1 5 10 Method and apparatus for determning the flow of a flow ng
liquid 15 The invention relates to a nethod and apparatus for
determning the flow of a flowng |iqujd. Generic net hods and
_apparatuses of differing configuration 20 are known. Therefore it is
known to neasure the diffraction of a (small) |aser beamthrough an
(otherw se) heated zone of a fluid so as to establish the velocity of
~the fluid. 25 Alternatively, it is known to nmeasure the flow velocity
of a fleid by neans of an optionally optical detector arrangenent
positi oned downstream of a heating point, which is also optionally
generated optically, during the propagation 30 tinme of a tenporarily
heated region fromthe heating point to the nmeasuring point.
D sadvant ageously, in this case two different working | oca- tions as
wel | asowor ki ng equi prent are needed, on the one 35 hand for heating,
on the other hand for detecting the heat- ing. The object of the
invention is therefore to develop an inproved nethod as well as an

| mpr oved a@%@%@ﬁ”§n3°£pg§£§¥ds for determining the flow of a flowing

ligquid
15
The invention relates to a method and apparatus for deter-
(' mining the flow of a flowing liquid.

Generic methods and apparatuses of differing configuration

20 are . known.

Therefore it is known to measure the diffraction of a
{(small) laser beam through an (otherwise) heated zone of a
fluid so as to establish the velocity of the fluid.
25
Alternatively, it is known to measure the flow velocity of
a fluid by means of an optionally optical detector arrange-
ment positioned downstream of a heating point, which is
k ' also optiocnally generated optically, during the propagation
30 time of a temporarily heated region from the heating point

to the measuring point.

Disadvantageocusly, in this case two different working loca-
tions as well as working equipment are needed, on the one
35 hand for heating, on the other hand for detecting the heat-
ing. The okject of the invention is therefore te develop an

improved method as well as an improved apparatus for deter-



2 mning the flow of a flowing liquid whilst avoiding the

di sadvant ages nenti oned above. 40 In accordance with the invention
t he above object is achieved with a nethod of the type nentioned at
_the outset mirthat thke Jlicquiak i 8 Keaweogbyineanswbfilan apbidahg the

heat i ng bea@igggv%e aé;%esagriﬁqlqilogggt ‘jfugft?‘ﬁeie'shi rradi ated by an optical 45

detection beam t optical axes o eating and detec- tion beams
-,coi nci ditfhg at |l east at the heating | ocation, and the detection beam

bei ng absor hed ay det.ectors. |l n order to,achieve the ,
above- nent i gﬁedg%%%eh&q{c{ ewlgfrcll\l/en%heso lfjivgﬁl:fﬁrrlt ﬂtglre p?BWﬁesc\’i’aF e&%neﬁ?c
appar at us, iphabved viheh devicghddopfheati hgpanmeénnisnadegitonthef catset

defined inn | on. of. it |l .gqui d_and .an optical. arrangenent for
guiding t he§Begﬁ19%f{}f%elﬁ£1§gr lgrfée%o%(lgthfyoﬁ“ee(%nisnogu%% %Pr%acgr;%l ﬁ?a?ta%éng
measur i ng béasmi pnddiheebethinebt @tk regiion atradietabdsoelyute loptibhl
cation h L NQ: eof . .Fl ow defines_a distjnguishi.n

char act g%i stglg%é?ﬁ%aérlggée,a%s’ucﬁwheaswgllg\#r are’ ??o%%gl‘eo%lrr& A8 QRESET ow
rate or thetlpkebeams coinciding at least at the heating location, and

the detection beam being absorbed by an array of detectors.

In order to achieve the above-mentioned object the inven-

50 tion further provides a generic apparatus, in which the de-

( vice for heating an inner region of a defined inner region
of the liquid and an optical arrangement for guiding the

beam of the laser are positioned in such a way that a meas-

uring beam irradiates the heated region at the absolute lo-

55 cation of heating thereof.

Flow defines a distinguishing characteristic thereof, such
as flow rate, flow velocity, volume flow rate or the like.
As a result of partial absorption of an optical beam, e.g.
60 a laser beam, in the liquid, especially in water having an
absorption coefficient of 0.46 m™! at a wavelength of 970
mm, a lens is thermally induced in the heated region. The
lens and especially its flow-induced properties are meas-
ured in order to determine the flow velocity. The measure-
65 ment is taken by means of the unabsorbed light of the same
laser beam so the excitation beam and the measuring beam
coincide. This method is a non-invasive, contact-free ther-
mal measuring method for measuring the heat-induced modifi-
cations to the optical properties of the heated fluid. The

70 measurement is taken at the same absolute location as the



As a result of partial absorption of anyoptical beam e.g. 60 a |aser
beam in the liquid, especially in water having an absorption
coefficient of 0.46 m at a wavelength of 970 mm a lens is thermally
“i.nduced i n tRetheat ed- ¢ egilon. hefid rigeradandaespeng al dbyatiidhs coincide

fl owi nduced,p I es e Ldred in grder to deternmine the flow
vel ocity. T%g %gggt%%% %}gé rrle%&issb Lga en bdyeocr?é%ﬁg g’\y €he *dRaBs8F beG
-light of thé&eshpes|e@errizdam so tllvgadxciyt afi ond beamandicthke toRasyking

beam coi nci LS et LS..a_non-invasive ontact-free ther- I
measurin rrgtgﬁ%d vg?) ’neaggglrm:b%é ?Ee{'%%i;%’f}fuﬁ ugeegeﬁ%af?is-l ”gtiﬁa@ﬁgfltsg?
t he opt?%al dpropeind esheoflidid lrdattbd fihuidenTheigh: rmeasur a@samﬁ if$om
taken at th a t ti he .3 h ing, .i.e. the

heat i ng and%%gagflair%ﬂ%rgc%ﬁogl S Eglgng?'a‘té %?d%%eedfft%ﬁr%?%e_lﬁﬁgefnbég‘?n
i s detectedlbyubth drlvigy mefthddt et oxbsac dprikpanded Ipy uniedrist ywrobin op-

Si mul € ancouS Ty 75, dot 6ot ihg TR [ F Bt nEoTRET deit HogRe BRARLSS
Apart from the diubtusironftbmough tthe heatay ndocerdtebespsl ID_&tﬁe'b:Fzé%!;e
or "2 or5up BFUBtTe Tentee"RRETHT onon Buber e e he HLDe Y RiFROAT O
the array ofeuet boroamentDi f foertenilseo its deformation, i.e. changes in
shape within the heated zone, can be detected, this defor-
mation resulting from the flow movement. In accordance with
( the invention the refractive index of the induced thermal
85 lens is not therefore merely determined globally by the
diffraction of the light beam, but a global measurement
over a wider region is taken and the flow-induced proper-
ties, especially the deformations of said lens are meas-
ured. The liguid is heated (in a contact—free manner) by

90 means of an optical beam, in particular the light of the

beam heating and penetrating the liquid being detected.

