Method of Cleaning a Heat Exchanger Field of the Invention 5The present invention relates to a
method for cleaning a heat exchanger. Background of the Invention Heat exchange systems are used
in various industries for a myriad of applications. 10 Common applications of the heat exchange
systems include heating ventilation and air-conditioning (HVAC) installations. In such installations, fluid

is circulapgditheeLeh dhedifingex Hemoe dsiigder heat exchange to occur at a bundle of tubes

making up a portion of the heat exchange system. Heat exchange efficiency at the bundle of tubes
requires debris and fouling deposits accumulated therewithin to be 15 substantially removed. Taking
the heat gxgldasransYstemteifline for physical flushing is not only ineffective but also disallow use of
the heat exchange system for the duration it remains off-line. Current cleaning systems for use in
conjunction with the heat exchange systems 20 uses sponge balls transported by fluid to be fed and

circigated iiptheckeat pr@rangereysiemodhinatHiritalisieassage theatakdharysrdle of tubes during

circulation in the heat exchange system, any debris or fouling deposits in the bundle of tubes are
pushed out. 25It is known in the art that some of such cleaning systems utilize sponge balls that are

larger thaBuiie Hoiaina idiaenetesaidhe tubes of the heat exchanger. The sponge balls are highly
compressible such that when the balls squeeze into the tubes, they tend to expand back to their initial

uncompressed state, thereby generating a frictional force along the inner surface of the tube as the

balls moveetirenghahbe SEanrapcadalkedan hascudyitusrreptes sipgutady Bpplicitigisiube. Itis
thls ictional force alog%the inter ﬂ]ﬁﬂl Erface of the tubes that scrups der$3051ts and dlhrt off the urface.
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the heat exchange system for heat exchange to occur at a bundle of tubes making
up a portion of the heat exchange system. Heat exchange efficiency at the bundle of
tubes requires debris and fouling deposits accumulated therewithin to be
15  substantially removed. Taking the heat exchange system off-line for physical flushing
is not only ineffective but also disallow use of the heat exchange system for the

duration it remains off-line.

Current cleaning systems for use in conjunction with the heat exchange systems
20 uses sponge balls transported by fluid to be fed and circulated in the heat exchange
system. When the 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

pushed out.

25 Itis known in the art that some of such cleaning systems utilize sponge balls that are
larger than the internal diameter of the tubes of the heat exchanger. The sponge
balls are highly compressible such that when the balls squeeze into the tubes, they
tend to expand back to their initial uncompressed state, thereby generating a
frictional force along the inner surface of the tube as the balls move through. The

30 sponge balls can thus only be transported singularly through the tube. It is this
frictional force along the internal surface of the tubes that scrubs deposits and dirt off
the surface. However, if the sponge ball encounters a large deposit, the force of the
fluid may not be sufficient to push the sponge ball through and the sponge ball

becomes stuck within the tube.



Sponge balls are designed to be used for heat exchanger tubes with smooth internal surfaces. For
tubes with rifling grains, also known as enhanced tubes, the scrubbing action of the compressed
sponge balls cannot reach the grooves of enhanced tubes; 5they can only clean the landings of the
enhanced tubes. It is in these grooves where dirt accumulates and need cleaning most. In addition, in
heat exchangers with multiple horizontal tubes arranged in stacks, the sponge balls cannot be
efficiently distributed to all the tubes in the stacks. The 10 sponge balls are all of the same weight and

will geneRRYNARPSIS A I SFII85M PR ST e GRLRXPRRNRER BO AR WIRTIARE iRtE2kack with

little sporgefhals tFderprerakicaning Hrairsf also kRBURHOLS, dhgrniscanapesrens Reashishgn
improved method qf cleaning a heat 15exchanger in order to address the foregoing problems.
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header of the heat exchanger. The heat exchanger further comprises an insertion unit for introducing a
plurality HHRFSUTLLIRS HNFMNEELIGHUHNGSMRS st step of the method comprises pumping a fluid

into the first header. A second step comprises inserting the plurality of projectiles into the fluid, such

that the pluraljty of . . . .
Hn adlo¥t|on, in heat exchangers with multiple horizontal tubes arranged in stacks, the

sponge balls cannot be efficiently distributed to all the tubes in the stacks. The
10 sponge balls are all of the same weight and will generally float or sink to the same
portion of the stack. This leaves the other tubes in the stack with little sponge balls to

for proper cleaning thereof.

