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WD 2006/ 009515 PCT/ SG2005/ 000195 *159159* SYSTEM AND
APPARATUS FOR NON- PONERED CLEANI NG OF TUBULAR HEAT

WHQMNNBRSISYSTEMS Fi e venti on 5 [ 000IACTI${&2005/000195
present invention gemmﬂmmw‘"@ww% es to cleaning
systens for tubular he X ge systens. In

particul ar, the inventi of*¥¥ ates to a non- powered
system and apparatus for circulation of balls for

fls%‘?‘é‘%”d EAmp:b“' ArsSeals IRIRA OO R L1k aiuic oF
: . . I

of “uhi oh ar e bR LAvtHeE BT B GHARGE SR STME o °°

units, heat exchangers in gas cooling systens and

scrubbi ng systens. They are al so used in power plants,

desal i nati on nodul es aﬁ%}fgg{t@gmgﬁgﬁl i ndustries.
SYS

These tubul ar heat exc ens typically use a

Flui Qogh O iVEhAse Berk@MBY Rlatés toasgeanitpdiystdms for tubular heat
toge@ﬂ@ ?%érﬁfetbﬂgl eat eg(chan.ge. The operations of
suchelvhadgessystomegdn particulas ther invemsion-rRigtsario 2 nan-pRWeRsd system and

and will not be discussed in detail .. [:0Q0

v aRnarys oR AN iR bal o fisgbiti Rl sxchange sysiers
for efficient heat 20 exchange. Debris and fouling
deposits as a result of precipitation, corrosion,
crystal lization and Bhkgramld of #zecinventionwi t hi n t he

tubul ar heat exchange systens can clog up the tubes.
Tradi ti onal nethods of cleaning these tubes

require .
the pooo2]t Tnbulaimeh exshangeesyisieass & e%@@%?%?t&#erﬁ%%n%mes and
it off-line and, physically fl i - i ndi vi
 ooekaa AR ekt P R skt xcangr
deve k.tfga%qzoﬁﬁﬁé‘ Gy sfn@SdrnRAibbidpadyktenisn Theg aref dlsd wbed in power plants,
circulating ih the tubes of the_ heat exchange tem h
A nudésetinatforbmbiieles end pefresherical Andusiriage aﬁ‘eé? Eﬁ%‘fﬁgwat excuange
systemWw || result i e ' I
| eas Fysée”&%{y&ﬁa‘ﬁy Hemd gp*‘%?“‘?’ﬁéé{n B (fioneh Rov e%%;rt%égﬁugﬂlggg%gether for
t hr oughydab 8xdHdhes . TROWpdrtitnis v such heat exchange systems are well-known

in the art and will not be discussed in detail.

[0003] Invariably, maintenance of these tubes are necessary for efficient heat
exchange. Debris and fouling deposits as a result of precipitation, corrosion,
crystallization and chemical reactions within the tubular heat exchange systems can
clog up the tubes. Traditional methods of cleaning these tubes require the shutting
down of the heat exchange system, taking it off-line and'physically flushing the

individual tubes.

[0004] New cleaning systems have been developed using elastomeric balls in the
fluid circulating in the tubes of the heat exchange system. A number of balls
circulating in the heat exchange system will result in the balls passing through at
least a ceftain number of the tubes. Aé the balls pass through the tubes, any fouling

deposits or debris in the tubes are often pushed out. This new cleaning method has

[T
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30 deposits or debris in the tubes are often pushed

out. This new cl eani ng net hod has *@G00002* WD _
WO0@smOL315 2 PCT/ SG2005/ 000195 proven to be  PCT/SG2005/000195
relatively effective in reducing the frequency of

shutting down the heat exchange system for

mai nt enance. Such systens have becone wel | -known and

an exanple of which_is disclosed,n. US Pat

5, 5920 @00 bs relawey effestiye dhrednpae teiius °ys§f2°‘ g&nl%ﬁg%(vn the heat
usi n i rcul ati Ng2A SRp&baddmtgwellk@own and an
bal Ie%°$%s¥§émﬁgra{&%g&(cagﬁege syzsglgﬂrahﬁliss essenti al .e The

el askapBld 6f Wiath & ddcRsedvit US RatenaNuetben5.562.080-n peri od

of tinme and the cleaning efficiency nay be decreased
as the balls are too small to effectively renove

foul | its f th _ ) ,
hoadobtE1 " Beh fube clsiinh B eklS Bing bfaleY Eaé@ﬁ%‘%?&“ for S"';’ja““g

{sl jal.bdh tomeric balls are
exc gg %%ll@ﬁ%fnﬁ'ﬂ‘beéﬁ%aégéﬁliiﬁﬁs Lsgy‘leﬁa sl &semial.bdhe elas

i nt roduced. nber 5,592,990, a. ball d q
col I \peinasut aftensstengin erioded tie al the eleaning effipiongy oy be decrease

separate themfromthe fluid, omtting. r

oD bl Hoomo T by S R ER O e s, T
Hoveyer , Lt 115 nd@ld 3k cBfisct@Pidd REadRATRAE heteabythange system s
bal | ¥°FRAt "Are hot worn-out are al so col | ected and

di sp@geskw ballshBay bOBMGHuted. US U Patent Wamber 5,999, adell collector
a ball separator is_used to classify the ball . -
accohalisty, woue o eptitt e baY BRhwRaPE 158 T fi g omiting o
openi ngs, bounded By, i sl [[fowehieg, it is an all-or-
R e T S

sepaf en collected in a .
baskgg appfdaBR ¥ékven Ballk thavadeynot WernAoulare also pallgciedand disposed
separat e g%onwthe fluid, use of a drive 20 punp is

requpf.ed to provide sufficient pressure such that the

balls can be forced through the ball separator.

[0007] At present, there is still a lack of a

NON- RREY ©SUIS) TRAdt INKmehes t@T+662 raybalbsdperatards useden siasgfy the balls
tubes in heat exchange systemwith an.efficient
of f eotdording o difien ProfstaEiEO AN PV AITE e o Rfed b cress of

the ];Lzr%lgl rails. The separated worn-out balls are then collected in a basket for

removal. While only the worn-out balls are separated from the fluid, use of a drive

pump is required to provide sufficient pressure such that the balls can be forced

through the ball separator.

[0007] At present, there is still a lack of a non-powered cleaning system using balls
for cleaning tubes in heat exchange system with an efficient and effective means for

separating worn-out balls from the fluid.
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30 WO 2006/ 009515 3 Summary of the Invention

PCT/ SG2005/ 000195 100081 The present invention seeks

WO 206e00p848 a non- power ed system and appar atus R@F/SG2005/000195
circulation of balls for cleaning tubular heat

exchange systens. 5 [0009] Acgordingly, in one aspect

tlhe present |nvePti on provides, a non-powered ’

cl eani ng system for cleaning & ural i [

heat exchange system %%“ﬁ@ Oﬁhgh:\'fs@qd&exdo;nguges e

di scharge end, where a fluid is used as a heat

Iem: g?q%ﬁg] gkég%r{t)}ﬁvgetigrla Ui%e%g tﬁ% 8%2@ cﬁf I{s n SWied BYs&im BfiPapparatus

= €S rge end, 10
the Eérec?ﬁ'&hﬁgoé ¥ b LR 608 1BAriSd fabulafheat exclanpy systental | s
in the urd; a ball inlet coupled to the discharge

ggldl for itnt{gduci Ing the fluid and the plurality of

s Into e. i t ; .
Coupio il 5 B e R g v
0 aLe S'gg gg?tge%%gcl'te%gﬂ%ta%ﬁﬂﬂﬂ ofitiibedlin achedt!akchiigd system having

cycl 6w al'l " inlet for separating a
{olhgr %'iﬁ]l)ét éifdl dld di?diﬁ.‘rgmv\trﬂ, phemet faridineseddis sriteebexopprgpmedivm,
urality of balls, the dyal  hul. .

furt e E\l‘-lldrﬂ@ép& fiar g inlebeachinis tanistalip: RG0S e gischarge end,
all outlet coupled to.t . .

o B NP8 R B3 el s cnpe

and i} yid disehded bed ifod Ritrodncingfthé fieichend thex phealiyy of balls into the

system wherein the dual hull cyclone conptises N

pri mieaningcsystesn; s dalh deerbndEEYy coquqq ghéh@ﬁ)ﬁ]i mle? for directing the

secondary, cycl one ant.e ' _

apor duvatig eate Suf AR b8 pRE e BUMIR QYIRS compled to heball
the SEEPRGIASpaBIEE A ufalit) bEbalbebelowdi predsterning idhidmeter from the
the prinmary cyclone. [0010] In another aspect e .
pr es entoralityvafiallesthp dosh kedkcyclong FIthes gy S lepy from the i
separ at,j ng I | ' i .

o P RSP BRI M St o siag iy o
cl eaniig ahep!supabtidnyamf fuithéstoithe anlbeand efdheargat exchange system;
system where a- fluid is used as a heat .exchange

medi um t heheteizn| the dnal }gx}lcqyg}p@e COMBFSSS q.ﬁmmgry cyclone and a secondary
cyclone; the secondary cyclone adapted to have a plurality of apertures of a

predetermined shape and size and the secondary cyclone further being disposed

within the primary cyclone.

