WO 2006/ 002483 PCT/ AU2005/ 000984 1 Method and apparatus for
providing electric current into an object or nmedium FIELD OF

| NVENTI ONWH2006/08%8Rt i nvention relates to the field of PFEAUHICHGH0984
and/or inducing electric current into an object or medium
Specifically, the electric current islused 5 to influence, kill,

| nhibit movement or st Hﬂthtpa%dQp%ilrgﬁgfo%@ov%&&{ricqm&ti%g@ni sms in the
n nas Ye I

medi um The present i nventio S bi 't cations, sonme of which
(without Ilimtation) are detail ecf&l?erel n i ncluding marine or ship
applications, aquaculture industry applications, waste treatnent
applications and any other applications 10 where the treatnent of
fluid i s reqBlBldHOFIINVENSIINrm the invention relates to inducing an

el ectric voltage 'fc]{eeb%s@ﬁt irBREN teldiBd Go aharariqueT pssvdingand/buirducingr
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a renote object. In a specific formof application, the present
i nvention ref#®®8IHE what is termed 'bio-fouling', in which pipes
and other fluid capdyidssnbasentorcaastarst epblioatiorsy el ofc kbigh byithout
organi sms present in the pediumf] ow ng thraugh,t it e
exanpl e, pi pé@'t@)tfon\)véfeeﬁe’@t‘#h‘é@'rt %’ﬁ%‘ﬂ'*‘gg“%ﬁ\% %s%@ylgﬁ@rgﬁéﬂs' %gu?aﬁ‘ e
vessel , shi pifiusiP sppiitaasis)avamy teatomt applictivhetead ay othgaAPRigations
present in seawater. The present i ntion relates to alleviating or

bereotie g Bl OEE oy,

preventi nbo bi Speci es transport. |n another
specific form the qrecfoent thenmesritioo relatsisaipandudng ad wisahly Yollede Mgl o
into a mediumbeing a relat . A8 éi’ﬁ;?i' Wb &ity dalds \se fasdadnd
el ectric vol CHGRT ‘rg% afmg?'gllﬂo¥8%:r¥u?sf@%?' f?ﬁ?% e "rndi um  For exanpl e,
current is dedtatedmpediucist o t he nedi um wit hout the need for el ectrodes

Dol a1 91 et SRULBER Wk BB chdd o BrasomaD et
el ect i C 18! iyt driabaiovoliags fiekloricrent sonaaielvares 1 hEry BUSE: of
all eviating bio-fQul pgind WG adplicstBAUIH fr8s@HIRRAiE: Pelatobas vhasis
P ' termed ‘bio-fouling’, in which pipes and other fluid condults become constricted or
even blocked by organisms present in the medium flowing through the conduits.
For example, pipes or water storage (such as ballast) internal of a vessel, sfjaip or
20 submarine may become constricted by organisms present in seawater. The
preseni invention refates to alleviating or preventing blo-fouling and invasive
species transport. |
In another specific form, the present invention relates to inducing a current
inte a medium being a relatively ‘non-contact form of dellvery of electric voltage
25 field or current into the medium. For example, current is delivered into the
medium without the need for electrodes being in direct contact with the medium.
it will be convenient td hereinafter describe the invention in relation to
inducing an electric voltage field or current into condults for the purpose of
alleviating bio-fouling, however it should be appreclated that the present invention
30 is not Imited to that use only. The term ‘BioBlock' is the name given to the

method and/or device which is the subject of this specification.



30 is not limted to that use only. The term Bi oBl ock’ is the nanme
given to the nethod and/or device which is the subject of this

speci f i cam@moshMBug006/ 002485 PCT/ AU2005/ 000984 2 BACKGROUNDOARTI84
The inventors have realised that the fouling and subsequent occl usion
of ships' pipework by marine organi sns such as barnacl es and nussels
causes failure of seawater cooling and fire-fighting systens. A
further, and nore global 5 environnmentab probl em caused by shi pping
is that various organisns can be. transported fromone country to
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pulsed electric flelds" {EEE Transactions on Plasma Science 28{(1) 1156-

_ 21, and o
2. Biock, R., F. Leipold, et al. (2001). "Pulsed electric field based aniifouling
20 method for salinometers.” PPPS-2001 Puised Power Plasma Science

2001. 28th IEEE International Conference on Plasma Science and 13th

I[EEE International Pulsed Power Conference. Digest of Papers (Cat.
No.01CH37251). IEEE. Part vol.:z; 2001: 11486-9 vol.

The disclosures, however, whilst having been shown fo work

25 experimentally, have-been found by the inventors to be not practical on a larger

scale, stich as in application to ships or for other general use applications. For

example, electrodes are provided on the pipes through which water flows and are

used to make electrical contact with the water and to pl;ovide a current flow into

the water! The electrodes are spaced some 1.5mm fo 1 cm apar and are thus

30 applicable to pipes of only simlilar small diameters. The voltage imparted across

" the electrodes is in the order of 8kV/om. Thus, in order to be applicable tq larger

