DEVI CE FOR CLEANI NG TUBES FI ELD OF THE | NVENTI ON

[ 0001] The present invention generally relates to
walewcossi3zsed for cleaning tubes. In particul aPCT/BGE05/000413

invention relates to a device that is utilized for

cleaning the internal surfaceg of tubes used in heat

exchange systens. BACKGROUND OF THE | NVENTI ON [ 0002]

Heat exchangers are enpl oyed throughout various
‘installations i NDEMEBEQR CLEANNGSEURESh the primary

pur pose of gaining or rejecting heat. Some of the nost

comon applications of heat exchangers are found in
RELDEDE aHE INVENTEONr at ors for air conditioning

systens and production plants. They are also used in

ot her industries like power plants, refineries,

[GRGH i nat Tba preseard m@np@nrgem@ﬁﬂxcanelatasm |devianss used for
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flowng within the tubes can result in fouling, for
exanpl e accunul ati on of debris, biological growh,

BACKERBURD SEFSEIN i ion_. As a result, peri_odic

ential to maintain optimal
performance of the heat exchange system Techni ques' of

tube cl eanjng are broadly categorized into on-1line and
[0992] i ne foa @agharpgmzqre@mplpv%twpeawwgvaﬁ@pﬁdegtallatlons in

dfﬁ%fr ﬁ%ﬁgﬁgﬁ Q’ﬂ pres 'E'JF% Q‘J&J@e‘%‘ﬁ%ﬁ@h zﬂtrhroj(f %ﬂﬁg VO a\t/.eSome
oém@maﬂt rmaknrmd)reapph@tmnsc@'slseatrmtchaagensrm fshmdtln rpndensers
o S S B B R L PSR ey e
alddTBsEQ NS WiREIdinaNStrie8DIkE pbWERPHNE, MiineRe8BKESAIMREbN plants

undesirable for installations requiring short
andripetepcbamdical inssallationsont rast, on-1ine cl eani ng

[0003] Typically, heat exchange systems achieve the purpose of heat
transfer by circulating fluid through a bundle of tubes in the system. The nature
of fluids flowing within the tubes can result in fouling, for example accumulation
of debris, biological growth, build-up of scale and corrosion. As a result,
periodic cleaning of the tubes is essential to maintain optimal performance of
the heat exchange system. Techniques of tube cleaning are broadly
categorized into on-line and off-line methods.

[0004] Off-line cleaning methods, for example rod-and-brush method,
chemical cleaning method and high-pressure water jetting method, involve an
“external cleaning process that requires shutting down the entire heat exchange
system before cleaning can be initiated. These off-line cleaning methods are
time consuming and labour intensive which make them undesirable for
installations requiring short turn-around time. In contrast, on-line cleaning
methods utilize cleaning systems that clean heat exchanger tubes while the
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nmet hods utilize cleaning systens that clean heat
exchanger tubes while theheat exchange systemis in
W@ 000bi0884321Ss oper ati on. On-1line cl eani ng nmet hodBCBRE2005/000413
normal |y automatic, rendering an extended conti nuous
| ength run between each reguRar mai ntenance shut down.
Hence, they are suitable for inplenmentation into
instal lations that either operates for |ong hours or
heahekehanga systeny ISsyspentlrmuSd@mraﬁqme On-oesjeaniag methods

o R Rl P B Db RSP tver

enbier ebyulahe rhaiptrzalcks ghdtiowanowerred pweh ewd  suitable for
fouling deposits in ever% tube they travel through.
ingpl smavg@ tionnigtto msﬁ@twat plseithsy apesatesipr bingenQure isegsitive

rubber material and constituted
tcﬁl%hbh%/@?egpeng gbraswe material. J.P. Pat. No.
58, 244, 423 di scl oses anot her type of cl eaning baII
with an oval spherl cal, shape contajning fibers

[0005] pat . Qus typg @1@1-ing clganipg snethed iy V&d\ﬁe%ﬁ'f%lﬂ%ng HMltiple
f n‘?%ﬁlrégtrﬁéwh hRY | é;?dﬂapge %te%h'\ﬁh§r)é8§ tﬁ%afﬁ)am balls will

cl eanin was clai ned
r@novemdoplad;h spbfm&ngadiéporsltshnrwgdube dheyhéravel through. U.S.

di t d Al th t f id
Pal-o; OB 1S dPaoRedeA oSy HIESUUR ARl rieE T eponge
rdBHé? mAReE] athc%hgﬁﬂutédeil%‘ﬁ%ﬁ Iehﬁfﬂé @f‘aé(brﬁgf‘vetlﬁa@hal J.P. Pat.

fective in cleani ng evol ut i onary heat exch ange .
l\byﬁBleM #A3tdisripsasy arothan dyee of l@mmmg)bea]wnh an oval spherical

sHafSeartafing fpoir 30 KEo et WE: naD B R S AR 1S on o

hepsw)cleallihd bial dagr QIT&itb‘leSDfTH'@Wpd oheleéging ball was claimed
t echnol ogi es, new features are incorporated onto

tq ubesMushi hsitiel ethame qosweBloRA|cSPARAS bl cwa,hcye%nect to the
d[}ﬁ)ﬁéce%&ﬂad?%téy %rtn? QEeATHSt? ﬂ?é"éfo &y %Fég'hﬂﬁqgﬁal?sr ?re used in

Wn as enhance s and super e ance
ctammingasbnwﬂtbnahmbeenmﬁnsirmm lrﬁﬁmai lsubfaces,tthegsnay het be as

d tub h |
e T deming $VallghAnd ko e hnadlesgiamS' that employ

enhanced tubes.

