METHOD AND APPARATUS FOR TREATING FLU D IN A CONDUI T W TH RADI O -

FREQUENCI ES Description of Invention This invention relates to a nethod
and apparwous1Zoss248reating a fluid contained in a conduiPCr/dB011M82106
application thereto of radio-frequency el ectro-nagnetic signals. One way in
whi ch such application of signals to fluid in a conduit can be carried out
is disclosed in patent EP 0720588B. That patent discl oses an arrangenent
wherein an elenent terned a core, anal ogous to the core of a transforner,
of magnetically-perneable nmaterial such as a suitable ferrite, is provided

on the external N YA Adb Q'FBR%RT uFB M%hc&ifﬁ&‘?d' ng
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circunferentiall herearoun one 03| e circunferentially
extending core elenment, a pri %-H/R%PI BFQWEWHFﬁg of an electrical
conductor is provided with the core elenment extending through the primary
coil. The primary coil is electrically energised with radio frequency
signals. The conduit with the fluid therein acts as the secondary of the
t r ansf or nieescriptionial Imventionui d an el ectronmagnetic field is created having
substantially circul ar magneti c flux lines in substanti aI I y co axi al
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primary Gaih MIuRon ﬁ\'eeﬁﬁﬁﬁoatléﬁ ﬁb?é’tb%f%hdu&ﬂ%%u@ﬁ@@%ﬁ@&ro Hh%n%%e may be
constituted by a number of 1ndividual conponents of or carrying the ferrite
mat eri al ,sigealar ed t oget her to provide a magnetical |l y-conductive assenbly
whi ch conpletely circunscri bes the conduit and passes through the primary
coil.

One way in which such application of signals to fluid in a conduit can be
carried out is disclosed in patent EP 0720588B. That patent discloses an
arrangement wherein an element termed a core, analogous to the core of a
transformer, of magnetically-permeable material such as a suitable ferrite, is
provided on the external surface of a conduit such as a pipe, extending
circumferentially therearound. At one position on the circumferentially
extending core element, a primary coil or winding of an electrical conductor is
provided with the core element extending through the primary coil. The primary
coil is electrically energised with radio frequency signals. The conduit with the
fluid therein acts as the secondary of the transformer, and in the fluid an
electromagnetic field is created having substantially circular magnetic flux lines
in substantially co-axial relationship with the axis of the conduit. The field
propagates along the direction of the axis, to treat the fluid upstream and

downstream of the primary coil and core element.

As disclosed in EP 0720588B, the core may be constituted by a number of
individual components of or carrying the ferrite material, secured together to
provide a magnetically-conductive assembly which completely circumscribes
the conduit and passes through the primary coil.

One problem which can arise when apparatus as above described is applied
to a conduit such as a pipe of large diameter, and correspondingly large



2 circunference, is that the magnetic field inside the ferrite core decays
Wi th increasing distance around the conduit fromthe primary coil, and the
correct |lwoeb12aiermagnetic field is not established aroumrdTidB20ENIS2T06
circunference of the pipe. The decay of the magnetic field away fromthe
primary is of generally exponential form so as the pipe size increases,
the decay of the field rapidly becone® so great that it is insufficient to
create the correct electric field in order to treat the pipe and the fluid
contained therein. The problemis even nore acute where the core elenent is
defined by a nunber of physically-separate conponents of
magnet i catitcpnferereablie thait ra alagpetiarfedd timsideghanfetritercdro @edagsdwih ound t he
n the elenents is achi eved,
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the cross-sectional area of the core elenent as a whole, there is still a
| ocal redwip€ion in the perneability of the core element, so that in a core
el ement with a nunber of individual conponents there nmay be a

greatly-reduced nmagnetic flux in a region of the core elenent renote from
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aneliorated by increasing the cross-sectional area of 'the nagnetic core to
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exponent i adey teatext theqipd hadphié flaidycontdined exg@ement i al decay will quickly
overwhel mt he (non-exponential) benefit of increased area. This neans that
this approach has two major problens: first, pipes beyond a given size are