In accordance with preferred configurations it is provided

for the heating and detector beams to be emitted by the

95 same radiation source or to be emitted by different radia-

k tion sources. In the latter case, the sources of radiation
can have the same or different frequency ranges. The heat-

ing and detection beams may be generated by means of a

light source by splitting the beam, by filtration through

100 different optical filters and/or by different dive;gence

via different focusing optics.



80 properties of the heating region and, not only its m salignnent
(nmovenment), but also its deformation, i.e. changes in shape within
the heated zone, can be detected, this defornmation resulting fromthe
{1 ow novenefihert foee ddradaree cai fhrtletiimgent regibheof eftreadtiiqueédi ndex
of the indug?%otg rrnall,a§§a ens is not therefore merely degerm’ ned
gl obal Iy by®the diffralfion of The 15 ght % SSUECE gPolsa #° @ @
- measur eb®ent sever wainhdepinefden wsthakea amdsthénd| oiwhthdecedce, in
properties, eci y. .t he deformations of.said |lens_are asured.
Ther Tt qui o PEERSGH N YriPrEgnoalRhePlS Bainlr fong S0 sl BFegnno
opti cal beasndideprticulberrisherei g sefinet Heebeameheats np anditting
penetrati ngo%hgh%ibua{mds %q:-l ng.d t et ed. rlrlia%%oggagge wth preferred
configurationsi i gng R4 det ect or beans to

1 S provi ed“fof "tTe Heatt
be emtted by the 95 sane radi ation source or to be emtted by

differ radi ati.qon rces.. Iln the latter case, the .squrces, of
r adi at?:[(;é] cgﬁ %at‘[/)geﬁgy%%n%e%erfocﬁﬁefnécr éLtr11:t mfalyeq&eﬁé:fvrlgﬁgegérﬁge de-
heati ng andtdetect ilmanbeambanayabergerner aced Byaneesrs Wfara thieghtat-
source by sghjﬁtgégﬂg the beam by filtration through 100 different
optical filters and/or by different divergence via different focusing
optics. 4 Therefore the device for heating a region of the liquid
can al so be a radiation source or light source, sych.as a l?t- t%05 ~
ser, which EoF ndY dee wWitH™t He n&Ss tPPREST i ot SourSe, B4 Gt RGF&r

t he bebm gufdasmcintxeitige slicjuitdthdtl ovheoheal s gowd ddettdet itabebeankaar e
t he sane i.eémtheree it% no glittin of tﬁg beans of a radiation or
(Iight sour cBSM9 1 15 RprEPer Fad® Y5teREt may be provided for

t he detection beamto have a greater nean dianeter than the heating

beam The optical bea an .be focused insjde the tybe and
Dhare- 115 1 57 o RS e R oBIe O B M e e B 68 LR et 0P Ry
penetrate thedédibeonsa anpabet | ef bessnrdrena spreef efer ath dev alcapaeal 1 of

the inlvzed]tiggql.iléntrgaayllge k%; Or_neans of the array of detectors. If the
light source is a modulated or pulsed laser, as is provided

in the preferred configuration, temporally sequential meas-

urements can be taken during one laser pulse. The temporal
development of the heating in the heating region can thus

125 Dbe detected, this development being influenced by the flow

velocity.

\ While in principle it may be provided for detection to take
place wvia a linear array ¢f detectors, the alignment of a

130 1linear array of detectors being provided in the flow direc-

tion, a preferred configuration provides for detection to

take place wvia a planar ({two-dimensional} array of detec-

tors.



vided for a nunmber of neasurenents to bg taken tenporally 120
sequentially by nmeans of the array of detectors. If the |ight source
is a nodul ated or pulsed |laser, as is provided in the preferred
~configlfati Baveterpora [of dequentthall peasndiEnents tdan berdraken gubing

one | aser pylse. sJhet . devel t_of the heating.in the_.
heating region can t%u%%cgﬁbteo g)éat @%&g%?u?%?ska%%eﬁ opHent HePrgtile
-influenced by the bbowceel bedthy. ivhphetioulpd ndigdistitaiyobents of
provi ded fo e j to I ia a linear array of detectors,
the ali gnne%ktlg&ggé%‘g%j |5IOl egai}%a%regy%go%éegpé Bt St's Beith Spr“k?\?indé(&illﬁ'
the flow di vecidmrg, aslprefers ethdanf ilgutasien pndvicdes flew detleeiton
to tak | a i ; (twor; di nensigonal) .array. of detectors. 5
135 De€4e op(rc;rgn}f[ﬁslgo J{Z&I%?Jhn d dé%(%gn éunﬁg ?% ?%téeriré{nlvnelﬁ%g‘i oM CpFSTTEaRSE or
the flow toibesdetéshioed fommmtzs r etaily etk prmfinke ofstizhesaptial mo-
beam in papti r tistical ts of the received signals being
det er m ned, %ﬁ%#%sco'ﬁn%%ﬁlt\%gl gg a\qa;ﬁgenrc?en,% 5&3\%%%?%%%]700?%&?‘?0????
and the fl oshard ognd ythdbebdra hef | tigai dhidyes ngf deher nhaedabylens and