[0010] In another aspect, the present invention provides, a dual hull cyclone for
separating balls. below a predetermined diameter from a plurality of balls in a
cleaning system for cleanihg a plurality of tubes in a heat exchange system, where a
fluid is used as a heat exchange medium, the dual hull cyclone comprising: a
primary cyclone; a secondary cyclone disposed within the primary cyclone and
having a:plurality of apertures of a predetermined shape and a predetermined size; a
primary inlet for directing fluid tangentially into the primary cyclone; and a
secondary inlet for directing fluid containing the plurality of balls tangeptially into

the secondary cyclone; wherein the secondary cyclone is for separating balls below
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primary cyclone; a secondary cycl one di sposed wthin

the primary cyclone and having a plurality of ~
WAP2006/009585 of a predet er mi ned shape and a pr ede®SAHGIAY/000195

size; a primary inlet for directing fluid

tangentially into the primary cyclone;, and a 30

secondary inlet for directing fluid containing the

plurality of s tapgentially..i tﬂg,ea] @gﬁg]ﬂi@lbmlsbelowthe
cyclagnrde Wﬁgiﬂﬁ”?ﬂ%r ﬁ&@&hﬁgir‘?ﬁ% gfgar%lg s ?’or _
separ ati.ng: Raldisnbel 0128064 8RYTlAli of apertures into the primary
Pd%é%fg%r%géii% a p\rl\%deter mgé]ed di aneter fromthe

pl urcgtlohey of balls by allowing the balls below the
predeterm ned dianeter to pass through the plurality

of apertures into the primary cyclone. 5 [0011] In

yet l@‘@ﬁt?ﬁ[xeﬁéggtﬁ& F%}Jr%gﬁ Ry ‘ftﬁ’&éngﬂn RESMEske % mathodtfopdeparating a

for p ity of ball's below a

pr egﬁm@ Fernsbasst eprelistonmiaed Hianmter tionpt phaplity of palls in a tube
tub cl éaning system wusing a dual hull cycl one, 2 second
havi dhemingpeystesn, ysings dued hull eyelosp dayipe gy cyclone, ary

di sposed within the primry cygcl : ' rtures of
pl urcé’FloP?\g] PO éY”&H?E%e” '“%ry %&8@%&%@ i%Eapehj g%ad ) eslo :
pre %}lﬂﬁﬁé} L8 g abdetérEn&e eieedahyreity theoseconary cyclone
al | %é&trt ep u?%alﬁi%t?/ﬁd(;f 1%al I's bgl ow the predeterm ne%JI h th
di anailosvs the phaality toffibelisybelpwethe preseiermingd gHamefer o pass through the
into the primary cycl gne,.the thod c 1S 1 .
o ey CLAPPEEE G ARy SUR O, R0 SO the steps:
and Lyt r %&?hﬁ}ﬂnéeﬁﬂidgn&%é phiRiaB@ cylbee, Rha iwtdduyingffluid containing
balls) into e secondary cyclone; b) forming a primry

fluid vorthephiralityloé bplls intr the sgusindary cyelagesf orming a 15

secondary fluid vortex in.,the secopdar cl aa i
c) sbhpar aformigg APTERYY aﬂl"?‘fly"%exblgl ﬁ@ %%IP%% t%ﬁme, 8 forming &
pr edet er Mgy ATR Wik i Wd BBondarattakyamycl one

into the primary cyclone; wherein the primary, fl

| d
vor Lex | ssapbraingitighphualiy of balls bke thBredeiEBhiasd §iameter from the
fluid vortex, and pressure diff ial between the
pri mary fFQS:PHd%FY%lgma @ﬁgngsagg%g&rﬂf, 20 fluid ‘
vort %gfepl‘mﬁgrﬁn S8Rk i9fof hihe wlovi thty tlf secondary fluid
S bel ow the

bal | redeterm ned di ameter. _ | i
vortex, and pressure differential between the primary fluid vortex and the secondary

fluid vortex enhances the separation of the plurality of balls below the

predeteﬁnined diameter.

Brief Description of the Drawings

[0012] A preferred embodiment of the present invention will now be more fully

described, with reference to the drawings of which:

[0013] FIG.1 illustrates a non-powered cleaning system for a fluid heat exchange -

system in accordance with the present invention;

[0014] FIG.2 illustrates a cut-away view of a dual hull cyclone of FIG.1;
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Brief Description of the Drawi ngs 25 [0012] A

preferred enbodi nent of the present invention will now )
wo 005/@9$15| |y described, with reference to thePCT/SG2005/000195
drawi ngs of which: [0013] FIG1 illustrates a

non- powered cleaning systemfgr a fluid heat exchange
systemin accordance with the present invention; 30

[0014] FIG 2 illustrates a cut-away view of a dual

hul | cyclone of FIG 1; W) 2006/ 009515 5 5 10

PCT/ 0 dlchn ian bf FK¥.2and
secoﬁﬁ%yﬂ(%g%ﬁ{eg g(ﬁé %toaﬁho@fe&é}ié&gﬂ{%ﬁg? FIG 4 A0

illustrates a cross-sectional operational view of

FIG2; [0017] FIG5 illustrates. a fl.0 .

net hisg1elf FEpaikestgies iaﬁr%%ésgfm%@%t{w&‘& °f5?g(§'2ht

invention; and [0018] FIG. 6 illustrates a cut-away

view of the top of FIG 2. Detail ed description of the )

I nvegdoilﬂn FI@8 L8llisthatest hEomckaefir 4 methotli afroperatignap ageqriance with
cycl one is incorporated into a non- powered cleaning

syst ¢rapresenpinive a; fed cl eaning tubul ar heat exchange
systens. 15 The dual hull cycl one separates worn-out

balls which are snmaller than a predeterm ned di aneter

SO t%%w.ﬁﬂpsﬁeﬁiéﬂ%ﬁ@ﬁvﬁwﬁtﬁet@mmw- The dual
['one a

hul I *c SO serves to separate debris from
fluid in the tubul ar heat exchange system and al so

debris that may hayg,a&raetigtdcthfaRe Ivential | s. 20
[0020] Referring to FIG 1, the heat exchange system
10 conprises a plurality of tubes 17 bundled into a

heat GaefiandRe Ebi’ésbntzﬁwbﬂidmgt annl inllecychme i9 3negrporgted into a non—

di scharge end 25. Fluid flows fromthe inlet .en

it 0 thredasriag SRS NSRS 105 ERERGE e S0 ghghanes systoms

gggggﬂgeesdugle Han® tydide Vgef;g}aég OLBRLodt! BNk FPsitliMare Nsmaller than a
predetermined diameter so that they can be disposed of and replaced. The dual hull

cyclone also serves to separate debris from fluid in the tubular heat exchange

system and also debris that may have accumulated on the balls.

[0020] Referring to FIG.1, the heat exchange system 10 comprises a plurality of
tubes 17 bundled into a heat exchange unit 21 having an inlet end 23 and a
discharge end 25. Fluid flows from the inlet end 23 into the tubes 17 of the heat
exchange unit 21 and exchanges heat energy with another fluid medium in spaces
27 between the tubes 17 and the walls of the heat exchange unit 21. The fluid then
flows out from the tubes 17 into thé discharge end 25 of the heat exchanger system
10. A circulating pump (not shown) is generally used to generate pressure
differential required for circulating the fluid in the heat exchange’system 10. This

pressure differential is also used to drive the cleaning system of the present

invention.

30
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27 between the tubes 17 and the walls of the heat
exchange unit 21. The fluid then 25 flows out fromthe ~
WQIR®s/009515 nt 0 t he di scharge end 25 of the heat PCT/SG2005/000195

exchanger system 10. A circulating punp (not shown)
is generally used to generatg pressure differential
required for circulating the fluid in the heat

h 10. . ThiS, - ' BVt i
AR ST vl ) FAAGS A oy o

i nvglﬁ&% ot a5 2 L& 1A25RILE AT IR DED eREMDHS system 10, a ball

[ 00 cl eani ng system 50 in accordance with,_th .
pr eggats3, avelitdudat THmpdiasivel bl praleng 100y e s 3 im g i are

circulating in the fluid. of . the. e :
o Zenasally of 4 pedsiomsned, fgfererShiqin for FHEARIGe SR 47 in the heat
hul | ?%%éﬁ%g gﬁit 1Q0. wAiR #2!daBls 53 infy theemidelbfiaamsiety of elastomeric

geng a predeterm ned dianeter suitable for
Cl eanitéthid, hembst e rdslliém médteridiaady e uiilizedn Jéurthermorp; each of the

While the balls 53 may be made of.a variety. of .

el abubsrsdiused imtls peesent HYFRIOR WHizes BaisyPIeiGR, Msighipd core for
may be.utilized. FLEt : : BB of BRI Halls 53.
use@%‘?‘ﬁﬂ@%ﬂ%ﬁ%@%ﬁ%ﬁﬁ(ﬁ% Plltgéfséaa asymret tical

wei ghted core for manipulating and nodi fying the

specific gravity of each of the balls 53. 10 [0022] .A
bal Ijoatizy ek e dinertor G8iti 63sinaialled) ahthet%haﬁgga%%g@hé collect the

25 woul d cqgllect . the balls f +th th

C e BlR 58 RBok kb pasid byl R SEs 1 PYHCBME BAGRMRer with the

f1ui tﬂﬁwﬂd 'ﬂlil?‘%.pb efBt Bfto iR @uhlNBultléstlohei 100 aliugh ehd dell inlet 55
e a

t hroug inlet 55 coupled'to the ball N
di vesoupled dnilte B diRirtor bait 163 diThe bald divgrPt g5 #gylygmg}y)be a mes

be a nmesh or a, basket directing. DA SsthPIRWiRE flow of fluid.
bal |oriarhagketdiyeciing eg?lilﬁlpoaﬁ%fag%? Hggtﬁ-aow O?Stprufbd. %5

20 25 [0023] The dual hull cyclone 100 advant ageously

serves to separate balls 53 below a_ predetermn ned

di aneozs] Theodoabhill sy@Qnd: K0 edvantzgroushicseryes de SERARR balls 53 below

d ana?tpleerd'etermined diameter from balls 53 larger than the predetermined diameter.

The dual hull cyclone 100 also serves to dislodge debris accumulated on the balls

53 into the fluid and also simultaneously separate the debris from the fluid.

