WO 2011/ 141775PCT/ 1B2010/ 052146 1 AN APPARATUS FOR USI NG HYDRODYNAM C

CAVI TATION I N MEDI CAL TREATMENT 5 Background: The present invention rel ates
to an appaoabusi4iTs using the hydrodynam c cavitation i rCraB2aabs2isecat ment
such as destroying kidney stones or kitlling infected cancer cells. 10
Heal t h care spending occupies a significant portion in the budgets of nmany
countries and the spendings well exceed 4% of gross donestic products of
many countries. These huge budgets allocated for health care spending
shoul d be wi sely managed in order to find solutions for primary di seases

t hreatening the health. 15Hydrodynam c cavitation is typically initiated

with local stati ANKPEARATUSHOR USINGHIYWRODYNANMIE CAVYEATION B f ects on
many turbomachi nery have been investigated by nunerous researchers in sone

articles and standard mul ti phaseIEBICAoRREATMENknown t hat every
hydraulic device is susceptible to the damage caused by cavitation once the
appropriate cavitating flow conditions are observed. In nost cases, 20

hydr odynars c Baskigraimdxn i s not desired since it limts the performance of
the fluidic SiﬁtEﬁ] causes catastrophic dazgge and fl ow choki ng, qenerates
acoustic noi sthe RiseEnt cRysEoRFH3tEs OridyapPbisdonpEng ts hydradyapniccayitptn

creating cavifahlngai QY cﬂdax'h%gér&yiﬁg%&% Wed § AN GinAHELRS: cahlEr USE

of ultrasonic cavitation in ultrasonic treatment of cancerous tissues has
been investigatlled by various researchers. This techni que has been widely
enpl oyed in cancer treatnent. It is a non-invasing treatnment, where sone
difficulties are faced to expose the treatnent to the desired | ocation.

U trasoni g camidiatdaphsRESAE I0R_EG Y difhiheat phfioANnd 1R KRLEQEREENG 3budRE0ds
are expensive 30 nethods and much energy input is required to initiate

bubbl y cavi t aaridothe apehdamgraweld exgasd gl/n @h gbass logwstic pwoducts of many countries.
2011/ 141775P 1B2010/ 052146, 2 Th nited States specjf.dcation U520080
104868 nas di Lareouae AR etrat Torbal e Sherring O ST O TR s e
for crystalligidegodindasReBastor ppiataky Gidbatd thraedningethphaslimceut i cal
conpounds. The process disclosed in that docunent is used for purification

of conpounds. The application of the method is targeted in Scrystallization

of phar mageut H§@1Jo d§&%8 %Qgﬁat%lﬂdis it%i@ﬁw 1n(ft?£éc9 with lggﬁrsQatﬁC@Je§sure reduction

below a critical value. Its effects on many turbomachinery have been investigated by
numerous researchers in some articles and standard multiphase textbooks. It is
known that every hydraulic device is susceptible to the damage caused by cavitation
once the appropriate cavitating flow conditions are observed. In most cases,
20  hydrodynamic cavitation is not desired since it limits the performance of the fluidic
system, causes catastrophic damage and flow choking, generates acoustic noise, and

lowers efficiency.

There are two main sources for creating cavitating flow; hydrodynamic and
25  ultrasonic sources. The use of ultrasonic cavitation in ultrasonic treatment of
cancerous tissues has been investigated by various researchers. This technique has
been widely employed in cancer treatment. It is a non-invasing treatment, where
some difficulties are faced to expose the treatment to the desired location. Ultrasonic
cavitation associated with heating and electrochemical methods are expensive
30  methods and much energy input is required to initiate bubbly cavitation and produce

micro/nanobubbles.