'pipes, many hundre&s of thousands of volts would be need. This creates safety

concerns, particularly when such large voltages ar€ used in coniunction with a



the water: The el ectrodes are spaced sone 1.5mmto 1 cmapart and are
thus 30 applicable to pipes of only simlar snall dianmeters. The

vol t age i WYARR06HI28F oss the el ectrodes is in the order BFT/8UIN0EAGOISS
Thus, in order to be applicable to larger pipes, nany hundreds of

t housands of volts would be need. This creates safety concerns,
particularly when such | arge voltages are used in conjunction with a
WD 2006/ 002485 PCT/ AU2005/ 000984 3 conductive nedi um such as
seawater. There are also difficulties in generating and swtching
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causi ng m&sdeséxrse@dh@totr@efumre noft the ﬁwaoxpim latysiy Ubtoelye deprids tany eas¥or
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in Scotl and, @ﬂhema'ybtanﬂ (@ammda. the bhmiber HJifergitsiirat igpasesibatdirs sasing s
regarded as ex ter a a f Snpl
required vvhen ?edgi seaéj%e\pﬁslﬁc%n r%%gh é&a%hgl?é mg%@fmt f@hgkl sp E[z)ut
in place mhennfeﬁ@udl%éa@e#\naers:aik%@t\efcich Frrodevasiaing diseasm grapriered b
restrictiogns 89}z ZhB€anad

di si nf ect ?@n A%@mflef ?EQH ?Fé’%g?%fiﬁggﬁggcgr%gg??eataya anada.
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applied to “%nie fa?afaegra 8 Hﬁﬂérpﬁ%cﬁfﬁreﬁﬂ-wﬁemﬁ@ d.séggv@as, co@mmmafaﬁ

t he assessnent % l i nes, blood and off e[\d
fromthe inf exitcmtr@ﬁos@kputu@t plsée W ai@ddﬁéﬁﬁé‘s §HERHEY e, TBPR 'PCU &

virulent di seasgmehPsiigond 6@#&3?1"‘@&1%&1’%351'6%%2&1@@&%:&%mneadiemiéctlon

| nfectious Pancreatic Necrosis. These di seases tend t
found in W1 @ pelsurat iflieging Eﬁ@e% prgutreals %%Lﬂ%%ﬁpﬁgt a%ﬁ&“ﬁ@ﬂ%{? s,

result in high dieadiplsinkinr BhSSs d}@laﬁpsﬁadntbngaranfe@mms el i thiwat
is of a very high standard as we fe iurl ng that no wild stocks
enter the farA¢sd ?ﬁ%?‘@?%‘?réthﬁr?ss?ﬁ?ﬁﬁ‘farﬁs obj ective. 25 The concept

of inducing an el gaédrimabuigstiriceMbloodand sfendatdrifiogn thieunfdctby stock must be
treated before discharge. Other virulent diseases include Viral Haemorrhagic
20 Septicaemia and Infectious Pancreafic Nectosis. These diseases tend {o be
largely found in wild populations of the trout and salmonoids, and generaily result
in high moriality rates. Maintaining a feedwater supply that is of a very high
- gtandard as well as ensuring that no wild stocks enter the farm is therefore an
importa}xt objective.
25 The concept of inducing an electrical current in a conducting fluid by
magnetic induction was first conceived by the present inventor in the mid 1870s.
Any discussion of documents, devices, acts or knowiedge in this
specification is Included to explain the context of the invention. 1t should not be
taken as an admission tﬁat any of the material forms a part of the prior art base or
30 the common general knowledge in the relevaht art in Australia or elsewhere on or
" before the priority date of the disclosure and claims herein.
An ohject of the present invention is to provide an rmproved ‘method and
device adapted to deliver electrical current into a conducting mediurn.



magneti c i nduction was first conceived by the present inventor in the
m d 1970s, Any discussion of docunents, devices, acts or know edge
in this spaskdoba@uson is Included to explain the contextpoflaAtU®es000984
invention. It should not be taken as an adm ssion that any of the
material fornms a part of the prior art base or 30 the conmon general
know edge in the relevant art in Australia or el sewhere on or before
the priority date of the disclosure andyclainms herein. An object of
the present invention is to provide an inproved nethod and device

adapted to delive tri.cal i GPRdyst iiagiafeedi wast Ve
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i nvention i s disadwinkagei axsecizied Mithdhe BiRs artdi sadvant age associated with

the prior ar @WM@{,@%W@WI ON The present invention, in one

inventive aspect magnetica I'nduces an 5 electric vol‘{ﬁﬂ‘?e ield or
current in a condihst pregemteiavaiiops icANadVeBERapEROc MAURURY (HCEs &N of

el ect rodes; and ! itbe RIRAYE IdifteA EXEHiNBvee kR Gsddnehd] sedhsten

i nvention al so provi ,_I'n"another | nventive asgect, a r'ﬁetthOﬁI Ignd/ or
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conpl et e .- gal vanif,s h9Qhdh i) pro@RBeks, B eheihadihyveNiveRYbct! A endfferdearaidron
of an external electric field, an 10 cureg i

| ectrical, nt in.a .
conduct i ng f lAPRIBUEPE Helugiaoe Withpd elRotdeal; gt Pt Gopprlets sppvanic
inventive aspghion)d andBrdieGLANdiiaRp Maburdn ohauekigmal wlectiolteld, an
el ectrical contact (i.e. with %ay Vﬂ'nj c isolation), and (preferably)
wi thout tHe GlekBiralGUERNdP asenaYsBPALY: electric field,-an el ectri cal
vol tage gradi ent mirinBirRor, fthaliifvepitiontfrevidessdinum filthet rinesien@spetthé

present invention provides a_nethod andjor j . Loh o, d S ARl
to produce a ™A BPRARUN{OY ‘HQ%C‘%HH(%VE %g&lrf]é%i %Eagcg(naés.ﬁstg > i
i nfl uence, Kidolatif), ahdl(prifepdtngi withoukihi genesation of lae exiathalraleckiosiicit o

i ndi cates that so r gani sns ff he el ectri cal
current dehsﬁ[es?gwrf"ﬁﬂ W@ﬁpphﬂﬁ'}ﬁ? g%\y\ﬁi%ﬁﬁeﬁg@é&e{%&st . Qther organi sns
may 20 a4 er nat i melsyele, #fof pesed ibsentitre proyldeagemgthadi ansiorevie prhich
their medium_The sical siz i naCral; s t

i nfl uenci ng f%@?ﬁtg%ﬁot%%é@gﬁﬁoﬁg%% r&?ug%rgﬁﬂeér@r?gg%{h ert olur;])"utS °he
present i nvenifiueincel kittor etfih @itiogical entities In the medium.