[0006] Traditionally, tubes used in heat exchange systems are
manufactured with a smooth internal surface (smooth bore). With the
advancement of heat transfer technologies, new features are incorporated onto

the tubes to improve the performance and efficiency of heat exchange systems. |
These hew improved tubes are known as enhanced tubes and super enhanced
tubes. In contrést with the conventional smooth bore tubes, the enhanced tubes
have an internal “rifling” feature, which is basically a spiral groove inside the
tube. The spiral gfoove provides more surface area for heat transfer and
creates more turbulence in the fluid passing through the tubes. In addition, the
enhanced tubes have thinner tube walls in comparison with conventional tubes

so.as to provide a more efficient overall heat transfer.
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tube. The spiral groove provides nore surface area for
heat transfer and creates nore turbulence in the fluid
W@awsiossy3t hr ough the tubes. In addition, the ePt/BRGEBS/000413
tubes have thinner tube walls in conparison wth
conventional tubes so as to provide -a nore efficient
overal |l heat transfer.[0007] Efficiency of the heat
exchange systemis determ ned by the cleanliness of
[000Z] heat Effwierfoyr of dné duasd @fcheanget aystem lis deterstingd by the
maintai n the efficiency and | pan of th t o
cBRb R P8, Bt Far e oo, o 1P EDeSIn Sful B paintain the
eﬁﬁfciéhb? dritelifeudiRi o OHRY hédieetp@ange dyResrh Mo wREERL rdnlove any
heat transfer rates by enhancing the tubes.has reatly
fouriag sdtbén theh ulies: Qiendhe yealive the fmeioyemensfin heat transfer rates

o BFRERAG0 TAF MRS e DRl ingTadkl e boS iR irciency o

heéatt ékd,‘ming%O'BF/jQﬂenfB‘.OHMWevé'ﬂ,‘le;lwhﬂgCthéséu@mr&fed tubes is more
%‘rone to foulings. Their thin tube walls are al so nore

diffipsdicang spepliategcdys s iis ptetnal poiral Drrqved Jder gnhanced tubes
1 £r obi i YAy h AR C Afi

o 69U R0 6 F0Ud UFERP B G o O Lt ypcapie t

locallzens pitting Gikeaidug tof midnebiblobtsalipinfludrecsdocmtasion YMIC) and
and qj:onsi,stentl_ igpl emented in order to repove the

FRASTLEOFPRIN 0 & 8 (RrEVEOBEFE AP PR Af | GPIrosiRty SiRaMiRg of the
¢ . L .

RS ThIR 2 OREE F STEIAELAGSREA Bty remove the

faulihgs ag they enbamced tubes. The conventional foam balls
nerely translate through the tubes and do not provide
positive physical contact to the spiral grooves to

[owolgCt | Velyrieghiipy Bovihtiontl falanasdllsSare AoMmutfeé®@ in removing
there. In order to fully harness the advantages of an

thenfqul iepesiarfprgedearnthe, spirdr@ropyes ofi iffesnal fieg i@ enhanced
h oot . )

RS B ER! U LIRS BRI A Uitubes and do

nef practder pbsitivd physicaveotacirtostheispiraégrddves taediectiyely remove

oA A T Bl R 8eb Bl rBBh 46 AefErtaces
ofé"éb'(:?@g??gﬁé‘érﬁﬁé MethBdr Betea8ch ipbhRivEsiadd & have a device
that is capable of cleaning the spiral grooves of enhanced tubes efficiently and
effectively. This invention satisfies this need by disclosing a device for cleaning
tubes, in particular enhanced tubes. Other advantages of this invention will be

apparent with reference to the detailed description.

SUMMARY OF THE INVENTION

[0009] - The present invention relatés to a device used for cleaning tubes
which comprises a mass with an optionally proVided aperture centrally located
théreoh; and a plurality of optionally provided fin-shaped protrusions and
optionally provided filament-like protrusions which are mounted and/or moulded

on the said mass. The mass, generally of a spherical shape-like configuration,
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SUMVARY OF THE | NVENTI ON [ 0009] The present invention
relates to a device used for cleaning tubes which

W@ vp/08%Ees a nass With an optionally provi ded BEESGRI08000413
centrally located thereon; and a plurality of
optionally provided fin-shapgd protrusions and
optionally provided filanment-1ike protrusions which
are nounted and/ or noul ded on the said nass. The mass

mgyriee withyorositkowthe raenddally iegssed akerttnangdior dhe eiuralily of the

N e

and/or the plurality of filament-Ilike protrusions.

({00010] The aperture according to the present .
[Ga028ht | onTheapeeiure 8RpeIdEstoatne; RIeBeRiaMP P TMiUrEIRE CaRtprises
oGt B ABEA e B PSRRI sEob R oPIS ot

en¢lottthy elperiareaTies sidwof tHeesédorst oppeingrig ralativelyegreater than
a spiral thread is internal Ihérdééfﬁ)osed in the said

theptist @peninghand pdiarainea jspirehfread i inteenallispossst in the said
f | . TprRr . . .
<Pl T P e e PPRY e ReR, [OHAbIBR of 2 conca

shape-liketonfigurbtibm.r st protrusions in which the first

protrusions are disposed in a fin-shaped arrangenent
and wherein the first protrusions has a semicircul ar

GovAn) and wher gLty ef frblisiORS RiritkrotorhBRsEP C At MUty of first
[cent ;al I y\r@i s['gggaelowon dtrhe Ss!erri circul aor _Epgm of Fche typo
pfdtrusions dnr whiemstheTliestplpootalsions aireprdispassidoris a fin-shaped
further conprises .a plugality of. second_pr i ONs. |
alinsnent A0 bR el GRS il fs Ik b AlcRLRRSsdh and
whet@ife e | firke epdrngi en thet Bpartery rigl cantraingediepdésedn on the
the surface of the mass and wherein the central axis
spmigitgslaspsran ohthadgshertrusionss el e PhHalilyr ot prirusians further
rr.espond ; i S 0fat . ;

CHREERE o RLAL) o8 EBhH Hrofiitiing in MicfTARg, <oL¥fa protrusions
atdhaiispased! engt filaoferttHikesextensiopr withua i spisal drédx@gediient on the
sﬁ %c?ﬁ[ %!r ﬂ'?e trr?astshaené) rW Seergitn tlhrewgerllwt’crla? rga’xist QF thrcraaggirallsarpaandg%ment of
the second protrusions corresponds to the central axis of the mass. The length
of the first protrusions is relatively shorter than the length of the second

protrusions.