The United States specification US 19995860942 has di scl osed a dental water
irrigator by enploying hydrodynam c cavitation. The application of the

nmet hod i rweand/i4mvénti on lies in renoving plague from treTHBVORUSSE ace.
Hydrodynam ¢ 10cavitation is enpl oyed2to produce radicals and ions in water
to elimnate dental diseases. The United States specification US20060
194868 has di scl osed a device and nethod of generating mcro bubbles in a

| i quid by using hydrodynam c cavitation. The 15 application of the nethod

in the said ihveptio iLes in.nner pl.i gations, . cl.eanin
bont oo mat od TS Bhkeh st SpkArRhAS R0eaRaEes ARG RenBuSR Al

general |y usethefigurqiimiahiic abvienionSynied Yor c29JtaRiok} eebmpensit, pheicareBent
invention is to achieve a cost effective apparatus for using the .

hydr odynam ¢ #4vepaeimpechicalsamparnds ¢ peasess dipdesrdrin dhytaslocumentys upgte
present invengl ' ' eRer f [ r i ng the
hydr odynam c 1F(:Ozlri ?ltr faft?%até%nﬁorci[hénoe Oclgrfhst ?Zlg%gﬁtcsﬁér io\tgfec h%egg%p?%? ?(t)inr%(%*elats]lﬁe

Dr awi ngs: SThecrggpldizaiansoffpharnisicatical bempytdide diydarapplicdid toahdoom sdate. medi cal
treatnment realized in order to fulfill the objectives of the present
invention is illustrated in the attached figures, where: Figure 1 is the

20hemﬂti C 1 epfRS et Rk ReQlpbl®icARPRTA 14953 ¥8d 201 ditdibdaPCHeAB2ALR4052146

irrigator by employing hydrodynamic cavitation. The application of the method in
said invention lies in removing plaque from the tooth surface. Hydrodynamic
10  cavitation is employed to produce radicals and ions in water to eliminate dental

diseases.

The United States specification US20060194868 has disclosed a device and method
of generating micro bubbles in a liquid by using hydrodynamic cavitation. The
15  application of the method in the said invention lies in mineral recovery applications,
cleaning contaminated ground water and treatment of waste water. This process is

generally used for purification.

Summary:
20  The objective of the present invention is to achieve a cost effective apparatus for

using the hydrodynamic cavitation in medical treatment.

Another objective of the present invention is to achieve an energy effective

apparatus for using the hydrodynamic cavitation in medical treatment.

25
Brief Description of the Drawings:
The apparatus for using the hydrodynamic cavitation in medical treatment realized
in order to fulfill the objectives of the present invention is illustrated in the attached
figures, where:

30

Figure 1 is the schematic representation of the apparatus.



El ements shown in the figure are nunbered as follows: 1. Apparatus for
using the hydrodynami c cavitation in nedical treatnment 2. Tank 3.

Conpr essowo2411/Tiutys ng 5. Probe 6. Valve 7. Filt@CT/1B2010/05218.
Fitting 109. Fl owreter 10. Indge capturing unit 11. Positioning
assenbly 12. Control and data acquisition unit 13. Channel 1514.

Inlet region 15. Exit region 16. Strip 17. Heater 18. Power supply
20B: Bubbl e

Elements shown in the figure are numbered as follows:
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20 B:Bubble

TS: Target surface

Detailed Description:
An apparatus for using the hydrodynamic cavitation in medical treatment (1)
25  comprising;
a tank (2) used as a container for a fluid,
a compressor (3) which is connected to the tank (2) in order to maintain the input
pressure of the fluid,
a tubing (4) in which the fluid flows,
30  aprobe (5) in which the cavitation occurs,
a valve (6), which is placed inside the tubing (4), allowing the fluid to flow into the
probe (5),