Therefore, there is an apparent need for an improved method of cleaning a heat
15  exchanger in order to address the foregoing problems.

Summary of the Invention

The present invention provides a method for cleaning a heat exchanger. The heat
20 exchanger comprises a plurality of tubes extending between a first header and a
second header of the heat exchanger. The heat exchanger further comprises an
insertion unit for introducing a plurality of projectiles into the heat exchanger. A first
step of the method comprises pumping a fluid into the first header. A second step
comprises inserting the plurality of projectiles into the fluid, such that the plurality of
25  projectiles are distributed within the fluid. A third step comprises flowing the fluid and
the plurality of projectiles through the plurality of tubes, such that the plurality of
projectiles abrades at least one tube. A fourth step of the method comprises
discharging the fluid and the plurality of projectiles out of the second header. In the
method for cleaning the heat exchanger, among the plurality of projectiles, at least
30 one projectile has a different specific gravity, relative to the fluid, from at least one of

the remaining projectiles.

Brief Description of the Drawings



25 projectiles are distributed within the fluid. A third step comprises flowing the fluid and the plurality of
projectiles through the plurality of tubes, such that the plurality of projectiles abrades at least one tube.
A fourth step of the method comprises discharging the fluid and the plurality of projectiles out of the
second header. In the method for cleaning the heat exchanger, among the plurality of projectiles, at

least 30opr=projestiediay sHéilerentispreidrogydytisialiviipstir Huiddraxcakiegst anm ahthe
remaining p;%ectiles. Brief Description of the Drawings FIG. 1 to FIG. 9 shows multiple

cross-se BB R[S S HEAPEREHANREIANRICEEGHIALRD D tubes arranged in various
configurgtignsi g FIG; ta £ 1sholvs v Aifelieat vasiatians ety eradityjetmeyectiles. SDetailed

Description of the Embodiments Reference will now be made in detail to an exemplary embodiment of
the present invention. While the invention will be described in conjunction with the embodiment, it will

be upderplerdéaabdwryigliemer e Eaedaitisiiie invention to these 10 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 follpwisecdetanad desetriiongele mnstianerisaf xe pisaeptdmsidiatsmuoiaryparraitic details

are set faorth in order fo provide a thorough understanding. of the present Jliﬁgll vention. However, it will
be recogTAEA 1o ML VPl e RS B B PE UGB R o SRRAR B R out
these specifigideigilgnieashridngiancesywalekmavrnnaiteds irostdures icostiionents, taggdecircuits
have noté)\veéan escribedén d%tail as not to unne_cessaril}[I obscure %spects of the embodiments of the
pre%gnti ediments. 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 embodiments of the present invention, numerous specific
details are set forth in order to provide a thorough understanding of the present
15 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, procedures, components, and circuits have not been described
in detail as not to unnecessarily obscure aspects of the embodiments of the present
invention.
20
For purposes of brevity and clarity, descriptions of an embodiment of the present
invention are limited hereinafter to a method for cleaning a heat exchanger 10, in
accordance with the drawings in FIG. 1 to FIG. 9. This however does not preclude
embodiments of the invention where fundamental principles prevalent among the
25 various embodiments of the invention such as operational, functional or performance

characteristics are required.

In an exemplary embodiment of the present invention, a method for cleaning a heat
exchanger 10 or heat exchange system is described hereafter. The heat exchanger
30 10 comprises a plurality of tubes 12. The plurality of tubes 12 is, for example, an
evaporator or a condenser of heating, ventilation, and air-conditioning (HVAC)
systems or the like heat-exchange systems. For such heat exchange systems, heat
transfer occurs at one or more segments containing the plurality of tubes 12. The
plurality of tubes 12 are typically clustered as a module with an intake at a first