[0024] The balls 53 larger than the predetermined diameter are sent through the ball
outlet 57 into the inlet end 23 of the heat exchange system 10. These balls 53 now
free from accumulated debris are then recirculated and passed through the tubes 17

again to clean the tubes 17.

[0025] The balls 53 smaller than the predetermined diameter may be held within
the dual hull cyclone 100 and later discharged from the cleaning system 50 for

disposal.

[0026] The dual hull cyclone 100 in addition to the separation of worn-out balls 53

from balls 53 larger than the prédetermined diameter also advantageously serves to
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The dual hull cyclone 100 al so serves to disl odge

debris accumul ated on the balls 53 into the fluid and

Wb 00a0psIst aneousl y separate the debris from t RCT/SG2005/000195
fluid. [0024] The balls 53 larger than the

predet erm ned diameter are sent through the ball

outlet 57 into the inlet end 23 of the heat exchange

I
Lgr’ﬁiildé%e %ﬁg?@}éf ?ﬁ&geg id Qﬁeﬁéi;‘%’@& dvl hf0QR2Ebnd ME0 to increase in

an the pre erm ned di aneter .may

be Re|fitpahhicit the@uatitiall chelbne tYChtonmugh BgheintelpdperThis creates
di scharged fromthe cl eaning system 5Q for [ .

30 (1692 bssTrreinithel roion] otobe | TBAG 150008 Fhe. gl B ARA6 100 and &
t he- separ at.Lon _of wor om balls 53

| ar d?SFSSPszhH%ﬁBuar}lagrd’gﬁhgl&al idé}ycﬁ%e 100!

erm ne I"amet er al so
advant ageously serves to WO 2006/ 009515 7

PCT/ SG2005/ 000195 di sl odge debris fromthe [ 3 )
and pezrar Hhecbalbmldt S5fis gemarally sitad spehHoat %g;ﬁf‘%%% is of a higher

cyclone 100 further c es fluign,en j jonal poteniial
Pl | cleyagionriéan Gbe 9l AL axgiont 100 ol 65 Piful\dp Adfitiongl potents

dual _hul | @thafl g s Negdeke dedlokill wyclone 400. This
cr eaP'&&Mg g‘%vgdpﬁgév;e%?gh?r?a?he region of the fluyi

id :
| eavjagsukdBedduobether Wit il lomepregoira itiths regop ok a8 flid leaving the
differential across the dual hull cyclones. 10027
The Bl hulhicuelons 100 vty 3 1 g s R SR jr:i“;
bal | el & ! ' . i hentht balts $heithimathe dual hu
hul | SE5E Llﬁggfhg%&%f@rcglt&@ﬁﬁve%@is :

hi's results in additional pote tfliﬁi,al
Pr es gylénd1¢a0l ahétoweata tiree bidhloutleh 58+ Ungerapritaith énS&E lent pressure

hul | cyclone 100. This 10 pressure hea t: hddat strategic
the Hiffergntiss slrpwnstEnces 0y %&W &Pn%ﬂq@"fj F%"u%ﬁsﬂg?\%?‘ﬁ% a SHe gld
the _dual hull. e klndeCSittdn$ l0NtcAedlanEe bplleS3 uekieval and
di ff@P%ﬁ?ﬁ‘a khmrﬁt?{élhg{rl]ce%%gr egre g’i%ferenti al is then the

f or cgpjbiiftn Hodees impdhqhheshahge tystes1E3 within the

dual hull ‘'cyclone 100 and out via the ball outlet 57.

Under certain insufficient pressure differential '

circ ﬂé@gfglﬁm%sdall%ﬂﬂ@éw kicaiple@wWibe (fllet errfRBvof)the heat exchange system

prov strategic 15 position within the he ]
exchagdnsyiihg mvaiuti 65en therislst end 23 whereitiy PATLQHifet i coupled can
further create additional pressure differential. The venturi 65 causes a constriction

in the flow of fluid at the venturi 65. The venturi 65 increases the fluid velocity
and results in a region of low pressure. This produces a “suction” effect that further
facilitates the fluid and balls 53 to exit the ball outlet 57 and enter into the inlet end
23 of the heat exchange system 10. This decrease in pressure in the venturi 65

further contributes to the overall pressure differential between the ball inlet 55 and
the ball outlet 57.

[0029] The cleaning system 50 may further be enhanced by the installation of ball
counter 67 and ball speed tracker 69. The ball counter 67 ensures that the optimum
aumber of balls 53 are kept in circulation within the cleaning system 50 for

optimum cleaning performance. As balls 53 are worn-out and removed by the dual
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i njection processes into the heat exchange system 10

[0028] The ball outlet 57 is coupled to the inlet end

Wa 20f6/009585 heat exchange system 10. Installing Pé:T/SGz“O“/OOO”’
venturi 65 at the inlet end 23 where the ball outlet

57 is coupled can 20 further greate additional

pressure differential. The venturi 65 causes a

The byl eyeipne 880 heh they ate bilethtptpoBlopbtfy VBRI, bl counter
oS Lcé? twc'odl&] g ?fa?ﬁ é(tgg ﬁaﬂ?’ﬁﬂ[@ﬁ%%m&%@ aP Blaet Gasuld be sounded

ion facilitates the fluid
and aﬁ@lobéraﬁanatl atfXhotifiddeortifithe systeneis Hily automateds nepipadls 53 are
the inlet end 23 of the heat exch &ge system 10. This
dec rawsaticallpadssd inte theclearans, ¥§tem V65 25 furt her
contributes to the overall pressure differenti al
between the ball inlet 55 and the ball outlet 57.
[ 00 30]T MheWaB éé&ra%ksﬁ &9mirkdks niryspfead bfme bblds Shwithinethe cleaning
e |nst al | a ion of ball counter {;\ d ball fsg.)e]ejfl,[1 d
tracsmemsg'rhérhpeeldanay bowsedas @1 1@@9&%@%0 prafefj Pl circuiation an
opti mum 30 n of balls 53 kept in circulation
Wi t mefforfmmewggm tﬁ agodre opt i mum cl eani ng
performance. As baIIs 53 are worn-out and renoved by
t he dual WD 2006/ 009515 8 5 PCT/ SG2005/ 000195 hul |
cyclosea] 1K ellecoutee$7 ané bbi Ispwdttr@kp‘r ey bamaggetic devices. As

? Iogna?gﬁ;heolt@ﬁrhesSSb gllg:Jng([: ga&gw n%ﬁﬁf] tgl ot u\lﬂsg?r%xg %&etélim component.
sod tn’g}ndbalﬁnﬁj% Q& ﬂltﬂh bsefit ﬁfv@nﬁ@i !rﬂa'yeéicﬂ lbeidesdrited to comprise a

Sys s full'y auto ed new balls 53 are

aut OE?inhfedl a¥ weihthead oomd: oThis aveighdedhtaorg nwéleéwi(b(pf metal suitable for
[0030] The ball_ speed_trac

t he thapbrk countel §7and haHsPes ha'larﬁkﬁléégq/ @H%}oﬁtﬁ?’ﬂne alls 53.

may be used as an indication of the rates of

circulation and performance within the cleaning

syst pmR0Thd st{nﬁkﬁ&ﬁ};alﬁhaghmdlcomaunﬂl@rba@ﬁf S53rfgrthe 4110WS the relative

d k
ool | derity 198 the, DR 401 PRGUF RS G R RipeR,, 14l s 53 with
et a%ilylmh éiﬁ@ﬁ%&gtne% o2 HBlikRrend mkiest dnd éike 4ilows el balls 53 to

i nvenition nay ea e described to conprise a
have different relative densities and therefore exhibit random dynamic cleaning

efficiency. It is advantageous for balls 53 to have different relative densities when
the heat exchange unit 21 and the tubes 17 areina horizontal orientation. The balls
53 having different relative densities would then tend to enter different tubes 17 atl
different heights as their different relative densities would tend to keep them at
different debths in the fluid. This increases the probability of more tubes 17 being
cleansed by the balls 53 having different relative densities. The asymmetrical
.we1ghted core balls 53 of smaller diameter than the internal d1a.meter of tubes 17
exhibit random dynamic collision within the tubes 17, hence giving rise to better
efficiency in cleaning and prolonging the useful life span of the balls 53.

[0033] Inspection means 70a, 70b may further be installed to monitor the open ends
of the tubes 17 of the heat exchange unit 21. The inspection means 70a, 70b are



10

15

20

25

30

asymetrical weighted core. This weighted core may be

made of netal suitable for the ball counter 67 and
wol2oe@esid tracker 69 to track and nonitor the BEI/$@2005/000195
53. 15 [0032] The asymretrical weighted core in the

balls 53 further allows the rglative density of the

balls 53 to be advant ageously mani pul ated. Havi ng

balls 53 with asymretrical [ F : isibl
i 1 trineaely erTSGRIAG oF PBER STt Pt Jo Bheck i they aue vy
di ff g‘hﬁ%@ *i“ﬁéyaﬁllay SuBeR He tis6S irabutereiherialle$Biustd are effectively

r andh nam-c ci eaning 20 efficiency. It is

adv N ARROSILERAtAauhtbeB3f the titey é7 wWithinthermeatrexrhangg gnit 21.
densities when the heat exchange unit 21 and the
tubes 17 are in a horizontal orientation. The balls

53 havi j ff | i it . !
v vl ReternguR oA 8 U HIASHPRER uRUErRpEaRG cyclone
t Eei 1 IO?MCES;S]EEHM&?I cﬂ?&% P@j&?ﬁﬁk@ﬁdf\@ﬂbﬂﬂ_ﬁtp aclone k&ejs disposed
them a I eren e s in e id. . This inhcreassgs . -

t he jpsidbas pﬁilnyrya:yc}mg d1py tfegrimﬁrybi@rqﬁglé Bopts S i e primary
the bal s 53 having diff e doneit |
assn&ﬁglqn?:cléa an V:sgaq | C]'%.Ieg qggﬁﬁé&%g\ﬁgf ﬂgdn%bltsgc?)idaﬁré?clone 120
di ARt ﬁ%&ﬁ&l&t%%ﬁa'w LBy bt 121hes alkd coupled to the ball