essent | a'J(rerengﬂBBl%f& ?sb'e%nsﬁm%%'galoéjte VRel Bl BOREEIdnht: @aae#ﬂ?ed rbﬁaéed the
vol ume an SS O errite needed to ensure sufficient tlux around a |arge
WO 2012/ 0ueade&PCof GphaQditaldp2date components of magnetically-permeable
material secured to one another to extend around the pipe. Even if apparently
good contact between the elements is achieved, e.g. by securing them to one
another in such a way that facing surfaces of the individual elements are
clamped together with no apparent reduction in the cross-sectional area of the
core element as a whole, there is still a local reduction in the permeability of
the core element, so that in a core element with a number of individual
components there may be a greatly-reduced magnetic flux in a region of the
core element remote from the position of the primary core element.

This problem can be partially ameliorated by increasing the cross-sectional
area of the magnetic core to increase the effective permeability and provide a
lower resistance path for the magnetic field. However, increasing the cross-
sectional area of the core can affect how quickly the field decays, but it will
always decay exponentially away from the primary — the exponential decay will
quickly overwhelm the (non-exponential) benefit of increased area. This
means that this approach has two major problems: first, pipes beyond a given
size are essentially untreatable; secondly, even for pipes that can be treated

the volume and mass of ferrite needed to ensure sufficient flux around a large



3 pipe rapidly becones so large as to be conpletely inpractical (the
necessary weight can run into tonnes for a two-neter dianeter pipe). Wth

t he obj ecwoah12addr48ssi ng t he probl em of |arge pipes, an@CrGRwdas2tohat
there is a sufficient |level of magnetic field present throughout the core,
t he present invention provides that, rather than sinply applying an
electric field at one point or small megion around the circunference of the
core, which then decays away fromthe primary, an electric field is applied
at an extended region, e.g. at nore than a single point, around the core.
Thus the present invention provides that at |east one primary coil has an
ext ent cipipamapidgnbécdrhgs ed lalge aoie bel comepletady cupchctibal ¢lomndecessard/ or a

ti di iti [ lati to the, | t t tablish
ef fect | veVAGGRERT EF 1P tPYIEdaLAJNP-TRE" SIATPET B ol errent . There may be

two or nore of the primary coils through which the core el enent extends,
the primary coils being spaced fromone another circunferentially of the
condui t aWdhether ghjseldoviaddrassifiooiifa emikemyoklasge rpipes, andymalosdeinthet ar e
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core, which then decays away fromthe primary, an electric field is applied
at nore t®hPaiNgidgtraabseaoNAOURE hRLCitwIferenacephiita ¢ere, wiyeh then

addi tion t tinle ne J Ve GQ1 e a
greater S%‘%%ygngg?yﬁhoerﬁltgﬁg?ﬁhgfy’t%%p%%(?&gfzeflléé%%t ||re§un?§ﬁe%{(tlggﬁ§9 of the
condui t, regidmatg.tdiengerthanm sifigiehmitipauriceierdoraway fromthe or each
primary coil is relatively reduced. In this way, fewer primary coils but of
greater extent may maintain the magnetic field in the core elenent as
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"extent circumferentially of the core element around the conduit and/or a
respective disposition in relation to the core element as to establish an

effective magnetic field throughout the entire core element.

There may be two or more of the primary coils through which the core element
extends, the primary coils being spaced from one another circumferentially of
the conduit and energised with radio-frequency electrical signals which are
synchronised with one another.

Thus, in order that there is a sufficient level of magnetic field present
throughout the core, rather than simply applying an electric field at one point
around the circumference of the core, which then decays away from the
primary, an electric field is applied at more than a single point around the core.

