89e3ek/20k IInn8npn6nT20 $ METHOD AND DEVI CE FOR CHECKI NG THE | NTEGRI

‘INENBRANE FI LTRATI ON MODULES The present invention rel ates
and a 5 device intended for checking the integrity of mc

il -

ultrafiltration nodules that are used in processes for the sepansti on and
concentration of solutions, and especially in the water treatnent field.

It is known that I I it f i Bpes grouped
together in bunaEgéﬁﬂégﬁﬂtﬁgéﬁ R CRENG Muff 1 GRiry 6 ains to

10

solve is that of detecti nMEMBRANE BELERATEON WOBPLEE manifested 15 by the
fluid passing directly fromthe dirty (concentrate) side to the clean"

partially broken

(pernmeate) side of the menmbrane, through the conpletely or
fibre or fiWhes.pROs¢R ALRVENS1i000 LR AT 0DPER7XP pRovialidosd

this pr I e an thgg thathé&ki oncKlet ectd dug#ie, noicge
emtted eg’)it ?rsbu g(r%%gace) t he rI uid passﬁg thrcg%%gL aﬂ%grt%@etn fibre.
Sh:

Accor di ng tmltclﬂr@falﬂd;\r@t&rqur oFr t ulitwad iddmesd ondl

the noise b&%lé%htn@bﬁyéc@yséaefBEUItdan@@pahga&iwzoushdadmm@emrhltbm -

anplifying the noise signal_thus obtali d and co |ng
- WA

signal ~ t hus 9dbt 8PhBELRPEN 21%r SRAG selI'lev'élIle

d&€ecting
at%@l ified
Same

frequency 3@ilcamge, characteristic of integral nodul es, th| S corrpari son

maki ng (§ possi ble to detect whether the nodule is integral

prior a

or not. This
al so discloses a device for inplenmenting 35 this nethod, which

conprises: -Ita hydr}umwnethauntsattl’onmpﬁél%tt@m%ﬁu’g@ oplerghiwpd@fe; -
anpl i fier t%)t]i%r‘rnpl Iefy 'b‘i%st h§t rdLgeal StQSEtM@EGdLQY &1 8y dr aphoneheand

2 510 15

t he p05f| bl e pre%ence ?{ufdl eapkaslsnn;t‘ghe lq%lc%ly

or-anal yser for conparjn t he noise si gnal -
pi cked up amwmftéétw%hﬁaﬁn%@w BN EROT eI h &Pact

integral nodyl g, snakysdstPigthercprpapkeaRageki ahiich Aessidvlid dsxedet ect
from the dirty

(concentrate) side to the clean (permeate) side of the

membrane, through the completely or partially broken

fibre or fibres.

20 FR-A-2 775 440 and WO 99/44728 provide a solution to

this problem by means of a method that

relies on

detecting the noise emitted by the turbulence of the

fluid passing through a broken fibre. According to the

above prior art, this method consists in:

25 - detecting the noise brought about by the fluid

passing through a broken fibre;

- amplifying the noise signal thus obtained; and

- comparing the amplified signal thus obtained

with a threshold noise level, within the same frequency

30 range, characteristic of integral modules, this

comparison making it possible to detect whether the

module is integral or not.

This prior art also discloses a device for implementing

35 this method, which comprises:

- a hydrophone mounted on the Dbottom purge of

each module;

- an amplifier that amplifies the

delivered by this hydrophone; and

signals

TR

*G00002*

s®Rrdt Pon to

Y8t |l@ of an

an



Thi.s known technique is generally satisfactory. However, on an industrial
.scale it turns out that the output |evel of the noise produced by the
breakage of a fibre nay be too low it therefore remains mxed with the
parasitic noise, whether the latter n_oi%se_is of hydraulic, mechanical or
other origin, fromthe industrial unit Tn which the hollowfibre nodul es
are enpl oyed. The abhove noise. Lh o 4 ndi e pr nce.Qf. a
possible leak, is t Rer P8P & A597 ¢ %%??%e%etfe({:}?eggkﬁggggﬁveﬁﬁﬁe%%l%e
abovenent i osédnpiohtierked hepi mnehtangl pf bed dwd th et hovesbeldhagkissy t he