[ random-d

exh ynam c col lision V\Athinthetuggﬁsn%;, ot
hencgldisei Mhefsesmdary it 121 is Alsd adaptadcty allawcdhe allsyy to enter mto

and prolonging the useful, life span h “inlet 121
30 [ﬂu@%@ondﬁgb@@%qnédzﬁeéh? prRECY Fot ﬁg]y&'%dﬁ‘rhtgﬁslé‘lf&gé% inlet 121 are
i nstal | ed, t nj ﬁﬂggﬁ i8I $ntoOfhe t fifndrytbeslond 1d0 and the
t he %thtadgygeg?éggﬁ%%i?&lgl. he1 Wspecti olﬁﬁnrreans 70a,

70b  gdcan¥ipy 2960 TIBEEpeBtiReY/ SG2005/ 000195 primarily

for nmonitoring the open ends of the tubes 17 to check _
if they are visibly choked. They may further. be used ball
to e hatdaly 123urES %hadth Priffabeeitier €13 coupled to the

cl eai@ﬁ@egﬁgéas dIa)sr:(t:}:;ég(}ders}urrber of thg tubes 17 V\nhtbl Nrhe pri
the heast $Xerahgeatait of fuidlepringhe REMEFY FYRioReo!10. The primary

E ;/g éﬁﬂéthlilizgfg%ghsgll'vgé g%%liog\{l] galg% %eﬁo(@@%%;&%\%ﬂgﬁﬁeﬁt gﬁmete'r to exit
SECO ﬁe: E)W w&lel 2.1 THdi seawas) cyolsiedt2( bienilarlyrims ya secondary

cycl primary inlet 111°ditects fluid into ..o
the putlepny? foychopeshge onfluid kavasdheyseeondsy pyqone 120-

d recsfagorxfdléu%rI gutiert]tl%zt she(xe'vesseglgg S Ve LaE la}g‘g'than the predetermined

diameter from the secondary cyclone 120 and direct them back into circulation in

the cleaning system 50 via the ball outlet 57.

{0036] The primary cyclone 110 may be utilized to act as a storage means for

storing balls 53 below the predetermined diameter where the balls 53 which have

been retired would then be discharged from the cleaning system 50.

[0037] The secondary cyclone 120 further comprises a first cylindrical section 120a
communicably coupled to a conical section 120b. Both the first cylindrical section
1202 and the conical section 120b are further adapted with a plurality of apertures
123a, 123b. The plurality of apertures 123a, 123b are of a predetermined shape and
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Both the primary inlet 111 and the secondary inlet 121

are also coupled to the ball 10 inlet 55. The _ _
wWecordwe31si nl et 121 is al so adapted to al | ow t HECTHHF3045/000195
53 to enter into the secondary cyclone 120. The

primary inlet 111 and the secgndary inlet 121 are

both adapted to direct fluid tangentially into the

Pg ISB%% %i a‘% %qog nﬁ %uls f%o%?‘"#ﬁegprﬁ??‘%ng%@% %;%éggelq?%@ﬁmugh into the
f urt hiehaliogycRor! i TRI i @fftdrahe Sadadaypisetbricol Mhiadhcrs| the balls 53

or the passage of fluid |eaving the primar
cycl anallet fign thtpraseiemmingd dinmgtesttowands apd FQ%E‘E‘E‘%? ctyglone 110.
allow balls 5 I t redet er4u ' : tained
exi t Smalﬁt@nﬁq‘ﬁﬁhﬁge Béﬁﬁ gﬁéﬁgiroﬁﬁn?@ glgegte)%gar yhggl/c %ﬁreare retaine
120 ghdild @k! §Tya¢ £22NGarand Relbllewed 22 ekio by tthesecondary outlet
passglgl]tglnoﬁéfs}é(fﬁhgl eay\\/%i ng the secondary cyclone 120.
The 2 bekdndahy cleatihe sysich? 58 siavhall catlebSt.0 renpve
balls | arger than the predeterm ned dianeter fromthe
secondary cyclone 120 and direct them back into
circyl ati in .t e YSLRMNGD s¥dtont 1992 kel in the shape of
out | E{ogéi?%ﬁf 5@%{8‘]1&?'}1%4%“ nggﬁ);&c% ‘?ﬁe 110 rITIHy be P
uti | ipatriQeatsll asund thé Grst gglinveiaissetton 120, sThwr dlotg are arranged at

bal I s 53 beFow the predeterm ned di aneter e he

bal | an BBgleloif chowtz308 to 698 droms therhoaizawfal of eepagul csclone 100; the

di scharged from the, c¢l.eani ng.s 7 ;

secohemfptal\Refg, nf?é }?yu?rfcﬁ’gé %?Aﬁ :EI ?héée ggﬁ?clﬁrdsftﬂq—éqam dete@es

oY i Rl difibees Bt MY B9t GAIaD GO a0d RS erfld of the slots assists
a

coni C section 120b. Both the first cylindri cial ine th
sect i the36hlls XBabeingl stljected ta raarlomecontash withothe glogs and enabling the

flggt I?Jgﬁh%d%p]tgﬁ%g ﬁ'x“p@g%& tgekéirp%:ﬁteé §f %sbgﬁg ?g %1‘6@26;1%\170 redetermined
pred?@a&g@?ed shape and WD 2006/ 009515 10

PCT/ 000195 size, allowing balls 53 bel ow the
predeterm ned dianeter to pass through into the

120 9RASE s srectpie] 2B T GRgprin 5T A0b or e sRRidary cyclone

pr edeb@r HioneshHirRaRY irdutianslss. anthé rdiruldrehples rae yarranged in a

cyclone 110. Sinultaneously, the bal]ls 53 |arger.than.
the pretbtarminddreanner abseund th eoniel g6 1@%@4 %fgﬁa%ghe size of the
oo Sl BIR 26 adnfiRe R afarRh WA B4 thatltin phS through.

[0040] Referring to FIG.3, the first cylindrical section 120a is further adapted to -
allow a variation of the width of the apertures 123a. This allows for a change in the
predetermined diameter of the balls 53 that can pass through the slots. The first
cylindrical section 120a further comprises a second cylindrical section 120c which
fits inside the cylindrical section 120a. The second cylindrical section 120c being
substantially configured with similar apertures 123¢ as the first cylindrical section
120a. The second cylindrical section 120c further being adapted to be adjustable.
Adjusting the second cylindrical section 120c causes variation of the width of the
aperture 123a of the first cylindrical section 120a. This happens as part of the walls
of the second cylindrical section 120c which have no apertures 123¢c are adapted to
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122 back into the cleaning system 50 via ball outlet

57. [0038] The apertures 123a of the first cylindrical
woann9idZ0a are in the shape of slots arrangeRfFHPE2005/000195
round the first cylindrical section 120a. The slots

are arranged at 10 an angle gff about 30 to 60 fromthe

hori zontal of the dual hull cyclone 100; the

hor i | being d b - . .
N e i T Shetorg oo oY 8 ity Rigdlled 6G3rion 1POF. thus decreasing
a t@e%%ddl%?ghe‘?@%nteﬁg%%ﬁzhfoug and the angle of the

sl ots~assi's al'ls 53 being subjected to
random contact with the slots and enabling the balls

53 to pass through if the di ter of.th al | . :
bel omfﬁ eAemaiey riing sgeongl=Cyd; espgtlc[nog%(g*] mﬁxﬁ é)@gﬁ)?erdew}ule the
aper Lur es. 1230 of.: i : ther alternative,
Seconthpyer faide SpadF s e PRy, yp fpother slemattve

hol egoth Hhefifst bflidcahsdotion 422 and the gechndreykindrical section 102b may
predeterm ned manner all round the cani.cal se&%i On.: 1 1o vary the
120bbe Silaptddatol e, adjhsable. She intends mpaiply ip haying iag griion to vary

al so defer.m nes the.dia e dgahat can
passW 8@%.31’?6@&6]1%@? ﬁlﬁgg}’]}b@cgaggm?rﬁgg first
cylindrical section 120a is further adapted to allow
a variation of the wwdth of the apertures 123a. Thi

N She dual hull
al | Oygo4sOReRertiang FIGH ik FIGSctetmethpddor apemalen of fge dual hu

the ball's 53 that can pass t.hrough t . : :
{11 seydene: |l siars wikh thesian ik Shihe 1D A %g%%e%aug 53 into the
second Gl Q10058 iedRodrfity WhECIRL hitd thel esordar fslone 120,

cylindrical “section 1 e second cylindrical . et 111
sect iaad idt?dacingifivgd oslytistoathe idakl lyﬂb@wh@ulroé)dﬂw%%wnmafy inlet
simlar apertures 123c_as the first cylindrical

sect A ﬂlqmmﬂf&‘%%ib‘ﬁd cylindrical section 120c

further being adapted to be adjustable. Adjusting the

second cylindrical section 120c causes_variation %f fluid vortex
t he ybgih Fellowivey ¥fichpe primagy flaBhvertex bl fp¢ gsecondary Huid voriex

Sl 1 S5ome prenronl opReh iy i ARCR Ry 3 rBRk 118 anlitRe secondary
ha"eé%?ﬂg@%%%%g&ﬁl@@? are adapted to WD 2006/ 009515 -

11 P 0195 overlap into the apertures 123a
of the first cylindrical section 120a, thus decr.easing

[0044] The fluid in the primary fluid vortex 131 and secondary fluid vortex 133 are

both experiencing centrifugal forces which would cause separation of bodies or
objects having different relative densities. This separation capability in cyclones is

well-known in the art and will not be further discussed in detail.