Research indicates that some organisms may be affected by the electrical
current density within the fluid in which they exist. Other organisms may
20 alternatively be affected by the voltage gradient within their medium. The
physical size of the organisms may be an influencing factor on the magnitudes
required in order to puf the present invention into affect.
To treat a relatively non conducting medium, for example freshwater, the
i'nvention in one aspect, provides a method and/or apparatus for applying any
25 desired voitage gradient by manipulation of the applied voltage and the number
and distribution of multiple transformer cores. This treatment is considered fo be
relatively inexpensive as it would involve minimal power loss in the medium.
To treat a relatively conducting medium, for examplg seawater or blood,
the invention provides, in one aspect, a method and/or apparatus for applying any
éo desired current density by manipulation of the applied voltagé and the number
and distribution of multiple transformer cores. As power usage is proportional to
the product of applied voltage and current; the geometry of the invention may also
be adjusted to accommodate the electrical capacity of the power elecferonics.



To treat a relatively non conducting nedium for exanple freshwater,
the invention in one aspect, provides a nethod and/or apparatus for
appl yi ng swy200860d8%i red vol t age gradi ent by nani pul at i RCTBAUZRF 000984
applied voltage and the nunber and distribution of multiple
transformer cores. This treatnent is considered to be relatively

i nexpensive as it would involve mninmal power |loss in the nedium To
treat a relatively conducting nedium fgr exanple seawater or bl ood,
the invention provides, in one aspect, a nethod acid/or apparatus for
applying any 30 N ’ i dpeby drRNdiRUd st anthef spebiéication
applied vol tage aﬁﬁE#ﬁ%gﬁﬁﬁgégqgﬁ%ﬁgﬁg%%ibution of lti,ple . th
transf or mer eowles defieedyptee aﬁ@%’g’@di@a'ﬁﬁso%'ﬁ“ﬂgﬁﬁﬁﬁt&h? HES%’P%%LBE Bf
applied volt current, the geonetry of the invention may al so
be adjusted to accommodate the el ectrical capacity of the power

el ectroni cs. WO 280dipebinestipesrreefodEiceivos4 5 Other aspects and

preferred qaspect syang s}%r%hﬁﬁﬁ%ﬁ Bt Hemaaeaicldr@adibanc ciands osartiedariged
in the appended cﬁ al_mg, ormng a part of the des rlph%on Ofd%\gefa
i nvention. Addit i oa¥ing mwemwgvea@%@m b o GRS 2 pREE) ©
construction of the.smgaetic and electric circuits, particularly
havi ng the conductive r_redi um (in a conduit) as %Phe secondar tOfregent.
transfor mer, *t he WesistiBieearipriyipgnos ﬁHi‘f‘lﬁ% 813@???%&?‘”8% gneti c
cores to pr e\r/]e”tf?fﬁéﬁ‘?d?i%iel&’fr@d?ﬁ{arghgﬁ@ﬁeémhi c fields and 10
increasing the effective voltage induced tn t medj, um secandar.y ..
wi ndi ng, 14 ner el atncgrastg t%%aﬁ%%é@ vefinge deinead i *ﬁa Wﬁc{dﬁfasiﬁﬁ(a?&é{’?{%‘ﬁ%,
a singie seayat er, SeEONEAMwAIRdhd Bosduoahg Hoid agPiicNend, hesinge seaveer
el ectric voltage and current densltg, he el ectrica ‘%\é’ et ri%ggna%d

I

scal ability of theecpReavinging &9t B veothe Rguir Rl
Killing or stunnifgrpfdai@rganismas it passes through a fluid
conduit with substantially no radiati n% E_xt rnal el ecptri ¢ ryaﬁ!:fd' The
device of the prebemiedrivakntietty 3% CRECHBH iREPEHT MM B At ted to
ships and,pogt | néh@%ﬁweﬁsahgzrmng 8r SdhinbisFent Sigamenval i passadhioogh a
ship cooling, fire- fig tlng and bal | ast. X _— ,

fluid conduit with substantially no radiating external electric field. ’

The device of the present invention, in one application, may be fitted to

| ships and port infrastructures to sterilise the seawater used for ship cooling, fire-

fighting and ballast.