determ ni ng decrease, i stical nonents. Each. determ ne
(statisti caflgl&err%rrent ?aés %%gnn]g% edw?ioocalt i'f ngﬁPaEﬁg?%%té?i g‘?cg%‘?w
t he bebdd shupbuemditdrer ¢her @xpneheishapehafithe thesmakikensanngo-

t herefore city te ively.to the .flow 145 val ues
fromthe e%%%ﬁt%%@b%%‘%’i o%rp%éagest;ék?llafstt ilcnalthr?orﬁetfﬁecslsg\}gfa}t fRgengs
phase shiftcéam bdedstamistedcalt rOripMtiscedahaber determdatied Eregudety ned
(| aser excitat]j frequency, Therefore, it e provided for the
shift in th@gén%;fno val le %%yt -klﬁ-)ée Pt ST o#g%lhgh%ptsgégg Banthi® Bean

det er mi ned 4Sheas>fa theagosd tfion bhiethé ovwpanHomdaar tcheedeereasendd
the vardiance of the optical am_to be terpined with the flow
Gheralpérogf er T ed Icrl‘%?/%ﬁlo%n%%fsgg? Fﬁigwi ﬁ{}gg?]f oﬁé"brib@? d8eFEFaTheln the
intensity ofatienmptéotalthbeaspitiacane wadul ad ebeandbfermitra phiase sid ft
of the rmdu%ﬁ;hi,orbt 0 _be determ,ned so 155 the_optical beamis

modul at ed by AumeroGE PFEqEehtt e UndPBF EfeCbptic it ddmepsprovide
nodul at ed sf@achdst i caldnsit@t et tadvanitagaes asdmf eat veesocafhl1bb&d ang

invention will energe fromthe clains and fromthe foll ow ng,
descri pti o\rll\%ori nﬁl%ooq?/ﬁﬁecﬁ%od? s TWRULREL PRV EAL PEndgF&TBRBRAI $Rd
in detldid wiHdh wpterencendant He dhawbgSsd | ByWh@herous frequencies

and/or the optical beam is modulated stochastically.

Other advantages and features of the invention will emerge

from the claims and from the following description, in

=

160 which embodiments of the invention are explained in detail

with reference to the drawings, in which:

Fig. 1 is a schematic overview of the appara-
tus according to the invention;
165
FPig. 2.1 to 2.7 show different configurations of <the

optical heating and detection beams ir-



Fig. lis a schematic overview of the appara- tus according to the
invention; 165 Fig. 2.1 to 2. 7show different configurations of the
optical heating and detection beans ir- 6 170 175 Fig. 3.1, 3.2
‘radiating the flowing liquid, J{miitdqinas thepét akired Jbleﬁmccij ]E)?Jlatrlty%z as
focused; show two configuratiaq nvent| on Wlt ifferen
radi ati on sources for the heatalpﬁjg &gge 8C |c§>narb AmE C°PRggE beans

-penetrhting as a parallel beamin F| g. 3.1 and being focused on a

region insigegthe iquid in Fig 3.2 Fid. 4shows the . _
cross- sectloﬁ%l ratios of the © flgura(?:_lons of theadlivehg
and heating beans when they 180dwon' ¥ithi dé¢Efiere gra8shoisn t Béurces

devel opment of the distribu- . the heating and detection beams,
these beams penetrating as a parallel
175 beam in Fig. 3.1 and being focused on a

region inside the liquid in Fig. 3.2;

Fig. 4 shows the cross-sectional ratios of the
measuring and heating beams when they

180 don’t coincide;

—
~

Fig. 5 shows the development of the distribu-
tion curve of the measuring beam at
different points of time in the flow

185 direction;

Fig. 6.1 shows the mean value for different flow

rates (in ml/min);

190 Fig. 6.2 shows the standard deviation for dif-

ferent flow courses (in ml/min); and

s Fig. 7 shows the change in the phase relation
between the initial modulation and the

195 received optical radiation.

An apparatus 1 according to the invention comprises an op-
tical arrangement 2, a laser electronic system 3 arranged
upstream of said optical arrangement, an amplifier arrange-

200 ment 4, an electronic evaluation device 5 as well as an in-



tion curve of the measuring beam at different points of time in the
flow 185direction; Fig. 6.1shows the nmean value for different flow
rates (in mMm/mn); 190 Fig. 6.2shows the standard deviation for dif-
ferent floweota@esafiangdnlanitn)g. andtifiignalshowa thwneahangiliyn 1 hes
phase relation . N .between the initial
modul ati on RIS 198 S8&i VR B At LPSE AL %%5 eg\lr?%ﬁélrl&t gargs-
-.according to the invention conprises an op- tical arrangenent 2, a

| aser el ectyoni.c t em.3,.arranged upstream of said optical .
arrangemsnt%1 g‘ﬁbeafré/p'lsll %158 &n égu?gog newts 4§h%¥gg1 égﬁ GRir&cal ar-
eval uatlon dewgerd a5 wmedl has amahspardnt tesfBcezar rgngegentxbmple
Addi ti onal | a pewer supplLy 7 is pr.ovided for the individua
electric and e egfr %ngbara%és.leﬁsfcublen e G H S 1T g?ﬁnghe
t hrough t hemepphimalg &eam2@53rangenent 2 and has transparent walls
2.1.1, for exanple made of glass, at least in the nmeasuring region
for the neasuring beam 2. 3.

The optical arrangement comprises a laser 2.2 as an optical

210 light source, which is operated for example with a wave-
length of 970 + 15 nm and with an output of 100mW. The op-
tical beam 2.3 or the laser beam is parallelised by means
of a first lens 2.4, irradiates the tube 2.1 and falls on

{ an array of detectors 2.5 comprising a number of individual

215 detectors. The array of detectors 2.5 is connected to an

electronic amplifier 4.1.

The laser control 3 comprises a modulator 3.1 and a laser
driver 3.2 to control the laser 2.2.
220
An A/D converter 5.1 as well as a computer or processor,
preferably in the form of a digital processor 5.2 are ar-
ranged in the evaluation device 5 downstream of the ampli-
fier 4.1. An interface outputs the calculated data on a
225 display, a storage medium and/or a printer. Control lines
\ 9.1, 9.2 are provided to adjust the laser control and the
evaluation control and, if necessary, to feed back and con-

trol the laser operation.