[00012] According to the present invention, the mass.is made from
incompressible engineered . materials and/or compressible elastomeric
materials. The mass further comprises a weighted core in which the weighted
core is asymmetrically positioned in the mass. The weighted core is preferably
made of metal and/or high density engineered plastic materials and wherein the
weighted core is configured and designed to have different weights and sizes |
that provides a variety of relative density to the device. Optionally, a hollow-out
portion advantégeously designed geometrically and positioned strategically
within the mass to manipulate and modify the weight eccentricity and centre of
gravity of the mass to impart rotational momentum and random dynamic motion
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I nconpr essi bl e engi neered materials and/ or

conpressible elastoneric materials. The nmass further
waoopnsses a wei ghted core in which the wei ght BAT/8G2005/000413

is asymmetrically positioned in the mass. The wei ght ed

core is preferably nmade of nstal and/or high density

engi neered plastic materials and wherein the wei ghted

core is configured and designed to have different
tanethghtdevised colilde & hprovistesy ithersim pareplageotthe easymmetrically

PR veRd 58 0 el B2 Bunfhut L apG4en the central

pOARINt 0P Nigie &Eéﬁu@i&ame/ Masdi ahd hRri@s sad arivanem Wedhtotrical
and nodify the V\Elg_ht eccentricity and centre of
i

Wlegiorb% imrarhadditional nefationat somerdua todbagiavias. and
random dynam ¢ notionto the device could be provided
therein to replace the asynmetrically positioned

[0001B)t ed Theesmditer siperefl tHehfis@dpesingnbad rthkl lerger size of the |
di sposed in the central portion of the aperture of t

X . . the
saeRid HRENRG vReIvVas agnseRBetiieal nitaniRatiomniop imgerto fliffegential

oy BRI 1O aresS0R abRIsR, LRReyER T Re SRR BrefpeBr the first
pratrgsonssalse sErvéd assagauinatrieali mgnipetativraand do melvantagleously
SE SE MR AL T AT P
chR®d é$%té§1%§ﬁﬁ%?§p£é®% lile Ut‘ﬁl‘%r BSnfig @BABRS onCRk surface of

mani pul at | ant ageously posTtioned to
ther | masat and hehdesinc the Thecandr grigrusions ofan hadsantagdously be

iR g Bt RERB0S ehRRC el Bt hiBiiebS s aiso be
adbgfitbBolidlg FRAMULBHOLS Usd QTS VARSI QYEEE-866150Hl Yshipes and
mani pul ated to be of various | engths. The second

vaTeHy omssTeectanalareas hEhe goaNtingy s $oRP atdhe fHitstaretiusigns and

e s%fcoxé"éﬁ%sfb'hgsﬁéﬁeﬁ%_'émﬁéd&é@%‘ﬁ? g Wésokﬁtp a different
Cross-sectional aréas. The sem circular span of the

ehgingered piateridl drosn dmelntdss te dommthepdevicesTloa senvgirdutar span of -

R ciel AOPIEANE HENalE (5PBAnPIAESIT (G Hio Malided as

heRTBgenesUs dhitsRBNMHY sdfe dridiféreRt BhGiHebRP eI Sf the mass
second protrusions can be noul ded as a ,

to form the device.

BRIEF DESCRIPTION OF THE DRAWINGS

[00014] Preferred embodiments according to the present invention will
now be described with reference to the drawings, in which like reference

numerals denote like elements.
[00015] FIG. 1 illustrates a perspective view of the cleaning device.

[00016] FIG. 2 illustrates a cross-sectional side view of the cleaning'
device. ‘
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honbgeneous unit with the sane or different engineered

materials of the mass to formthe device. BRI EF
WOERIBGERBERIL ON OF THE DRAW NGS [ 00014] Pref err edPCT/SG2005/000413

enbodi nents according to the present invention wll

now be described with referegce to the drawings, in

which |ike reference nunerals denote |ike el enents.

[00015] FIG 1 illustrates a perspective view of the
[e0@ER]i ng d4GL BallusfhiROEE 8]side Gewfithe utdardtgdevice.

cross-sectional side view of the cleaning

device.[00017] FIG 3 illustrates a side view of t he
[¢0®FE8) Ng qf%l C&- iiILOPAKES] aFllﬁhglﬁJdnlléW%FcL tBnal view of the

| ongi't udi nal cross-sectional Vview of eani ng
citaning:deyee aperafingnsside amerimarmedddbeube. [00019] FI G

5 illustrates a fragnmentary cross-sectional view of

t he heat exchange system DETAILED DESCRI PTI ON OF THE
[0004dYT! ONHIBOG2Q]stFhres A ‘ﬁ%@medtﬁr‘&e&*o‘s@fée@ﬁb!néle\new of the heat

understood nore readily by reference to the foll ow ng
edehangedysiescri pti on of certain embodi ments of the

i nvention. [00021] Numerous contraptions have been

devi sed for the purpose of cleaning tubes. In sone
DETARED SESCRIFHON ©FUPHE INVENHONXChange systens

“for transterring heat. These tubes can be classified

i nto conventional snoboth bore tubes, enhanced tubes
[60ARYuper -Thehpresantt inentioas mays i sossstgod more readily by

ORERaRS e (RRaRG FRRled PRECIHRR.OF SRhaRCPrBolReRS of e

irv@ntiexnenpl ary purposes, the follow ng descriptions
will illustrate the device in cleaning enhanced tubes.

&3)0022] FIG 1 illustrates a perspective view of a
@24 ng MNwnewus eontraptions have been devised for the purpose of

cleaning tubes. In some industries, tubes are used in heat exchange systems
for transferring heat. These tubes can be classified into conventional smooth
bore tubes, enhanced tubes and super-enhanced tubes, as was discussed
hereinabove. The present invention describes a device that can be used for
cleaning these types of tubes. For exemplary purposes, the following
descriptions will illustrate the device in cleaning enhanced tubes.