TS: Target surface Detail ed Description: An apparatus for using the
hydr odynam c cavitation in nedical treatnment (1) 25conprising; a tank (2)
used as awooantigisnes for a fluid, a conpressor (3) whi chPC3/IBEndeted to the
tank (2) in order to naintain the inp#it pressure of the fluid, a tubing (4)
in which the fluid flows, 30a probe (5) in which the cavitation occurs, a
valve (6), which is placed inside the tubing (4), allowing the fluid to
flowinto the probe (5), WO 2011/141775PCT/182010/052146 4 a filter (7),

which is place the t.ubi ti the I articles of
predetern1ned gpze bﬁ?&c%ﬁﬁﬂa“glgmé ﬁmtnggﬁm) %ﬁn tfhﬁnec %@r{ﬂgsofobe
(5) to the tu@g&gm@ﬁhmjﬁzéﬁmmme@QRWQS) neasurlng the volume flow rates of

the fluid throu&h the probe (5), 5an image capturing unit (10) capturing
the sequenti atfl Wﬁd&)scqmeﬁmah@pmhy (@rt@\meﬂ@bl&lﬁd“bol | apsi ng of the bubbl es

R L
surface (TBS) anﬂlnaga captating un@ith)daptariag g siqti¢roial umges bi[Bl)bblé.(B) growing
and collapsing of the bubbles (B) after the bubbles (B) exit from the probe (5),
a positioning assembly (11) which adjusts the distance between the probe (5) and
the target surface (TS) and,
a control and data acquisition unit (12).
10
The probe (5) comprising a channel (13) extends between two ends of the probe (5).
Said channel (13) comprising of;
an inlet region (14) where the fluid enters into the channel (13) passing through a
fitting (8) and,
15  an exit region (15) where the bubbles (B), formed as a result of the cavitation, exit

from the channel (13) and exposed to the target surface (TS).
In a preferred embodiment of the invention the channel (13) is micro or nano scaled.

20 In a preferred embodiment of the invention the micro/nano channel (13) has a
diameter of 0.5-250 um. The channels (13) with nano/micro size inner diameters
have a standard outside diameter so that they could be connected to the tubing (4) by
using standard fittings (8). To prepare micro/nano channel (13), micro/nano size
holes (900 nm-150 pum) are drilled by Focused Ion Beam or Electron Discharge

25  (EDM) method. The one end of the resulting probe (5) of micron/nano size inner
diameters is integrated to the tubing (4) with a small fitting (8) whereas the other
end was targeted to target surface to be exposed to nano/micro scale bubbly
cavitation. After the fabrication of the micro/nano probe (5), the channel (13) is
filled with a nanofluid. In a preferred embodiment of the invention, copper or iron

30  Dbased nonofluid is used. The probe (5) is joule heated so that the nanofluid can
evaporate. As a result of the evaporation, copper or iron nanoparticles are suspended

in the nanofluid deposit on the channel (13) inner wall. The resulting nanostructures



The probe (5) conprising a channel (13) extends between two ends of the
probe (5). Said channel (13) conprising of; an inlet region (14) where the
fluid entwooimt4e775he channel (13) passing through a fi PCirng200@ys2a4ed, 15an
exit region (15) where the bubbles (By, forned as a result of the
cavitation, exit fromthe channel (13) and exposed to the target surface
(TS). In a preferred enbodi nent of the invention the channel (13) is mcro
or nano scaled. 20 In a preferred enbodi rent of the invention the

m cr o/ nano channel 3)- has, a dianmete .5-250 um .. The channel s. (;13)
W £ nanor m oror ek dfS afeh PERLRHA0D edidRdaTud S BEAIPSREILHo

that they coupdssaeseennestcadot Melddferbtibh BOmMidd/Mapo Wik dALBIaBRr Aftki thig Ngs
(8). To prepare nicro/nano channel (13), mcro/nano size holes (900 nm 150

lam) are dri | dpg@siipnrde peey Cois demsd o aErdanelsglubioge KaviationsisfEpijatedet hod.
The one end of, . | .t4 ' / LZec | r. . di ters
i's integratedaygqﬁﬁ%ﬁ%%fF%g&FgSq&?fﬁééhgﬁggkﬁP?%P?%88?%&§ﬁﬁg$£§§ngg&%ther
end was t & getadstiwrtirad gednnsuiiBpoellt. 0 be exposed to nano/ m cro scal e bubbly
cavitation. After the fabrication of the m cro/nano probe (5), the channel

