; GHe3ef P: f MkR*6T: 361 DEVI CE FOR CLEANI NG TUBES Fi el d of the Invention
(0001] The present invention generally relates to devices used for cleaning
tubes. In particular, the invention relates to a device that is utilized
for cleaning the internal surface of tubes used in heat exchange systens.
Background of the Invention (0002] Heat exchangers are enpl oyed throughout
various installations in different industries wth the primary purpose of
gai ning or rejecti-ng heat piSoE: eOR 0E.FRSINGATRAS appl i cati ons of heat
exchangers are found in condensers and evaporators for air conditioning
systens and production plants. They are also used in other industries |like
power plants, refineries, desal '.r’iﬁti ?}T ])%Ie,anﬁs and petrochem cal

instal | ations. (0003] Typical | yI@EEheInyanHOR 5y stens achi eve the purpose
of heat transfer by circulating fluid through a bundle of tubes in the
system nat ur f ' : OW It B thises.

foul i ng,[a-#b(q;il exarra- tg: %E%:é&'rtm gtél%é(}%r%gt{é?ds@?gtgfdgﬁlggggzélaa%; g%ﬁh@gﬂ%sd up of
scal e arld moticudai, tine inAsnidorr edates fo petevodi thatclsewtilizad fof cleheing tbe sntermal
essential to iptain optimal  performnce of the heat exchange system
Techni q a{:_ﬁ&?tﬂﬂg %F%gﬁtﬁqbew G- categorized into on-1ine and of f
line methods. (0004] Of line cleaning nethods, for exanple rod-and-brush
met hod, chem cal cl eaning nethod and hi gh-pressure water jetting mnethod,

i nvol ve an external cleani ngBpekgreurnd phthe Ingentianes shutting down the entire
heat exchange system before cleaning can be initiated. These off line

indost r BB or 1 HACAFRIEREHS OGNy HOHERRERD tioun e ipped Sffrent "o
contr as"indt%‘ﬁ]iésrlﬁi\%ﬂhﬁgﬁin%gy @B&d& %&ﬁdiﬁg EErefdcBANhEN. SHH! SiMRe datcomhB@n heat

exchanger tubes t exchange systemis in continuous operation.
n- | i ne appbisationy rbthvet sxchrangaor ael fyurgl i eatdenserse anié revaporatore xioe rided

ti | engt h bet h i nt : t.down... ,
Chey ar doodiRaRIE Rl fid BRARERR BT B AR e BN A it fiee
oper at ea&x&e& plaRfg rdTRFiSs, QEsafifitfdnt plfls bR p@RGheMRhIERdEIMTdOWN time. 2

[ 0005] e type of on-line cleaning nethod involves circulating nultiple
foam bal |l s through the heat exchange system whereby the foamballs wll

renove ush out_f.oul i deposi ts._in _evey: be h.
US. " at000g 8 Sobyriilv e SR T MRS b LSSt R RO,
sponge rdiRhgiingl €l itRloughd B@dsd of Hibes ibyheS§Qtcdm.| Biegiidisreodf Adidasioveng
material . J.P. Pat. No. 58, 244,423 di scl oses anot her type of cleani n? bal |
with an Within theriubescean wralpan doyHing, Aphexample ascumplatiop of dgpris,\pjologica
58,016, 1 i S..ar i hol i i :hol es.
Thi s oy paogih RELRRER st G QB abl ACH e bR R b Y RS BBt  onal
sponge bakdntial tohmaiaspectinial pefferntinep bateheat exohangatsgsterantechniquesbf tabeigh t he
aforesai d cl eaning bg{l |'s are used iﬂ c!ﬂggnfi ng conventional tubes wth
smoot h | Aeasingare Srnadkyceategoriped infpagn-Hpt anseotiding e ve in cleaning

evol uti onary heat exchange systens that enpl oy enhanced tubes. [0006]
Traditionally, tubes used in heat exchange systens are manufactured with a
snoot h ipoen nal sudffaoe ¢leamng mdiords) forWwxampld eodaahdabmshremdthad, chemical
transfer .technol ogi es, new features are .incorporated onto the tubes to

i nprove QIF@I%W%&P@&?]%E PrEFHC MalvE yetgpe H’é‘&g"‘i})&f}ﬁ H&@ns%?rgﬂsaeﬁ‘ﬂg%e new
i mprove EINAie @i SEMARARBCRAnIERES be | N
contras?pr&mb%gﬁﬁ%aﬁg&lggﬁgﬁtiﬁggnal snggg%feg%rgieég%eg?%t he enhanced_?ubes have
an i nt erinitlated: iTheseneff-line aleaning niithads dre tingsionsunipg and fahout injensbieevhiaki de