[00022] FIG. 1 illustrates a perspective view of a cleaning device 1 that
comprises a mass 2 with a centrally located aperture 10, wherein the mass has
various protrusions 20, 21 embedded and/or moulded thereon. FIG. 3 shows a

side view of the cleaning device 1, wherein the protrusions 20 and 21 are

~ disposed in certain patterns that will be discussed subsequently. The mass 2 is

preferred to be spherical in shape with a central axis AA, and made from
incompressible and/or compressible rhaterial, for example engineered plastics
and/or elastomeric materials. These types of engineered plastics and
elastomeric materials can withstand a wide range of temperatures and are
resistant to a variety of chemicals. In alternative embodiments, the mass 2 may
be without the centrally located aperture 10 and/or protrusions 20. In yet other
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conprises a mass 2 with a centrally |ocated aperture

10, wherein the mass has various protrusions 20, 2 1
werdvedssaa2 and/ or noul ded thereon. FIG 3 showsPEr/SGz®s/000413

view of the cleaning device 1, wherein the protrusions

20 and 2 1 are disposed in cgrtain patterns that wl|l

be di scussed subsequently. The mass 2 is preferred to

be spherical in shape with a central axis AA and nade
alemative conpodiswsnid,etharshiape obtie awssb? enapber nad-sphenical, for

exanpl e enqgi neered plastics and/or el astoneric
GWE% %Yé?sg’ﬂ%ge types of engineered plastics and

el astonmeric materials can withstand a wi de range of

ratu b Sbhan ‘ ' . .
QU 21 LIRS, 2o B84 SERnAINIR, 164 B hodcaing i 1
whereih tthe @pertoues d8nifrthe Iclednintedicepkis pireéerdblyacutiical in shape
rotrusi,ons, 2Q. In t heral t ernatjve enbaqdi nments,

' gBabls 1o T e Sho Torr sROSTURG sl @niicant fiogt the smaller
of&RiAY! F1.0¥ Rl ﬁP@/ﬁﬁdthrM&p?ﬁé a?bﬁun% 1%)h8‘é%t% a difference in the

crosS-sectional side view of the cleaning devic
dyhami fiuid rreapunethateedn thé opkaingsethiand s witeareih the dynamic

R T SR A A
d?ﬂ%’ﬂi&ﬂuial%ﬁeg?Uﬂ@néé%ngﬂgh%roéﬁéhihbﬂ PPRAiS WifferéRtial dynamic

Creates a fference in the dynamc fluid pressure ,
fluidt puesaurehiacijetesribe treanstatipn1of theheleaning devies dakniearly along

e, i 35N $rlafied Vel AbeBbinitR, LA SEoR R dbf feaning

deviae 1t Renghalsaate dipsdtiondasithe fTUid Floh & ¢senFI@) 4ﬂmﬁp7erture

fluid pressure facilitates the translation of the .
18 1compriegsay interngl finika spifabingerd fldetq Maswptdatedhe flpw of fluid
’ , . £
CRPLERRS SHERP, HOSEAR hhad s il g aerue 10
trahsfodmfs| they ehetgy freen HieCluid )flowihg thipaighuthe ab@ritioeninto semotive

an internal fin-like spiral. thread 14 .t ni pyl.ate .
fithe el dites (e CERBACHSYRS hplr Aushirai ol AQ) inside the
ehhsgest dbe 3pupl ed wWith the aperture 10 transforns the

energy fromthe fluid flowi ng through the aperture

into a notive force that drives the cleaning device 1
[00024]spi r HIGnTY iibustates meiedembrdiment of the cleaning device 1,

wherein a plurality of shorter protrusions 20 is mounted and/or moulded on the
mass 2 in a fin-shaped arrangement. This fin-shaped arrangement has a
semicircular span, wherein the smaller opening 11 is centrally disposed
thereon. When the cleaning device 1 enters any tube, the fluid that impinges on
the shorter protrusions 20 orientates the cleaning device into the direction of
the fluid flow 41 as shown in FIG. 4. In this orientation, the smaller opening 11
of the cleaning device 1 translates through the enhanced tube 30 first, thereby
allowing fluid flow 41 through the aperture 10 to create a differential dynamic
fluid pressure on the cleaning device 1. In another embodiment, the shorter
protrusions may be replaced by several smaller fin-shaped components that
are preferably made from the same material as the mass 2. Similarly, these fin-
shaped components will form a semicircular span, wherein the smaller opening
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enhanced tube 30. [00024] FIG 3 illustrates one
enbodi nent of the cleaning device 1, wherein a
w@basags48y of shorter protrusions 20 i s nount eBCERGZ005/000413
noul ded on the mass 2 in a fin-shaped arrangenent.
This fin-shaped arrangenent fas a semcircul ar span,
wherein the smaller opening 11 is centrally disposed
t hereon. When the cl eaning device 1 enters any tube,
11 e céhirally tisposedithages. Thetlbrgihhof ther siportarr pretrasion8®@0 can

oSl S o SE0LA SN ok A RS 50 Bt
RN EERInRbE b clb ﬁinngPé &1 ﬁﬁsr@ﬁé‘anﬂ\énc%dglb%%d.eani ng
atés t g t ube

evice 1 transl at rou the enhance 30
first, thereby allowing fluid flow 4 1 through the
(090251 ur e A(ltiality efibager pliotiusiomst2 hls mhpoatedcarid/or thoulded on

pressure _on t cl eaning device 1. | ot her ,
et Rurece PhiDSCHaRt & WBRER P {6 Jingthey tie s aeeusigns 21
e r
oI} o e RRGH, SEWRE SRDKEY bRGhysIofs 20, Eghanced
fuBiesi 138r lare nhasdatiunshapitl aomimtesdl s riflingl, &sr was discussed

nS@hbavey viessBaba NatepaoR: SRRUSH ST Sie RGRe gown as
1aRHStIUBhE o8P 32 @@Béﬁa%ﬁl fJE PRY. &2’. T lerdd®s of Eheo%onger

shorter protrusions 2 y 'not inhibit the novenen
profirisidneai rage dslvaotageouslycpredetarntined ¢a thabthegocan reach and