20 Further scope of app!icabilify of the present invention will become apparent’
from the detailed description given hereinafter. However, it should be understood
that the detailed description and specific examples, while indicating preferred
smbodiments of the invention, are given by way of ilustration only, since various
changes and modifications within the spirit and scope of the invention will become

25 apparent to those skilled in the art from this detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

Further disclosure, objects, advaniages and aspects of the present
application may be better understood by those skilled in the relevant ar by
reference to the following description of preferred embodiments taken in

30 conjunction with the accompanying drawings, which ére" given by way of
illustration only, and thus are not limitative of the present invention, and in which:



20 Further scope of applicability of the present invention wll
becone apparent’ fromthe detailed description given hereinafter.
However, w0 staenobdsde understood that the detail ed descrdPaUnns/anmass
specific exanples, while indicating preferred enbodinments of the

i nvention, are given by way of illustration only, since various
changes and nodifications within the spirit and scope of the
invention will becone 25 apparent to those skilled in the art from

this detailed description. BRI EF DESCR PTI ON OF THE DRAW NGS Furt her
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whi ch are given by stration only, and thus are not
[imtative ohneleetrpalecs!enﬂtﬂwemdodn and in which: WO 2006/ 002485

PCT/ AU200Y 00098 450G o mﬁé&rseeéphb#mtrﬁ@aﬁcm.ara@agﬂeﬂcr@eraoresence of
a magneti ¢ field SErroun an el’ectrical current flowin a wre,

Figure 2 illust ra‘fi@@elﬂr!ill@ﬁ"a@ﬁtﬁl priohart FReE&: of a magnetic field

surrounding an qitglﬁ‘[eré lfﬁﬁltrage’érp"ragpért frhetidiek &Ql frandorfriegunder Bad,
illustrates prior

netic flux in_a magnetic, co
i|lustrates a prifgurard "’t‘f‘%’éﬁﬁ%ef%'? ﬁ@mplgloé%}ee %ﬂpqqeurgst Pé?%eserﬂbﬁ%%grg?btf
magnetic fl UE’neCHre@erﬁ rABsder mer under | oad, FI gure 6 illustrates an
exanpl e of t

onents of one embodi m&*g%| th em/?h esent
i nventiorf0 10 Fi d'ﬂgfé"e?" ysirates eRreoRbodinRI ier?é‘fﬁerlgf & hr esent
invention, Fi gurlﬂ%@reisl1|id-s&’éfe@ta@§ih@ﬂ@mb@'nmenmfdhemarasemfmvdmorpr esent
nvention, Figure I Sstr I
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vol t age/ current vm\y@{ﬂ@ﬁ mdappl i ed to the 15 conductl ng nediumto
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way of backgroun S comne ut b
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The alternat g i Ep DESCRIPTION

By way of background, the present invention has come about by the
inventor looking at an altemate solution to the prior art problems.’ The alternate
solution stems from some further developments made to some refatively well

20 known electrical theory. '

In this regard, the inventor has realised that, with reference to Figure 1, it s
known that there Is the presence of a magnetic field surrounding electric current
flowing in a wire. The iron filings bécome magnetically polarised by the magnetic
field and align "head fo tail" or more appropriately "pole 10 opposite pole”. In

25 peyforming this alignment, the filings form circular patterns and thus itlustrate the
presence of the magnetic field surrounding the current.

The inventor has further realised that, with reference to Figure 2, if the wire
from Figure 1 were to be formed into a cylindrical coil and threaded through a
piece of cardboard as shown in Figure 2, the iron filings would form_ patterns

a0 similar to the dotted lines shown in Figure 2 and which indicate the presence and
shape of the magnetic field accompanying an electric coil.

The inventor has still further realised that, with reference to Figure 3, by
adding a magnetic core to the coil, as shown I Figure 3, the magnetic flux is



solution stens fromsone further devel opnments nade to some relatively
well 20 known el ectrical theory. In this regard, the inventor has
real i sed tMARGopIMBSreference to Figure 1, it Is known PORAURKER@ISS
the presence of a magnetic field surrounding electric current
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the magnetic field and align "head to tail" or nore appropriately
"pole to opposite pole”. In 25 performpg this alignnent, the filings
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e alternatin magnetic fi 0 [ ae.
preferably alf tﬁg%{%ﬂ‘ g@g%}yicﬁmthﬁ'e% égg%gﬁﬁ"%élﬁ e‘ﬁ‘a_ blﬁb?e %ﬁ?asfoft here is
no el ect rifaknecrayetd Vs abpitedeenne pimansot dld then N0 \awdl Mpindygpg and so
voltage in the _sec il I d I : Sila¥ Sdot
by the expanmeﬁawgﬁgﬂc@?ls&%@%ﬁy (r:rcggﬁzéﬂ? %%ﬁaﬁﬁ{gi{g%& ?é h*g © °
al ternating dOrumestwhilsh thtenésst Ny samains pi§ trips: then therp is a2 BER hebygen
has, for exa sl NV &b U S @ fi Wilt $8 iNdiced and
applied to the g?i}smNa? %n{goﬁ am,th%ﬁé%?tﬁ%m\ry%%ﬁta%%N?lﬁsgu(‘:ed and so

measured on the secondary Na.
20 '

y-?-- or =.NZ
Thus v V2 N1 V1

N1

Nz

The inventor has still further realised that, with reference to Figure 5, by

adding a load Ry {o the secondary coil Nz causes a current Iz to flow through the

25 load Ry and the secondary coil Np which produces a magnetic flux (secondary
flux) In opposition to that caused by tha primary current (primary fiux).

