ACOUSTI C CLEANI NG OF OPTI CAL PROBE W NDOW This invention relates to a

cl eani ng system for neasuring instrunents neasuring chosen characteristics
of a fl uiwomeeusmesontai ned in a pipe or container, especrad2godmoicopti cal
measuring probes for water, oil and/or gas flows. Mirre specifically, the
invention relates to acsgstenceaninGl errdprgcitherosmndonody in front of an
optical neasuring probe being positioned in a fluid nmedium by actively
renovi ng deposits. In perform ng neasurenments in nultiphase flows such as

water, oil and/or -gasi{LOVs, relafes!t§ a%%éﬁﬁinlgﬁﬁlﬁfgﬁ?fﬁgguﬁ%tiﬁ@ﬁn%gosi ts form

on the probe surface berng in contact w ow. Thrs Is especially

r el evant ofeasuriypt ¢toatn ghaedegesisties of a fleidfrediimgohtained és e pipeeorwea@inegnent s i n
the flow, as.the probes conprise.a transparent w ndow toward the flow |If
this w ndeRF% 1Y(:f_8€%1?t5’6‘f‘5‘§a Be Lrqbes fior ‘?ﬁfg‘i’ Oﬁé‘né)lgnéﬁﬁefm‘l_“ﬁ% Y& neasur enent s
may cont ispLi&fically! heGhRANLA Bl MBY toPLs RN RrBRAn{RY th& WMoy HEfrdt@Pan f rom t he
flow, but"this muy be inpractical and time consuming, in some cases

requi r i ngpécdloesasuiigprobobeing positiensshistadinid Swdawaby setijgbstemnyinthave been
made to c] ean the window in situ and even during operation. One solution is
di scussed®PPFIEP 1480764 where an optical systemis used emitting |aser

pul ses bei ng abl e h@effBiBME ntkRP@Sksts il Atilpsiabd Bows elchtgdvdie, bt @ndZbr
publication is that sone soft deposits occurring in some fluid types are
not renoeesl flieysiihs 4 welbkngwn Bwdlenthat denesithiosmeonihe prabesariaes Raigivat

appr Qpri I I . | E I I s dj by Dr.
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optical fibres used to performfluorescence neasurerents. Two Sol utions
have beerfrdne sheefliow, T this mey basinprpchical mad tihesenswping) B@ome cabRs re@iBrg i on

head 13° taﬁ%gal %ﬁltlthdounbgf%ﬁe gyr%gem.

Several suggestions have been made to clean the window in situ and even
during operation. One solution is discussed in EP 1480764 where an optical system is
used emitting laser pulses being able to remove deposits. The problem related to the EP
publication is that some soft deposits occﬁrring in some fluid types are not removed by

20  the laser pulses. Thus the probe has to be removed at appropriate intervals for cleaning.

Another solution is discussed by Dr. Jens Bublitz et al. in “Adaptation of
approved laser-induced time-resolved fluorescence spectroscopy in offshore
applications: Experience of 24 months measurements in produced water”, published on
7% Oil-in-Water Monitoring Workshop, 23-24 November 2005. In this publication tests

25  are described where vibrations are used to remove deposits from a window in front of
optical fibres used to perform fluorescence measurements. Two solutions have been
tested. The first using a transducer coupled to the detection head so that both fibres and
window are subject to vibrations. Thus has shown some practical problems such as the
loss of the window and in practice Bublitz et al. have found a solution in which the

30  window is glued into a recess in the head and an air jet is applied to the window to aid
the deposit removal. The latter is impractical, as it, according to the publication,

requires a second opening in the pipe and, additionally, may disturb or limit the flow.
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sol uti on wo 2eéwshi4she wi ndow is glued into a recess in trhe/Noad/@o7an air
jet is applied to the window to aid the deposit renoval. The latter is
inpractical, as it, according to th& publication, requires a second opening
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t he pi pe. Patent applicati onWD 2008/ 015390 descri bes principles and

embodi ment s of an apeiteraptiverfobitiaereardivgdenitin Bebliz ghnl optblisgionsy st em
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acoustic resonator may bé used for acous |cacly eani ng of the optical

i nt er f acifadm eh@herjoshiontin @nspipé. tThigpleemaairectwi dyeatrge isthemime whle opt i cal
interfacial elenment. In appl.ications, where hj h%fnei acousti . vi brations
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acoustic resonator can resu i n physical erosion of the optical
i nterfacithé pgpkenent, regardl ess of material. It is an object of this

| nver]tsi on to pr OVifda(’?erf%l aSIialiTcg{ign %&P(B 56(1)5981%%"0 cfe(sa%\éis r1%%nciples and