Alternatively, or additionally, the, or at least one, primary coil may extend
around a greater portion of the length of the core element circumferentially of
the conduit, so that the portion of the core element away from the or each
primary coil is relatively reduced. In this way, fewer primary coils but of
greater extent may maintain the magnetic field in the core element as

effectively as a greater number of primary coils but of lesser extent. Possibly,



WD 2012/ 056248PCT/ GB2011/ 052106 4 even, a single primary coil could extend
around the entire or substantially the entire length of the core el enent

ci r cunf erwotpeddsy248f the conduit. The nunber of primaryPcoidBRrIioOded in
accordance with the invention can be selected in accordance with the |ength
of the core elenent as a whole, circunferentially of the conduit.
Preferably the primary coils are spacgd substantially equally from one

anot her around the circunferential length of the core elenment. It is

envi saged that apparatus in accordance with the invention when utilised
with a conduit in the formof a pipe whose dianeter is 1-2m may be provi ded
wi t h t hr eevenf, @usingler piiroasi bboil couwldexpenarargurebiiesentiparesliastartiatty ehent i al | y

around the core enent. A small er. pi require only two primary coils,
i sposed Sntes isndlh SREE cofeSEmentar SRRt dhe Safdiber i th respect. to
the pipe. Two coils of greater extent may be used instead of three coils of

| esser extent. The radio freg:ency signal s energisi ng the primary coils may
have a frEtgBuBWer of pHgaruggis porhded o soanHance withdraripyention ¢an bai ti ng

states (ng,si.anal f random | h, bet ween,, su ssive radio_fr ency
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si nusoi dadircaimfersiialy Yolother comivs. f Proferadnd thar phbey Bt Aredepdesdini shi ng
froma maxi mum val ue to zero before another signal i's supplied after the
wai ting pefastantially equally from one another around the Circumferential length of the

core element.

It is envisaged that apparatus in accordance with the invention when utilised
with a conduit in the form of a pipe whose diameter is 1-2m may be provided
with three, four, or possibly more primary coils, spaced circumferentially
around the core element. A smaller pipe may require only two primary coils,
disposed, for instance, diametrically opposite one another with respect to the
pipe. Two coils of greater extent may be used instead of three coils of lesser

extent.

The radio frequency signals energising the primary coils may have a frequency
in the range 50khz to 500khz, for example, with waiting states (no signal) of
random length between successive radio frequency signals. Each radio
frequency signal may be a “ringing” signal, of sinusoidal or possibly other wave
form, and variable amplitude diminishing from a maximum value to zero before

another signal is supplied after the waiting period.

The necessary synchronisation of the radio frequency signals in the respective
primary coils may be achieved by energisation thereof by a signal generator
common to the primary coils. Alternatively, the primary coils may be energised
by respective signal generators each of which energises one or more of the
primary coils, the signal generators being arranged to produce the same

signals as one another when caused to do so by a triggering device common



The necessary synchronisation of the radio frequency signals in the
respective primary coils may be achi eved by energisation thereof by a

si gnal gewenat2sem8mmon to the primary coils. Alternati yeryGB220hespros mary
coils may be energi sed by respective signal generators each of which

energi ses one or nore of the primary coils, the signal generators being
arranged to produce the sane signals & one another when caused to do so by
a triggering device cormon WO 2012/ 056248PCT/ GB2011/ 052106 5 to the signa
generators. In this case, the randomintervals between the signals nay be
provi ded by the triggering device. The invention also provides a nethod of
treati ng ta thésighal geaeorduirt thibgases dhefandom attena slbstvadreitheapigraalat us. The
invention will now be described.by way of exanple with reference to the
accompany Y DGIRVHEE DYINSUFERINGIENIFe 1 s a perspective view of
apparatus in accordance with the invention, applied to a conduit in the
formof a pipe; Figure 2 is a viewas figure 1, with conponents not visible
i n figur eBhelinyieolion iatsoprokisies @ naghod of treating a fluid in a conduit, by use of

the above-described apparatus.