integrity oh hahl oy the f0iise ,Qf ACoUSt] L ShLR8l mBQHilfa?u_EhQ ilr @fgen

fibre, whether or not the salci'f!bre IS exposed to a id flow, fibre
filtrati on HbBEul COMARF FAN defekingy FEakPATFISRUGh atonPpEesFy &be

partial ly bpgkenphihifesditicAdeld 2K i hale iodansi sts in: - enitting a
noi se or acoustic signal by means of an emtter |ocated on one side of the
menbranes of the filtration nodules; - detecting, on the other side of the
menbr anes, 38is anphbii Nocékienhgise signalgdnaislabt ai sed;i sdrd toryanpari ng
the resulting anplified signal, with t hreshol d noi se | evel Lthin the
sane frequeﬁgyeygﬁge.oqtaw |1de1§t6&&3r SGHE t hat THS c%%a%lh\é\%n}lr?a es it
35 possi bl ecigptet datvaihettherthd heo npelubeodscedt byr sheobrrekaghcedr di ng to
the inventign, th id_nqise AcOUSL i PShEiid t gd«ehlt RepM thin a
frequenlée&y bgﬁcrfre %n%ﬁ %Ief é)?en](t)g T o%yt qﬁg%g%rfg)g%lti [0 n‘ﬁ%e orxat, a hifgher
o

acoustic prebeurparevetic| maigrad Wbethes pEloe ka5 4Rr aRcég€el }entPfacoustic

S screen anﬂy‘dﬁ’%u@.ii%al Hetgsh edadowst r eaphet suweigmdul esros wadde in
contrast, in“the event of conplete ar Eartial bre ,atgie of g ﬁ]i bre, the

si gnal det edNEYSEGHIt r @kt i $PmiEh St r H‘@erl?"lf(?“ﬁ% i BPEHESi AFéhtion is
al so to provige oedevi tRef ibd VP! epeBEl, Ngthde mMathodoasimdidaed abhwve. This
device js produced in accordance w th that .di sgl osed 1| tioned
prior afrf BOESEPa | ﬁclg?(fessl% c IQ%%]?’ oné Ztgrb%%%fij%f%m}l{g?e%q%\oér nunber
of nodul es, deteaftiech enmits a specific signal either within a frequency band

different fromthe parasitic noise or at a higher power |evel, this or

t hese acoustic emtters being positioned on the opposite side of the
nodul es to flieat sedvighi ¢ipet h@%@y’mﬁdﬁé’@q i @TORG o her- e ati Ve il

gdvan_t ages gfr_ow%dgsr %S%E;ﬂcglﬂleﬂ?fOﬁhé\ékin@eﬁﬁé'eiﬁlaﬂgﬁrelﬂg fofomdinew- )
escription given ow Wi th reference to the ended draw ngs, jC
i|lustréfe &Ab&8anphel ofatheri nBPQHEﬁlsat ia&‘#qofg&ﬁe gggﬁﬁ\?éﬁ?i of\l,ea[\ﬁ\%i s being
devoi d of ampdougH i ng chanadiearelyl n dhe fdaguriesily Fbgokenl ifsikereschemati c
representation _of one enbodi nent, of _t evi ce. according to the invention;
and 30 - Fi 531?§aftsﬁ¥olmz}ser%)hlen (r‘ft’ﬁ}avtesltt h%q“%%%sgtlr_lgte'the acoustic signal of,
on the one hand, -an smittégimed el 22 2, a6AUERECOBhERARARY, e A% with a

broken fibre, Figued ibLystaabgs ohae e 8 i ha RefvkhAkki RE Ine
i npl ement ati on exanple in_which the nodules are in a housing, filtering

from t hed i nildE Tt itde B9HBH RSt 0 t he out si de.

- detecting, on the other side of the membranes,
the noise or acoustic signal coming from a broken
fibre, whether or not the said fibre is exposed to a
fluid flow;

30 - amplifying the noise signal thus obtained; and

- comparing the resulting amplified signal with a

threshold noise level, within the same frequency range.