230 The optical arrangement shown in Fig 2.1 corresponds to
that in Fig 1 and comprises a lens 2.2 for parallelising
the optical beam, which irradiates the tube 2.1 as a paral-

lel beam and therefore irradiates the liguid 8 which flows



The optical arrangenent conprises a laser 2.2 as an optical 210 light
source, which is operated for exanple with a wavel ength of 970 15 nm
and with an output of 100nmW The optical beam 2.3 or the |aser beam
is parallel tseducj}y geiahsuife .a Thier gt rkebsor?. & ting adicatias rfibe tgbee2. 1
and f rr of detectors 2.5 conprising a nunber of

i ndi vi dual ‘ig%l Yctors. The array of detectors 2.5 is connected to
-.an el ectronlc arrpllfler 4 1. The Iaser control 3 corrprises a
nodul at or nd a | river 2toc nt r ol e

A D convertg1 1 @S Ulra 38 SSnEb?er of Pt ot E é?@?a%f
t he form of paodidfd aln pFeeess@r the2tape arr aitgfdfddmsfelae tevabdahi 902
device 5 downst ea of t he I|f|er 4.1. An interface_outputs. the
cal cul at ed Hats %n ZQ%qu‘gpl ay, g s}i’%ar‘%g%xm%n?lé%d)lbgugélpp?ﬁ?’é_r.
Controt4d i ngsn®lyl,ad Ataieipgovhdedriay adj ustetberd aser. control and
the evaluation control and, if necessary, to feed back and control
the | aser operation. 230 The optical arrangenent shown in Fig 2.1
correspondsIhothlatohfidigatli@nd oy ses3a 1ensd@it2idorto the two
paral l el i si t he p iC e C adi ajes the tube 2,1 as a
par al | el g%?%%sd h r%?% 2 ?;T]? \éx/r}} Fg%rt %n?lé]ufdl% RAPEHISY o9l the

t hr ough sal dideibet thee tdbeett L ofemdtd Reralyl quodl theowderde- 235nA0tLd
by S. t he configuratio f _ Fig. 2.2 an additional lens 2.6 is

pr ovi dgeg5 i np?l?‘g%ttk%f bERE 'gef‘?’?%%d focuses the beam 2.2 inside the
liquid 8, the beamexiting the liquid diver- 240 gently and striking
(gggi?{Lﬁyt8$?det%“%%&§a%lon o? Fﬂf Cogfbg%%gggogrgg gﬂa o% %1gln2 2

and 2.3 in that the light beam is focused through the lens

20 An

2.6 on the laser side in front of the tube 2.1.

250
This corresponds to the configuration of Fig. 2.5, in which
an expansion is also achieved via a lens 2.7 on the side of

the tube 2.1 remote from the laser 2.2.

255 While in the configuration of Fig 2.2 and 2.3 the focus
lies inside the ligquid but on the side facing the laser 2.2
relative to the axis of symmetry, in the configuration of
Fig 2.6 it lies inside the liguid on the side remote from
the laser and facing the photo array 2.7, viewed from the

260 axis of symmetry.

In turn and similarly to Fig. 2.1, the configuration of
Fig. 2.7 comprises a parallel beam, which in this case is
expanded via a lens 2.7 on the side remote from the laser
265 1in front of the array of detectors 2.5, as shown in the

configurations of Fig. 2.5 and 2.6.



lenses 2.4 and 2.6 a further lens 2.7 igs provided on the side of the
tube 2.1 renote away fromthe |aser 2.2 and ex- 245 pands the beam
2.2 further. The configuration of Fig. 2.4 differs fromthat of Fig.
2.2 and 2.3 in that the light beamis focused through the lens 2.6 on

the | aser side in front of .the tube 2.1 This cor,responds.to the
et oornt S0 Ao B iR hUBE-fudy SOLSEN S SRUT SRORGS LD 0P
a lens 2.7 ps dbhemusdelaft tane cotitbeal. hedremot el §vcomidchae l[iasenvadl?ed 255

Wil e in, the canfiguration of Fig 2.2 an .3 the facus lies ingide
the | iéqﬂjl d Bl Pne HadpLe; ﬁ—get %éq‘ﬁh‘gesrz L7y a1 Toet bR ag1 s
of synmmetrybut natée derddtgurtdia ovptafcalli d e2s6 griodhiced bpsitde hbBeting
liquid on the side reppote fromthe | aser and .facing the photo ray
2.7, viewed TTom 1 haendgg%tea%‘lscrgoftn}seyﬁ%ealpre y o nt%g}l ﬁga‘ﬁ% 2}9 mgfL%r ?;O‘f’o
Fig. 2.1, theecohlfi¢ guearti on d&s&rgbe@n7atoopsesess aapasahketibgasnd

which in this case is expanded via a lens 2.7 on the side renote from

the laser 26571 front Of the array of detectors 2.5, as shown in the
confi qitfations of Fig. 2.5 and 2.6. 9 In the configuration described
of Fig. 1 apd tQ 2.7,1t. 18 suned .t hat _an.optical beam or | aser
beam s i nvbi ¥l ! 296 AECHRE Dy Aeste P RE T (P78 T WERGPFIE
the tube 2.1¢ Hhwt @lrsfogdetetdsstdhe Kipt.i all kens. pr oduced adyethetive
heating process. and of which the. shape i i%pefl uence

%0, The” becord Piacdprbcsheh (880 0 6t Al iR dhbieacu P
beam sources 2.2, 2.8 for the detection beam 2.3 and the heating
\ 280 Dbeam 2.10. The arrangement and the assembly for the detec-
tion beam 2.3 correspond to the configurations of Fig. 3.1
and Fig. 3.2 and to the configurations of Fig. 2.1 and 2.2
respectively, in such a way that reference is made to these
in principle in the following description. Like parts are
285 denoted by like reference numerals. One radiation source
2.2 is provided for the detection beam 2.3. A converging
lens 2.4 is situated behind this in the direction of radia-
tion and parallelises the detection beam 2.3 in the two
configurations of Fig. 3.1 and 3.2. As an alternative and
290 further development o¢f the configurations of Fig. 2.1 and
2.2, this detection beam then passes through a mirror 2.11,
which is partly permeable and is positioned at an angle of
45° to the direction of radiation, before it passes through
the tube 2.1 and through the liguid 8 flowing through said
295 tube. In the configuration of Fig. 3.1 the detection beam
passes through the tube 2.1 as a parallel beam and through
the liquid 8 foaming in said tube before reaching the array

of detectors 2.5.