{0045} Fluid containing balls 53 in the secondary fluid vortex 133 would undergo
separation of the balls 53 from the fluid. As centrifugal forces act on the fluid and
balls 53, the balls 53 which are denser than the fluid would migrate to the walls of
the secondary cyclone 120 and come into contact with the walls. The contact
between the secondary cyclone 120 and the balls 53 causes debris accumulated on
the balls 53 to break free into the fluid. The spinning action of the secondary fluid .
vortex 133 may further add to the dislodging of debris from the balls 53. The balls
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the width of the apertures 123a. [0041] Alternatively,

the second cylindrical section 120c may be fixed while
Wh200680951F st cylindrical section 120a is adapt ®ET{2p/000195
adjustable. In yet another alternative, both the first
cylindrical section 120a andjphe second cylindri cal

section 102b may be adapted to be adjustable. The

intent js mainly.in havin ' i

W dt Yﬁ%jﬁ Wﬁé Hsﬁ(?ee@efﬁ%éh%& c&ﬁfé)!n? ﬁ?g?nééﬁflﬁ‘thy : n%{]‘i%(%el into contact
sect,QnoliRawil chd04Rkr Bef &1d ione tdisléddingl ofdebris b the balls 53.
the nethod for operation of the dual hull _ cycl

%ne 100 123
st arDebrisi ditlotgre Hompthofballs 63 guaycihey migmts flypigh the apertures 12oa,

cont ai_ni.n alls 53 info t al ,.huyll gy . let
vi a 123k @g’cg'ﬁw rfiYé nizlisiaﬁ‘ag’et fie egntggoﬁi%ﬁct%%ﬁggﬂngry outle
120, d.d ducing fluid only into the dual hull

cycllc}%?gli %/él'af; the primary inlet 111 into the

primary cyclone 110. 15 [0043] Follow ng which, a

primary fluid vortex 131 and a secondary fluid vort
133 20461 chatti bl SuomETg s Wb PhiE TP one 120, the step

cyclone 110 andg, t 8 ter from the second
¢ ee pecePrEngp 2yby B YN the il BfindF Rameter fromthe secondary
VOr t 8%oha 1 28NskcaaC OTRabYIS b3l belovotheepredd@nsinal dianteter would pass
experiencing centrifugal forces which woul d _ caus

S epathaighribe pluoiity ©f aperturesb) 2e: 523tk the SeRondey tloe 120 into the

relative densities., This. ' Lty |

B

furthe réﬁe&gﬁftﬁﬁﬁihﬁg@ﬁﬂ@h bxit & M]crﬂbn& 1110 via the primary outlet
a

cont al ni ng s 53 in the secondary fluid vartex 13% nosal
woul tii2undee getired dpils £6i wouldftherh eetlajinte agoljqchag mprgns for dispos

fluid, i fugal. f . | d .
pal | $hisaherthad oy 8 st i ledlfe Metef o0

woul d nmigrate to the walls of the secondary cycl one
120 and cone into contact with the walls. _The cont alﬁtb ined
bet wesr]t The dellsfdalargaybenibe rrefetprpinadediggefes wauld be retame

causes.  depris accunul.ate n e ia th
f r eelsSiedhe ﬂeé’oflﬁqﬂ"d’yc}?ﬂ%qggﬂd:’%ﬁ{dﬂaeﬁ%%‘%ﬁ? %rg cELBRX120 via _e
secopdan s d |t 1200td BX réksidodtyd D05 bhelk imolthd dearing system 50 via
di sl odgi ng” of debris fromthe balls 53. The balls W

2006balb o6t 572

[0048] Referring to FIG.6, the primary inlet 111 and the secondary inlet 121 may
further be adapted to improve the performance of the dual bull cyclone 120 in
accordance with the present invention. The primary inlet 111 may be adapted to be
. inclined by a small angle of less than 15° from the horizontal as denoted by the
" arrow 5 in FIG.2 into the primary cyclone 110. The primary inlet 111 may further
be adapted to include a choke for varying the size of the primary inlet 111 thereby
varying the velocity of the fluid entering into the primary cyclone 110.

[0049] The primary inlet 111 may also be further adapted to comprise two primary
inlets 111a, 111b situated at opposing sides within the primary cyclone 110. The
primary inlets 111a, 111b may also be adapted for varying the velocity of the fluid
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15

PCT/ SG2005/ 000195 53 whil e spinning inside the

secondary cyclone 120 may further cone into contact
wadowaiopdlde with each other and add to the di sIPSdgIGg05/000195
of debris fromthe balls 53. Debris dislodged from

the balls 53 may then m gratgythrough the apertures

123a, 123b into the primary cyclone 110 and be

di scharged through the primry outlet . : ion. fluid

di spuistipg HOPFBAYATcIoRE 1ha1 1S a%%‘“iiﬂi? g (bt imvention. :

of the secondary.. t;heniph@Pthaff the efdd avdlosity in the
hll"%%l?s%ﬁ%@ﬁweﬁoy@w e

2207 e predeterm ned dianeter fro :
t he {S&FARIAE lone Y00 NEhis 28uses cudifferentiel peessuse HSVSER F Primary

the predeferm ned di aneter uld ss.,.10 throu 1

pl uregélony 180 mt@ethemeé@ndfzs syclasss s Slﬁwg‘gs @B@ﬂgﬂg{éﬁé‘ii";’;ml the
cycl one into Rf 1 d ull cyclone
r et isﬁ%ﬁldf“fycﬁﬁlf"{gﬁg léﬁlgﬁﬂi dﬁ@%tsgﬁ]%gmgr e bg}??s g3

bel SLET B ROy disune differéiitiah iedirecteddrom the secondary
pri gl\15(‘jl(f)>/ésgf)?)é Sﬁ‘% 11093:” a ?he primary outlet 112. The

r et igyeldndaR0 s th pricnakyicyichama 148t t1e into a col l ecting

nmeans for disposal while the fluid may be

reintroduced into the cleaning system50. 15 - 20. tapted &
[00 bal. : 4 e peced finten 2l are adapted to
diaﬁé&gihagh ?%#ggggélqpﬁgﬁde t he sﬁ%gndary, ) fAud
cycl Qpaai@flyandiowotiedourxs stradrareselctedeiclonescihahdirggipg the flul
via the secqndaréhoutle 22 to 5& rei ntroduced 225

bac keifounferentéally i fhﬁ&ﬂ%‘&@f‘éﬁ?@ﬁe % “ball outlet 57.

[0048] Referring to FIG 6, the primary inlet 111 and

the secondary inlet 121 may further be adapted to b
i mpr pgent g%gelse‘ gyplzwi\aﬁed tHat Nh@o@pabdlﬁaﬁﬂwf@)ﬁ@ﬂdﬁ@ri‘?@ems can be
in accordance wth the present inyenti t
| Nl etmadd by pprion skillega die st HHORt HEPRIEG "f-‘r e R6b{TBE tho presen
angle of .l ess than 15 fromthe horizontal as denoted

by { FYB8O% row 5 in FIG 2 into the primary cycl one

110. The primary inlet 111 may further be adapted to

i ncl ude a choke for varying the size of the primary

inlet 111 thereby varying the velocity of the fluid
entering into the primary cyclone 110. [0049] The

primary inlet 111 may al so be further adapted to

conprise two prinmary
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30 inlets 111a, 111b situated at opposing sides within

the primary cyclone 110. The primary inlets 111 a, 11 _
WH200690%5l150 be adapted for varying the vel oci t YCESG25/000195
fluid WO 2006/ 009515 13 PCT/ SG2005/ 000195 entering the
primary cyclone 110. In accofglance with the present
invention, fluid velocity in the primary cyclone 110

is higher than the fluid VQ£Q§+§y in the secondary

cycl one 120. This causes a &I erential pressure
between the primary cyclone 110 and the secondary
cyclone 120. Higher fluid pressure within the

.D .
secondar A cych-poeertdlephing sybtgm fon clepring @F;gllnglfl’fyoqif tubes in a heat
capability of the dual  hull .cycl ope o
c L enchobg? syiomp FEYSE Mmoo B gnd S B BEid s used as:
the pesconaay 0 SuwiddO6th (B8 dletcoted D tHd plurality of
[ 00B6F SFEUT li[”}g%@nf %egléﬁlfha, iR { 3

I'1I'b and the secondary

i Nl @lpek?d 1R Bschgiptead, thocledfing ujmidranomptisipg:f ol | ow t he
curve structure of the cyclones, thus directing the

fluird ciapuraigrefiellain hed the dual hul | cycl one
100. [0051 t.owill j ' the fluid and th
odi 1 cata batb iiffrorplSf o RE RFCAAEE chd br BUARG the fid and the
per;@&aﬁg{iﬂ&ﬂsiﬂoﬂﬁ%@ﬁng\&mﬁmt departing fromthe

scope o e present 15 invention. W) 2006/009515 14lura1' of '
O ai ms PGIhaGARHE006Lasupled Aorthn b iglet dorcdizeghng fhe plurality

system for cl| eani Lyrality of tubes in a heat

excH@H@@éﬁé‘%@ﬁ%ﬁ%P%&gﬁ%’i nlet end and a di_sqhar ge

end, Vmer%d&?lfhhﬂ '89?1{)1% S5iRekdas tRe Balhigid fesepantieg a plurality of balls

medi um the Tl ul owng fromthe inlet end iptag t

pl Uridlowa pledettmiined timnteber fitors dhepheality @f bele tg‘F 2]3 1?_:]'1 cyclone

system conpri si ng: | pralitw of [1s in the fluid;

a bafurthpifos seRag] @gb’gﬁﬁ?ﬁ?ethﬁﬁﬁgﬁﬁgﬁge end for .

i nt r oduci ng. G Misle@ BltHeNtRral hull cyclone for introducing the plurality of
balls after separation and fluid into the inlet end of the heat exchange system;

wherein the dual hull cyclone comprises a primary cyclone and a secondary

cyclone; the secondary cyclbne adapted to have a plurality of apertures of a

predetermined shape and size and the secondary cyclone further being disposed
)

within the primary cyclone.