It will be understood that this comparison makes it
35 possible to detect whether the module is integral or

not.

According to the invention, the said noise or acoustic

signal is emitted either within a frequency band



-4 Inthis Figure 1, the reference 10 denotes the filtration nodul es of
.the type conprising a plurality of hollow fibres grouped into bundles. In
accordance with .the prior art, a hydrophone 14 has been fitted to 5 the
bottom purge 12 of each nodul e 10, this,hydrophone being in contact with
t he cl ean water (perrreate) allowing thé noise of fluid flow to be picked

di tl t
up direc yﬁeﬂf&rﬁ%%[%oc;] g_%gor t%‘é@ﬁ't% AB;:@E0USEHI Caem At af; hfias S

pl aced on t iquid to be filtered (arrow L) in
transverse falcmmsrmde)mtemsw& ove¥=Henoting the filtered liquid. 15 In '
tangential placed on the Figure 1, the recircul gtion tangenti aI node 20
fl ow node, the acoustic emtter 16|s out] et of ther i reul oan]!oop I n

‘arrow S dendfdeddils AAdweHf PERYS obB, PRe TR e?x%? S Iao %ei ng
denoted by the et owrld |dheshaulghdle pmuﬁcﬁfbd)utddvhaétﬂdsten hyesif opthuﬂes 14

equi ppi ng each dule 10 a pl.aced aon the opppsit e r@[‘g)rane to
that on whi Wdthﬁgasenjr?tg? %6 s %a§tﬁcer§) gﬁ a%b’?ﬁg St ge}l"[:pacoustl c
signal emttxad barthalerﬁare&kagé ko i at e@rkaﬂenemr@anesgnslvei%lteﬂﬁﬂﬂ greater
than that e tte d | east one broken fibre, the
acoustic le ca%%d{% rg111‘1&7303‘?\/1 %9% one, such as 14, after processing
(anplification and anal ysis), can be used to trigger an alarm shoul d the

i nt eg”% ofrfhe, HHdlé' ife ayestihenohe fy okene kY HRb9idHr ROSEvide device
may furthernore inclu a 35 programmuabl e control Ler hat receives, the

em tted sigrfsr aﬁdll?#lﬁ‘ifﬁjgslf%gne t@ﬁer BEEBR % 2BhedCh 3R FPPY Rt r at'toh
nmodul es, fordéﬂQ:é)UIspo}:Sﬁo@ucé@t iﬁnaabbtaagcbheumgrtaalaueldﬂm:rlds:eca in

central i zed stemin t or. to an op tar, ] - 5
It should bé t%}doYﬁﬁ?nFﬁgnFH %%n Ry’ bgugppﬁ %Ygo %t%i%es
hol | owfi br eedddtt raweonaoematauegmt(n‘eﬂ t épicnee f momtere Dﬁsﬂd@dl@lﬁ%r ds or

from”r:,g OURﬁ% cieh {‘X‘?hgsé apdsont E?Bﬁ%h elt?l%r'w&@?? %fbc%\l‘@né?e Wi th

ot her rangenen the emtters an
hydr ophones bread dcﬂiféerEnbmft-’ﬁa\t tdhes anRat Hroveo i sevever t e kIR i al

poi nt is thal fhe hydrophongs ar %rnOEhEEéCEQc@ﬂsEDQ safiec6bge Gbeide 10
menbr ane as 't he emtter(s) Accordin o t he (lﬁg tion, e dete%on may
d& L‘Lﬁ Yown"

be perf or med®a%i F19P1eAt PBN LREIEPPOS §r MORuL5Sari°

node. 15 Tesdrs xﬂﬁiélﬁeﬂh@umy@ﬂophsmeﬁiﬁiéy adapt ed pl atform have shown
signifi 8nt di fferences between the emtted noise | evel and the noise