275 Fig 3.1 and 3.2 show alternative copfiguration with respect to
the configurations of Fig. 2.1 to 2.7, these alternative
configurations conprising two different radiation or |ight sources
2.2, 283@ fointhes detretitdiomtbeanme?. Biand3 thethweatdtrgt280 beam 2. 310is
The arrange |t a |y fgr.the detection beam.2.3 .
cor r espond J?%ahegcpglonn ?igeufc%%rgﬁ)éeo?'?:I oS SR i 131 9%ahe t i T he
configuratied df fFwin® thrawgh?2 saidespect | ¥Bley, dassdueh carvayht biad

reference i in.princip in the fol |l ow description.
Li ke parts lglarle %85£§%I§1%%% b@l%i}g ?é#gr&e) c&Siliters \QAFQ%@OPXBFQW%
source 2.2 lenprovi ded frorchbe det ectriagn olfedat@ciSorA Xx.@nwer gi agvdens

2.4 i jtu ind this in the direction of radiation and
par al ISBe(ﬁ se@éﬁeﬂ%ﬁi'ecti on beam 2.3 in the two configurations of Fig.

3.1 and 3.2. As an alternative and 290 further devel opnent of the

configurati ig...2.1.and 2. 2. this detection beamthen passes

t hr ough a mﬂ?e?ogeﬁf%f:yvﬁ]ghp?%e%adﬁ Itf?engﬁS%B:‘r%n o™ ?rﬁogpf’?%%e"’di at
an angl e ofsuh teo welye ttletetheépndoinatadicaticaralbef dfend tthpassgsid 8.

t hrough the tube 2.1 and through the liquid 8 flow ng through said
295 tube. In the configuration of Fig. 3.1 the detection beam passes
t hr ough. &t heFdmbehiz, brapoaepar akkbehd beadn anichnt kiroughhtheohi-géli 8. 8 15
foam ng in i be hefore reaching the array of detectors, 2,5 10
300 In the %%r?%%&r’athﬁiolﬁ:%ofr |lga.%§. % tﬁ%aﬁjquec??% egﬁn pIgifially,
focused i nsiide tHeant phes2slthandgh her edorerdingi denthe . bi ghd di$ par-
flow ng thr .sald tube, after .passi t.hrough the partly perngable
Mrror 2. 11%!%1&5’5%3 %V t llelsdon\’/sélﬁ)lglgif%@f?eﬁso Z%geank&eﬁ’“ga@hés A2 HY ay
of det ect orsh2nfghashe diorsrergl@§ gent beam r1Thehérnequedys aritk powves

of th etecti.on beam are chosen in _such_a t hat they do not
consi éL(r%abloyé ﬁcgléet ptaﬁglyi ]a%f%e%? S0 ESF ?h%ﬁﬂ%ﬂﬁ%éﬁ gBESn%I'l' 1s
radi ati on oreflliegitedsandceh@r8fds: predldedd Whiod? riadisat8saawhiigatig
beam 2. 10. JInitiall t his beam passes, t hrough converging lens 2.9
and is par ajﬁselolp%ég\éﬂiyaf{ﬁﬁs?oéflﬁf‘?easrI‘*V“ti"b t?’r?g Bgaljﬁhi gepgskiopy beam
t hrough t he .confergi rpikersf2edtidt. tenHeawhes guhet shiles81bi pf3 the
partly pernmeable mirror 2.11 facing the tube 2.1, is reflected and
therefore Eﬁﬁ e}&eiaergd‘“r?y RGN n? sﬁihags?/va??%%‘i FRECYHY i E3® sRpyerging
coi nciades uiddy that aofi tibBerdetesdi pishrarmn2 3iafitar st hisgiref | actdmn.
In the confi g%r,ati on.of FLg_3.2 the heating beam 2. 10 al so passes

t hrough t h&RIMIEFGFhgR32D FEhs 26 HndniteTrollited IARET ds thePa i1yl d
8, whilst imitheagonfiguration of Fig. 3.1 it enters the liquid as a

parallel beam Wile as a sinplification in Fig 3.1 and 3.2 the beans
2.3 325 and 2.10 are shown to have coi ncident cross-sectional

di mensi ons vandebeamagui 8anee; 8id fin ri6f IMet 300, ahHe§e2 CaRe VB MAS . 3

shown _in Fig. 4 and as expl ained bel ow.
325 and 2.10 are shown to have coincident cross-sectional di-
mensions and beam guidance after reflection, these can vary

as shown in Fig. 4 and as explained below.

Additionally, if needed, it is also possible for the detec-
330 tion beam to pass through the liquid as a parallel beam and
for the heating beam 2.10 to focus inside the liquid or

vice versa, i.e. for the heating beam to pass through the



Additionally, if needed, it is also poggible for the detec- 330 tion
beamto pass through the liquid as a parallel beamand for the
heating beam 2. 10 to focus inside the liquid or vice versa, i.e. for
.the heati nglbeaim tas pas&uﬁhﬂ@ugheaheandlféicmﬁ&idﬁtamtpahabbem beave

and for thefdet ec |on gamto. an 1ghcuseﬂdnl nS|ge oho‘nlrn anat her rrgnger
as shown in B g - 2.3%6 3§§ i THThE 85T e PHb 1Y g nBa
~mrror33s 112 nay hptttmmlda}ﬁebah;eogattmpeﬂeheénm tﬂi&r@mn\Zeﬂgl ngy| e;_ms