and or ocpake Terboddfrniie R dn Aol Fodiis 2L AT eRhaRon% MRl 0,
addi t i onnd flearnd aleRsds tudies cteam_ﬁ%tspét&m fthet RAN Wbt Schilnge® ks iviale te t h

conventional tubes so as to provide a nore efficient overall heat transfer.
heat exchange system is in continuous operation. On-line cleaning methods are normally

automatic, rendering an extended continuous length run between each regular maintenance
shutdown. Hence, they are suitable for implementation into installations that either

operates for long hours or sensitive to long system shutdown time.




[ 0007] Efficiency of the heat exchange systemis determ ned by the

cl eanliness of the heat transfer surfaces of the tubes. In order to
maintain the efficiency and Iife span of the heat exchange system it is
vital to renmove any fouling within the tubes. Over the years, the

i nprovenent in heat transfer rates by Znhancing the tubes has greatly

i ncreased the performance and efficiency of heat exchange systens. However,
cl eani ng these enhanced tubes is nore difficult and conplicated due to its
internal spiral groove. The enhanced tubes are nore prone to foulings.

Thei r t HDoo5] ube weDhestypeeofadsbineroleeningsuethod bhwlves ¢ivmddtingedulpipte foamn

failure due to mcrobiologically influenced corrosion,(MC) a unde 3
deposi t FF}HQF%%&‘C%Gmp?@gw 5‘9%8_ Whiﬁ&%beff%ﬁl@r@éi‘%n%@f) ea?ﬂ%fpdxsgp u{ he

tubes mughiiRedGRRaS aDkTety amsk ﬁl@g%‘a%let'ﬂ}dwgh! . rRNe ds 570,91 Heisclofed &iMove
the foulings as they occur. [0008] Currently, conventional foamballs are

not ef f exbrasive dlenningroall mgde frent spohgelapber mefetigh ansbicapstitutrs Bypshost lergtboves of

{1 ansl at® PRBHGRERE LEoES: Neasha bt Brooracepaer trset myanedr il et to

the spi rgl oval §eesallsBa®f dRedinivg fibefsCIPNE. PAYNS 38,0 146135 fibérs agcivadl dai £d
there. In order to fully harness the advantages of an on-line cleanin

met hod, hallepecl¢aningballhsaing smedl hndesd This trrevef clraging tall wasslaimed (bpmpeh gf
| eani h i f fi€] ively.
et P PR I8 S BIPRS P LS Lea P Ehe e vl

t ubes, iAltRAighitbaihferesgidroinad Balloasge uset e tleadug obm@atond tibes sviihnverth on
will be ,aPparent with reference to the detailed descripti O%Sunmgg of the
| nvent i ofteredcuTfaqese thayemanmof ke datelisativy By rlgaaing cyeltiopay et FXChgnes i zed

for cl ead%ﬂ%%%ﬂ ﬁ%“é@%@%@%ﬁﬁ the internal surface of tubes in heat

exchange-systens. ngly, in one aspect, the present invention
provi des the device used for cleaning tubes, conprising a nass with an

aperture centrally |l qcated thereon; and a plurality of fil nt unted on
t he massl00Bhe apertiafiopghy _Sélé?fjp ﬁ?@%‘?xc a‘?gersgﬁt%’ﬁé‘ﬁ‘? W@n‘%@t&@% Temty
of the aﬁé&tﬁrﬁﬁe&?ﬁ%ﬁpﬂaee ARAR0RI ke heri@t bRy B¥EARMdY O nbltetangtet ure,

wherein e size of the seco opening Is relatively larger than the first
openi ng; teelnwlagi¢shnemdedtme s aredh¢orpantg ostdthe tuleh ¢o apmoveithe peffhengnicepad i ty of

filaments. further, c rises: lurality of first filanments, wherein.the
first 1iFHREATSORPE FRABEEI AT THHE PRI A JuRS A MR &F STOHESY i ot
fi I ament gpbas Psupetitahed @bess PRARontWREWRh NS BohvihfiSial GRGBIN KO tubehlahe
aperture is centrally disposed on the semcircular span of the first