det ecte@”by the hydrophones. In Figure 2, curve Aillustrates the acoustic
| evel 20 obtGiitned ﬁeaaunedulaeﬁ.dha:\d\/rﬁgﬁ@%%keﬁ fhr @raserduriRvetienst r at es

the acousti ;‘%'ff‘veb <8BKRI Nad, nﬂ{krﬁf‘ E%ﬁgrt%!e ngdyte;i pt i ARy RS esaL dat the

danpi ng of e acoustic signal, emtted by the acoustlc emtter 16, by an
integral nemidhe FELRISRGRIChTEr edtRf t FRRNRS of I52YETESdul SRR ng at

| east one brokpnsd+d¥&. an example of the implementation of the
25 invention, this being devoid of any limiting character.
In the figures:

- Figure 1 is a schematic representation of one
embodiment of the device according to the invention;
and

30 - Figure 2 shows the curves that illustrate the
acoustic signal of, on the one hand, an integral module
and, on the other hand, a module with a broken fibre.

Figure 1 illustrates the device in a non-limiting
35 implementation example in which the modules are in a
housing, filtering from the inside of the fibres to the

outside.



The advant ages and technical inprovenents provided by the invention are in
~particular the following: - the possibility of detection whatever the 30
filtration flowrate, or even in a period of stoppage; - the possibility of
detection in quasi-continuous node, by successively listening to all the
nmodul es of an array, each of them being provided with a hydr ophone, this

detection naf_reguirLin roducti to edj ganQienSidice the
emtted S|gﬁ§? ngrangn%%fgd ﬁd a %&%grggﬁgﬁ%gegongpo é?lnanaglng t he
operation offiheramexm amediillesr ;2§ ohhey $veR ¢<t>m1@?éhs%ﬁ@r &f gpEupRlity

rEtransn1ttqgftﬂoﬁfgwnffﬁféngEGHﬁga'EnEBeﬂﬂﬁHﬁeQr In ékcéﬁdéﬂc@perator

sone distance away, who 1S responsible for deC|d|ng on the fOSSI
corrective a@ltil@)n§hﬁopb‘é°ﬁnd’€rtt akehydrepherer 8 PARe Bt t? hat the

present snverld OBot EoMObuligd tied 4 &Aeni mphiamentiat,i mhﬁs(amafspldeﬁerl bed
and shown abhove, rather it enconp Al NS 1.

q@%es all y?rlants t here e

Met hod for CPREKF ngt®heSIMEEGri tY-0f hott o 158 e Y3157 at ?%%rxﬂ%%u? 5 and
for detectir&ni&w$ﬁgtfﬁméuﬂhdnéécaﬂrlé&ﬁ:ﬁ.oﬁlp&rttalIbebrpkeheﬂlbmp
characterize |n ti] it consists in: - emtting a noise or acoustic signal
by neans of Grt¥er located on one side of the nmenbranes of the
filtration nDduIes, 10 - detecting, on the other side of the menbranes, the

noi se o gacoysLlfaBhgnal, God N lai,%gmanbr%erhsm@lcw@ﬁare%rormo;sthe

said fibre i's exposed to ylng t he. noi se S|gnal t hus
obt ai ned; areflased m’rpéh?nglfﬂ%tr@%ﬁﬁrngl nAIaT | BBesi HHAFL R P a°

threshol d no sg. 4ue! (Vb 0)the $aER sheeeue bW angts, 2thé/9&hf)@|waEcordi ng
to Claim1, characterized_i thaé ihe sai d noi se or acoustic signal is

emitted eit HePROPBLRFt AR 51 Feya §7q5é1 d different fromthe parasitic
noi se or at a hi gher acoustl c pressure level. 3. Method according to Caim

1, character] %'n t 1 fh%ldet eclyon 1§ e 38{19? 'rle iligati;gn ppde. 25
ac %r mTy ¢ é

4. Meth ar acteri ze e detection is
per f or med |npbackdash1n¢@@ outlet of the rec1rculatlon loop. In

Figure 1, the arrow S denotes this outlet of the
recirculation 1loop, the inlet of this loop in
tangential mode being denoted by the arrow E.