The present inventor has made a further advance in that by, making the
primary coil from wire but making the secondary coil from a circuit of an
electrically conducting medium, such as seawater (in application of the present

30 Invention to ships, for example) which medium then acts as both as the
secondary coil as well as the load, electrical current can be ihduced into the
conducting medium without the need for direct electrical contact with the

conducting medium.



measured on the secondary coil N2. If the secondary winding N2 Is
increased to 10 turns, whilst the first N, remains at 5 turns, then
there i s swdadsn@tiso between the coils N, and N2 and t heCTaBMh3/ 00084
be that 20 volts will be Induced and neasured on the secondary N2.
20 Thus V2 - N2 or v2 = N2 V, The inventor has still further realised
that, with reference to Figure 5, by adding a load R4 to the
secondary coil N2 causes a current |2 tg flow through the 25 |oad Rt
and the secondary coil N2 which produces a magnetic flux (secondary

flux) in oppositi P ! ééﬁ%tm\%%?%sbaﬁaagesn@ra FRHGr BRIt bﬁmsm@gywe
flux). The present vent or further advance in

nmeki ng t he p}emmﬂyy froml a fimied WHmBeNRItumae g %@?@ﬂg%dﬂ%’ﬁﬁ}/ %Eﬁf‘?"g?’}’ om
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el ectri cal 5 CuphRNiheORAdDRI NEUS @tk EBERC wb%gemmem@ medtadn Whidshout
the need for direct electrical contact h the conductin neﬁ&\éc e
e

WO 2006/ 00248 PiatipAUL0 0B/ 08 0T8O ESHife ! é‘éaé‘%ﬁ My ﬁt%ﬁﬁ

Stlmljl a ]furt ft%hd@egwéﬂﬁﬁothyr dopiEetiags, tﬂl?@mesmnﬁf@bgglhmmmm mt ed
nunber of turns of the secondary wi Pref er.a n
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envi r onnment S,ex_hrl?np!evﬁti&r samypdig me@m@tlesnowmn@’rre pipingoontimeationed. | n
ot et appl1 cat | ONgeufly RGN THIRL S AU ARLA Bt LfiSe Omie oo
wi ndi ng, or wrcmtimgm fidw quath ﬁrﬁomth&domn‘mdmdm@ QaSS’EheESs@c&?ﬁQméW
T 3 S B3Rk AT 7 BT85BSt e
conf i gur at$ omrakidesi igwppoding aenflgaration) u"gtmsaw@,s epteirzal elasyis fppédﬂg%}pra ed
Imr;\(;?mnl gnp a 323 Sttﬁ)% @%g:@&%&h%l BEciRohbOoNy Ray Qre%r?a%e& feoSRBHETANE.
Voltage Is applxed to the first and second primary 7, 8, and a current is
induced into the conductive medium 8 as it passes through the secondary
winding 3. The voltage, and resulting current.is preferably pulsed, and timed in a
20 manner that each ‘éection’ or volume of conductive medium passing through the
secondary winding is induced- with the current created. Voltage and timing is
applied in the present invention and induced current is créata_ci sufficlent fo
influence, stun or Kill organisms in ’thé conductive medium,
It has also.been advantageously found that in using the present invention,
25 it may be sufficient to simply influence and / or stun an organism so that, for
example, it is unable to attach itself to the interior of piping in the time it takes the
organism to travel through the piping and be exhausted. For applications such as
food sterilisation, however, it will be necessary to attain a level of effective killing
of organisms.
30 Obviously, various currents, voltages and timings can be used dgpendfng
on the result to be obtained. For example, in a marine application, it is desirable

1o kill or stun barnacles and the like. For this, a patticular voltage may be applied



wi nding 3 proximate the core 2. Afirst primary 7 and a second
primary 8 are 15 provided in opposing configuration. In this way,

ext ernal av@eawive2483 el ds generated by the w ndi ngs cancRIT/&HzGS/080H%Y
as they are arranged in opposing fashion. Voltage is applied to the
first and second primary 7, 8, and a current is induced into the
conductive nedium6 as it passes through the secondary w nding 3.
The vol tage, and resul ti ng current.is pgeferably pulsed, and timed in
a 20 manner that each 'section' or volunme of conductive nedium

passing throygh,d gﬁgagﬁmﬂaﬁg .Wa”ﬁ‘érﬁ&:iéﬁvdlt@?ﬁ%@éiﬂen\f\ﬂahb Hege oUpdrBAlar -

created. Vol tage e present invention and
| nduced curr@ntrerh’tsﬂeeﬁléfdﬂ‘é@eém’lﬂmq Wai% i nfl uence, stun or Kill

organi sms in the 4 tige tﬂﬁd'tﬁﬁnm\lehtd?aﬁasahﬁé!e haesn f@dﬁanfaamasw
found that in using the present invention, ? m:%/ IJffI Ci r&
to sinply i nforeKsiie raiple oPasY VYNEReS iy FRTISIAYER Wihthe 15659 ﬁlg?
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necessary to.gkdpl R aifdaval iddreidieny rth/eerriﬂlﬂple pomaof and girmgles sscongdery
Qobvi ously, varigus currents | t ages a m ngs can be used

dependi ng  oHdHg F@’ﬂﬂ”ﬂgffﬁ’r‘@é’?ﬁﬁp %@@?gtﬁa‘o%xaml e, in a narine
application, it isgthes m@@rlaees 4 prek&#éd form sttba phesentioVargioamdiahHeciudease
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Wﬁl tage gradicesiing mddhsmﬂ o) Ea!vtdeoumbm;c; fiutditor 2 sltip dengingy Asﬁhmé%ﬂﬂwa’fgte o)
t he seawat er rowith t t r
Gr%\?gfa‘i["ﬁg Ve Medtip) %rjnt%:'s tﬁ,aﬁre%gﬁ@%}e%oﬁ]% pIBAE sYRLwith %dﬁﬁé

advance in dings 'in association Wt
the single sei@e)mayer ;@smgdinm@rst Tﬁhmaaebseétand @Dmrqf@@ftseﬁwa’ﬁelﬁ@aé‘é%vﬁ‘@er

whi ch, when suffi CI gb %Q 8. k"l‘hésreéxﬁr‘? 20Lof il &t vJa%er' lb@& tsB86briadry