2.6 in acco danclelvvlth tgglgesw é‘ﬁ)lcu of% t(h mpeerarrlt elfher é 6
beam path of > ¢'H& det ¥t P eam i n- the“peam path of
heati ng beaat@>rkhnokddititonahd yc;lesthesd:ofrfm@urcaﬁltim Bé@mpfei.:tlgeﬂ Bn

and 2.5 to , fo e dete 0 beam
after it haéh%absesaemd taﬁtroughqzﬁ Z’ea he TT g qU| tht? SFE BrED

possi bl e i nof hehe dnéa giurcatheem oa‘ 1t0\AoAddﬁ_teomanlly,aoh1m |ce:mf3gulraesmﬁs3r

t he deﬂe&tl on peamzz3 an d tge he? |7ng beam 2. gve§4 ?en for
configurati onh o a pI’OVI d&8 "bdans 8nd*d a?a e %eatl ng

beam 2. 3.1 the a:th:hetatmmnt behiea feas uird r]rgisbeaasadSthMugts thesenbeal . 1

t hat the heat r%éb as ,a di anef er t hat, ;Ls no eat er..t han that P
the measurifg b qéll 3§0 Fr8. TR UiRSTECRF Ot At T7s SYiidivies topt ©
smal | er thanwct tmlﬁﬁeajmtterram‘lat:henrreasmemgfdaearhez c&telcmlbhebeam 2.3
enbodi nment Cl& g}f (;lC the neas [%mg beam 2. 3 and the heating beam
2.3.1 are gﬁ? APy e %/J y originate fromone |ight source
or fro3n5d|fferent | i ght sources and may accordi ngly 355 be positi oned

on the opti shown. The | aser dul at ed or pul sed
| aser so th eFa %r}gllﬁé%r%t%n OEDLEEJF’at éd%?“p‘tﬂ q ZE8F0aah 3. 35°%50
As a resultraﬁetmﬁhﬂmnynbﬁaM1Zﬁ3iﬂ1ﬂﬁ%ﬁﬁﬁr@ﬁoth@Ctﬁésn@aEurlng beam

2.3. It is essential that the heating beam has a diameter
that is no greater than that of the measuring beam 2.3,
350 i.e. a diameter that is equal to or smaller than the diame-
ter of the measuring beam 2.3. In the embodiment illus-
trated the measuring beam 2.3 and the heating beam 2.3.1
are guided coaxially. They may originate from one light
source or from different light sources and may accordingly

355 Dbe positioned on the optical path shown.

The laser 2.2 is a modulated or pulsed laser so the laser

beam is a modulated or pulsed laser beam 2.3.

360 As a result of the provision of an array of detectors 2.5
comprising numerous individual detectors, the array of de-
tectors 2.5 being a linear or planar array of detectors,
not only is the local diffraction of the laser beam through
the lens ascertained, but the global properties of the

365 thermal lens formed by the heating process can thus be de-



conprising nunerous individual detecto{s, the array of de- tectors
2.5 being a linear or planar array of detectors, not only is the

| ocal diffraction of the Iaser beamthrough the | ens ascertained, but
‘the gl obal Broperad ebyofthehen@esreurer madivihs f odaedctbyrd henhaatbing
process can,thys he de- 2 ' y the puoerous individual .
detectors. Numer ousnneagﬁréeﬁéﬁ%lgnéabreeg" t%a ShidVer” am B i0dU5E F freld
~during a | aseft Pulsse ~- ssothhetinererasgsponsevhivit chs imshasilcal Byter-
det erm ned py.dhe . fl vel Qci the liquid, of .the_devel qp- 370
ment of the tnhermi{ %ﬂsﬁcogﬁ %gelog%tt ct%éfd.t% nqégaé?’ﬂfdg?%r ﬁ'gﬁ%f‘?@fe
f1 ow belfavimrnts abridicactheratad] yensowrnsbat detkcakd evah uatdonst ®fdd-he
signal s recglygad 266 CaKLI€ ; means of the eval yation device,
in particul ar%g'eteer mengglggng%&j‘%lhoteyr | FSf CNDRBATS Be-Yd MR 5PEESt

t he second #wnemal3psigssac¥arhansegnafs tiedilvierd ameneatrasd out by
statistical awngss, an e faourth nonent as. kurtosis or. ,
curvature. mAesa{ﬁocal ?’R%r ggggu%gl?ner%grlé:teﬂré? Ji:at(:%cui'.isardfjlez@ﬂ“&n?‘fh?{éd
to | aser i mendia fignd causes men-aumichor madi:et r bbuthensetoddOméhent
tenpergtsure, d n, the.Liquid, g btained by irradiating.lLight enerqgy,
especial’l yecl aser ener S:;%' Pt %htghtéﬁ%‘f%urft?fx O égFlSQ aS}f‘Fl‘érr‘%

| ens is thuwend eduted, fonith novidniercesuthesis ght dweawcard.t heref ore
nodi fies the intensity or power profile absorbed by the array of
detectors. The 385 tenperature distribution changes with the fl ow of
the |iqui d Zanhcadc ciorddiergley instalpesathee prohitle 0f tbheecerei vatked

| ight power.  This c ange J.n conjunction with the |aser control is

used to deter njimns}rf Imow glrs&bcé/r talnléis G5CRe oW h T qgfﬁt?r 9P 1%e

|| qui @80s ridte fleopiemgtutrhe inntt@rsiliyuod, powebbps ohéd ebof i thedtaceigved

radi ati on ilsg%)grrretri cal _an ffect of the thermal | ens consists
i

of a decreasé in the W dteﬁp%fsg’?ﬁ%gi FRHSi TP i Y HdtievEr IRk 8
| aser beamThe effect of a thermal lens is thus induced, which influ-
ences the light beam and therefore modifies the intensity
or power profile absorbed by the array of detectors. The
385 temperature distribution changes with the flow of the lig-
uid and, accordingly, so does the profile of the received
light power. This change in conjunction with the laser con-
trol is used to determine flow properties of the flowing
liguid.
390
“ If the liquid is not flowing, the intensity or power pro-
file of the received radiation is symmetrical and the ef-
fect of the thermal lens consists of a decrease in the
width of the intensity profile (however the laser beanm
395 could be widened depending on the physical configuration of
the system and the laser focus). The temperature profile is

no longer symmetrical if the liquid flows.