f i | ament eghancqdl tubesl liavy anfintsmwebriflingT faatme,svhigh i kasicallne spsdlaieove ingdent s

are di spes ip.a spi;ral arrangenment on.the susf f ein
the cent Partong 1o? sprpraoal BARET Fitke BReP s foh BERofoals” n By MRS

cor r espofigisulétetinahé€ Ehild phssavgl thrfght the titssIn addtivhietheienhdrieed lebegthavef the
first filaments are relatively shorter than the length of the second

fi | ament tinner mbgryadls imeempariiongyitibeonvpriiqahiforgso O PIPvids amars gHicient
enbodi ment s lflﬁcag{rgrilﬂgr to the present invention will now be described with
referenc® 1o the araw ngs, in which like reference numerals denote |ike

el ements.

[0007] Efficiency of the heat exchange system is determined by the cleanliness of
the heat transfer surfaces of the tubes. In order to maintain the efficiency and life span of
the heat exchange system, it is vital to remove any fouling within the tubes. Over the years,
the improvement in heat transfer rates by enhancing the tubes has greatly increased the
performance and efficiency of heat exchange systems. However, cleaning these enhanced
tubes is more difficult and complicated due to its internal spiral groove. The enhanced
tubes are more prone to foulings. Their thin tube walls are also more susceptible to

localized pitting failure due to microbiologically influenced corrosion (MIC) and under-



[0012] FIG 1 illustrates a perspective view of the cleaning device. [0013]
FIG 2 illustrates a cross-sectional side view of the cleaning device.
[0014] FIG 3 illustrates a side view of the cleaning device. [0015] FIG 4
illustrates a | ongitudinal cross-sectional view of the cleaning device
operating inside an enhanced tube. [06] FIG 5 illustrates a fragnentary
cross-sectional view of the heat exchange system Detail ed Description of
the I nvepbben cbRBdidh. THPréVeas itse BN Qrd¥fdh, RRaHRGesStheadbePmast wadi | y
by reference to the followi ng detalled description of certain enbodi nents
of the icoustantlmd jodsisghtinimplemasted omondanto romevéte doings aslthey ©eelrf or t he
pur pose of cleaning tubes. In sone industries, tubes are used in heat
exchange systens for transferring heat. These tubes can be classified into

convent ijgsual SnMOOtOurbhtls, todRAtioRd) Toma esallk WRCRotdTELCHVP & BAREE thet foES, as

was di scussed herei nabove. The present invention describes a device that

can be ulspgsitofomneshannget ynied gropees of inigread riffing bxeppanged hepobes, the
follow ng description i1l k] at he .deyi ' I [ d
tubes. (e e Bl Bl foprly sdBLAE e dR SERIET ab 3P AP ROSIECT .

that comghysisgiscoatddBsthe spirdlpréovesiid eftdivelyaembed agprul demsikd acovhrilaed t he
mass has various filanments 20, 21 enbedded thereon. FIG 3 shows a side

vi ew of thers- b ewlst igludlehasress thegdvatages ofcar o1-Hae pleaning mgihod thege és # sposed

| foone ¥ , e i |
oref or  ifbenrE SEdfo L Beiike B & GBHAR B GRURRE i SPlraVera N FORRrEd Y o
i nconpr esbésificientleabdbifedivelye XBipirveatign saifiedhiy matibysliscliwsea tiyyes of

engi neered plastics can withstagnd a w de nge, of tenperatures an re
resi st arfor P’Sa%%ngﬁﬁﬂeétl? paricERE srtERre tibe. PP KAERYESAHEBAIMERTS Wﬁh@e shape
of the e .exanpl e oval - shaped. 5 [0020]
FIG 2 s \%/rseg%&?%{6@5{62‘%&0?13%2%512@6556%@%& the cl eaning device 1, wherein
the aperture 10 of the cleaning device 1 is preferably conical in shape to
enable fluid to flowinto the,l arger ? e2$$g?12 and exit fromthe snaller
opening 11. Fluid flow ng throlf§AarKe &E VERROM o creates a difference in
the dynamc fluid pressure between the openings 11 and 12, wherein the
dynam c nd pre regi: : : i : i ightly
 gher (B0 0" YR ReRAPn R GAR @loiiinadls B8l RGL Mg b, 8, O

di f f er engaridulahythaimtarndllsuifaceprfagisasrie htaexthiange gstanime t r ansl ati on of the
cleaning device 1 linearly along the internal of a enhanced tube 30,
wherein the translation of the cleaning device 1 is in the sane direction
as the flopiofl 1 ow 4dedk@iBflyFidndaspediNthedR&lehtinGedtfbrnCRPIdes B @iidendsed nal
fin-like thfread 14, to nmani pulate the flow of fluid through the aperture.
The t hr efad cleaningaupése domptiking Remagsewitiae aperturearsnfrallyriocated thersogyarfd am t he