3



20 For purposes of brevity and clarity, descriptions of an embodiment of the present invention are
limited hereinafter to a method for cleaning a heat exchanger 10, in accordance with the drawings in
FIG. 1 to FIG. 9. This however does not preclude embodiments of the invention where fundamental
principles prevalent among the 25various embodiments of the invention such as operational, functional

or performaagerdrarasiasistieRciangauie dwiieretienigRlarisaniRodimriiceldhener aseak iy ation, a
method for cleaning a heat exchanger 10 or heat exchange system is described hereafter. The heat

exchang@! 368%PEEMEASES A IRFAIRFLFXGHBEAY. The'IGFEAT Bt A PRSSBIEGINIEIAN

evaporatfieopr eaindensened heatngibssilahan dsshaligeenditioning (HVAC) systems or the like
heat-exchange systems. For such heat exchange systems, heat transfer occurs at one or more

segments containing the plurality of tubes 12. The plurality of tubes 12 are typically clustered as a

modgle Withege igtakgisdladeatditasemnel toe diraiianahamegendia, Wiecathraydbeifuid igumregduced,
and an exhaust at a second header of the heat exchanger 10, wherefrom the fluid passaging through

the pluraf§SsDeSia®is AR e GRBIAIGHICEN ARGERCs THERVEN, thEpiaeBmEXERBRYS faSEMating the
fluid, whigpapiic @6/ inradigytd eregpiaeus stiteuped somiTRatigighaieslctirpuetipthe heatiexshange

system, specifically through the plurality of tubes 12. The displacement pump is used to pump, the fluid
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exchanger. I.e. when the displacement pump Is circulating the fluja throughn the plurality of tubes 12.
7 iR s i)' i

The heat ﬁQﬁgB%%{&E%‘ gang 980 Hefi &li FSREIE LY BidRed
therein. Tohe insento & il il iotuhtehiobnguis of gt the,

The heat exchange system comprises an insertion unit, having a plurality of
projectiles 20 stored therein. The insertion unit functions to introduce or insert the
15  plurality of projectiles 20 into the heat exchanger 10. In conjunction with the
operation of the heat exchanger 10, the plurality of projectiles 20 is inserted into the
fluid, such that the projectiles are distributed within the fluid. When the fluid is
passaging through the plurality of tubes 12, the projectiles 20 flow together with the
fluid through the tubes 12. As the flow progresses, the plurality of projectiles 20
20 abrade the inner surface of at least one tube 12, thereby encountering and removing
particles along the inner surfaces of the tubes 12. The fluid, together with the
plurality of projectiles 20, is discharged out the exhaust at the second header.
Among the plurality of projectiles 20, at least one projectile 20 has a different specific
gravity, relative to the fluid, from at least one of the remaining projectiles 20.
25
The specific gravity relative to the fluid is defined as the ratio of the density of the
projectile 20 to the density of the fluid. For example, a projectile 20 with a higher
density than that of the fluid will have a ratio of more than one; and a projectile 20
with a lower density than that of the fluid will have a ratio of less than one. In this
30 embodiment, the plurality of tubes 12 are arranged horizontally such that the plurality
of tubes 12 may be separated into three distinct portions — top 12, middle 14, and
bottom 16. As the fluid containing the projectiles 20 is pumped into the plurality of
tubes 12 via the intake at the first header, the projectiles 20 will distribute themselves
among the top 14, middle 16, and bottom 18 portions of the plurality of tubes 12,
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15 plurality of projectiles 20 into the heat exchanger 10. In conjunction with the operation of the heat
exchanger 10, the plurality of projectiles 20 is inserted into the fluid, such that the projectiles are
distributed within the fluid. When the fluid is passaging through the plurality of tubes 12, the projectiles
20 flow together with the fluid through the tubes 12. As the flow progresses, the plurality of projectiles

20 20 aljageriamibartaerasecaicagraay lechile grdidbere Do epesjettnEs RoWitiem@yeeifarticles

along the inner surfaces of the tubes 12. The fluid, together with the plurality of projectiles 20, is

discharg &R 118Seah i, il d L St O MR YHIREh H eh IR SHS oMb BRIRDES 189628 one

projectile2@ hasor wiffgrentigrRElie gavity . redriive portivhfluid, iprhat lssamye &f tideemegning
projectiles 20. 25 The specific gravity relative to the fluid is defined as the ratio of the density of the

projectileZOIRFHRSRAMITLARRSRINE BEUNR pRSS:IBRG ety 29! Wierk Ridher WA SreWehanat of
the fiid wélb hsareienratio 6 fRerplthantpns: asts NRiFuidRNewtb@ loveadepstifichgrimgt ef the fluid

will have a ratio of less than one. In this 30 embodiment, the plurality of tubes 12 are arrange

horizontdMPEIRRALRTY Wil IBK ot iBEs Mo WrsB P HRE iRRSHARd GiSlinRe pRMIGHY - ®bp 12,