(13) is filled wth a nanofluid. In a preferred enbodi nrent of the
i nvention, copR§¢ MonidPRs3pbas nRfbuid is used. The probe (5) is
joul e heated so (ﬁ%{n%ﬁ%ﬁ%anopﬁdﬁ§og%n egéporate. As a result of the
evapor ati on, zgppéi6)ovhich orfixednopwrend of 8w tabieg édlspended i n t he nanof | ui d
deposit on the cha . (13) inne L1 . The, resulting nanostructures WO
2011/ ;41775P@r??é923?‘8)/16%9&‘)&%t‘%{g*bﬁ‘e\tgﬁé’ (&) #9%f nano/nicro channel (13)
facilitatg Caé/bé\%ﬂs‘ﬁBpl§Ql8)@§in%@%%rssdr§'E%Etriééﬁ%%&%‘&tl@%at@ﬁ@l@ d for the
u

generation of mcro/nano size es (B). After this deposition, the probe
(5) is cleaned in an ethanol solution. Cavitation is facilitated with these

nanostructures and.nano/ m cro hubbl es ener.ge m t-he, por,ous .
Snanost uct ur Bt ERSARE et ahe g losCIE bR, BP R LGB Rpn s
conpri sing, a(1%Yh whjch(id Gxetvat Gho drilsfahd édbratiglithe cemdctolith fie thbipkng), vhich a

heater (17) in contact with the strip élG) and 10a Pomer supply (18)  giving
necessary el estppregfeddonerbet(d)- thhe hpeat @) deposited tothsséicop degr @ﬁé@@éfr%nt of

fived ot tao Cohe B LR B AR5 CROR b I PE G,
When electrical power is given to the heater (17) from a power supply (18), the
silicon strip (16) bends due to thermal expansion following temperature rise, which
leads to push the tubing (4) towards the target surface (TS) and thus to adjust the
distance between the probe (5) and the target surface (TS). The heater (17) measures

20  the temperature of the strip (16) surface and transmits the signal comprising the

temperature data of the strip (16) surface to the control and data acquisition unit

(12).

The control and data acquisition unit (12) is connected to the image capturing unit
25 (10), heater (17) and power supply (18). It (12) receives the image data from the
image capturing unit (10) and determines the optimal distance needed between the
probe (5) and the target surface (TS) for an effective damage on the target surface
(TS). Said control and data acquisition unit (12) receives the temperature data of the
strip (16) surface from the heater (17). By the help of the image data, the control and
30  data acquisition unit (12) determines the distance and activates the power supply
(18). After the power supply (18) is activated, the control and data acquisition unit
(12) controls the bending of the strip (16) in order to adjust said determined optimal



is connected to probe (5). The heater (17) is deposited to the silicon

| ayer of the strip 15 (16). The power supply (18) gives the necessary

el ectri cavoponert1176 t he heater (17). When el ectrical powrer/IBR1gDs2es t 0 t he
heater (17) froma power supply (18),6the silicon strip (16) bends due to

t hermal expansion follow ng tenperature rise, which | eads to push the
tubing (4) towards the target surface (TS) and thus to adjust the distance
bet ween t he probe (5) and the target surface (TS) The heater (17) neasures
20 the tenperat t he strl 16) nsmts

corpr i ng' o PerpBratiF aTa &) ghtnEHEE AR A6 PO b b B2l o
and dat a acquin§mtdoqmngjﬁbh1trha,materT(he) control and data acquisition unit (12)
is connected to the image capturing unit 25 (10), heater (17) and power
supply (18). It (12) receives the inage data fromthe i nmage capturing unit
(10) and det #@5 I t - r and
the target sur ace ( ﬁr dlgﬁs e?ct??\%gmu‘“ 33 ﬁgﬂ? gplgel?tggﬁdpgg%)(TS).
Sai d cont rol m&dtlﬁaﬁradeiemunsd pteesurenfher(tha)var\e((éb wag)ehb@andame(ﬂlaﬂunehajata
of the strlp(16) surfac fro heater (1 By the help of t | lmage
data, the confRrbl2attsie ‘?: ing Pd?‘?f?ifﬁlte‘ ¢ {ly: ﬂenﬁé%@%ﬁﬁ@a@ﬁ’i(]cﬁ)stance
and acti vat esltwﬁua%worﬁrrpeomydeg&%le oML whith R RRRliNed $8hs bFthe
activated, the control data acquisition unit 3 contro e bendl ng
of the strip {ili8)(7). ﬁflmlsd@ogglog aﬂ}hsvsihaslaﬂldbyda'gerpm‘twé@ iophd fhaid is mvented