20
It should be pointed out that the hydrophones 14
equipping each module 10 are placed on the opposite
side of the membrane to that on which the emitter 16
lies.

25
Since the damping of the acoustic signal emitted by the
emitter 16 by integral membranes is very much greater
than that emitted by a module having at least one
broken fibre, the acoustic 1level detected by a

30 hydrophone, such as 14, after processing (amplification
and analysis), can be used to trigger an alarm should
the integrity of the module in question be broken.

For this purpose, the device may furthermore include a
35 programmable controller that receives the emitted
signal and manages the operation of the system of
filtration modules, for the purpose of retransmitting
the signal either to a centralized system in the plant

or to an operator some distance away.



5. .Method according to Claim1, characterized in that 30 the detection is
.performed in "plant shutdown" node. 6. Device for checking the integrity of
hol lowfibre filtration nodules (10) using the nmethod according to Claim1l,
conprising: 35 - a hydrophone (14) nounted on the bottom purge (12) of each
modul e (10) in order to detect the noisg generated by the fluid passing
through a broken fibre; - an anplifier that anplifies the signals emtted
by the said hydrophones; and g - a conparator-anal yser for_ conparing
t he noi se &Ig:neslhqnhkebie upooed Bhati thedimvehtaonhreyhdlal arilsied el

character | St' ddt eyl fqzﬁttlc% BYSi 5 10fe AdYS GO RO Ng it
b

possi bl e to ect e 5 possible presence of a leak in the nodul e
characteri ze(cflllrtetmglfr%nsbh?l neNEHES ARtrRASE OFe fAGBULHT PFTIW® (16),

for a nugber; pfs dul £5q a@t;@t@nsmtsmaﬁpﬂémbran&sgnqh ej:rtétarsemwfum a
frequency band different fromthe p&aam tic noise Or 5%8 %g Dover

| evel ) the SENPRCBEEPFEREMTRSES befRy AESAORISHES Son %? de of

t he nmodul es dra tHat toe Wirddopiendy dnaphaies dr efram Bh\altceimmmhzhchg to
Claim6, characteriz in that 15 the acous iC mtterlgr %@g tters,{16) are

pl aced on t RPIYH et ﬁ@‘é{agﬁrf or*the GRTEY to be ¥t ered” i transverse flow
mode. 8. De\hmcqﬁmteh ngreo bai rp]ﬁa,ceﬂtaloactehezesﬁmm tHiate 20ft Hehaicoust i c

em'tter emtt (1.6) e the outlet of the recirculation
9% e [ R Pl SEELA

| oop, oW o vice according to one of Clains 6 to 8,
25 charact erized in that it furthernore includes a programmable controller

that recei V%ca,lcfked%qtt@@ SLH@al i AGdnEBBAgeS the eRARitiYh Ofmdpe syst em of
filtration or th ose of retransmttin thge sé nal_ either to
a central i z@RPLERIRAR | ATt hfg’-g %1% BP9Ee a’rflmﬁg‘f:kt”grs Jhe %i Sfant® away.

. An. A Au. Aa. A Kar ). itu AMSRMH(m@dd . =@NO.
56’?@wr c”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
]ca] ca]ta]calcaljcalca U cta U cra Uc"a]cPa

| AF=>V+, O} xsregt 7] ¢tent taflcahitajora]ax ajped tal tv] edppapdajca tdajm]) kayea] ca] ca

] ca] ca] ca] cqlggﬂl % a W
" HO#HZS] B 3% f\f}:]qfé%f Ef}fgi? fégtga %ng\‘t tH® emitted noise
U] ca] ca] calkeyelh] e a]ibé] aH)ic cHpE8sFEsTe a?bca]%!aa cBYEapPRRPE&Fca] T ca] ca]
caj ca! p) q) Gg{dd K| *, cuve - a / /K 1 &DS& € ( phéValagudteia] caleag¢Ta] ca] ca
I ca i i i nd curve B
U ca] caPca]Ra1ed) 048] BafOSds ST 4 BYR5FRaf 8P EaEY AIEH B ca] ca]
cal] caMX. ~\: !l{llustrates the acoustic level obtained on an integral
module. It may be seen that the damping of the acoustic
signal, emitted by the acoustic emitter 16, by an
integral membrane is very much greater than that of a
25 module having at least one broken fibre.