middle 14y e&¢l tmttom 16. As the fluid containing the projectiles 20 is pumped into the plurality of
tubes 12 via the intake at the first header, the projectiles 20 will distribute themselves among the top
14, middle 16, and bottom 18 portions of the plurality of tubes 12, depending on the specific gravity of
each projpiesledfamegjectterrinyitbrajspriei§coaravit enftsidet Wpbeid giawibeeynthaithintthe fluid,
such.that the projectiles 20 suspend in the quicharound.a middle portion 16 of the plurality of tubes 12.
PRt BY AP RCHERTG BTG RS vin AR KT Bl BB P hbon 14 o

the pluraliyo Riciiee 202y dyoiectilerR @ urtib m shee s geaninootubers thaRamityaibieinia isdie fluid
around a bottom portion 18 of the pJurajity of tupes 12. The advantage of having projectiles 20 with
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determing4yhaidpistios) ahthedgttejactiepatlgas Soménsapesttimaitre parativvef mdrestdBesor
example,,in som hiat exchalné)e{ar 10,31? pIuraIitﬁ/ of tuf s.12 a)li?]n t be evenl d%sérib ted in the
top 14, mAAdE T5EA Lo BRI A5 Ao o eSSte HEES e ErnihgBR RAMOTBGHIA BesPIR the top
portisn 1éanddesser sings di2angbmbnttoang adinfigliBafionsecdibexaewiein KIS ich i@ egents
and configurations can be seen in FIG. 1 to Fﬁl 9_@ence by way of example a% not limitatjon, by
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gravities |dinese spid ditompesitieg eatite fo20egqingjéetifes tap pottidrighte okieciiicrgldyitédhherd2 and
lesser projectiles 20 going tq.the bottom portion 18 of the plurality of tubes 12. This 20 leads to a more
o D T DA A e B 15RO A28 RG5Ot RS R e the
advantagesgetqnioigiotitethe paidiog o phejdnstes2pating 18 whitleepturptityioh tftibe pRirdlitis of tubes
12.]n contrast,. if projectiles 20 of the same specific gravity, are .used, the projectiles 20 will float or sink
e Bt e R e e W e R S el
some of tobdgbta. Thaviliseottheschasahy paeotider 261, dedeniingbes podyemof pogectidéalRdv them
to reach those tubes.12, and thqse tubes 12 will not lea s there will.pot be an jectiles 20
bt Liel e et ROV AR S Pl et e U R E e i
The the same specific gravity are used, the projectiles 20 will float or sink to the portion of

the plurality of tubes 12 where their buoyancy allows them to be. In some cases,

25 some of the tubes 12 will not receive any projectiles 20, because their buoyancy
does not allow them to reach those tubes 12, and those tubes 12 will not be cleaned

as there will not be any projectiles 20 passaging therethrough.

The projectiles 20 may also be known as cleaning balls or elastomeric balls. The
30 projectiles 20 may also be made of other types of resilient materials. Unlike large
sponge balls used in prior art systems, the elastomeric projectiles are highly resilient
and not as compressible as the sponge balls. The elastomeric projectiles are not
designed for compression while they squeeze through the tubes. Instead, the
elastomeric projectiles are designed to be smaller than the internal diameter of the
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30 projectiles 20 may also be made of other types of resilient materials. Unlike large sponge balls used
in prior art systems, the elastomeric projectiles are highly resilient and not as compressible as the
sponge balls. The elastomeric projectiles are not designed for compression while they squeeze
through the tubes. Instead, the elastomeric projectiles are designed to be smaller than the internal

diameterigble fdbesdanbipgnengdesite thegebestHaereanibpnt materal dftheelagimsnieyojectiles
allows them to sustaln continued wear and tear as they bounce and move through the tubes for

cleaning BGIRTHEA QAW Bthaim O FHRIFEALS Wi ER- WRRS ARG LPRIG TS YSPAAGR AR YR ctiles 20

travel thrgmglagheriduialis 9bEdresniddansieaning thereof. The projectiles 20 are thus dimensioned to
be smaller than the internal diameter of the plurality of tubes 12, i.e. the largest width of each projectile