00025] A plurality, of | onger tLAMSi-ON 1,is

oA rrRsoReREs: st itd erURERE EhB.sd ARGy, g preferred

eff®d8imenivies Ringet Peoth@igid2 vfaré Meolmbg @indsrohbuleans alspiral
1 are relatively longer than the | ength of the shorter

appRgeMENbAR the MassaAe shovaHed G0 Samhereinha cepirakexis of this
sfé@%l%r%&%&t 'rréspéhﬂgﬂg) wlg;%é’r‘ﬁﬁalg %‘Wﬁ.sef%s spiral arrangement

ere poi n and I ow points
of loager protnegiame2 ik poowides ah addiétichal neachagisyo Vastrassforming the

ShEBEGL Aot 156, S o I e Bineidgte 1 m

spifAtmb gty 46 MrdiLBAGHe 2RAaREER TS0 heAeRsatie dthbbdifents, the
enhanced tube 30 effectivel n one preferred

|0é‘@’§6dipf@ﬁﬂ§i0m$‘1e?ﬂ orfger qsi«/@ni/aml%ﬁb/ 2ba smanipwatadedinto other
c@r‘i‘f%&éti&?é%ﬂ?ﬁe blie? sﬁﬂb&@lof the mass 2.

[00026] Both types of protrusions 20, 21 can be made from engineered
materials with thermal and chemical resistance. The shorter protrusions 20 are
advantageously preprocessed to be more rigid than the longer protrusions 21.
This is to ensure that the fluid flow 41 is able to impinge on the shorter
protrusions 20 substantially to allow the smaller opening 11 to translate through
the enhanced tube 30 first. Furthermore, the flexibility of the longer protrusions
21 is engineered to prevent any risks of scratching or damage on the internal
surface of the enhanced tubes 30 during cleaning, and to ensure the effective
removal of the deposits on the lands 31 and'grooves 32,

[00027] The operation of the cleaning device 1 in a heat exchange system
60 will now be described. FIG. 5 shows the heat exchange system 60 that



arrangenent on the mass 2 as shown in FIG 3, wherein
the central axis of this spiral arrangenent

wa@oeoosesends to the central axis AA. This spi rBET/SG2005/000413

5

arrangenment of |onger protrusions 2 1 provides an
addi ti onal nechanismfor trargform ng the energy of

fluid flowinto a notive force that drives the

cleaning device 1 in a spiral notion 40 through the

~ copiiassdan umlet 80d 9% adissharges end éfhadd reehest exdteange unit 50.

TR Bidipnidh, 8 shatrBanePateth: S8 SUbla AEeatensed tubes 30
St §pecesods %\P@Jr’fﬁiﬁﬁa 3nhém@)€5"‘l‘9p'ﬁ:¥ﬂ’)¢sﬂm flows from the inlet

protrusions 20, 2 can be nade from engi neered

errﬁt a2 iialosthg enham@mﬁvbe@nw endnowainta & simheege The 53 of the

TaRisaEhaPed SR BRaas ity B BRCT 0o g TBRFE Heat

tramsfer ersure whet thee fuidi ibviihgWirol hStl'?éﬂéhHahced tubes 30
%‘lnFI nge on the shorter protrusrons 20 substanti al

alueshbeahrnerey vieansigen uidanedism inagracssugnd haewalls of

BEIRGBGeRod 451, GHIIRETBI, 108, AP biporater

~ veithin rtheklseatf emaatgdllsystem 6datngenertéhg pr@ﬁﬁm’éablﬁerentlal for
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sw@ce tgf hﬂg B r]"ed tupes 30 duri n_? cl eani ng,
qreuiayeg rtae: frid dn itag thept eXeRanee syptarhe G'éﬁ%f@ﬁ@'éreoﬁﬁﬁfﬁé\tlal is
th?ﬁﬁém%@a 9@%&%%\@0%% tl{é)g%%ﬁ]nﬁ-r%wegef M %?8@ h%% ERéhange

eani ng EVI ce In a Heat exc

'Syetﬁnb60descr| bed. FIG 5 shows the heat exchange

system 60 thatconprises an inlet end 52, a discharge

3 and a heat ex han e unit 50, The heat exchange
lﬁﬂg% 50 fﬂPt%? 9 oCaMigid? ¢'sed i @é%sqnﬁuegentlon

rﬁé‘y WAsBPF N ggyﬁh%{ﬂé’alg/?ﬁoﬁﬁm%l% thscor-éyﬁ’éi éY—'*IG. 4),

luid flows fromthe inl end 52 int eenhan
Whl.ﬂj'@@ e weighted done d & isevatiabid dm g@l@lntdam sirfe. t‘lﬁte hamatlon in

FGREART sioe b e ey Ahneicalil PR oY whihebo o33 Bcafdws the
shleolfic rgratity, wegiert dSTGQlfanhy’tl@ﬁGdNé@hlGécé’éhtﬁéit%h@ﬂﬂ\%Sci@@ﬁhg device

ener with another fluid nmediumin spaces 35 and t
149 p< bgvartagenusly raQeifigdgla anathesembadimeet MmAsSY Wpﬁynr,@mace

tﬁ@obs%ﬂ‘{&ﬂ?lcélﬁ/ PR RRANGghted core with a hollow-out portion
advantageously designed geometrically and positioned strategically within
mass 2 to further manipulate and modify the weight eccentricity and center of
gravity of the cleaning device 1 to further impart rotational momentum and
random dynamic motion to mass 2. In most cOnfigur‘ations of heat exchange
systems, the plurality of tubes is bundled together. FIG. 5 illustrates the heat
exchange system 60, wherein the length of enhanced tubes 30 is laid in a
horizontal configuration. The cleaning devices 1 with different specific gravity
translate at different levels in the fluid and have a higher tendency to enter
various enhanced tubes 30. This provides an even cleaning distribution of the
cleaning devices 1 in the heat exchange system 60 that increases the
probability of more tubes being cleansed by the cleaning devices 1. Hence, the
overall efficiency of the cleaning process 'can be improved. In yet another
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wi thin the heat exchange system 60 to generate a

pressure differential for circulating the fluid in the
wheab/0gsdshange system This pressure differentPel/S6H05/000413

the main notive force for driving the cleaning device

1 in the heat exchange system 60. [00028] In one

enbodi nent, the nass 2 used in the present invention

may consi st of an asymetrically positioned wei ghted
eotroelirhént, She HbSs 2)maywhemeprisd eegineiegdd e'datemuats Sh&hi different

e varj.ation

bl h .
d\éﬁéll‘u% §c§‘ rbgnl\{l\)ﬁg%gbﬁﬁ?g Y Idifiqngﬁsggraﬂﬂgrgéaw% I\/\éeﬂgIg;toeccen’trlcrcy