The invention will now be described by way of example with reference to the
accompanying drawings, of which: Figure 1 is a perspective view of apparatus
in accordance with the invention, applied to a conduit in the form of a pipe;
Figure 2 is a view as figure 1, with components not visible in figures 1 shown
in broken lines;

Figures 3 to 6 are further perspective views of the apparatus, from different
angles.

Figures 7a and 7b illustrate arrangements for synchronising the signals
applied to the primary coils.

Referring to the drawings, a conduit in the form of a pipe is indicated generally
at 10. It is encircled by a core element of magnetically-permeable material, 4
made from a plurality of individual components of such material secured to one

another, as described below.

As illustrated, the core element, indicated generally at 12, comprises a plurality
of components 14 secured to one another. In the illustrated embodiment, each
component 14 is in the form of a short bar which has apertures at its ends. The
components 14 are secured to one another in a chain-like structure, each
three of such components which lie alongside one another being secured at
their respective first ends to a further three intercalated such components, by a
fastening bolt (indicated at 16) extending through the end apertures of the first
mentioned three components and the second mentioned three components.
The first mentioned components are secured to yet another three components
at their second, opposite, ends by a further bolt, and so on around the entire



Figures 3 to 6 are further perspective views of the apparatus, from
different angles. Figures 7a and 7b illustrate arrangenents for

synchr oniwpnrg12dse248i gnal s applied to the primary coil s. PReEfGB20i 132106 t he
drawi ngs, a conduit in the formof a pipe is indicated generally at 10. It
Is encircled by a core elenent of magnetically-perneable material, 4 nade
froma plurality of individual conpongnts of such material secured to one

anot her, as described below As illustrated, the core el enent, indicated
generally at 12, conprises a plurality of conponents 14 secured to one
another. In the illustrated enbodi nent, each conponent 14 is in the form of

a short baxternal cdirduas cegreet of ebeapipe s Oendencdha cwmygretiealyspddnealsde secur ed
to one another in a chain-like structure, each three of such conponents
which i @sgem%g@aglr@ﬁﬁt%eme} ‘bei ng secured at their respective first
ends to a further three intercal ated such conponents, by a fastening bolt
(i ndicated at 16) extending through the end apertures of the first

ment i onedntfiguees edinblon eateselament Ae is prondedratihifoueprimareeoilsoinsitrieds. The
first ment,i d onent s _are, secur . yet, another thre nents at
their sec tnﬁ?%88§§§| {r%lﬂméqgag{l%ky aar%y[]ﬁgfﬁ%&%oétﬁubgm%ggy gﬂuglr@g{%%fﬁe entire
VO 2012/ Oh§AASRCENGIHRPLEASH BHafarf contenends Gohtardiinee, ehdtthe dirge 10.
Hence, a nmagnetical |l y-pernmeabl e assenbly encircles the pipe 10.

element adjacent passes through the primary coil. Hence, an electrical signal

in each coil 18 causes the establishment in the core element of a magnetic

flux. Electrical signals which energise the primary coils 18 are preferably radio

frequency signals, of “ringing” wave form as described above with random

length waiting periods of no signal therebetween. The casing 20 of each

primary coil may contain the necessary electronic components to constitute a

signal generator for producing such signals. Since the production of such

signals is well known to those skilled in the field of electrical and electronic

devices, it will not be described herein in detail.

The number of primary coils to be applied to the core can be determined as
follows. In order to apply an adequate electric field to the pipe, the magnetic
field through the core must be of a sufficient level around its entire
circumference. The magnetic field starts at a maximum next to the first primary
coil, and decays away exponentially as a function of distance from the primary.
Strictly speaking, the field at a given point is the sum of two exponentials, each
decaying with increasing distance away from a primary in each direction
around the core, and therefore the functional form of the field is more like a
hyperbolic cosine, but this approximates to “exponential” decay. The second
primary coil should be placed at an appropriate distance so that there is an
adequate magnetic field in the core at all points between the two primaries.
This is then repeated for the additional primaries, and it is this required
spacing that determines the correct number of primaries for a given core.
Practically speaking, the most efficient placing will be to place the multiple
primaries so they are equally spaced around the circumference of the core.