20 is smaller than the largest internal diameter of each tube 12. For example, each projectile 20 may

havesa |aﬁ&€ﬂ'r¢é'\fb‘ﬂﬂbﬂfyléft9rd@olﬂ’e§1@'M@fﬁt%ﬂ@éb%ﬁf gestirserlddamesasoiaanrbdde 12 is
15 to 16 millimeters. Preferably, the ratio between the largest width of the projectile 20 and the largest

internal d2YRHPRUER 6P AliyeRIdHRES 7E2IR) 688k HorEedicd e PISIs AR R A Detween
the projegiilgsdi® ensidhednoess eraarpttibg tubarﬂtara&mw&metertuﬁqt&eglaﬁhtmytm\@ﬁemezdegree of

freedom of movaent withjn the 15 tube 12. Thus, the jectiles an bounce or 6?00h8t off the

inner surt&cd tREIBRHMN Ptﬁ?ég‘ﬁ%‘ﬁ'él%gé’s'ég? rHiﬂFb ReeRLIBHGIRG' St BB i€ and

deposit thereichnans tRaPgIotaaTRNs, Iemﬂmm@mnﬁéwawe&u&gé@ siahesthantthe
interpal dj met r of the tube 12, therl:%é#ectlles 20 |II not be trapped while beln cari%d theggnhrough,

as irr'the rg A6 aW fhierema p%?é@ﬁf@rz s§ tW?§n tdrdPdidtheter of
the tube ﬂrﬂlminéterbemgaferebq/thmghtib\eabmeéa th@W%@ﬂﬁ%@ﬁﬁbepW@étﬂeFMQamﬁreOf-

Subsequent to the pass of the plura Ctl| s 20 thro of tu es 12 and the
clean IR DRI TLETI0ERE 1B bR Lo TG e SSAr s ur e (RECREeferably,
the heat ex@ﬂmﬁsamm@emrylsememtﬂ@um@mmae asccmandy kuma/@elrmtha@mb@hm
selectlvel s the passag ofth rolectlles 0 through the tubes 12. By w le and not
imitation R e RE B e, R DG T00 o N SR R B e RIS and o
trap Blispased pLOXTiMmad thleeemoﬁlaalﬂevzowartlbg@ye&m aicddhettestp tise 36rmrélgtta@lele>fqheollecting
the prolec iles 20 t ttahe d| d out of thetg%es thu reventln fur therttfg%%gort of the
pI’OJeCtI|eg ity kg e eh@étséﬁgl% S ,&cf{emg 198 Vet system
and trap depobit ¢bef@‘m5mvl anch dleatriie) pitogeetifes d(?aalmtmt, Cbtlenmdrt@emwyprmemmeaﬁmre
transportedt rough th est the heat exchan ck.to the intake for, ycle of
cloaning ST B e b GRS rHohE KBt o e BT R CHRAnG i L i the
art may aleppednyiimdntied icdhdcoe tienethangg, 18 in the case of a prior art system in

20  which the projectile 20 is larger than the internal diameter of the tube 12 and is being

forced through the tube 12 to scrape deposits off the inner surface thereof.

Subsequent to the passaging of the plurality of projectiles 20 through the plurality of
tubes 12 and the cleaning thereof, the projectiles 20 have to be retrieved for storage
25 and/or future usage. Preferably, the heat exchanger 10 comprises a configuration
means, as commonly known in the art, which selectively impedes the passage of the
projectiles 20 through the tubes 12. By way of example and not limitation, the heat
exchanger 10 may comprise a flow diverting system coupled to the exhaust and a
trap disposed proximal thereto. The flow diverting system and the trap is
30 configurable for collecting the projectiles 20 that are discharged out of the tubes 12,
thus preventing further transport of the projectiles 20 through the rest of the heat
exchange system 10. Alternatively, the flow diverting system and trap may be
configured such that the projectiles 20 are not collected thereby, but instead are
transported through the rest of the heat exchanger 10 and back to the intake for
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5With reference to FIG. 10 to FIG. 12, each of the projectiles 20 has a centre of mass that may be at
any location or point within the body 22 of the projectile 20. Using an example of a single, uniform,
spherical projectile 20, its centre of mass is positioned at its geometric centre. The position of the
centre of mass in the projectile 20, i.e. the offset of the centre of mass away from the geometric centre,

affects therigfieéal cJ81® WNEsENAHGNST RHRIGEIHES2 9V IToIh BB SAGIEE SNt BRe Hbrn by he ieater the