Wetid6F tay, center of gravit
aﬁe \Xé:téaﬂéﬂogccéntrltgietq'ﬁlééqlﬁ%%@'glégéni ng device g to b)é

advant ageously nodi fied. In another enbodi nent, nmass 2
[00029]epl avéhdrhtheaslganiegrdenddd § eptersia mﬁdulaeleghaacbd tube 30,

s eneiei g TawthBeing BnchS SrrehepgtasauaaY e Rt Sortr
pfothdsiddy é@ﬁ{aﬁé&;gb@{r@&eéﬂﬁ 'H%Q/He\ﬂ frPSt‘PF‘é Hation té1at enables

eccentricit center of rav
thmsmaﬂeﬂomemuhgl gl rcEfrthe mpasy 2 rt@Eatercbhallnthmm thra anluianced fube

‘ d .2, In, .
SRR o IP Pt o8, 8 ERanE delichad. afinws pihg: Shict §n the
eﬂﬁaﬁé@f%ﬂéwlw‘ﬂo‘?\ﬂtﬁrﬁggﬁ"tﬁé Iar@b@op@nlr{d ‘FQtdfalh@Sapb'ﬂﬁre 10 in

heat exchange system 60, wherein the
the massed am;b@(ng@omstheasmallar a)pleomgzém ;ﬂnereby creating a slight

G SURR IR 10 e S GRBaHRR] iaRfabiithdel B ifsfllion of the
cidamiry asdcdavevaartls ghereridcestigrRcantiznceat ©beV30.i FIGS 4 illustrates
enhanced tubes 30. This provides an even cl eani ng

oaesqxenmj@ryoemepdwthféaﬂ.cﬂﬁfrmg/ﬁ@\@ge11 OReTiBGHR 2N enhanced
t%%‘gw Rl %%T ﬁée%é\}k?)éeefiﬁg%t%rge H@Hgé’r%ééo‘ ¥ut9af 30, the

nmor e t ubes e|ng C eani ng
cliealating tdwnpn\(eo’abhowhb iprbedeg thé rhbim mosblaalﬁmgcq)rfmcéswng the

REPEEBAPed Brpetti<an Rt WPe it N pEfe Spefure 10
of e tlehRmgf vica iR Yh@ehREnésttuBRAR G Kidtles BedifFeRMtEl &ynamic

gravity, weight eccentricity and physical properties
floid pressuiechinggmass i @s was discussed hereinabove.

[00030] Simultaneously, the internal fin-like thread 14 of the aperture 10
and the arrangement of the longer protrusions 21 serve as mechanisms for
transforming the energy of the fluid flow 41 within the enhanced tube 30 into a
motive force that drives the cleaning device 1 in a spiral motioh 40 inside the
enhanced tube 30. The weighted core 15 is also asymmetrically positioned in
the mass 2 to facilitate the rotation of the cleaning device 1 when the cleaning
device translates in a spiral motion 40 along the internal of the enhanced tube
30. In the other embodiment, the mass 2 that comprises different.densities of
-engineered materials can also facilitate the rotation of the cleaning device 1
when the cleaning device translates in a spiral motion 40. In another
embodiment, the asymmetrically positioned weighted core maybe replaced with
a hollow-out portion advantageously designed geometrically and positioned



[ 00029] When the cleaning device 1 enters a particular
enhanced tube 30, the energy of fluid flow 4 1 acting
wor0osl0es4B2 n- shaped pattern of the set of shortPR€T/SG2005/000413
protrusi ons 20 maneuvers the cleaning device 1 into an
orientation that enables thejgmaller opening 11 of the
mass 2 to enter the internal of the enhanced tube 30
first. This orientation of the cleaning device 1
shiategisallyhavithiruirdas® 2 hto dottherc edanipoltgOand miodify the weight

SeHEHEL 209 Pt SFPOM PbesgrniEn SBaF g tpar rotational
hERERRYN BAE R hdn dyPlaihtb ndtRfabiRass dynani ¢ fluid
pressure difference that facilitates the transl ation

of the cleaning device 1 towards the end of the
5 [e003ticed Duimg3the Bpal maotidruddr af g alearengrgevicey 1 and the

SRR Bt it SR RS- EREAE S ST B SRehfestlues 0
a‘i\'?rf@ﬂp@é’pds'ri]tg%r?’@)e GRRVes LR Mo R By ﬁﬁ@'iorﬁjéléi’"ﬁf%trusions 21

provides the main notive force for - driving t
acidecariied ovbof the enbancadtubeise3®hyidine duid e 430 Thenmethods of

itio he aperture 10 of the clgeaning device 1 in
P80 et cRBESAS iatale Berelteds R 6108y R8 A Khown to
10 thddd GkMEESAUHR R, (IRl WP Hod, b ideBsEH SKRREUThe size of the
her ei nabove. [00030 Si mul t aneously, the interna

cleaning fevieeleaid the dngthe agoeratiea shepgrend pbysical dimensions

SRR BARERneCho L B2 coPIACERBIBHEUE 8, o 288 e o pves
iff lotiverdindustried) fortdanepleapiggihgt a;ﬁﬁic_aﬁohmm o#f amd ig@e industries,
force that drives the cleaning device 1 in a spiral