2. The system in accordance with claim 1, further comprising a venturi

installed at the inlet end for increasing pressure differential between the outlet end

and the discharge end.

3. The system in accordance with claim 1, wherein each of the plurality of

balls is adapted to comprise a asymmetrical weighted core.

4, The system in accordance with claim 3, wherein the asymmetrical weighted

core is made of metal.
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plurality of balls into the cleaning system 10 a ball

divertor unit coupled to the ball inlet for directing _
waeogsloessisi ty of balls and fluid into the bal IPGIA@095/000195
a dual hull cyclone coupled to the ball inlet for

separating a plurality of baljs below a predeterm ned
di anmeter fromthe plurality of balls, the dual hull

cycl one rther for separati. [ iofl balls have
and 55 a BHF PR ropo R EARES gt ) Bay ofballs b
for | Ee'll%i%ﬁl&i pdres of h titrietl of Bedskes aafitsizes resulting in a varlety
separation and fTuid into the inlet end of the heat

exc hafwgtativy dewsities. wher ei n t he dual hull cycl one

conprises a primary cyclone and a secondary cycl one;

the secondary cyclone adapted to have a plurality of

aper kur eS 1l sfeteriff 46L GMRCHiD RRE 18 TirthdrZeonigaibinighe ball counter
secondary "cycfone further being disposed 20 within the

pr i Mgrytracliel denundter 2f thehdwsiittaivallsiwitbinghe aysemwi t h

claim11, further conprising a venturi installed at

the inlet end for increasing pressure differential

L5, e AR il i, Gl o

systémin alm 1, whérein each of the

Pl ur ghijtet O moktdring thespreapf @ phealityrfbaliewithin the system.
asymmetrical weighted core. 4. The systemin
accordance with claim3, wherein the asynmetri cal

wei ght ed él%g 0%,%% Fgf’ 3%038 of, &Eﬁ?&lajm\/\@, £408e Iall 1&unter is a

PCT/ 8200 &St &m'in accordance with .
cl ai 03 8EBEk BBelatitg il ballefhabig adymmetrical weighted metallic
asynmetTrical weighted cores of a variety of nmasses and

si zesoreesulting in a variety of relative densities. 5

6. The systemin accordance with claim1, further

conprising a ball counter for tracking the nunber of

the @ ur aljeysysitmbial dcSordhiidd With bRt )65 twdierein the ball speed tracker is a
magnetic device for operating with balls having a asymmetrical weighted metallic

core.

10. The system in accordance with claim 1, further comprising inspection
means at open ends of the plurality of tubes for inspecting condition of the plurality
of tubes.

11.  The system in accordance with claim 2, further comprising an auxiliary
pump provided at strategic position within the heat exchange system to enhance

balls retrieval and injection processes into the heat exchange system.

12. A dual hull cyclone for separating balls below a predetermined diameter
from a plurality of balls in a cleaning system for cleaning a plurality of tubes in a
heat exchange system, where a fluid is used as a heat exchange medium, the dual
hull cyclone comprising:

a primary cyclone;
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10 7. The systemin accordance with claim1, further
conprising a ball speed tracker for nonitorin

< ! the
wpeed/009515 he plurality of balls within the sysg’&?{s@.‘msmo‘"%

The systemin accordance with claim6, wherein the
bal | counter is a magnetic ggvice for operating with
bal I s having a asymmetrical weighted netallic core.

15 9. The system i n.accatrdanc j i ' ;
the bal | asfg?_@%g? cyqlone i%éspgé‘edﬁawgﬂglex{‘iﬂgé giél\?ﬂla@»ec N6HE A having 2
operat i @l £ fhéaekdithifedegypaid a pretictemiingbd side;

met gﬁ'frl ggoco]%e. 10 he systemin ac,corglgn?:e Wt o

.. . ' . - b h

8:0 ai m 1, afpiidrp mleij(fnpdl're_citmg fluidstsagentigHy i thegriaary cyclone; and
o : .
condi ti o §¢°°E1131%}'Yp rg*.qlr: é“gcglptg?ﬁﬁ@s%gﬁiﬁ] Fﬁg[%;?g\tﬁgl%y of balls
in .ﬁggﬁdﬁﬂoﬁto%é BecGhd iﬂloﬁé‘” her conprising an
auxi ?/ punp provi geg t strategic position withi
the heat \oehiamessestsiagnetcionerib forceparatinghalls below pregetermined
retrieval and injection processes jnt at :
ex c iametesiremahe phupality of 53115 Ry Ia-ﬁOW’;P&I tgﬁ (%’Lﬁ%?‘ﬁow the predetermined
separating balls bel ow ' [
5D oL IS0 ek UL APPSR By S
g fp: Sirgl : ty of OItubes |hn a heat exchange system where
s used as a heat exchange nedi

380 glﬂc.) |O gggj;ggd Txgéhu}i wpeloss hgaccarciﬂngwty é%@ 2@1%%%' the secondary
B L
plurality of apertures of a predeterm ned shape and a
predeterm ned size; a primary inlet_ for directi

1; Ieui Iitdt arrgl;emalmamna;@ cyelbune ichascprdanes Yith wiaidnis, %EF%J the plurality of
condary inl et Ai T i ' ai ni .
ot (oSS B e SRR Bkl dors

cycl one;

15.  The dual hull cyclone in accordance with claim 14, wherein the plurality of

slots are arranged at an angle of about 30° to 60° from the horizontal.

16.  The dual hull cyclone in accordance with claim 12, wherein the plurality of

apertures of the conical section comprises a plurality of subStantially circular holes.

17.  The dual hull cyclone in accordance with claim 12, wherein the secondary
cyclone further comprises a second cylindrical section substantially similar to the
first cylindrical section disposed inside the first cylindrical section wherein
displacing the second cylindrical sectioﬁ allows the variation of the size of the

plurality of apertures of the first cylindrical section.

18.  The dual hull cyclone in accordance with claim 12, wherein the secondary
cyclone further comprises a second cylindrical section substantially similar to the

first cylindrical section disposed inside - the first cylindrical section wherein
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wherein the secondary cyclone is for separating balls

bel ow a predeterm ned dianeter fromthe plurality of

wal 20e6/d9518l | owi ng the bal |l s bel ow t he predet er lRGRYG2005/000195
di aneter to pass through the plurality of apertures

into the primary cyclone. 10%3. The dual hull cyclone

in accordance with claim 12, wherein the secondary

cyclone further_conprises a f.irst.cyljndyi S [0

and @isplasing dhe gt Eﬁﬁl_dﬂi §optioRHLoNFaonY ?aq%é’?c?%@é* Fhﬁe of the
accorda | | i plurality of

ap er?lﬂﬂaii?%ﬂptteﬁléﬁ% B e Hist YRASIAD sdcien.P!

I'rst cylindrical section further
conprises a plurality of slots. 15. The dual hul

cyclone in accordance with claim 14, . rein,the . .

pl ur 89.i t yThe dual| stk cyplenesiny %ﬁ@@gﬂ%& Wé‘ﬁh“jﬂa% é%W%erHh{he prmaty
30 tp.60. fromthe. horizon . : i
cycl ’cﬁlfg fflﬁﬁ%fc(@&p&gﬁsc éw\)sz {%Lc'!f éllill fgnts 1%@&/%&?%?% lﬁlges of the primary
pl ur@ﬁik;ﬂé. of 20 apertures of the conical section

conprises a plurality of substantially circular holes.
17. The dual hull cyclone in accordance with claim 12,

wherein the seco r cyclone farthe S : :
second cyﬁ‘ﬁ d%@ﬂﬁg%%?q ol @Qj’ﬁg‘{agﬁ? i“gﬁ @8%{) r%?l g»fhe%én the primary
the . hln i Gk 1ReF6eR RO &REHnd e @einidiecyclone.

firs %‘ﬁ%%agﬁdcfgﬁ%g?%i on m%?ei n 25 displacing the

second cylindrical section allows the variation of the

size of the lurality of apertures aqf the fir . :
cyl i Bl i cgheéjg‘ék h‘gh.cy @ue 1 ACGRTATCH (T %&ge%herem the primary

i
accos)rﬁ%nc% L el ar Gdd ol difec BERNSiddumferentially into the
arther co
b

cycl rirses a second cylindrical section
subs rpdddysesoniatyedyclone tdspe@ively.r st cyl i ndri cal
section disposed inside - the first cylindrical
section wherein WD 2006/ 009515 17 PCT/ SG005/ 000195

~di spl ?Ci noy %ﬂgﬁgfel ifé]f'stzeg&)éj_b_ﬁ%]ﬂEi&ﬁﬁ%@%ﬂﬁ%lﬁ'a@@@d&t&t&h&ed diameter

variation'o plurality of apertures .
of t Heynk b phirality lof balls inal tubecleawing sysgern, Tuséngdpal digll |cyclone having

cyclone_in accordance with claim.12, er.ein o.
o | P, GF BRe 4, FRBSATE SYHOPS AEPPH B By gyelone and

Si't e%a%godoﬁ%hﬂgoﬂﬁéﬁﬁregfof LRedidiBAed shepé bade predetermined size;
wherein the secondary cyclone allows the plurality of balls below the
predetermined diameter to pass through the plurality of apertures into the primary

cyclone, the method comprising the steps:

a) introducing fluid into the primary cyclone, and introducing fluid
containing the plurality of balls into the secondary cyclone;

b) forming a primary fluid vortex in the primary cyclone, and forming
a secondary fluid vortex in the secondary cyclone; and