SRR S BRI HE 0B S e P FEapL°

at one extremity of the aperture; a second opening at the other extremity of the aperture,

wherein the size of the second opening is relatively larger than the first opening; and a
thread internally disposed in the aperture. The plurality of filaments further comprises: a
plurality of first filaments, wherein the first filaments are disposed in a fin-like
arrangement, wherein the first filaments has a semicircular span, wherein the first opening
of the aperture is centrally disposed on the semicircular span of the first filaments; a
plurality of second filaments, wherein the second filaments are disposed in a spiral
arrangement on the surface of the mass, wherein the central axis of the spiral arrangement
of the second filaments corresponds to the central axis of the mass; and wherein the length

of the first filaments are relatively shorter than the length of the second filaments.




[0021] FIG 3 illustrates one enbodi nent of the cleaning device 1, wherein
a plurality of shorter filanments 20 is nounted on the mass 2 in a fin-Ilike
arrangenent. This fin-1ike arrangenent has a semicircul ar span, wherein the
smal | er opening 11 is centrally di sposed thereon. When the cl eani ng device
1 enters any tube, the fluid that inpidges on the shorter filaments 20
orientates the cleaning device into the direction of the fluid flow 41 as
shown in FIG 4. In this oBrRADIdritiont dTehé Mhiveigsopeni ng 11 of the

cl eaning device 1 translates through the enhanced tube 30 first, thereby
allowing fluid flow 41 through the aperture 10 to create a differential
dynami ¢ [0011] d pr e Rrafeered renbalimenta ricnordiey e thel presentanvetiion witbodivnknt , t he

shorter fil nt s be repl aced.by a fin,c onent that | r ef erably
made fr d{?ﬁ‘frﬂgas‘éiﬁ]é g%’feélrc? & %?fsgrtaWén §W .ICh’S]i%gg)feg?rleg}‘,’e ngrafsn(?e%{?p% Yent has
a sem CcidigHifg span, wherein the smaller opening 11 is centrally disposed

thereon. The length of the shorter filaments 20 can be predeterm ned so
that t hdo&®brt er fHIGahsiustratesy parspedtivhivinw of the clreviagelgvicef t he cl eani ng

211 5 dthRha on OG- aa Bl ARRRS seg PRSI ICUB PG el 4RI o410 e

| onger fppdapents ZIGaBellistlathsiasalewidw ook cldaaingtdeeiceengt h of the shorter
filaments 20. Enhanced tubes 30 are manufactured with an internal rifling,

as 6 vig@5ti scusJdE. HdHustrasasovlongisinal icrosstsectinnghvigwi aittke eleeningdeyies nt s of
the rifling.are known 31 and grooves 32 respectively (see FIG 4).
The Ieng(m‘?gdug\g??%&;e oer{%lé?ée?iqﬁ%ﬁents 21 are advant ageously predeterm ned so
t hat thegoepn readiiGandillobteass 4 fag@emamesosseeliondie/ien i tieekbat ahehaBfe
effectively. In one preferred enbodi nent, the longer filanents 21 are
nmount ed SYA*Bl-spiral arrangenent on the mass 2 as shown in FIG 3, wherein
the central axis of this [ ﬁﬁ@ Shonds to the central axis
AA. This spiral arrangene%?t%?hll%ﬁge I amggtag&gl provi des an additi onal
mechani smfor transform ng the energy of fluid flowinto a notive force
that dripgefst he clBapregentéwieatiod niag b8 WidersdlodmabicabadilyObyt teferande tbithe
enhanced tube 30. [0023] Both types of filanments 20, 21 can be made from
engi neerfgloyringeletailed dascription ef easlaimerabediasnte of thedayedtighce. The shorter
filaments 20 are advantageously preprocessed to be nore rigid than the
| onger filaments 21. This is to ensure that the fluid flow 41 is able to
i npi nge omsyhe shoNtmerous camteptionsdhve bbat devised [forythe pugploboef dé¢wmirgtabéser
opening 11 to translate through t he enh%nced t ube %0 fi gfst. Fur r nor e,
the flexipiome Vdﬁf’ftrlf"%éull’eér?é"eﬂl g4 ‘II":\\}F%%C 9124 SySty) FRE draaser e il eHieSany
risks .Oftuﬁé'\{ ehChd @lgsé?ﬁ%@ﬁﬁ@an\%'ﬁtiBﬂeﬁ sttt Bale BbES RGRarREd iR s @Rl ans&ad t ubes
30 during cleaning, and to ensure the effective renoval of the deposits on
t he | andsah3icedntdbey, apwes ddRusdeddRddindboge.dfter pesenh imfentiore dejceibes agedesi ce 1
in a heat exchange stem.60 wi || now be described. FIG 5 shows,the heat
exchanget ‘%Gdff a‘flef’dﬁ%ﬂ’ie%@’pﬁsﬁg\f ngsf %éﬁﬁx%ﬁﬂa’ﬁ' W@%ﬁ%rt&%@]ﬁy B8 and a
heat eXCJfIb% idﬁ@lv&iu%%strl}éech@a@&ice%%ll@ﬁ&g ciRhdce@@uifedr t her consists of a