2011/ 141775PCT[,1B2010/. t b t

oot noe (19 BIFCOIE ot v e URaRe (et TEB R R Preh Mo ot g )
When the ﬁppaé;@)%ﬁéncfeﬂ-}sedeﬁe sidadutiesh SroQueOaBhEAS Alesull) 10BAlsRdR préi8uielofitkk 1 N
the tank (2) into the Eredeterm ned pressure. Then the valve (6) is

opened and thféulfdl deictbaipes. féetpamul(ezc)ecmaawt@ a eerfalioeyitienl vRBICtUNGR Ny (ab)e
Beforetheflw ent e I nt nne| .5 .l fllte mth
undesirable o ject OnSV\;I bhe @\)espargtr{e:ga rnrlr%lnee esf?“z“één emtei%e ttfeerok& Thus,

cl oggi ng of t(rle)arhaahmeﬂthlayexhtareg@oxpalrst)mtﬁs chinid1g18), uhel blusbr:;r@weﬂatleﬁas After
the fluid enters into the channel it flows through the channel (13)

and 10 exper i diseesdsEyesy tedylb @&@)eﬁﬁltﬁheglwrlél dPbnd hithy taraet queface gl

t at f t
certann oot g nbDErd helifie SEPEERRER (L RSO RST B BRI RS | o
inside the fl dLdelr&fgquﬂﬁﬁIOQ]ﬁl drdemd dmltmlharemeies(ofﬂ)e bvedblies (BY) ahthéhcedistanceegi on

(15) of the channel b cav n.| s observed. Then, the
bubbl es (B) eXVeehd %lrﬁé?alecf%‘r ﬁ.tso)t Elﬂg EAPTUIGH FRRES dafEpre SERL i | e
they are exi tﬂoqﬁe Egﬁr&%ﬂ'ﬁka z(ch%}s’ltl&{"@ﬁlf (1 gﬁccﬁftﬁ)l%ﬁ@tdh!{aeaq%@ﬁélt% {fRge

capturing unit (10) in order to control the sizes of the bubbles (B) and
t he di st ance @& veenmitve the olvet éﬁéctmcdlsthecabmgfet:n sha prabe (ﬁ)l‘@)d thTherget

ot A SR T B Aot il GBS e AR AR R kR il o (62

di stance bet wagRistdiRc BEQREN (R probél(H)had tiay @fdet &Qfa%bl §P1§n6ﬂ'§k}>sef é-'hbu h to
destroying the target surface (TS) by using recei ve dr% dat a. t he

di stance bet vessh otles, widpeit (F) aahﬁat?h@etmmgyésumlyr(h@ealr at@fs(lﬁbrtam tse
ﬁgg?g? E 27)6 agl%ea?{h%esghcoﬁef%er E{he ship %l 6?':\{&711\{% I%Fhe?)[ a{%ﬁ)wdatr tha g%%?%{ wg()lg) ?Eg

t enperat ure ofnctdagessiil itann t(Sbénde(lﬂ(ﬁl) rek ey mamesl,ngl df tiié arthﬁg t(0),emetI ch
results in noving of the t (4) as 25 connected probe