The advantages and technical improvements provided by
the invention are in particular the following:

- the possibility of detection whatever the

30 filtration flow rate, or even in a period of stoppage;

- the possibility of detection in
quasi-continuous mode, by successively listening to all
the modules of an array, each of them being provided
with a hydrophone, this detection not requiring

35 production to be stopped; and

- since the emitted signal is transmitted to a
programmable controller managing the operation of the
membrane filtration system, it can therefore be

retransmitted to a centralized system in the plant or



"109& ()-']° "109& ()-'y' "109& ()-'p " 10%WE () -

09! ()- F"LOYE! () - . HAB! 1 41 100 ()41 10 ()-1" 13" 100 ()-1°" 1 3" 10%&
()-13 ‘13 1ocy&()-!s‘!3"1ocy&() ()*+, 24rS4|& s10% & ()-10% & ()- 10 10
10! @91 10% () -1 0591 LOVMVE! () -~ S9! 10UV’ () - 47: =@ aBr S41 & S10% & () -
'ié%(f‘f) (igz‘&&()-llovq&l() 10% & (- 100/‘&() [n<rSallfs

% ()- %n 0% 1 0%
ALV=L L@ 10% (F2y e 1%811% %@% PR e %3,5%(1;96/& 0-X

109&' () - dwiida —diecBaiﬂxQ%Ezir()tl!l@BPQGW&b lcca:remvmr act3gnsod® (He
0% &(>-'Légpggk§h() vl TWeLi 3 o R)eer (e

5 Of course, the fact remains that the present invention
is not limited to the implementation examples described
and shown above, rather it encompasses all variants

thereof.
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’ filtration modules and for detectlng leaks through a
5 completely or partially broken fibre, characterized in
that it consists in:

- emitting a noise or acoustic signal by means of
an emitter located on one side of the membranes of the
filtration modules;

10 - detecting, on the other side of the membranes,
the noise or acoustic signal coming from a broken
fibre, whether or not the said fibre is exposed to a
fluid flow;

- amplifying the noise signal thus obtained; and

15 - comparing the resulting amplified signal with a

threshold noise level, within the same frequency range.

2. Method according to Claim 1, characterized in that
the said noise or acoustic signal is emitted either
20 within a frequency band different from the parasitic

noise or at a higher acoustic pressure level.

3. Method according to Claim 1, characterized in that
the detection is performed in filtration mode.

25
4. Method according to Claim 1, characterized in that

the detection is performed in backwash mode.

5. Method according to Claim 1, characterized in that

30 the detection is performed in "plant shutdown" mode.

6. Device for checking the integrity of hollow-fibre
filtration modules (10) using the method according to
Claim 1, comprising:

35 - a hydrophone (14) mounted on the bottom purge
(12) of each module (10) in order to detect the noise
generated by the fluid passing through a broken fibre;

- an amplifier that amplifies the signals emitted

by the said hydrophones; and
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5 possible presence of a leak in the module,
characterized in that it also includes at least one
acoustic emitter (16), for a number of modules, which
emits a specific signal either within a frequency band
different from the parasitic noise or at a higher power

10 level, the said acoustic emitter being positioned on
the opposite side of the modules to that on which the
hydrophones lie.

7. Device according to Claim 6, characterized in that
15 the acoustic emitter or emitters (16) are placed on the
inlet header for the water to Dbe filtered, in

transverse flow mode.

8. Device according to Claim 6, characterized in that
20 the acoustic emitter or emitters (16) are placed on the
outlet of the recirculation loop, in tangential flow

mode.

9. Device according to one of Claims 6 to 8,
25 characterized in that it furthermore includes a
programmable controller that receives the emitted
signal . and manages the operation of the system of
filtration modules, for the purpose of retransmitting
the signal either to a centralized system in the plant

30 or to an operator some distance away.