en

bundl e o anced tubes 30 and spaces 35 around t he enhanced tubes.
Typically, fluid flows fromthe inlet end 52 into the enhanced tubes 30 and

out into di sc d 53 of the.heat exchange syste .

illust ra[toé{}?by t he "&ﬁﬁﬁ%ﬁe%? PETFRECHVE VSW cﬁ%&f—%‘é?g eﬁ’écr?s gl(rgt %@HPSS fihen

the fluiglafd DWitha dehfrAuolvchBe apihias tedviidibiashShasxkdianciess ikaiens28 @y Wi th

another fluid mediumin spaces 35 and the walls of the heat exchange unit

50. A ci erobeddeil ihersampF [0 shvwr sidg view o jbe slesaing device dhevheagn tg?_cha_nge

system 60 Lo, QeNEr of 21 & PEHESRE & Qhildif é&g&??ihaft Will%:ercﬁé&lu?%?'cir@bé%ﬁeﬁtlﬂ' din
system I'S™p [ I'S

me,
t he heat xcﬁange S ressur erentla e nal not’l ve

force forThélfdayd Bgs pleferedde@bengphegvil ¢ sHapenvitihe copil BiCAA)gad siykledoh0. 7
[ 0025] In one enbodi nent, the mass 2 used in the present invention y
consi st BrompiasFigin Bt elorsexaaple pngineerpd nigtice FhexetyRey gheBENETFL i s
vari abl e_4.n: p7e. i@t ' al lgws t he
pec 1 PR Bad & Wl KB o AR Rl R, Y a1
nost conéliemicas.ilondtemhtine ambediateatsgthe shspecniithe nvss Rlmayabd ngn-spfheticlefori s
bundl ed togeHher. |G, 5 illustrates the heat exchange system 60, wherein
the | engPFiyHe eyalshAd%d t ubes 30 is laid in a horizontal configuration. The
cleaning devices 1 with different specific gravity translate at different

|l evels 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
nore tubes being cleansed by the cleaning devices 1. Hence, the overal
efficiency of the cleaning process can be inproved. |In another enbodi nent,

o o = e 11" £ £ N T r




[0027] Sinultaneously, the internal fin-like thread 14 of the aperture 10
and the arrangenent of the longer filanents 21 serve as nechani sns for
transform ng the energy of the fluid flow 41 within the enhanced tube 30
into a notive force that drives the cleaning device in a spiral notion 40
i nsi de the enhanced tube. The wei ghted core 15 is al so 8 asymmetrically
positioned in the mass 2 to facilitate the rotation of the cleaning device
1 when the cleaning device translates in a spiral notion 40 al ong the

i nternal of the enhanced tube 30. In the other enbodinent, the nmass 2 that
conpri sd6020] f f er e FIGH @rebiowis escross-sottianal side yiew of the cleapingidesice 1t WaeieBt at i on

f th ; : 1 wh h L. ) ~ . | _ e
ot on 46 ApouBeT DT orHEe S5 ran ot Sno orc i pe R B 1
foul demas tiftoote 1A@eObAQNRS 132r €xit BBy €t ialldiepeninger 1. (i1 and

carried out of the enhanced tubes 30 by the fluid flow 41. The net hods of
ext r act ithepughdhe epertuge J8sqreates pskiffoispes ncths\dyaamioRidnRIesuEs heavesh hg nown

