngd for sybstapatbnimpedingaassagrefithg pigleast one . g

bi -directi ona&lemﬁ?gﬁpﬁlie%wggfam_st port and the second port, the

bi di rectional punp being operable in a first displacenent direction for
drawihig |iquid a flow diverting system adapted for fluid communicating the first port of the

displacement system and the intake to the first chamber of the manifold and
substantially impeding fluid communication of the first port and the exhaust with the
second chamber and first chamber respectively when in the first operating mode, the
flow diverting system being further adapted for fluid communicating the first pbrt and :
20 the exhaust to the second chamber and first chamber respectively and substantially =
impeding fluid communication of each of the first port of the displacement system and
the intake with the first chamber of the manifold when in the second operating mode,
the at least one cleaning ball being displaced from the first chainber to the intake of the -
cleaning system for passage through the plurality of tubes when in the first operating AA
25 mode and the at least one cleaning ball being drawn from the exhaust of the cleaning'
system into the first chamber when in the second operating mode,
wherein the at least one cleaning ball passages through the plurality of tubes _ |

for cleaning thereof.

30 2. The cleaning system as in claim 1, the displacement system comprising: .
a bi-directional pump having the first port and the second port, the bi--

directional pump being operable in a first displacement direction for drawing liquid-



WO 2012/ 044249PCT/ SG2010/ 000374 10 from the second port for discharge from
the first port, and in a second di splacenent direction for drawing |liquid
t hrough tWe 201xm824port for di scharge fromthe second poPCI/S§20171980334 eani ng
systemas in claiml, the displacenent system conprising: a first punp
havi ng an outlet coupled to the first port; and a second punp having
an inlet coupled to the first port, the first punp and the second punp

bei ng operationally inter-configured for discharging fluid fromthe outl et
of the first punp and through the first port when in the first operating

node and drawyhg the Widnd gb f b ﬁlsbqu]ﬁégérm ﬁgfn {hg%ir%ﬁ;?&p dnRYER LS RAUGEL LIS Rt ST

port when in the 10second operati éleaning systemas In
clai m 3, the dirspbatedeawing ignethfough ke firstqropt fos disghage fiomvthy sacahd port.
operable for fluid comunicating the outlet of the first punp with the
first port and substantially inpeding fluid commnication of the inlet of

the secomnd pumpe élémmgiysteﬂeasslﬁc‘cmﬂ p%etdlymdenieﬁt §}J§ﬁerxfé(fr§§n§ri§9rat' ng node,
and fluid conmunicating the inlet o he 'second punp with the first port

and substantial | y #&fipsepvump hﬂvlugdn@t)ﬂmmunlad tmthe@istﬂ)hé,m l et of the first

punmp with the firs wh |nthe con 0 5.Th

cl eani ng system asglﬁ%%nﬁﬁgmr??g’avkrlﬁ no‘fl F%‘i?g“r@ﬁ%%b gﬂﬁogl?tfﬁé “E’Mﬁltgf: ng:
a first checksecahdpurhpbéing opetailbﬁwlytlh@r@@my&%do@f Hiseflarging fluid SbmAKOButiRd
the first port of the displacenment system and a second check-val ve

i nt er - coupl i n8f theefiish pump nd; thgoughclbi dirpfupgrt arhentinethe ifirst opssatingomodp @nd
di spl h 25
dsPLacernt SYShEMuNE Ehia1ck: elfg Aot Hhtlhdh BRTECLSRIDA BGe%P

subst@nt i al | ysdcopddparatirfg mode. communi cat i on between the inlet of the-second
punp and the first port when in the first operating node, and the first
check-val ve for substantially inpeding fluid comunication between the

Pl cotimunt ooy CREniR e ds b8t 3 She Biplecafith PReRAARG SRFHNALIG- L 0L
i n the secondwapaalytioperableder fluid communicating the outlet of the first pump with the first
| port and substantially impeding fluid communication of the inlet of the second pump
15 with the second port when in the first operating mode, and fluid communicating the
inlet of the second pump with the first port and substantially impeding fluid
communication of the outlet of the first pump with the first port when in the second

operating mode.

20 5. The cleaning system as in claim 3, the displacement system ﬁlrther comprising;:
a first check-valve inter-coupling the second port of the first pump and the first
port of the displacement system; and
a second check-valve inter-ooupling the inlet of the second pump and the first
port of the displacement system, the first check-valve for fluid communicating the |
25 outlet of the first pump with the first port and the second check-valve for substantially ,' ‘
impeding fluid communication between the inlet of the second pump and the first port
when in the first operating mode, and the first check-valve for substantially impeding
fluid communication between the outlet of the first pump and the first port and the
second check-valve for fluid communicating the inlet of the second pump with the

30 first port when in the second operating mode.