offset is towards the surface 24 of the projectile 20, the greater will be the lateral bouncing of the
projectilePS5Sehid'RYAY tGWHE}ﬁ%Yse?d“rlgriﬂomﬁeﬁtofrW bB§ACRG JMREPIBERIeE 281%?@%?“

passagingxﬁg}ﬁgngaﬁhg_tubes 12. 15The offset and the specific gravity of each projectile 20 may be
varied through different means. The following describes some non-limiting examples of such means.
Each projectile 20 has a geometric centre within its body 22 and an outer surface 24, and the centre of

masg May/RR RsigiiEnroie @ WithiG the bedyh2g; Priwesiedirs2000raseisstrRNBEAAgShe outer

surface 24, inclusive. A projectile 20 with a uniform material compaosition will have the centre of mass

at the geBHEMRLORR! AMILSPHORLHRIBIWHHKLHIG AR TARLIRE RSMBELEED- el dSthrough a

combinaigxa®ile @ sHUSHERI, ReTHions 26paedci prdjcdiffereot matriiate@npraiiaspaviibaye the
centre of mass positioned awa tﬁ%m the, eomtet ic centre. 25 The pr(ﬁgile 20 maéinqlud a hollow
portion 36%%‘?%%?&88%%0, fe?BY'SAIR n‘é?h‘é%‘é’ﬁ Gratsd0 MPRIEAEL oG Prtion 30.

ﬁ\'tﬁmaﬂ\(ﬁf}ééﬁ afldinalivre mllrﬁésiéirm/mﬁdmdnﬂ%ahb@mﬂf@tf @éheéﬁgﬂi?riﬂieméwb@ Im@@u ir? the

ollow pqrtion 30. A recess 32 m 0 he created on the surface 24 of t projectile 20. The

ockte AP B SR T B, BRSAHRS (IS Catacs BPCor the 1 UE 8B be decp

through tdfeeanondwardy the sprHasieXidef ahtherijdewe 20, The rgergeBRinde ba Biraight or

tapered hore to provide greater yarjatiap to the location of the centre of mass. The projectile 20 may
90l 8Bl lee bty

also compPHBAPIRhPR REAIREHIS 175 98P RIS 38ehADE O RYIBM Bl TS RIS RALh portion

may haveha madeidaldbaoswitiarpat agnthehadtbghrbgiatsed hg.non-uniformity of the material
composite of the projectile 20 provides varying degrees of the offset of the centre of mass from the
geometric centre. Other methods of varying the position of the centre of mass, known to the skilled

persdn, araalsffgsissibde the specific gravity of each projectile 20 may be varied through

different means. The following describes some non-limiting examples of such means.

Each projectile 20 has a geometric centre within its body 22 and an outer surface 24,
and the centre of mass may be positioned anywhere within the body 22, between the

20 geometric centre and the outer surface 24, inclusive. A projectile 20 with a uniform
material composition will have the centre of mass at the geometric centre, while a
projectile 20 with non-uniform material composition, such as through a combination
of two structural portions 26 and 28 with different material compositions, will have the
centre of mass positioned away from the geometric centre.

25
The projectile 20 may include a hollow portion 30 within the projectile 20, thereby
shifting the centre of mass away from the hollow portion 30. Alternatively or
additionally, a ball bearing made of metal and/or other material, may be placed in the
hollow portion 30. A recess 32 may also be created on the surface 24 of the

30 projectile 20. The recess 32 may be shallow through a small portion under the
surface 24, or the recess 32 may be deep through till near or through the opposite
side of the surface 24. The recess 32 may be a straight or tapered bore to provide
greater variation to the location of the centre of mass. The projectile 20 may also
comprise of multiple structural portions, for example 26 and 28, combined together.
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5 Preferably, at least one projectile 20 comprises bristles 34 extending outwards from the surface 24 of
the projectile 20. The bristles 34 may be disposed all around the surface 24 of the projectile 20, or only
on a portion of the surface 24. The bristles 34 advantageously assist in the abrading and scraping of
deposits from the inner 10 surface of the plurality of tubes 12 when the projectiles 20 are passaging

therethropgbh MeraemremahentneasHifasaftiHe (yhesckdmanrpihe ahdiepoaipeetimardivay
comprise a rifling grain, such as_enhanced tubes. The bristles 34 thus assist in removing depasits from