SRIEOEniragiMeTyi Rlanish edesainAtion Riame. Ship tarkeisi ghtigs, cooling

15 vEREE bsd Bineps.asymetrically positioned in the nass
2to rkgca?lfdltate the rotation of the cleaning device 1

when the cleaning device translates in a spiral notion
[a0032]ong Wikl nther Nfaregding helesofiietiveed dfulithe 3@redentt liwvention

th nmbodi t, th .2 that ' diff t
RIRTRIG] GETGin Ghgfenitr ETRBIBRPS) & Balf s HPRSEPed dhdt these

deReriptRinat e eXbnddiaryC hRanamd nde hteRddd Be Mmiththe scope of the
cleani ng device translates in a spiral notion 40. In

20 psesamieinvention. It is expected that those skilled in the art will perceive
variations which, while differing from the foregoing, do not depart from the spirit
and scope of the invention as herein described and claimed. In the present
invention the first protrusions (20) and the second protrusions (21) can be
advantageously manipulated to be of various cross-sectional shapes and

25 various cross-sectional areas.



enbodi nent, the asymretrically positioned wei ghted
core maybe replaced with a holl ow out portion
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positionedstrategically within nmass 2 to further

mani pul ate and nodi fy the weii@ght eccentricity and
center of gravity of the cleaning device 1 to inpart
rotational nmormentum and random dynanic notion to nass
QLAIMB031] During the spiral notion 40 of the cleaning
device 1 and the random dynam c i npact al ong the
internal surface of the enhanced tubes 30, any foul

tleposit Gevide tdb%dgfdlo\zfl%‘anﬁ% ansed, emgﬁsuhg t Hembes wuth an
protrusions 2.1 and carried out of the enhanced tu

%*%\@"y soyifgd oﬁﬁarbwed@ cenirafie doerisd dhewany and ﬁgolurality of

el 1007 S VRS LRERE oL S e P flgnt e
plosruepsedwhiehears nidunted zandor trheuldéé aomi nige ote\rdi apads (2), and

and the len th geonetri cal shape and physi
\hersirs fhsniags (2henayrka wifsiasmethayt the SobtpBoated aperturs (10)

%Elggf‘ﬁfe;] B %lft’y Bf“tﬁef le%h%EéB%rB{ruélHnggz@ppl /Bgfhéoﬁléjrlalgy of the

fda'ameabtik@a:ﬁrotrusioam{zas) aseéwagerdin et mmassp(2ntss .generally of a
dsjlrhlon | ant ship tankers, airlines, cooling

are %C@f‘ﬁ%‘ﬂ@f'o 00032] While the foregoing

descriptions of the present invention presented
certain preferred enbodinents, it is to be understood
2.hat Thedevibesesi gained iardaioxehpivheseiraritie aaperte (10) further

GBS o ik bl BT RS P o ERee AT TOY socond
asariieg YE2)vatrthatdthaserbiot ihe \WheHerdsl ( fd)ebhad Ividrem tHeesize of the
fore%m ng, do not degart fromthe spirit and scope of

RREMINGH 234 Friatvely geeater ﬁ@@ thadirst ependa (11 anskwherein
réa‘a (‘j ﬁzis%térhgliy Ffs@[)s@% Van{]‘%&@ﬁg?e aftfl, the

prot 1ons ( eous
nanlpulated to be of various cross sectlonal shapes

Goca T IEVe RGP Samar rerrondrnaestys O Brsferaoly

of a conical shape-like configuration.

4. The device as claimed in claim 1, wherein the plurality of protrusions
comprises a plurality of first protrusions (20) in which the first protrusions (20)
are disposed in a fin-shaped arrangement and wherein the first protrusions (20)
has a semicircular span and wherein the ﬁfirst opening (11) of the aperture (10)

is centrally disposed on the semicircular span of the first protrusions (20).

5. The device as claimed in Claims 1 and 4 wherein the plurality of
protrusions further comprises a plurality of second protrusions (21) in which the
second protrusions (21) are disposed in a spiral arrangement on the surface of
the mass (2) and wherein the central axis of the spirallarrangement of the
second protrusions (21) corresponds to ‘the central axis of the mass (2) and



optionally provided aperture (10) centrally | ocated
thereon; and a plurality of optionally provided
wo 2ovedBspEd protrusions and optional |y provi deBCT/SG2005/000413

filament-1ike protrusions which are nounted and/or
noul ded on the said mass (2)13and wherein the mass (2)
nay be with or without the centrally | ocated aperture

10) and/or the Plurallty of the fin-shaped
\@h@ﬁlméh@dengtboq thedfiest priogruglamsa(30)yis oklatively shorter than the

I 21) and wherein the mass

I%ééﬁﬂgqbgﬁ8?§T$§&%'ﬂié@%§Q91ca| shape-1i ke
configuration. 2. The device as clained in claiml,
wherejn the aperture (10) further conprises a first

Speni He devicy ag claiaedin @aim He whrseinuihe (esp, (2) is made from

5 EENRRRe el il At BBt B AREA 5

i's reI atlvel y greater than the first opening (11) and
er a spiral thread (14) is internally disposed in
the s &4 A% qlaipyed dn glimgdyiwlersin dhai maps 1(2) further

h
com ca%% ﬂ@%@h e g%%?l gﬁyaﬁ‘ (\}bmcg' ﬁ%ﬁgﬁ;ﬁgbyggk (15) is
asymmehhcalﬁhy pbsitiondd imttes masst(ﬁga tpmardbulbte ahd modify the weight
10 Gty AR SRR TRy B ernest D todtmpesBiaiangsdmentum
dridl RandbfT YRR MBI ESIRdeAddl wherein the first

protrusions (20) has a semcircul ar span and wherein
the first openl ng ( 1 1) of the aperture (10) is

ent I pgse I ar ,span_.o

F ey ot st SePloaP B claBid 1 SR Yohed 48 Hebhiad Bare (15) s
peeferatly Inadsl of nvdiar ghdvok hﬁgrpbéhéity éNgiAbeRIObIaYEE Miterials and
further conprises a plurality of second protrusions