WO 2012/ 044249PCT/ SG2010/ 000374 11 6. The cleaning systemas in claim1,
the flow diverting systemfurther adapted and operable for fluid

communi cavongiddedsecond port of the displacement systewrcirscehwobeszake of

t he heat exchange system when in the fiirst operating node and fluid
comuni cating the second port with the exhaust of the heat exchange system
when in the second operating node. 7. The cleaning systemas in claim1l,
the flow diverting systemconprising: a first entry valve inter-coupling
the first port of the displacenent systemand the first chanber of the

mani fol d.- 10 | Lxi lye.inter-c ld ng .t he. first chanber .of the

mani f ol d6'and?TI§énél%%Ir‘11§ gksém\éﬁl %‘sn(lad_ﬁltaag? 1é§§§§1r?§gmsv§§{n§n§ys&m % ag%%ts(icﬁlngnt ry
val ve i nt er - cepupdble gort fMeid eohmusticatibg tthe sdrend percdfang displstasntaistein® ther st
chanber of the manifaold; and a second exit valve inter-coupling the second
chanber of t htakgnPk Hicahem dexeBanagesystens tvhsar i Hre fire apesgting capdmand yiidm
each of the f§ Iﬁlhuﬁieﬁtﬁ?g/t‘ﬁ@ls&%nd B& Wit S e&ifhdst X?{h\é%eatt&%%lgaﬁlgggygerﬁ%}{e% i¥ al ve
and the second exit valve having an open state and a shu fate Tor
respektivel y theabdandgpemtnguvdeanti al |y i npeding liquid flow therethrough.
8. The cleaning systemas in claim7, the first entry valve and the first
exit valve are in 20the open state and the second entry valve and the
second exit Vahy6leMifg kybtdlas HWMimST, LA AV ebithd dY8tehd é&ﬁr?rgnfgr: ating rnode,
and the first entry valve and the first exit valvé are in the shut state
and the second ent r¥fitshlentey sinplate ither-compbingl thexfirst post ofghe displaperhéng sgp?n agtlat e
when in the sgg¢ erati nnde...259. The cl eaning systemas in claim7,
each of the fﬁlrcgi}s e‘ﬁ‘??léerv%q}g%fna?]ﬁ%ldfi rst exit valve, the second entry val ve
and tbe second exita\fbtveibealng ideCbRpkiny ahey/ Girst chamber of the manifold and the

intake of the heat exchange system;

a second entry valve intér-coupling the exhaust of the heat exchange system
and the first chamber of the manifold; and
a second exit valve inter-coupling the second chamber of the manifold and
15 the first port of the displacement system, each of the first entry valve, the first exit
valve, the second entry valve and the second exit valve having an open state and a shut

state for respectively enabling and substantially impeding liquid flow therethrough.

8. The cleaning system as in claim 7, the first entry valve and the first exit valve are in

20 the open state and the second entry valve and the second exit vélve are in the shut state
when in the first operating mode, and the first entry valve and the first exit valve are in
the shut state and the second entry valve and the second exit valve are in the open state _

when in the second operating mode.

25 9. The cleaning system as in claim 7, each of the first entry valve, the first exit valve, the ,'

second entry valve and the second exit valve being a check-valve.

10.  The cleaning system as in claim 7, the flow diverting system further comprising:
a third entry valve inter-coupling the second port of the displacement system.
30 and the intake of the heat exchange system; and
a third exit valve coupling the second port of the displacement system to the

exhaust of the heat exchange system, each of the third entry valve and the third exit



10. The cl eaning systemas in claim7, the flow diverting systemfurther

conpri si ng: a third entry valve inter-coupling the second
port of twe izmphkasenent system 30and the intake of thepoeacenobaige
system and athird exit valve roupling the second port of the

di spl acenent systemto the exhaust of the heat exchange system each of the
third entry valve and the third exit WD 2012/ 044249PCT/ SG010/ 000374 12
val ve bei ng operabl e between an open state and a shut state for
respectively enabling and substantially inpeding Iiquid flow therethrough.

11. The clea ne cl eani baI bei ng
at | east onen{é s?é{ﬁ%gﬁéﬁ%laﬁ%“%fg amIQgPen Sf}’eea%%dn%?@;ss ae%%és eﬁpﬁc%‘fegbf 1nghe
first chanberamifsubltentisllyiifnpkdinpdiquid ffdvametttiaodgtdi mensi on for generatl ng a

cyclonic vortex flow when liquid is displaced thereinto in the first
operating node, the cyclonic vortex flow for generating inertia for

10di spl aggmengpo f:le&!ﬂﬁ% %Sl%thrgla«ﬁ»t in¥4nt Leﬁl@' R GeRBbhe gf%émﬂé, vhft %e&ﬂ%ﬁt gy %?

and into- the inta eat exchange system I'ng sys
as i cl ai m lglaftometiebaltonpri sing: a trap configured with the exhaust of
t he heat exchange system for trapping 15 the at |east one cl eaning ball
exiting the plurality of tubes when in the first operating node, the at

| east ongx.cl eqnd £, agh BQin aznm evRd fitdt eMhhe otfrn?eomamom BEiRg shfpeliahdt
chanber of the mani fo when in the second operating nod

dimension for generatlng a cyclonic vortex flow when liquid is dlsplaced thereinto in

the first operating mode, the cyclomc vortex flow for generating inertia for

10 displacement of the at least one cleaning ball out of the first chamber and inte- the

intake of the heat exchange system.

13.  Thecleaning systém as in claim 1, further comprising:
a trap configured with the exhaust of the heat exchange system for trapping
15 the at least one cleaning ball exiting the plurality of tubes when in the first operating
mode, the at least one cleaning ball being retrieved from the trap and into the first

chamber of the manifold when in the second operating mode.