Wi | e t hetheaf®incqted probs (ép)eWérﬁP B¢ hee Eléarﬁepa@ra%% dhe demapesatiesndaty @re{ he
control and dahaAadubstdila gq gs.ra'ar: &gﬁlmlaxﬁt(r@ %ﬁ% ﬁ%%térj(i)l 3R &Pﬁeﬂaﬁ@' and

the data acquisition unit trost ben)dlngo e strip
(16) by usi ngththlata m;rqmema(bmnmtr(lmuionantk tadjatmmm bﬁbemﬁthgof theestdp$t1G)dyi ng

di stance between the ta surfac S obe along with the
Feodback (1 maGU HEEdFmaHIGEE AMMHE AT A HE: PGS S oy RG SRR helbgen
the target surface (TS) and the probe (5) along with the feedback (image data)

30  obtained from the image capturing unit (10).



WO 2011/ 141775PCT/ 1B2010/ 052146 7 The bubbl es (B) caused by hydrodynam c
bubbly cavitation are highly destructive on surfaces once they are

| ocal i zeowoOBetiads®s50f this reason, they are utilized foPCa/IB2aNO/@I2¢460f
treatments such as destroying kidney %tones or killing infected cancer
cells. 5 1n a preferred enbodi rent of the invention the fluid used in the
apparatus (1) is the deionized water and phosphate buffered saline (PBS).
Dei oni zed water is used for kidney stones treatnent, where the environnent

is conpati bl e hi qui%} ile, for .killing cancerous. cells the fluid
shoul " be. PSRRI @ gulfisthrat PidkSosir bl GRERR R e fedSupify

preferred enmbediurtites hcd they arviooili2d, Bebist BREEs EARGM thAi0ardRitillizéd @rd S a
charged coupl ed  device (CCD) camera. 15Although the present invention has

been descri bedriy of fegisngnay suehias destraying kidngysstencsar|igllingdafestsoerneiat t he
same is by way,of illustration and exanple only and is not to be taken by
way of limtation, the spirit and scope of the present invention being
limted ofly by the terns of the appended clainms. 20 25 WO

2011/ 141775PCT/ 1B2Q10/,052146 8 CLAINS 1. An apparatus for using the

hydr odynani ¢ @aﬁ/ﬁ)r@gfﬂeéﬁm d%%ntggﬁheﬂfl@%ﬁtw&ﬁbe ﬁgﬁ;}wi Fhife apPRraiR (e a

container f Ordé}oﬁikﬁ]@ate?anﬁﬁ'&’sﬁ;ﬁét%%ffé@d%lihé (POSNEAGH 2 LWhILE i AR o

order to maintaln e 1 npu
kidney stones treatment, where the environment is compatible with this fluid, while
for killing cancerous cells the fluid should be PBS, which is a compatible liquid for

10  cell cultures.

In a preferred embodiment of the invention, the image capturing unit (10) is a

charged coupled device (CCD) camera.

15  Although the present invention has been described and illustrated in detail, it is
clearly understood that the same is by way of illustration and example only and is
not to be taken by way of limitation, the spirit and scope of the present invention

being limited only by the terms of the appended claims.

20

25

30



pressure of the fluid, a tubing in which the fluid flows, a probe in which
the cavitation occurs, a valve, which is positioned inside the
tubi ng, awvbawimgit’ae fluid to flow into 10t he probe, a PCiruB2010/04214h | S
positioned inside the tubing, preventBng the predeternm ned size particles
flowinto the probe, a fitting connecting the probe to the tubing, a

fl owreter neasuring the volunme flow rate of the fluid through the probe,
15an image capturing unit capturing the sequential images of bubbl e grow ng
and col | apsing of the bubbles after th@ 5{3% es exit fromthe probe, a
positioning assenbly which adjusts the %ﬁ nce between the probe and the
target surface dndAnai\REmtdsOtbr aRlg 8¢ dyaedyhshici @Riteidd in 22dikal Abatapar at us
according to claim1 wherein the probe conprising a channel extends between
two ends of the prebBeIgpri sing of; an inlet region where the fluid enters
into the channel p ' r.o a fol 114 and, 25an exit region where the
bubbl es, forned asgg‘lﬂr{glgeu(f%ao#&tﬂﬁ%rgg/ﬁ@tgi on, exit fromthe channel and
exposed t @ t he targedbmpuesdorcehiclBis ddmnapedrcathesasc aoodicn® taincdiaithn thpor
claim2 wherein the posit| Bni n% assenbly conprising; 30a strip which is
fixed at the end oPetHE 9hi ¥ Agtd:

a tubing in which the fluid flows,
a probe in which the cavitation occurs,
a valve, which is positioned inside the tubing, allowing the fluid to flow into
10 the probe,
a filter, which is positioned inside the tubing, preventing the predetermined
size particles flow into the probe,
a fitting connecting the probe to the tubing,
a flowmeter measuring the volume flow rate of the fluid through the probe,
15 an image capturing unit capturing the sequential images of bubble growing
and collapsing of the bubbles after the bubbles exit from the probe,
a positioning assembly which adjusts the distance between the probe and the
target surface and,
a control and data acquisition unit.
20
2. An apparatus according to claim 1 wherein the probe comprising a channel
extends between two ends of the probe comprising of;
an inlet region where the fluid enters into the channel passing through a
fitting and,
25 an exit region where the bubbles, formed as a result of the cavitation, exit

from the channel and exposed to the target surface.

3. An apparatus according to claim 1 or claim 2 wherein the positioning
assembly comprising;
30 a strip which is fixed at the end of the tubing,
a heater in contact with the strip and

a power supply giving necessary electrical power to the heater.



a heater in contact wwth the strip and a power supply giving necessary

el ectrical power to the heater. WO 2011/141775PCT/ 1B2010/052146 9 4. An
appar at uswaecordiTig to any of the precedi ng cl ai mrs wher ecm/iBtvao/eszasmel i s
m cro or nano scal ed. 55. An apparatu$ according to claim4 wherein mcro
or nano size holes are drilled to the probe by Focused | on Beam or El ectron
Di scharge (EDM nethod whil e preparing the channel. 6. An appar at us
according to clainms 3, 4 or 5 wherein the used strip is a T10shaped silicon
strip. 7. An apparatus according to any of the preceding clainms wherein the
control and data acquisition unit is connected to the inmage capturing unit,

heat er and powew, sNRRpparatus accordBg té\NanPBP&HcqricedapCakidisnghdréinGh@chanacl
wherein the control and data acquisition unit receives the imge data from
the image capt uri ni§ MATOOTAHC 8eask i nes the optimal di stance needed between
the probe and the target surface for an effective danage on the target
surface. 9. An apparatus according to claim7 or claim8 wherein the
control artd dat &. aaquipparfatusmcamiding ®celhinest hercire m@d adrutiadoddtaholks tale
strip surface fromthe heater. 2510. An apparatus according to claim@8 and
9 wherein the contﬁirélieda'i?dﬂ‘leﬂgoh%gé Eacytrdslan Berng ot Elegiry B %*%IB@ ERObht  of

bendi ng of the strjpy Mv&!"fﬁlie?geﬂahﬁ%\gﬁmg @fure data and adjusts the
e

ef fective destroying distan betWween the target surface and the probe
along with the inage data obtained fromthe i nage capturing unit.

6. An apparatus according to claims 3, 4 or 5 wherein the used strip is a T-

10 shaped silicon strip.

7. An apparatus according to any of the preceding claims wherein the control
and data acquisition unit is connected to the image capturing unit, heater and
power supply.

15

8. An apparatus according to claim 7 wherein the control and data acquisition
unit receives the image data from the image capturing unit and determines
the optimal distance needed between the probe and the target surface for an
effective damage on the target surface.

20

9. An apparatus according to claim 7 or claim 8 wherein the control and data

acquisition unit receives the temperature data of the strip surface from the

heater.

25 10. An apparatus according to claim 8 and 9 wherein the control and the data
acquisition unit controls the amount of bending of the strip by using the
temperature data and adjusts the effective destroying distance between the
target surface and the probe along with the image data obtained from the
image capturing unit.

30