the resistancg&® %’fd ? Wararl 00 e secondary vol tage S
effectivelsy rfmrmseme@bdmgdawrmdmw fuﬁtb*t mventionde Whé}ﬁdiugﬁwgﬁé" d¥ebndar y

wi ndi ng, providi mrP'é% B e § e%c%?ﬂé@ i& féf‘ér%{f/%iécﬁﬁaﬁf hHEShdBctive, such

illustrates a pr f'orm o e’ pr sent nventi on which incl udes
10 a nunber af AMGwhinges. This enbodi nent may be used on, for

exanpl e, the Cooll:ibﬁr% §C?Iﬂgﬂétte§ ARt Qrebft QbSINgoR! éﬁ&eﬂbﬂﬁt%eﬁ@oame
shi p' s engi ne. seawat
present invention. An AC power supply 9 provides power to a High Voltage
20 supply 10. The voltage supply may be of the order of 1000V to 2000V for a
marine application. A pulse former 11 of suitable circuitry, together with & timer.
12 and driver circuitry 13 is employed to deliver a pulse of energy to the primary 7
dnd 8. The conductive medium 3 & 8in the pipe forms the secondary.
Figure 10 ilustrates a preferred timing pulse for the present embodiment,
25 A number of -pulses 14 of approximately, depending on the application of the
' invention, preferably 700 nanoseconds duration is used in the marine application. .
One or more pulses may be used depehding on the degree of current that is_to be
induced into the conductive fiuid. For example, a delay of 8 to 10 milliseconds
may be provided between pulse(s), or pulse trains, depending on the rate of flow
30 of fluid in the pipe, aﬁd the application of the invention. Many researchers have
examined the effect of electrical pulses on varlous forms of équatic and other
biological species. It is well-known and supported by the fiterature that.electrical
puises of the correct magnitude wil kil several forms of marine iife which are



6 or conductive nediumenters the present invention, its path Is
split, with sone of the seawater passing the first primaries 7 and
sone ot hewspanahets passing the second of the primari eed@/ATIE5/000984
region 3 and the entire water | oop secondary -15 forns the secondary
| oadi ng of the invention to which current is induced, The piping of
the secondary is preferably electrically non-conductive, such as PVC
tubing. Figure 9 illustrates a driver cjfcuit according to one

enbodi ment of the present invention. An AC power supply 9 provides

pover to a H}a%&)a&&a% ggbBJS%uﬁrﬁ)B g)ﬁn%&s Hifia e'ﬁmgnﬁwﬁmm e thé

t he order of mari ne application. ulseform%\
11 of sui tabb@ducm\.@ume@umt@e}anﬁélg woemn féetﬁil?ﬁé’ﬁaﬂofz tcarvmihtk}%rpre%

circuitry 13, 4to deliver a pulse of energy to the prinmary
7 and 8. Th@ %3%59 glvg medium 3 & 6in the pipe forns the secondary,

Figure 10 illust rTettEemaan@imef:@Er efdthg mqsgntp@ygr@tmomayht%e ﬁ}ag t various
enbodi men% tm%? ﬁFn%@Pﬁra fordil S8k aRys, ai%@ﬁtﬁxzbﬂ@%@}p%ouﬁ%ﬂ@m(g@&pn
at 1 on

t he appli the T hvent'ion, preférably 700 nanoseconds
duration is ow&d.in the marine appllcatlon One or nore pul ses may

be used depepdl Q&IQQ?%H&?)&@%%@@W@‘W@HM@}E At mbﬁld'hg Wighout irditetiont:

into the conductive exa

m | 1isecondss mayndusing: ewrranédio st m@é’ﬁ%ﬁP%f‘%f’z'd Orr?ﬁf?@@’%t\?’%t%gr food

dependi ng on the rate.pd fbaw30 of fluid in the pipe, and the
application of the -invention. Many researchers t} @( m ned. t he
FAgef iy

ef fect oftel ect riTdhel fapaurakls ropcessing S STHsFENSY QB are

bi ol ogi cal speci %ﬂue}'ﬁ:ed SigHie lor lebaanyl tRURRREHEdeberéby! ihecpmsetc
that.el ectrical ses of the correct magnitude W ill'kill several

forms of marine [MeBUGMI ch are VIO 2006/ 002485 PCT/ AUR0OS/ 000484 10
representatiye ofrl QLAMIANNGr GBI RiaR. asSulibiaY vear sesiomapidbeused in

i nduced into the conductive nedium dependin to
whi ch the pr esentindystiad RIACEFEESSSUGHAS &g ﬁ@%?éﬁﬁ@?'?“@%%g% %’%ﬁ"ﬁ%'
present igventi onuRy (B®eARES Qgidtdiih Badterib ARl etfhealshniles uodarasns eyl |
netallic aI | oys, ferri te or anorphous alloys (glassy netal). The

applications of tdh@¥present invention are nmany, including, w't hout
limtation: I ”dtifh%nQ‘éhH)%Ph rhEhOd By R ¢hn &8 delivdred td aremote

exanpl e water or object, such as in relation to tasers, used in delivering electric current 1o
living organisms, such as animais and ‘humans,
20 . Various medical applications, in whic}% the delivery of current is used in
surgery and other medical freatments,
. In pipes or water storage (such as ballast) internal of a vessei ship or
submarine may become constricted by organisms present in seawaler.
The present invention relates to alleviating or preventing bio-fouling and
25 species fransport,
® In the treatment of fiuid storage vessels and sites, such as containers,
tanks, dams, irrigation systems and the like. The present invention may be
used in conjunction with a fluld transfer system in which water from a dam
or storage container having algae or other unwanted organisms is treated
30 aither prior fo delivery of the water to another dam or container, or r(_aturned
to the original container or dam.
. S’cer]lizatién of drinking water from diseases such as cholera.