to those_skil | ' e . L] . ' i Ik i ze of
the. ol oamrhach B R2SwEHn R Binic AR BRsflrS FUAP R fgetod! T el
enginfekgﬂnhgISuh%ﬁ%ﬁ@lﬁgmﬁshafmku?&angnhﬁdpﬁSmhanathhemhm&usmemﬁgllfor
exanpl e pigging applicatigons in oil and gas industrie sewage treat nment
\% ants, BH$ glffeéﬁﬁ’éf dynagyi¢ {tupbRressie fachiatga thertransigtien 8?1 g‘edﬁ??é‘?%g. ée["(?f(?Z'Q]

ile t i | b r | ' ertain
oret or r Oreal S e BB B B R B B B e e
exenpl arcyevsded(lj as ﬁn miod ?]émé dindetibrt as thenfltidt flewstloee FHIG.). Jihe spattutenilent i on.
It is expected that thos illed in the art wl rcei.ve. i atd ons
whi ch, VAfPIRIISES 2R dPTerRy fifs ?fﬁ@%}gg&? H&n_lm%atﬁélle o of T fhoRgh 4
and SCQ%@J&R el e ﬂﬂé’aginﬂ, QBupted Q@tﬁ‘%h@a;%’%ﬁﬁé_ 1P anthchsGhabA®gy fronPthelRid/s What
Is clai I's: 1. A device used for cleaning tubes, conprising: a mass with
an aper tfloweingehtough lthe hparttre dnto kemetivg fenae that drives the cleaning device 1 in a

spiral motion 40 inside the enhanced tube 30.

[0021] FIG. 3 illustrates one embodiment of the cleaning device 1, wherein a
plurality of shorter filaments 20 is mounted on the mass 2 in a fin-like arrangement. This
fin-like 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 filaments 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 filaments may be replaced by a fin component that is
preferably made from the same material as the mass 2. Similarly, this fin component has a
semicircular span, wherein the smaller opening 11 is centrally disposed thereon. The
length of the shorter filaments 20 can be predetermined so that the shorter filaments may

not inhibit the movement of the cleaning device 1 into the enhanced tube 30.

[0022] A plurality of longer filaments 21 is mounted on the outer surface of the
mass 2, wherein the length of the longer filaments 21 are relatively longer than the length

of the shorter filaments 20. Enhanced tubes 30 are manufactured with an internal rifling, as




a plurality of filaments nounted on the nass.
claim1,

in clai
extrem

m 1, wherein the aperture conprises: a first opening at one
ty of the aperture; a second opening at the other extremty of

2. The device as clained in
wherein the mass is spherical in shape. 3. The device as clained

t he

aperture, wherein the size of the secdhd opening is relatively |larger than

the fir

st opening; and a thread internally disposed in the aperture.

4. The

devi ce agasdistusRd Hefbn@ib@’vénvaleréﬁﬂﬂ{&hgl p&ﬁtseaaancw pBintSofaRtiflitly ardkisdvape. 5.
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filaments, wherein the second filanments are disposed.in a sp
raprntedh i & spisararpangeBent: (cthgaaass 2dtethern pHd G £twl§rela>ﬂil%cwra[

aa[ﬁsa&gcﬁﬂg{}ﬁal%ah@&&ﬁ%8HQspohﬁsat'ES‘%ﬂé SerGAl 5,68 RANOPhil Spifdd Grefffiiled

Mass
of longer filaments 21 provides an additional mechanism for transforming the energy of

fluid flow into a motive force that drives the cleaning device 1 in a spiral motion 40

through the enhanced tube 30.

[0023] Both types of filaments 20, 21 can be made from engineered materials with
thermal and chemical resistance. The shorter filaments 20 are advantageously preprocessed
to be more rigid than the longer filaments 21. This is to ensure that the fluid flow 41 is able
to impinge on the shorter filaments 20 substantially to allow the smaller opening 11 to
translate through the enhanced tube 30 first. Furthermore, the flexibility of the longer
filaments 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.