the grooWS¥BFMNE iRhdhe ralesiat annpesiierof MirRaiRile# G aemiresy aniBk9ae75RseRtile has
its surfacgpatiady soNRI eGABBIe HFiSRIHE g dvisikeddsskarR \dkiser e sl bihggypryes of

the enhanced tubes, while the non-bristled portion will scrub aaainst the landings of the enhanced
tubes, thEERPSIAURIJRERERLTE RISRASABRHY RSk S ARIROMsAiE AIFAROEHREhced tubes.
20Ingcleaning the heat exchanger 10, the fluid is pumped through the plurality of tubes 12, with the

plurality of projectiles 20 transported within the fluid. Preferablg/s, the rate of flow of the fluid through the

tubes 12 T{L&aRNaRE 535! NQRPiFANS: 2 e RHSRIRIRIES &M Y SRIT By
controllinghngheuateefdpwiahiefbsttopghthe bheget23thmapass aisisseepigrtdasue tiieugh the

tubes 12 can thus 25 pe controlled. For example, a projectile 20 travelljng at a higher speed will be
Subjoctod 8RR AeB AR P ABRAP A EO NG SHHARE, 2ariL o BoARe more
within thexthigralfeelidp wbsist 2irande \wiyaepniaeinyitedhmpingebsuttanssié thepbié2inasra higher
frictignal force thereon. The higher frictional force improves the abrading of the inner surface of the
k0L SRS ot RATAILTe SheHbRn S ARG e 1R 220 g S o
method aheleahiogghheadbexenangerel satesored astcardngseganiexaemplanoerneodiniestyof the
invention. Although gnly one embodiment.of the invention is disclosed jn this document, it will be
apparent OO SRR TR ey Al Pt AR MG R & ARERLIY BRI BE dRiBPS o4
modificatinns essibeimastadoitie dipderedrembodingess weithotitise paning fivacshef strepribag spirit of
the mven%lg.n Alternatively or additionally, where the projectile has its surface partially covered
15  with the bristles, the bristled portion will scrub against the grooves of the enhanced
tubes, while the non-bristled portion will scrub against the landings of the enhanced
tubes, thereby providing a more uniform scrubbing action against the insides of the

enhanced tubes.

20 In cleaning the heat exchanger 10, the fluid is pumped through the plurality of tubes
12, with the plurality of projectiles 20 transported within the fluid. Preferably, the rate
of flow of the fluid through the tubes 12 is controllable by a system and/or device
implemented in the heat exchange system. By controlling the rate of flow of the fluid
through the tubes 12, the speed of the projectiles 20 through the tubes 12 can thus

25 be controlled. For example, a projectile 20 travelling at a higher speed will be
subjected to greater bounce and higher frictional forces. Therefore, the projectile 20
will bounce more within the internals of the tube 12, and every contact with the inner
surface of the tube 12 has a higher frictional force thereon. The higher frictional force
improves the abrading of the inner surface of the tube 12 and thus provides for more

30 efficient cleaning of the tube 12.

In a foregoing manner, a method of cleaning a heat exchanger 10 is described
according to an exemplary embodiment of the invention. Although only one
embodiment of the invention is disclosed in this document, it will be apparent to one

8



Claims 1. A method for cleaning a heat exchanger having a plurality of tubes extending between a
first header and a second header, and having an insertion unit for 5introducing a plurality of projectiles
into the heat exchanger, the method comprising the steps of: pumping a fluid into the first header;
inserting the plurality of projectiles into the fluid, such that the plurality of projectiles are distributed
within thekiisk Leflowingdhe fhidiangl the phisaliseloumieciies tion@hdhs riwalges! whemrsuch
that the plurality of projectiles abrades at least one tube; and discharging the fluid and the plurality of
projectile BT GAIRNSLAN PREBALE InLIRiAISHRIRS REPRAMS B ABIBRRRP A R YR Rfojectile
has a diffggggém@ﬁ@g@ywerﬁ@gﬁﬁdﬁ_the fluid, from at least one of the remaining 15projectiles. 2.
The method as in claim 1, wherein the specific gravity relative to the fluid, of some projectiles from the
plurality of projectiles, is equal to unity, such that the some projectiles suspend in the fluid around a
middle portion of the plurality of tubes.