In figures 2-6, the core elenent 12 is provided with four primary coils,

i ndicated at 18, spaced circunferentially around the pipe at substantially
equal di swareexs6248m one anot her. Each primary coil extectsGE220omsaloeasi ng
20, and the core el enent adjacent passes through the primary coil. Hence,

an electrical signal in each coil 18 causes the establishnment in the core
el ement of a magnetic flux. Electricaly signals which energise the primry
coils 18 are preferably radi o frequency signals, of "ringing" wave form as
descri bed above with random | ength waiting periods of no signal

t her ebet ween. The casing 20 of each primary coil may contain the necessary
el ectroni c conponents to constitute a signal generator for producing such
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speaking, the field at a given point is the sumof two exponentials, each
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hence will tend to drift out of phase over time. The triggering pulse will need to



8 be repeated at intervals to ensure that the units do not drift
significantly out of phase. The above requirenents inply two major criteria
for the twoizorp/qsoddse. The first is that the pul se i s repeatGRLOTSA106
timescal e short conpared to the phase-drift tinme of the primaries. The
second is that the accuracy with which the timng is inparted to each
primary has a small variation in timegconpared to the period of the
under | yi ng radi o-frequency signal. Thus the required accuracy of the
synchroni sation is determ ned by the radio frequency signal, and not the
envel ope function. The triggering nechanismnmay be arranged in any

conveni erte vepeat€aat examvaleta ensuredbakihcamitsstiawet drift agrefeemtlyshawh i n
figure 7a, in which one unit 22 produces both a signal to be applied to the

primry, ®a triggering signal or "clock pul se" which is then passed to a

second unit 24. The clock pulse is used by the second unit to ensure that
the signals it produces are synchronised with the first. As noted, this
pul se nusth&abave ceqiiments imphhtwaheajeiderdend ¢on thet tiroimgpeuls@dl heafitstr epeat
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have a sefféalf enhsleviried0 ThBiseRond o5l UeR 3h@ aetoeicy pitrs whidhskftimingiish i s
then transmtted to signal generators within the nmultiple units 32
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i nterpreted ﬁo excl yde the presence of other features, steps or conponents.
9 envelope function.

The triggering mechanism may be arranged in any convenient way. One
example is a master-and-slave arrangement shown in figure 7a, in which one
unit 22 produces both a signal to be applied to the primary, and a triggering
signal or “clock pulse” which is then passed to a second unit 24. The clock
pulse is used by the second unit to ensure that the signals it produces are
synchronised with the first. As noted, this pulse must be more accurate than
the radio oscillation period, and repeat before the radio signals drift out of
phase. The second unit 24 can then transfer the pulse to the third 26, and so
on. An alternative method is to have a separate device 30 which produces a
clock pulse itself, which is then transmitted to signal generators within the
multiple units 32 associated with the respective primary coils. The above
mentioned criteria for the pulse must still apply.

When used in this specification and claims, the terms "comprises" and
"comprising" and variations thereof mean that the specified features, steps or
integers are included. The terms are not to be interpreted to exclude the
presence of other features, steps or components.