and related products, 10 The favourable processing or sterilisation
of food in which organisnms are Influenced, killed or stunned by the
current dglgMeEef4ey the present invention, The treat meniawosmsoes,
such as drinking water and/or water used in industrial processes,
such as use in relation to cooling towers, and the like, 15 where
(otherw se)- Legi onella bacteria and other simlar organi sns may

grow, A neans and/or a nethod by which,gurrent can be delivered to a
renote object, such as in relation to tasers, used in. delivering

electric current %’le th ﬁro%aﬂm%ﬁrfq?nsﬁg&n@?d aRi E@JngctﬁﬂdMH”?ﬁb%mCZO

Vari ous nedi cal i ca e deli ver current is
used in surgerbpdm@tmtthmeofrreiﬂlwﬁl ber gaderetaed , thaf nt i pEdable fhtfarher

storage (such as %é%s'[)rhi'snég@@iﬂgt‘on ﬁ‘ntéﬁ%é@% co¥&H Qnmana%%wsbs%r

may becone cgh resent in seawater. _The present
i nvention r ebaa;etsnar@ caflth@mvantswrgfaﬁpwm@eve}ww@ the GrIRGRIPS 03 f@n@‘f@“ﬁ@"

Species t rf”%ﬂg rr'fc’l llrﬁ; &he dbﬁ%rgg%m%e fokddlef SEQERBEaY BSRE I\aﬁhmﬂ&own

SlteS SucC as COI’] ners 1 rri atlons stens_ an
like. The pr eseamtomwvmqﬁ@wrtw tmart@é/bwhrﬁh%lavﬁr@ﬁepﬁ%ﬁ”w%a%mﬁv&?d

transfer systagiddlo M &ieHih RlaulibO R fbRe S8 fkpr age contal ner

havi ng al gae unwant ed organisns is treated 30 e t.her

to delivery of thds \Kh@ dreseht AnEIHeR Taambsr SEeRTes ri@rse"ﬁ‘?a ARTEY ﬁ'ét Outt 0

the original 4eouH; ﬂ'@r‘h 1R s {%f tﬁé kbdritiaptnpactafstic binke ngrenwadre it shoakh
di seases such as chol era. 06/ 002485 PCT/ AU 005/ 0 9@4. 1 [y\@g'jﬂe
alirwte

this inveliti BA Wé@rstﬁ’é’éﬁh%é@%?li’%’@dquﬁr erakqqing %afehn

embodi nents {REA&H un!bés WtHelmsb@ spéamed; sbaodatmévaathoutd bs mapiairde bofedly
further nodifjcation

vari ations u¥é§ngpe s§ 'éﬁf“atsic%ﬁ?%o B’Ielt’ﬁgérl’tﬁ\ge%ﬁsg%ﬁteﬁ ﬁ-b#ﬁoe%%&’ olethe.

general , thevafbieinptigsatiohs bhe doalvakht aradgennshis ael manngd $cubh included
e RS BT bee 3P D P Sl Mo,

as may beis specific embodiments are to be understood to be illustrative of the many ways in

which the principles of the present invention may be practiced. In the following

ciaims, means-plus-function clauses are intended fo cover structures as

performing the defined functfon and not only structural equivalents, but also

equivalent structures. For example, although a nail and a screw may not be

20 structural equivalents in that a nail employs a cylindrical surface to secure

wooden parts together, whereas a screw employs a helical surface to secure

‘wooden parts togéther, in the environment of fastening waooden parts, a nail and a

screw are equivalent structures.

"Comprisesfcomprising” when used in this specification is taken to specify

25 the presence of stated features, integers, steps or components but does not

preclude the presence or addition of one or more other features, integers, steps,

components or groups thereof.”



applied to the essential features herein before set forth. As the
present invention may be enbodied in several forns w thout departing
fromthe $ﬂ%§m%m@ﬂsghe essential characteristics of the pewgDideS oot
should 10 be understood that the above described enbodi ments are not
tolimt the present invention unless otherw se specified, but rather
shoul d be construed broadly wthin the spirit and scope of the

i nvention as defined in the appended clg Various nodifications
and equi val ent arrangenents are intende %0 be included within the

15 cpeci 11 ¢ ohadAUNS DERRIRE, FE BN RnHORARE aS SBOME T ot i ve or

the many ways in mhich the principles of the present invention may
be practiced. Int means- pl us-function cl auses

are intended to c tgafrp%rcqonﬁ%grah%n "SWPP8F i ng the defined function

and not only strucatpwmky\emuhgal ents, but also equivalent structures.