embodiments of an optical interfacial element and an optical system integrated with a
high power acoustic resonator where the high power acoustic resonator may be used for
acoustically cleaning of the optical interfacial element by transmitting acoustic
vibrations onto the optical interfacial element. In applications where high energy
20  acoustic vibrations are required for cleaning the optical interfacial element, e.g. at high
pressure, a full integration of the optical interfacial element with the acoustic resonator
can result in physical erosion of the optical interfacial element, regardless of material.
It is an object of this invention to provide a simple solution for removing
deposits from an optical measuring probe window without damaging the optical wave
25  guides or other equipment therein and without requiring extra openings or surrounding
systems complicating the installation and operation of the measuring probe.
This object is obtained using a system as stated above and characterised as
mentioned in the accompanying independent claims.
The invention thus provides a system where acoustic waves propagate
30 along the probe shaft to the probe head. Preferably, signals transmitted from the probe

head to the instruments outside the fluid through a member being acoustically insulated
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acconpanyj ng, drawi ngs, illustrating the invention by way of exanples. Fig.
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relates to a probe, 1l Qaﬁn 1 rfati ng a pipe wall or container 6. The probe has
a probe head 2 prdUPHf %jﬁé‘. % loptical measurements in a medi um contained in
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and connection nmeans for the relevant instrunments and control neans. The
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wi th the pipasull efesitsings. e pestediagagrobaheal yirevidingre. @dgiitdlonal opening 9
is provided in the wall, e.g. for pressure rel ease purposes. According to
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control means. The pipe or container 6 may be of any type containing fluids, like

15  mixtures of water, oil, gas, etc. where there is need for performing measurements and
especially if there is a risk of deposits on the probe head interfering with the
measurements to be performed. In figure 1 an additional opening 9 is provided in the
wall, e.g. for pressure release purposes.

According to the invention the probe 1 is provided with an acoustic

20  transducer 5 in the opposite end from the probe head 2. The probe includes an elongated
member 3, and the acoustic transducer 5 excites the member and the acoustic waves
propagate along it toward the probe head 2. In order to protect the signal transmitters to
or from the probe head the elongated member 3 is preferably formed as an annular pipe
with an inner channel 4 through with the transmission lines may be drawn. In figure 1

25  the probe 1 is connected to the container wall 6 through O-rings 8 or similar, sealing the
through-hole. The elongated member 3 inside the probe is acoustically insulated from
the outer shell of the probe 1 and thus also from the pipe or container wall 6, while the
transmission lines and transducers inside the inner channel 4 are preferably acoustically
insulated from the elongated member.

30 Figure 2 illustrates the probe head at the end of the elongated member
3,13. The elongated member 3 extends through the probe head 2 all the way to the end
13 and is acoustically coupled to the oscillating front of the probe 12.
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vibrations damping O-rings 14,15,17,18 and their mounts are preferably adapted to

allow for vibration movements in the longitudinal direction of the probe while damping
movements in the transversal direction. While exemplified as O-rings any device
providing both vibration damping and seal may be used.

20 In figure 2 the window 10 is mounted at the end of the probe head 2
coupled to the gauge 11 but acoustically insulated from the elongated member 3. The
outer edge 12 of the probe head is an extension of the elongated member 3,13 and may
thus define a vibrating surface which so as to couple acoustic energy to the fluid in the
vicinity of the probe window 10, the vibrations producing cavitation at the window 10

25  and thus remove deposits therefrom. Different types of sealing such as O-rings 17,18
may be used between the vibrating 12 and non-vibrating parts 10,11 to avoid intrusion
of fluids into the probe.

In figure 3 a preferred embodiment of the invention is shown in which the
window 10 and the outer end 12 of the elongated member 3,13 is shown. The outer end

30 12 extends outside the window and as is shown in figure 3 it may be shaped so as to
allow fluid flowing close to the window 10 while also extending over the window so as

to focus a part of the acoustic energy toward the window surface. In figure 3 this is
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depending on the intended use and the local process environment including fluid
content. types of contaminations and pressure. Preferably the frequency range is in the
range of 20-30 kHz and the amplitude is up to 50 pm in the longitudinal direction.
To summarise the invention thus relates to a system for removing deposits

20  from measuring instruments or probes 1 measuring chosen characteristics of a fluid
medium contained in a pipe or container 6. The measuring instrument comprising a first
surface 10 having contact with said medium, the first surface being positioned on one
end defining a probe head 2 of an elongated member 3 being adapted to be extending
through the wall of said pipe or container. The outer end of the elongated member is

25  positioned outside said wall and the cleaning system comprises an acoustical transducer
5 positioned on the outer end of said elongated member, wherein the acoustic transducer
is acoustically coupled to the elongated member 3 so as to couple acoustic energy
thereto, the acoustic energy propagating along said member to said first surface being in
touch with the medium inside the pipe or container. The resulting vibrations applied on

30 the end 12 of the probe head 2 being shaped so as to transmit part of the acoustic energy
through the fluid to the window close by the probe head end thus by cavitations in the

fluid removing any contaminations deposited on the window surface.



environment in which the equipnent is to be used, such as dupl ex steel

and/ or other stainless steel alloys. The acoustic source 5 may be chosen
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measured in which case the nature of the window will be chosen accordingly.