395 coul d be widened depending on the physical configuration of the
system and the | aser focus). The tenperature profile is no |onger
symmetrical if the liquid flows. 13 As shown in Fig 5, this results
in a differkntsHagern Atign5, 400isitasuditst Lhbat dDhfdram ke eposhtéon
with i qui t ..and is not mretrical . These deviations are
used %nddagcéol?t an%%ﬁv\néjt%%tlﬁ@ if%\%ﬂnt%lylgnpf’ﬁl ?’ﬂrérwfghd%t TRiHE at rest
-char act eri st siomqyr sgemetescal. thedd dqavdatiovs w2xagusklkdownr ateooF

volume flo e, .f.lo elocity. and flow rate being .di- 405 rect]
connect ed %%ﬁ%glﬁhanélkéeégg?n%ﬁ%n t'd é’.r\gﬁﬁ ﬂeg%taes]%“l@fe EGF§8°terl¥"
nmodul ati on ofcd her | asewe riniess us e et S1 agel d akiesw ,dug J\g 8 gl Seaans

t he signals ejiv are_proc-..essed. The duratign and frequency of
the pul se avrr(gel%grfeefgﬁ%"! 530°bl $18 aHFéLac%5ytﬁ83t i wcorr"fgteaﬁ?%smcﬁ e
syst eM05Thess-tdonstoanestdépena tiponiikmetphysf cele aamfel.gur ati on of the
system such as the distance between the parts, the focus of the

| aser beam and the region of the flowrate to be determ ned. Since

t he tenper aturtghd nerseasds pier tmbdulasesn i 6f 4tk Qwiskehedeabnrihénts
received profile.of power or intensity of the |aser beam changes over
time. This %%earFﬁlé{e&eggﬁﬁ%go% B s%/eﬁnﬁlcitgfl B9t He” FiS5sd Rt AFR PRRC™
syst em and ddrercef @he dnrbéheodf | owl riategquehtywas 18 iiadet hat pherehange
inth an_position.or ip the position an_val ue of the |aser 420

i nt englias g?lé’t raidﬁﬁfgfagn%angh? h%lr%a@ﬁntsgaggh%? e%?e GSt4Abar 47885 2% on)
are rel at edsttamtishelefpead vgloncithe. phgeaedl ngbyfidheatiocaly) twansyal ue
and the standard devi ati.on of, the received |ljght intensity may be

Get er ni nedatierlin’a s@&%’vear?t i%ﬁal‘:{%ﬁﬁfg? %ﬁéw?%ntﬁ | PYhtS n’f%‘%sf?%“s of

recei ved bytHehd o425 baedinvacdiatheaeteegbar o€l enent ovofratthetar baydofer-
detectors, which tector, elenents are positi onedwglne af t er. anot her

in the dirdB%h of e Flow SRS T e TEEF2PRSFGene Heand 62, 15

t hese 4dlow s=ari texpdnen; 486 teabideLayrafideSior bateti BB [LEPONSE; of
Monent s of tg]iﬁgkier or -, der, i 8 skewness, and kurtosis can_al so be

det er mi ned d 1@ser oeam changes over time. This change depends on

the velocity of the fluid within the system and therefore

on the flow rate. It was noticed that the change in the

mean position or in the position mean value of the laser

420 intensity distribution and the magnitude thereof (standard

deviation) are related to the flow velocity. Accordingly,

the (local) mean wvalue and the standard deviation of the

received light intensity may be determined in a conven-

N

tional manner due to the light intensity received by the
425 individual detector elements of the array of detectors,
which detector elements are positioned one after another in

the direction of the flow.

As can be seen in Fig. 6.1 and 6.2, these show an exponen-
430 tial decay and similar time response. Moments of higher or-

der, i.e. skewness and kurtosis can also be determined and



14 are likewise related to the flow ra% . Values of this type form an
exanple of a projection of received daia on a data subspace whereby
different contributions can be separated 435 into signals and the
flow rate cawe thugemh&ede'eéamededo: ﬂh@.ﬂficﬁﬁ?rﬁt%d rm:m@g. oAStRAN ﬁfﬁ%e o
seen in the wi_ngs,_ .t he an value can for exanpl e he approached by
a nodel , sufccﬂgngsa t xaénpgg g%ag RAGI BTt Pt )Ofr: rfcw@rﬂé?fii fahh Puld)dathe
-} ast nodel sHmgiarg avHeeteigr dﬁ(ﬂf\e&egen@;ﬁnandbﬁﬁt&isti&iﬁ Yb@eis@ﬁaf@géf@ed
conpar to. t.he i.nitial conditions w respect to the exponentia
rmglne)l 4%% The pardmet 8r §of “the 1ot rﬁfi‘lttﬁec??l HhHe® RsdsiedepEvBed ol hed 445
adapt ed t o inperdveowmnahes, it being possible to draw on both |inear
and non-1linear nodels. The al gorithm devel oped for a pul sed | aser
excitation sug- gests an exponential response of the system In
filter the-AsASfrome &eeesponsieolirditisgd,ypdeCaicbaspands &&n aroAud;0-
regressive first-order nodel. It was ascertained that the time
constants G™Rfe P& SEREREFAPInBYelr, MAAFEN SHIWST Hel tde e lophene otf'.
the maap value@9SLLL OB, vh & GH0S8lY M €hat et RddiS |hAWihg! & ndLdd N
on the assunption that the system

convergence and sensitivity being reduced compared to the

initial conditions with respect to the exponential model.

The parameters of the formulae in the models have to be

N

445 adapted to the flow rates, it being possible to draw on

both linear and non-linear models.