The features disclosed in the foregoing description, or the following claims, or
the accompanying drawings, expressed in their specific forms or in terms of a



means for perform ng the disclosed function, or a nmethod or process for
attaining the disclosed result, as appropriate, may, separately, or in any
conbi nat iwo 20f2/656023R features, be utilised for realisingPChg&B20UE52106N | N
diverse fornms thereof. 10 Clainms 1. Apparatus for treating a fluid in a
conduit by the application thereto of radio-frequency el ectro-nmagnetic
signals, conprising a core el enment of gragnetically-pernmeable materi al
extendi ng around the conduit, and one or nore prinmary coils through which
the core el enment extends and energised with radio frequency el ectrical
signals by at |east one signal generator; wherein the or at |east one of

t he pri mamganeifbs pgesoranngexbendisclogéd rfudctspysort iromathod unf praaetssalory of t he
core el enent._.and cor(ljg?uit such @ts to establish an effective magnetic field

t hr ougho A'3HBIcBlGe resul, ag ANRIPRIAtE MeY.e SEPAGIEY+ 1908 8BKt ai ned
in a condiirhbipntidhdf DBh ifERIUES B BfiIRded F réél_@@ir‘i’gﬂ k& HHRAGYN §h RfFFdree MagNeEt i C
signals, conprising: a core elenent of magnetically-perneable materi al

ext endi ngognedierephe conduit; at |least two primary coils through which the
core extends, the primary coils being spaced from one anot her
circunferentially fromthe conduit, and at |east one signal generator
providing signals for energising the primary coils with radio frequency

el ectrical signals, the electrical signals being synchronised with one

anot her .



3. Apparatus according to claim2 wherein the primary coils are spaced
substantially equally fromone another around the circunferential |ength of
t he core wDenents62484. Apparatus according to claim 2 or PCraiBmB/0sorpr i Si ng
three, four, or nore primary coils. 5. Apparatus according to any one of
the preceding clains wherein the radi o frequency signals have a frequency
in the range 50khz to 500khz. 11 6.1@\pparatus according to any one of the
precedi ng cl ai ns wherein each radio frequency signal is of variable
anplitude, dimnishing froma maxi numvalue to zero prior to the
application of another signal after a randomwaiting period. 7. Apparatus
accor di ngClkanany one of the preceding clains wherein at |least two prinmary
coils are energised by respective signal generators, each of which

energi ses one or nore primary coils, the signal generators being

synchronised i gpeaafial fo?rditing 4 FURDRT ANbrdeKi LetHeO PRIt AtiBR BRI of
radio-frequency electro-magnetic signals, comprising a core element of
magnetically-permeable material extending around the conduit, and one or
more primary coils through which the core element extends and energised with
radio frequency electrical signals by at least one signal generator; wherein the
or at least one of the primary coils has an extent and/or disposition
circumferentially of the core element and conduit such as to establish an
effective magnetic field throughout the core element.

2. Apparatus for treating a fluid contained in a conduit by the application
thereto of radio-frequency electro-magnetic signals, comprising:

a core element of magnetically-permeable material extending around the
conduit; at least two primary coils through which the core extends, the primary
coils being spaced from one another circumferentially from the conduit, and at
least one signal generator providing signals for energising the primary coils
with radio frequency electrical signals, the electrical signals being
synchronised with one another.

3. Apparatus according to claim 2 wherein the primary coils are spaced
substantially equally from one another around the circumferential length of the

core element.

4. Apparatus according to claim 2 or claim 3 comprising three, four, or

more primary coils.

5. Apparatus according to any one of the preceding claims wherein the
radio frequency signals have a frequency in the range 50khz to 500khz.



8. An apparatus substantially as hereinbefore described with reference to
and as shown in the acconpanying drawi ngs. 9. Any novel feature or novel
conbi nat iwe 20f2/5emBur es descri bed herein and/ or in the CTERANYISAH6

dr awi ngs.
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6. Apparatus according to any one of the preceding claims wherein each
radio frequency signal is of variable amplitude, diminishing from a maximum
value to zero prior to the application of another signal after a random waiting

period.

7. Apparatus according to any one of the preceding claims wherein at
least two primary coils are energised by respective signal generators, each of
which energises one or more primary coils, the signal generators being

synchronised in operation by a triggering device common thereto.

8. An apparatus substantially as hereinbefore described with reference to

and as shown in the accompanying drawings.

9. Any novel feature or novel combination of features described herein
and/or in the accompanying drawings.