' c) separating the plurality of balls below the predetermined diameter

from the secondary cyclone into the primary cyclone;

wherein the primary fluid vortex is of a higher velocity than the secondary
fluid vortex, and pressure differential between the primary fluid vortex and the
secondary fluid  vortex enhances the separation of the plurality of balls below the

predetermined diameter.
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20. The dual hull cyclone in accordance with claim 12,
wherein the primary inlet is adapted for varyin

t he
W@ L@ei00%351Df fluid entering the prinmary cyclone?c%@G?Tﬁmm”95

The dual hull cyclone in accordance with claim 12,
wherein the primary inlet ard the secondary inlet are
adapted to direct fluid circunferentially into the

pri mary and secondary cycl one respectively. 15 22. A
nmet hod for separating a plurality of balls below a

pr eglet o1 i \ado Ay AR Fdants QibRldh I hirter ofmpadibg e nice: -
tub® cl eani'ng system using a dual hull cyclone,havln%h fube
a primary) cyclehsrodaciagdheghurglityyefl balls afies H6REAICH LHP i

the primary cyclone and having a plurality of
aperleasmingsystena predet er mi ned shape and a predet er mi ned
size; wherein the secondary cyclone allows the

plurality of balls below the 20 predeterm ned di aneter )
to pass irhe piebdtiR@ceirdntdeivwish china P2y wherews step @ firieer comprises
primry cyclone, the nmethod conprising the steps: a)

I nt kledepisng fluid into the primary cycl one, and

introducing fl uid, .containin MiLgr-Y AR bal | s

i nto thecgbcoﬁﬁkﬂﬁugygiHﬁgpng?kggg%?ﬂéﬁgh%¥5ﬁ%ry f1uid
vortex iyt he DLl HRYiebHhs eRethe phidlalitg ofbaids inRGtha primary cyclone.
secondary flurd vortex in the secondary cycl one; and

c) separating the plurality of balls below the
predeterm ned di anmeter fromthe secondary cyclone into

the primary cyclone; wherein the primary fluid vortex

is of a higher velocity than the secondary fluid

vortex, and pressure differential between the primary

fluid vortex and the 30 secondary fluid vortex

enhances- the separation of the plurality of balls
bel ow the predeterm ned di aneter. WO 2006/ 009515 18

PCT/ SG2005/ 000195 23. The nethod in accordance with

claim 22, further conprising the step: d)

reintroducing the 'plurality of balls after separation

into the tube



cl eaning system 5 24. The nethod in accordance with
claim 22, wherein step c) further conprises the
woepss/008515 di sl odgi ng debris fromthe plural it P@S6G2005/000195
ball's; and c2) separating debtis fromthe plurality of
balls into the primary cyclone. 10 WO 2006/ 009515

PCT/ SG2005/ 000195 19 PCT/ S&005/ 00195 AVMENDED CLAI MS
[ Recei ved by the International Bureau on 16 Novenb&tft/sG2005/00195
2005 (16.11.2005)] WO 2006/ 009515 PCT/ SG2005/ 000195

20 G ainms 1. A non-powered cleaning system (50) for
cleaning a plurality of tubes (17) in a heat exchange
system (10) having an inlet end (23) and a di scharge
end (25), 5 where a fl uaAtiENDBDSEICAIMS a heat exchange
medium the fluid flowwng fromthe inlet end- (23)
into the plurality of tubes (17) to the dischar d,
t he cl epreteigd by gteduternatiOy! Bugeayon 4o Ng‘femaﬂaoﬂﬁ%%}%“’gr ¢
balls (53) in the fluid; a ball inlet (55) coupled to
the di scharge end (25) for introducing the fluid 10
and the plurality of balls (53) into the cleaning
system (50); a ball divertor unit (63) coupled to the
ball inlet (55) for directing the plurality of balls
(53) and fluid into the ball inlet (55); a dual hul
cyclone (100) coupled to the ball inlet (55) for
separating a plurality of balls (53) below a
predeterm ned di ameter fromthe plurality of balls 15
(53), the dual hull cyclone (100) further for
separating debris fromthe fluid; and



a ball outlet (57) coupled to the dual hull cycl one

(100) for introducing the plurality of balts (53)

ved tens/08espar ati on and fluid into the inlet end PEISG3P05/000195
the heat exchange system (13); wherein the dual hul

cycl one (100) conprises a primary cyclone (110) and

20 a secondary cyclone (120); the secondary cycl one

(120) adapted to have a plur &lhims of apertures (123)

of a predeterm ned shape and size and the secondary

cyclone (120) further being disposed within th

primaty cyal omm-gavi@d cRaningsystgmi(66) os0eaniag a plurahty of tubes (17)

5 68 & hestexchuge dystpme1Ph et A HBasd O And FDikhirge end ©9)
5 P ess%g e BhAMS Slts éﬁ p?l%ﬁ‘teé%{%h&ﬂ‘% mEHEC thetfMeld (ffb@mg“ﬁ@m the inlet

the diech arge en stem (50) in

accor gah@3) Wtohthe Ipmmmtgz ofvibleese(1) enthe dischatge qudy thel ¢leaning system
.of balls (53) is adapted to conprise a asymetri cal

wei ght¥) cempesSing0 4. The system (50) in accordance

wth claim3 .ical weighted core
i s made of %‘Féﬁ}-‘ef"f\k@%@%gﬁi RTICLE 1.9 WD
2006/ 009517 M@%ﬂﬂ@&f@@ the?diséhargdhends(2$) o igfr6Jucing the fluid

I n accordance with aim 3, wherein the plurality of

10 bal | sand S@)plurality cfdphas3) Mnalthq/@eajmwsm eMof a

ol ative denih fivenogugt iy SGled i tab el ol (5P torclirecting e

W th 1@%2&};6%51}& AndCONR AL AGbAL ii’ﬂ’ét' 55)gount er (67)
for tracking the(tr?g)?rrber of the pl urallt(y)of bal I s

wi t hi n t heasdusi dnil chlo‘ﬁhdeQ)sp@ppIQcB@; they balt dajet £370for separating a

\(Metg? %{5@51}% 1r’ﬂft1}§ﬂ ﬁgﬁt ooxgp&;é% nﬁiﬁgg %I?eg 1?omot¥19‘f)lﬁﬁ‘5hty of balls
5 bal | S?ﬁ%ﬁe%ﬁlﬂi@ﬁ 5y'3ﬁ>n§¥ﬁ§(9'ﬂ1rﬂ4&f§rse§5h@t1ﬁ 26819 fe&A)xhd Muid; and

accor ce Wt aim 6, wherein the ball counter (6 %
is a magnettatl aitlet ¢3) conplepéa thei dvgl Wil lsydlend € ORX{orApfroducing the

2 asy"ﬁﬁﬁt&%?'bai’i’e 5ty Mol 3l ddCand fluid into the inlet end (23) of the heat
exchange system (10);

wherein the dual hull cyclone (100) compnses a primary cyclone (110) and
20 a secondary cyclone (120); the secondary cyclone (120) adapted to have a plurality
of apertures (123) of a predetermined shape and size and the secondary cyclone

(120) further being disposed within the primary cyclone (110).

2. The system (50) in accordance with claim 1, further comprising a venturi
25 (65) installed at the inlet end (23) for increasing pressure differential between the
outlet end (57) and the discharge end (25).

3. The system (50) in accordance with claim 1, wherein each of the plurality of
balls (53) is adapted to comprise a asymmetrical weighted core.

30 .
4, The system (50) in accordance with claim 3, wherein the asymmetrical

weighted core is made of metal.

AMENDED SHEET (ARTICLE 19)



core. 15 9. The system (50) in accordance with claim
6, wherein the ball speed tracker (69) is a nmagnetic
wievh@zodas operating with balls having a asynmr8GI/GEA005/000195
wei ghted netallic core. 10.2IThe system (50) in
accordance with claim1, further conprising inspection
20 nmeans (70) at open ends of the plurality of tubes
(17) tor i i |deban& withelaigl 3/rwihdréiy thé plurality of balls
tubesg'(17) Tﬁgﬁﬁérlﬂgsg);%?%cﬁwb 50) in acgor%ance vvithp_ .
cl ai m(33) hhwe adyemettopviasghted sorenaka vargty of paagss and sizes resulting in
provi ded at strategjc .position within the heat
exchaﬁg‘jé“%tyé’f?r]ﬁt{vfﬁ%mfl ®95 enhance balls retrieval and
i njection processes into the heat exchange system
(10). 12. A dual hull cyclone (100) for separating .
5bal | s6(53) Thelsgstem (F0ciat swcnidasce witharkeinerl,f fusther comprising a ball

plurality of balls (53) in cl eani st 50). f.or

cl eanicemnter (6p) 19F Hrelipe Q“H@l% O?t%?)pl?‘%ﬁﬁé qji‘g’gftls( ¥ atﬁa gystem.
system (10), where a fluid is used as a 30 heat

exchange nedi um the dual hull cycl one (100)

conpr i7Si NGTha sPtémR50) i ¥etdrdance Wif)) claidVENDRRerSIdEIprising a ball speed
(ARTI CLE 19) 2006/°009515 PCT/ SG2005/ 00019 %é a,.
" secondacker (99 Ifonmonitaiyz the spreded thi RIRTAKLY %féﬂﬂglﬁ (3Arwithin the system.
cyclone (110) and having a plurality of apertures
10(123) of a predeterni ned shape and a predet er ni ned

si ze; ga prifiRiystéd!(Sh) ih hédorddmve vt elaiin 6 gwhdreindhe ball counter (67) is
tangentially into the primary cyclone 5 (110);.and a ,
secondanagnitic devi¢d Pt ppérating withdialls §aving pasypmesical weighted metallic .
the plurality of balls (23) tangentially into the
secon®@® cycl one (120); wherein the secondary cycl one
(120) is for separating balls (53) below a

redeterm ' . f it 1 d K
15{J 53) a./ al Flgx\%l sﬁ%t@l%@{)gﬁ %cggf‘(dsgfe Q%t%rcgééﬂlno% V{{Hheg&ﬁkﬁeﬁbal speed tracker

pr edet(g9)i Aatagctoderice far qpesatinghwith bhlls haying u psymmgtrical weighted
of apertures (123) :
metallic core.