[0024] 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 comprises an inlet end
52, a discharge end 53 and a heat exchange unit 50. The heat exchange unit 50 further
consists of a bundle of enhanced tubes 30 and spaces 35 around the enhanced tubes.
Typically, fluid flows from the inlet end 52 into the enhanced tubes 30 and out into the
discharge end 53 of the heat exchange system 60, as illustrated by the direction of fluid
flow 41. Heat transfer occurs when the fluid flowing through the enhanced tubes 30
exchanges heat energy with another fluid medium in spaces 35 and the walls of the heat
exchange unit 50. A circulating pump (not shown) is incorporated within the heat
exchange system 60 to generate a pressure differential for circulating the fluid in the heat
exchange system. This pressure differential is the main motive force for driving the

cleaning device 1 in the heat exchange system 60.
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wherein the length of the first filaments is relatively shorter than the

| ength of the second filanents. 6. The device as claimed in claim]l,
wherein the mass is made from engi neered plastic materials. 7. The device
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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 another embodiment, the mass 2
may comprise plastic materials with different densities for manipulating and modifying the

specific gravity and physical properties of the cleaning device 1.

[0026] When the cleaning device 1 enters a particular enhanced tube 30, the energy
of fluid flow 41 acting on the fin-like pattern of the set of shorter filaments 20 maneuvers
the cleaning device 1 into an orientation that enables the smaller opening 11 of the mass to
enter the internal of the enhanced tube 30 first. This orientation of the cleaning device 1
allows the fluid in the enhanced tube 30 to flow through the larger opening 12 of the
aperture 10 in the mass 2 and exit from the smaller opening 11, thereby creating a slight
localized dynamic fluid pressure difference that facilitates the translation of the cleaning
device towards the end of the enhanced tube 30. FIG. 4 illustrates one exemplary
embodiment of the cleaning device 1 operating in an enhanced tube 30. When the cleaning
device 1 enters an enhanced tube 30, the circulating pump provides the main motive force
for driving the cleaning device through the enhanced tube. In addition, the aperture 10 of
the cleaning device 1 in the enhanced tube 30 creates a differential dynamic fluid pressure

on the mass 2, as was discussed hereinabove.

[0027] Simultaneously, the internal fin-like thread 14 of the aperture 10 and the
arrangement of the longer filaments 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 in a spiral motion 40 inside the enhanced tube. The weighted core 15 is also
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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 plastics
can also facilitate the rotation of the cleaning device 1 when the cleaning device translates

in a spiral motion 40.

[0028] During the spiral motion 40 of the cleaning device 1, any foul deposits on
the grooves 32 are removed by the longer filaments 21 and carried out of the enhanced
tubes 30 by the fluid flow 41. The methods of extracting the foul deposits that were
removed from the grooves are known to those skilled in the art, and will not be discussed
herein. The size of the cleaning device 1 and the length of the filaments 20, 21 can be
engineered to suit the sizes of tubes or pipes in other industries, for example pigging
applications in oil and gas industries, sewage treatment plants, ship tankers, airlines,

cooling water-lines and others.

[0029] While the foregoing descriptions of the present invention presented certain
preferred embodiments, it is to be understood that these descriptions are exemplary and are
not intended to limit the scope of the present invention. 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.
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What is claimed is:

1. A device used for cleaning tubes, comprising:
a mass with an aperture centrally located thereon; and

a plurality of filaments mounted on the mass.
2. The device as claimed in claim 1, wherein the mass is spherical in shape.

3. The device as claimed in claim 1, wherein the aperture comprises:

a first opening at one extremity of the aperture;

a second opening at the other extremity of the aperture, wherein the size of the
second opening is relatively larger than the first opening; and

a thread internally disposed in the aperture.
4. The device as claimed in claim 3, wherein the aperture is conical in shape.

5. The device as claimed in claim 1, wherein the plurality of filaments comprises:

a plurality of first filaments, wherein the first filaments are disposed in a fin-like
arrangement, wherein the first filaments has a semicircular span, wherein the first opening
of the aperture is centrally disposed on the semicircular span of the first filaments;

a plurality of second filaments, wherein the second filaments are disposed in a
spiral arrangement on the surface of the mass, wherein the central axis of the spiral
arrangement of the second filaments corresponds to the central axis of the mass; and

wherein the length of the first filaments is relatively shorter than the length of the

second filaments.

6. The device as claimed in claim 1, wherein the mass is made from engineered

plastic materials.

7. The device as claimed in claim 1, wherein the mass further comprises:
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9. The device as claimed in claim 7, wherein the weighted core have different masses

and sizes that provides a variety of relative density of the device.

10.  The device as claimed in claim 1, wherein the mass is made from plastics with

different densities that provides a variety of relative density of the device.