For exanpleg, althaqu d a screw nmay not be 20 structural
equi val entg in thit %3°@§%bﬂ@§oys a cylindrical .surface to secure

wooden parts togeemsagnetihenreas a screw enpl oys a helical surface to

secure wooden par i?gregwog‘neet Qggo’ndb&ru%i@:\@ anmﬂ&twgf mfe@@i];rPWItﬂiﬁ 40RHeN

parts, a nail and Crew are equi struct-ur
" Conpri ses/ comppdugivagbnaditen used in this specifi catl on is taken to
specify 25 the presence of stated features, integers, steps or

conponent s but does not preclude the presence or addition of one, or
mor e ot heflOf et ur dssonfigiralperas clgimassin cladoipwherrrsthercogrieive masimnalsa -

WO 2006/ 0024%‘1}{&2%&{)4@%‘%@%@?4 12 THE CLAI M5 DEFI NI NG THE

| NVENTI ON AR A transfornmer configuration
including: a primary windi.ng 5 a secondary winding a magnetic core .

wherein the Sfconsi%xfégmé%n% SiSinfecCRNGKIGT 1 Ye2 Rk iMérsirs adpliralty of
conductive conduit configuration as Claimed in claima1,

wherei n the dUiANEYVINGBIRedi umis a fluid or a nultiphase slurry.
16
4, A configuration as claimed in claim 1, 2 or 3, wherein there is only one

secondary winding

5. A donfiguration as claimed in claim 1, 2 or 3, wherein at least 2 secondary
20 windings are provide in paraliel.

6. A configuration as claimed in claim 4 or 5, wherein the number of turns in

the secondary winding is only one.
7. A configuration as claimed in claim 4 or 5, wherein there are a pluratity of

25 turns in the secondary winding.

8. A configuration as claimed in any one of claims 1 to 7, wherein the
windings are disposed to substantially reduce or provide negligible radiating
external electric field. |

30 9. A configuration as claimed in any one of claims 1 to 7, wherein the
windings are disposed to substantially brovide a relatively high radiating external

electric field.



3. Aconfiguration as clainmed in claiml or 2, wherein there are a
plurality of primary windings. 15 4. A configuration as clained in
claim1l1, 3vorodjomberein there is only one secondary w Bi/AG2G5/008984
configuration as clained in claiml, 2 or 3, wherein at |east 2
secondary 20 windings are provide in parallel. 6. A configuration as
claimed in claim4 or 5 wherein the nunber of turns in the
secondary winding is only one. 7. A confqguration as clained in claim
4 or 5, wherein there are a plurality of 25 turns in the secondary

wi ndi ng. 8. A1g0nfA gitisiirinePinaidblyah&eenfighraBl oPAfy Bk of cRimS1 ko 8.0 7,
wherein the w ndings are disposed to substantially reduce or provide
negligible radiating external electric field. 30 9. A configuration

as claimed infany Appears@fs flaptetsio laphty dectinbie beiréht therganism@iingoaditive
di sposed to subal an#i al | ga%ovi d@ a relatively high radiating
external el eBEFHE f1SEPRAANS DYHENG02485 PCT/ AU2005/ 000984 13 10. A
transfornmes incl udieeprifiperatianés gainedd iarlanh sappneoikciafmsdltaions 1 to 9.
conduct ve  med uf StHRaprie §6 TFRUEG HGESuR e Rt FE U aT bl
claimed in claindingmndone of clains 1. to 9, a conduit adapted to

provi de a nedi um i ry... W ndi e t ii'&f?‘.l'
supply nmeans adapt(:% %g{r@%i %‘gf}?jgég%l %%%(r?%hg%l Jeé:y}éé)ﬁrég?%trﬁh%i‘ ?ﬁ%g%rtc} ﬁ’rr%rF{i/‘

wi ndi ng. 10 1®indiAgparatus as clainmed in claim 11, wherein the nmedium

is a condygtive medium 13. Apparatus as clainmed in claim1ll or 12,

wherein the electrical energy is 15 delivered in galvanic Isolation
of the conductd veAnpdiatumas claimed in claim 11, wherein the medium is a conductive

mediunt,

13.  Apparatus as claimed in claim 11 or 12, wherein the electrical energy is
15 delivered in galvanic {solation of the conductive medium. '

14, Apparatus as claimed in claim 11, 12 or 13, wherein the apparatus
provides a voltage gradient to the medium.

20 15.  Apparatus as claimed in any one of claims 11 to 14, wherein the apparatus
provides an eleciric current to the medium.

16.  Fluid treatment apparatus including an apparatus as claimed in any one of
_claims 11 fo 15,
25
17. A boat or ship including the apparatus as claimed in claim 16.

18.  Apparatus as claimed in claim 18, being for the treatment of fluid in the
. agquaculture industry.
30 19. A method of configuring a transformer to .apbfying electrical current fo
organisms in a conductive medium, the method including the steps of:
providing a primary winding
"providing, as a secondary winding, the conductive medium.



14. Apparatus as clainmed in claim1l, 12 or 13, wherei red¢heuappan0stius
provi des ¥ Y8FPLYYE gr adient to the medium 20 15. Apparatus as
clainmed in any one of clainms 11 to 14, wherein the apparatus

provi des an electric current to the nedium 16. Fluid treatnent
apparatus including an apparatus as cl qi4wed in any one of «clains .11
to 15. 25 17.. A boat or ship including the apparatus as clainmed in
claim16. 18. Apparatus as clained in claim 16, being for the
treatnent of fluid in the aquaculture industry. 30 19. A net hgd .of
configuring agt r ansfaeiomess dppharpkibmioalereyr ioccabawiemp enithin g conduciive
organi sms in a conductive rregi um, tl%t pgthod including the steps of,
provi ding a prEdivEn yansaPhEe FEGItT %p as a secondary wi nding, the
conducti ve medi urgroW¥h@86hS0Rs ToPEIUMAIROEE]IS0B884rel2 20. A met hod

of applying electrical ener t gani Wik hi dieget dfveectrical
medi um ~t Be met hdeFysE [ tcﬁngdxﬁ;c{i;g%gh%@mbr%\%%%tf\ﬂgf@gﬂt r ansf or mer

conf i gur at i oBh@sy B sphigaedicbisicaionsrdy th iy iohthe HERECEBAduct i ve
medium at | east one pul se of electrical energy by applying
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