The acoustic energy used to clean the inner surface of the probe being in
contact with the fluids in the pipe or container is preferably constituted by pressure
waves propagating longitudinally along the elongated member thus providing vibrations

20  to the inner surface of the probe head having an axial direction, the vibrations causing
the extensions 12 on the probe head to vibrate and thus transmit the energy toward the

window so that contaminations are removed.



transparent to the optical signals transmtted though the wavegui des.
Alternatively, the inner elenent contains an optical sensing system e.g.
an i magi ngoyeism4scoupl ed t hrough el ectroni c or opti calPcyinprady/morsduct or s
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outer surface of a w ndow being tranSparent to the optical signals

transm tted though the wavegui des. Applications may al so be contenpl ated
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head of drmedusayistaconstisrbesountidipdee elongatedaxemhen PRSth EOUINa¢NEihal | of
sai d g p%n&{%yctﬁr%}%%l ﬁ% ko) s%‘é R g% grczé%at%g%a%gsﬂ@%ﬁ{bep?d 9 RAP Lhitf Lped

OUtSI e sal eanl n Sl ng an acous |ca rahsducer

posi ti one;@ll@dsinttﬂirepmbérhéadelgr@ideﬂamh elmmgﬁrz ﬂﬁiou@hniblﬁbh thmh&namctersambracoust ic
t ransducer |s acoust.i cal | y coupl ed té}ﬂ | .ong @l g. P&b as to couple
acoust i c TeFASHIGY, PR aviRdQy ?%é%‘&’éﬂ%%l Yein %th ot &g digsis @"atP‘Eﬁb sai d nmenber

to said Hiﬂ cescﬁr);ea%s ’thmfcblﬂtlﬁg@lb%t%g gaﬁrfgtﬂ?(rrﬁ\rhéiﬁet Wirkfte o Wiendow

t hr ough characteristics are ne sur he w ndow bei ng

acousti cadrih;iowﬂnssrﬂateéﬁetctfofammbhmgfcron'satniwwha&entﬂmd fust surficst ance chosen so
that .the resulting vibrations propagating fromthe first surface to the
wi nddw has the effect of renovi ng contam nations fromsaid first surface.

2. System according to claim 1, wherein said measuring instrument
comprising an inner element positioned inside said elongated member and being at least

partially acoustically insulated from said elongated member.

20 3. System according to claim 2, wherein said inner element contains optical
waveguides extending from a position behind said first surface toward a measuring
instrument outside said pipe or container, the first surface being constituted by the outer
surface of a window being transparent to the optical signals transmitted though the
waveguides.

25
4. System according to claim 2, wherein the inner end of said inner element

being at least partially acoustically insulated from the probe head.

5. System according to clam 1, wherein the acoustic energy is transmitted
30  through the elongated member thus providing vibrations to the probe head having an

axial direction.



2. System according to claim1, wherein said neasuring instrunment
conprising an inner elenent positioned inside said el ongated nenber and
bei ng at Weasty/iparssi al | y acoustically insulated from saipdTaNOzogetoers7mrenber .
3. System according to claim2, wherein said inner elenent contains optical
wavegui des extending froma position behind said first surface toward a
measuring instrunment outside said pipe or container, the first surface
bei ng constituted by the outer surface of a w ndow being transparent to the
optical d$ignals trmtem accelingipuadtin hevigasiaghy elergatef mapberdscaeried i ng to

prical i anal st hevd mSpBecare
par a1 ytagsaet pdiph PRLOFARGh FRMHHIY EroBlAEIRE "8 Sl o accor di ng

to clam1l, wherein the acoustic energy is transmtted through the el ongated

menber thus providing@zibrations to the probe head having an, axi al
direction-6. Syst ewSkat#icardig tooclaimy?.nyhcreipaiddnper effanedt SARYaNE 8 nenber i s
coupled tg.. ' coptaiingk: h gustbaRld ¥otifgul at ed
coupl?ngﬁgy%8§§§#£§$%%%ﬁ$%fﬁé t H%?ﬁ#ﬁ%?? e#gﬂﬁ@sa#%rinner gfenent

cont ai ns signabpdridnatorsssers ao traysnie Rignals dronasaid meagingsystest trmegsotipg ed t hr ough
el ectroni.c or optical signal conductors _so as. tq transm.t si | s fromsaid
i magi ng JPETERATE Y Stidi . ‘?ﬁfé’ﬂ%‘?‘?én"ﬁ‘e gﬁit§FI3%°e e ‘iﬂnﬁn%mﬁ% lg'gﬁ? SFtr?ér, t he
first surdaee Hel WHdeRMhd tdRFarbit thke Ol si%ﬂh’lsf f&fndfeRihohdaw bei ng
transparent to the optical signals transmtted though the wavegui des. 8.
Syst em aceareditidgs.t o claim 1, wherein the first surface is constituted by a
pipe1 ection extending into the flow and said window is positioned inside
sai d gipe section.

8. System according to claim 1, wherein the first surface is constituted by a
pipe section extending into the flow and said window is positioned inside said pipe

section.