10.  The system (50) in accordance with claim 1, further comprising inspection
20 means (70) at open ends of the plurality of tubes (17) for inspecting condition of the
plurality of tubes (17).

11.  The system (50) in accordance with claim 2, further comprising an auxiliary
pump provided at strategic position within the heat exchange system (10) to

25 enhance balls retrieval and injection processes into the heat exchange system (10).

12. A dual hull cyclone (100) for separating balls (53) below a predetermined

diameter from a plurality of balls (53) in a cleaning system (50) for cleaning a

plurality of tubes (17) in a heat exchange system (10), where a fluid is used as a
30 heat exchange medium, the dual hull cyclone (100) comprising: '

a primary cyclone (110);

AMENDED SHEET (ARTICLE 19
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into the primary cyclone (110). 13. The dual hull

cyclone (100) in accordance with claim 12, wherein the
waBzo6deasys cycl one (120) further conprises a fi PEH/SG2005/000195
cylindrical section (120a) &&d a 15 conical section

(120b). 20 14. The dual hull cyclone (100) in

accor dance vvith claim 13, wherein . the plurality of

aper tures mg,f rraub%ef 156y d@yd)gea GitiAlthe geitiady cyclone (110) and
(120a) qur"t rises a plurality of slots. d
The guahg B@ldral&y@f@pa—u(ré@mﬂb of apuedettamined.ghepe @1%4 predetermine
14, wherein the plurality of slots are arranged at an

angl sizef about 30 to 60 fromthe horizontal. 16. The

dual hull ¢ cI one %m: a1 idortheé grimary cyclone
wher ei n tﬁé’ ét](i)ﬁ)fopd rturgagg%]%ZS of thgn i

coni @lall .Sﬁgtl on (120b) conpri ses a plurality of

subst ant)l ally circul ar hol es. 5}1 dual .hul |

cycl one (meyondnmuﬂ@r(dah}:@r\ﬂl&eﬁﬂ%g ’rﬂ qontaipig, the plyrpllty of balls
second 20) f ses a second

cylllﬁ%i?r ]ﬁff%;ﬁé{{gg g@{‘@;} |aIIy simlar to

the first vﬁ:\é} ]ﬂq%é g@donaﬁ@t dyelonk J(22@)) isctios psepai‘dtmmbaltﬂe(53) below a
the first rical séction (120a) where

di spl efeglmﬂea dameted froyd thedhlimality eflallsdd3) ﬂ@g?wmg the balls (53)
PCT/ SeRo0HRT e@éﬁh%fg%a%@gvt%)wé%&wuﬁéﬁ ity of gertures (123)
of the urall ures (123) of the fII‘St

cyl i PiTea Ciygi;?n??gfdg 18. The dual hull cycl one

(100) in accordance W th cIain112, wherein the 5
secondary cyclone 120)

cyl i ik i calhesdeali ik (51@9’&%] r(@(ﬂ)‘é;iln;%%&gilal%ges Sy?intl? l%ga%{ 12, wherein the

the fifsti&y ARl fﬁﬁfbt% Bed@ital B&itide (120a) and a
the ¥ F(E}d %)} Qb secit'- ?gkr?ﬁ%%Oa) V\herel n

di splc@gidagsgcﬁ@n(nmy cyI i ndrical section (120a)

allows the variation of the size of the plurality of
apertures (123b) of the first cylindrical section

(120@4. The dual hull cyclone (100) in accordance with claim 13, wherein the

plurality of apertures (123) of the first cylindrical section (1202) further comprises a

plurality of slots.

15. The dual hull cyclone (100) in accordance with claim 14, whcrein the

plurality of slots are arranged at an angle of about 30° to 60° from the horizontal.

16. The dual hull cyclone (100) in accordance with claim 12, wherein the

25 plurality of apertures (123) of the conical section (120b) comprises a plurality of

substantially circular holes.

17.  The dual hull cyclone (100) in accordance with claim 12, wherein the

secondary cyclone (120) further comprises a second cylindrical section (120c)

30 substantially similar to the first cylindrical section (120a) disposed inside the first

cylindrical section (120a) wherein displacing the second cylindrical section (120c)

AMENDED SHEET (ARTICLE 19)



10 19. The dual hull cyclone (100) in accordance wth
claim 12, wherein the primary inlet (111) further

WOonpUeioeeast wo primary inlets sited at opposi ng PETHKE005/000195
of the primary cyclone (11033 15 20. The dual hull
cycl one (100) in accordance with claim 12, wherein the
primary inlet (111) is adapted for varying the

vel ocj f )ALk ' t be iy bRRdlity ofyajepnees((128) of the first

21. f%lé%aﬁ‘é? Jf#kﬁogg&gﬁgﬁﬁelgg)t itﬁ ac%}érdaﬁice Wi th .
cl ai royfiRdricahssoeibn (120m). 20 prinary inlet (111) and the
secondary inlet (121) are adapted to direct fluid
circunferentially into the primary and secondary
cycl ane (140, i Y&d)Y: petigs clam 12, wherein the
separatin g 8 %?%HII{ ?:?&gﬁé lgle/ﬂ)sm( é%c)ordggl ow.a )

5 Pr edefasiaRe dyclehe (EL0) fufrthemcamptisesak i segorsf cféndrisal sepfion (120c)
in a tube cl eaning system (50), .using, a é% I gS huél. e the first
cyc| crubstauttdly siailantp ﬁlepﬁrﬁhﬁfhyde%lss%&m( @?), 13pOsed st
secondary .cycl one I_SRO L HA®H Yection (120a
cycl o ngll‘i%)se‘ét?f’dl ﬁé@ gi] gwgér%#ﬁuéﬁgﬂﬁ%go @%%reﬁyﬁf‘es (1202)

(123)110%s @ePFLARLE T 18 GiZehaP theapldratity o dptrrunss (828b) of the first
si ze, wherein the secondary cyclone (120) allows the

pl ur adyilingricd sbaion(12808) bel ow t he predeterni ned
di anmeter to pass through the plurality of apertures
10 (123) into the primary cyclone (110), the nethod 30

conprjgin t ; Sodrd¥REL Giefth 13imMR2, wherein the
2006/ 95%@@%‘[‘%@%0‘?@%& 5 )3?45"':‘63 i ntroducing fluid

into pin@agyrinfeR Y119 FattherecofrptiBys tvempriinaTy iRl sitey atfopppsing sides of
containing the plurality of balls (53) into the
seconthgpyimayy: PYens@38): b) forning a prinmary . fluid
vortex in the primary cyclone (110), and formng a
- secondary fluid vortex in the secondary cycl one (120Q); .
15and 52¢) sTherdatl hgllt txelqHeuiaD) fy aseordandeswithaglaigp| gy wherein the

the predeterm ned . di anet fromthe . ;
(150] prmes okt (br )i PP fop vaS e B VSR EY 2 i ftelifthe primary
pri mar cléﬂel‘tiITlO)\.’orteX is of a higher velocity than the
secondary :

21.  The dual hull cyclone (100) in accordance with claim 12, wherein the

20 pﬁmary inlet (111) and the secondary inlet (121) are adapted to direct fluid
circumferentially into the primary and secondary cyclone (110, 120) respectively.

22. A method for separating a plurality of balls (53) pelow a predetermined
diameter from a plurality of balls (53) in a tube cleaning system (50), using a dual
25 hull cyclone (100) having a primary cyclone (110), a secondary cyclone (120)
disposed within the primary cyclone (1 10) and having a plurality of apertures (123)
of a predetermined shape and a predetermined size; wherein the secondary cyclone
(120) allows the plurality of balls (53) below the predetermined diameter to pass
through the plurality of apertures (123) into the primary cyclone (110), the method

30 comprising the steps:

AMENDED SHEET (ARTICLE 18)
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fluid vortex, and pressure differential be
primary fluid vortex and the secondary fl L;Nge\r/]ow:x
Ved Rensess1she separation of the plurality of baPCI/§G38§5/000195
bel ow 10 the predetern ned i ameter. 23. The nethod
in accordance with claim 22, further conprising the
;teg:r d) rei PItrod.uci ng the plurality of balls (53)

separ at i 0t : NSy CBS i i
15 24, Th net ﬁ{gréhuﬂhﬁéc%?dg%glﬁ?ﬁmﬂgrg m 2;(&&0\,%3?)1_. iniroducing
St epraki dottataing tioptpaliest batlh € Viintedhe seopndsri pysigneid 20

debris fromth I [ .
separat i ng) _deb%?rgﬁgé 3&4%@%1535%0?%5@‘%25@% %cgr)clone (110), and
'( Nt O G Ph L O hary AR GVSHAE the JndoAY/EPIGR (B2

c) separating the plurality of balls (53) below the predetermined

diameter from the secondary cyclone (120) into the primary cyclone (110);

wherein the primary fluid vortex is of a higher velocity than the secondary
fluid vortex, and pressure differential between the primary fluid vortex and the
secondary fluid vortex enhances the separation of the plurality of balls (53) below

the predetermined diameter.

23.  The method in accordance with claim 22, further comprising the step:

d) reintroducing the plurality of balls (53) after separation into the

tube cleaning system (50).

24.  The method in accordance with claim 22, wherein step ¢) further comprises

the steps:
cl)  dislodging debris from the plurality of balls (53); and
¢2)  separating debris from the plurality of balls (53) into the primary

cyclone (110).

AMENDED SHEET (ARTICLE 19)