20 3. The method as in claim 1, wherein the specific gravity relative to the fluid, of some projectiles
from the plurality of projectiles, is less than unity, such that the some projectiles float in the fluid around
a top portion of the plurality of tubes. 254.The method as in claim 1, wherein the specific gravity
relative to the fluid, of some projectiles from the plurality of projectiles, is more than unity, such that the
some prqgeaties sink in the fluid around a bottom portion of the plurality of tubes. 5. The method as in
claim 1, wherein each of the plurality of projectiles has a 30centre of mass positioned at any point
within the each projectile. 6. The method as in claim 5, wherein the centre of mass is positioned at a

geometrig centrp ohEIRRPFIY RIBIRAHE a heh Repiageahbvgia pludiRyed thesseitRAlmgss is

positioned away from a geometric centre of the each projectile. 8. The method as in claim 7, wherein

the centrBRE8s 3s idxieaedeh aRD ReP8ORRedRE A0dh PRYEIIEN INPREIRMHBE 4Sin claim
1, whereintesghch GdqAStANE BrYesEetiteMptiseRd Hale eRuiRIlBeg eveMABtBotOdSiesmgthod as
in claim 1, comprising the step of controlling a rate of the
the steps of:
pumping a fluid into the first header;
inserting the plurality of projectiles into the fluid, such that the plurality of
projectiles are distributed within the fluid;
10 flowing the fluid and the plurality of projectiles through the plurality of tubes,
such that the plurality of projectiles abrades at least one tube; and
discharging the fluid and the plurality of projectiles out of the second header;
wherein among the plurality of projectiles, at least one projectile has a
different specific gravity, relative to the fluid, from at least one of the remaining

15  projectiles.

2. The method as in claim 1, wherein the specific gravity relative to the fluid, of
some projectiles from the plurality of projectiles, is equal to unity, such that the some
projectiles suspend in the fluid around a middle portion of the plurality of tubes.

20
3. The method as in claim 1, wherein the specific gravity relative to the fluid, of
some projectiles from the plurality of projectiles, is less than unity, such that the
some projectiles float in the fluid around a top portion of the plurality of tubes.

25 4. The method as in claim 1, wherein the specific gravity relative to the fluid, of

some projectiles from the plurality of projectiles, is more than unity, such that the
some projectiles sink in the fluid around a bottom portion of the plurality of tubes.

5. The method as in claim 1, wherein each of the plurality of projectiles has a
30 centre of mass positioned at any point within the each projectile.

6. The method as in claim 5, wherein the centre of mass is positioned at a

geometric centre of the each projectile.

10



flowing of the fluid through the plurality of tubes. 11.The method as in claim 1, wherein the largest
width of each projectile is smaller than the largest internal diameter of each tube. 15 12. The method
as in claim 11, wherein the ratio of the largest width to the largest internal diameter is between 0.75
and 0.85. 13. The method as in claim 1, wherein each of at least one projectile comprises at 20least

two struciural paTHeNRAABIP EE thieRANS. whbrdietretertraofmeiaigid povierria awapsiame

structural portion comprises a material that is different from the remaining structural portions. 2515.The
method S #SRMARHIE SFAERRS HRIFBFUPIILEYRe projectile comprises a hollow region. 16. The

method as in claim 15, wherein the each of at least one projectile comprises a ball bearing within the

hollow region. 30 17. The method as in claim 1, wherein each of at least one,pro{ectile comprises a
recess thfough g%ﬁ%@gﬁ%l&e}gmg: wherein the centre of mass is proximate to an outer

5 surface of the each projectile.

9. The method as in claim 1, wherein each of at least one projectile comprises
bristles extending outwards.

10 10. The method as in claim 1, comprising the step of controlling a rate of the
flowing of the fluid through the plurality of tubes.

11.  The method as in claim 1, wherein the largest width of each projectile is
smaller than the largest internal diameter of each tube.

15
12.  The method as in claim 11, wherein the ratio of the largest width to the largest

internal diameter is between 0.75 and 0.85.

13.  The method as in claim 1, wherein each of at least one projectile comprises at
20 least two structural portions combined together.

14.  The method as in claim 13, wherein at least one structural portion comprises

a material that is different from the remaining structural portions.

25 15. The method as in claim 1, wherein each of at least one projectile comprises a

hollow region.

16. The method as in claim 15, wherein the each of at least one projectile
comprises a ball bearing within the hollow region.

30
17.  The method as in claim 1, wherein each of at least one projectile comprises a
recess through a surface of the projectile.
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