15 whergin e, HEighteh Cosedoal ip eebfigisednand gesigngeeto have different
vﬁégéli@?%’d g@ wﬁgtr E@r\]nt d Q%‘?i’éﬁpﬁ Poafiie Péﬁ%lygog itt?%pwl%e and

_ e central axrs o
veheraingivessaid a\felghltedsma:erqdiSpcmldlm ofns sbRd. sjructure or a structure

rr onds.to the centr xi s qof the mass (2)
V@ﬁbﬁﬁ&ﬁ%‘ﬁﬁ#%“f%@{t%% %t 'Oﬂ(?f&t Br ot rusions (20) is
relatively shorter than the | ength of the second

rotrusions (21). ) ,
20 9. The device as claimed in claim 1, wherein the mass (2) is preferably

made of engineered plastics and/or elastomeric materials with different
densities that provides a variety of relative specific gravity to the device.

10. The device as claimed in claim 7, wherein a hollow-out portion
25 advantageously designed geometrically and positioned strategically within the
mass (2) to manipulate and modify the weight eccentricity and centre of gravity
of the mass (2) to impart rotational momentum and random dynamic motion to
the device could be optionally provided therein to replace the asymmetrically
positioned weighted core (15).

30

11. The device as claimed in claim 2, wherein the spiral thread (14) is
internally disposed in the central portion of the aperture (10) of the mass (2)



6. The device as clained in claim1, wherein the nass
(2) is made frominconpressible materials and/ or

W@ oopewist bl e el astoneric materials. 7. The deRrCT/RGZ®5/000413
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claimed in claim1, wherein the mass (2) further
conprises a weighted core (194 in which the wei ghted
core (15) is asymmetrically positioned in the nmass (2)
to mani pul ate and nodify the wei ght eccentricity and
[RGspr/esfasy aepmetrigal manipuletion 2) impait mptationalanatriestarh to the
#%v 0t um and random dynani ¢ notion to the device. 8.

e device as clained in claim7, where the wei ghted
core (15) is preferably made of netal and/or high

[ |neered plastic materials and wherein the

fé?;lh%%e aeyice as cimed ipoplaing @ evhersin thes pyader Stzeh@fv'éle first

' ek et | p
SR T eI TR, Bl 45, o0 e SSRHTE Rl (TRl e e
gmrghtrtedl awardplaion ¢@uh'qbabted¢ﬁer@1tm|dﬁwaﬁilé URiid Pe8urd across
%‘P cture with a hollow out portion or a combination
¢ 9. The device as clainmed in claim1, wherein
the mass (2) is preferably made of engi neered plastics
and/or elastonmeric materials with different densities

that Prededies as vlaimed yn alaimed aivhersis phs iseticigsudan épfan of the
The device as clained in claim?7

fto t he devi ce. g’bg .
WREr BMHMRIHE | G outeRs ¢ ASn adO&RMRIEeR]s| Papipsiaiioad and is
iy p{om&o@(yﬁ&g% Sk, cally within the

mass (%) to mani pul ate and nodify the wei ght
eccentricity and centre of graV|ty of the mass (2) to

t. d Tl
1P R rind sl a8 PAREA U PBRE, 5 Wb B rarerians of the
smhaceprmthesme/mmt)r taal by @G%ﬁﬂa@@@dswe'nﬂéﬂlﬁﬁ*lafé?f Snto other
The device as clained in claim?2, wherein

( .

Orﬁéggfﬁtloﬁfs PRr tiey surtece; of j theemrss (2} ansbswerein tthe second
fpush f {

é}g an@ s&@\)é%é?g%é’%dwﬁ tBrSIﬁ%IX i égpat(?cf I%%ofgéﬁ’%salle{\gths.

rot ational nonentumto the device.

15.  The device as claimed in claims 4 and 13, wherein the first protrusions

(20) can be advantageously manipulated to be of various cross-sectional

shapes and various cross-sectional areas.

16. The device as claimed in claims 5 and 14, wherein the second
protrusions (21) can be advantageouslymanipulated to be of various cross-

sectional shapes and various cross-sectional areas.

17.  The device as claimed in claims 4 and 5, wherein the semicircular span
of the first protrusions (20) and the second protrusions (21) can be embedded

- onto the mass (2) with a different engineered material from the mass (2) to form

the device.



12. The device as clained in claim2, wherein the
small er size of the first opening ( 11) and the |arger

W@ 2we/084§431 he second opening (12) serve as geoneCT/BGZI05/000413

mani pul ation to inpart differential dynamc fluid
pressure across the device. 3% The device as cl ai ned
in claim4, wherein the semcircular span of the first
protrusions (20) serves as a geonetrical manipul ation
and i s advantageously positioned to orientate t he

LCe. | ai red
fe ahalituce® dieE Reing ohee coumsiulBe sEhakRoder span
afdherflrstgrotrasipns a0 paha ties sbodsd 9?d1ﬁfsud1‘*%”(f2'19l¢bﬁtbé’ﬁfbulded as

on the surface of the mass (2) and wherein the second

HNATREENGRYS (4 Withnthes sameast a@%&gt gngtnsisped aneigriats of the

I 15. The device as clained in
mﬁggggwgfandﬁ¥%aggkereln the first protrusions (20)
can be advant ageously mani pul ated to be of various
cross-sectional shapes and various cross-sectiona
areas. 16. The device as clained in clains 5 and 14,
wherein the second protrusions (21) can be
advant ageously mani pul ated to be of various
crosssectional shapes and various cross-sectiona
areas. 17. The device as clainmed in clainms 4 and 5,
wherein the semcircular span of the first protrusions
(20) and the second protrusions (21 ) can be enbedded
onto the mass (2) with a different engineered nmateria
fromthe mass (2) to formthe device.18. The device as
clainmed in clainms 4 and 5, wherein the semcircul ar
span of the first protrusions (20) and the second
protrusions (21 ) can be noul ded as a honbgeneous unit
wth the sane or different engineered materials of the
mass (2) to formthe device.