The algorithm developed for a pulsed laser excitation sug-
gests an exponential response of the system. In filter the-
450 ory a response of this type corresponds to an auto-
regressive first-order model. It was ascertained that the
time constants of the exponential model, which shows the
development of the mean value position, is closely related
to the flow rate. Working on the assumption that the system
455 respends as an auto-regressive first-order filter, the

phase of the response will vary with the flow rate. It is

el

therefore also possible to determine the flow rate if the
initial laser power is changed with a cosine function and
the phase shift is determined between the received mean la-
460 ser power position (or moments of higher order) and the
modulated initial signal. Problems can occur if the flow of
liquid pumped through a pump is determined and the pump
frequency lies close to the modulation frequency. This can

be resolved by modulating the laser with two different fre-



455 responds as an auto-regressive firgi-order filter, the phase of
the response will vary with the flowrate. It is therefore also
possible to determne the flowrate if the initial |aser power is
changedfwi terencies rad lﬁﬁd?telr@nnand the fhasershéffrim detlerof neldem,

betueen Uhefecel ved gEa Laa 460 57 pover pasLiLanclof B Of

hi gher order) and I'nirtical signa
“the flow of2ndtdsird Smlrme@nt Imo'ug:l@nalpltmpfl sledeteing netde andtéhee plp

frequency Ij I o] .3 Thi s can_be ~
resol ved bylrﬁ%cf%cg?‘?ﬁé tahe Iasg t%ﬂtewo%glﬂ? gry(érrllt er%ueni% AFH
quenci es anfddetldymi ﬁihﬁgdtllﬁéem@w nedes fofomibethioh Wlhéhinthl@e sen-

recei yedg si lcaReing e guency. _Anoth
sol ut |4§,(ralB na%lggr?gl ?tg o%bég%ge%?l glsl %gerf%rl ncglpl(ir?t é:rOIélE’PP%Iﬁ Ehicl
changi ng t Ne7sisdUIP&R) on frequency. Addi tionally, the different nopdes
of vibration wthin the sen- 470 sor can be separated by neans of a
princi ple conponent analysis (PCA). Fig. 7 shows the change in phase
shift with Rigl-odi spowgd78h¢ tchangedvianphgeeushit: usehnurdpousy .

nodul ati on frequencies to nodul ate the laser, it being possible
therefore to enlarge the range of the flowrates to be controll ed.
For exXdipl €tt hies radinitdgseuss tigetuser ratmdrowsf lhodul at ésn of réypéaidsy O

to 6 mi/m r'{:o( aﬁgd@fa’.&ém%ﬁqet ngséu,am?Lﬁ:erbelngA'm%551ble therefore to

enlarge the range of the flow rates to be controlled. For

k example the resolution is better at low flow rates of typi-
cally 0 to 6 ml/min (and an inner tube diameter of 4mm) at

480 a low modulation frequency of, for example, 10Hz, while the
measuring range can be expanded up to 25ml/min with a

higher modulation frequency of, for example, B80Hz.

Whilst with a pulsed laser the temporal information of the

485 received signals are taken into consideration to determine
the flow rate, with modulation of the initial intensity of

the laser both the temporal and frequency response at se-
lected frequencies are taken into consideration. In order

to utilise the entire time-frequency range, the noise to

~ 490 control the laser can be taken into consideration stochas-
tically {(e.g. white noise, filtered if necessary). A fur-

ther frequency range may thus be covered. By determining

the system’s response and therefore the transfer function,

a connection can be drawn between this function and the

495 flow rate.



480 a | ow nodul ation frequency of, for.-exanple, 10Hz, while the
measuring range can be expanded up to-25nl/mn with a higher

nodul ation frequency of, for exanple, 180Hz. Wilst with a pul sed

|l aser the tlempordl Reféoened iXomepfalishe 485 recei ved signals are taken
into cq%gsidleration to daeéetrung ne the flow rate, with nodul ati on of the
initial intensity of FPhe"taser both the tenporal and frequency
~response at2.sel ect edoptecpiermoirasiganent aken i nto consideration. In
order to uté' Ili se theTunéi re time-frequency range, the noise to 490
control the ldser can be taken into consideration stochastically
(e.g. white.nailse, fWaiksed if necessary). A further frequency range
may thus b cover ed.LaI?g JE;Iet ermning the systems response and
therefore tHé€ transfeéffuncti on, a connection can be drawn between
this fasictiard.and t hepdd& X hewmr ate. 16 List of Reference Nunerals

685 1. Apparzalt?)uq_ 2. Opﬁi cal arrangenent 2.1. Tube 2.1.1.Walls 2. 2. Laser

690 2. 3. Opt'i'cdl” "beam b o kaeeéﬂﬂ ng beam 2. 4. Lens
2.4, Lens
2.5, Array of Detectors
2.6. Lens
695 2.7. Lens
- 2.8. Radiation or Light Source
\ 2.9. Converging Lens
2.10, Heating Beam
2.11. Mirror
700 3. Laser Electronic System
3.1. Modulator
3.2 Laser Driver
4, Amplifier Arrangement
4.1. Amplifier
705 5. Evaluation Device
5.1. A/D Converter
5.2. Digital Processor
p 6. Interface Arrangement
~ 7. Power Supply
710 8. Liquid
9.1, 9.2 Control Lines



A

2.5. Array of Detectors 2.6.Lens 6952.7.Lens 2. 8. Radiation or Light
Source 2.9. Converging Lens 2.10.Heating Beam 2.11. Mrror 700 3. Laser
El ectronic System 3. 1. Modul ator 3. 2. Laser Driver 4. Anplifier
Arrangenent 4.1. Anplifier 705 5. Eval uati on Device 5.1. AAD Converter

5.2..Di gital

Processor 6. Interface Arrangenent

Claims

1. Method for determining the flow of a flowing liguid

the liquid being heated by means of an optical heating

beam, and

the heating location being irradiated by an optical

detection beam,

characterised in that

the optical axes of the heating and detection beams

coincide at least at the heating location,

the detection beam is absorbed by an array of

detectors, and

multiple temporally sequential measurements are taken
during a light pulse in order to determine the temporal
development of the refractive index of the heating

region in the liquid.

. Method according to claim 1, characterised in that the

heating and detector beams are emitted from the same

radiation source,

3. Method according to claim 1, characterised in that the

heating and detector beams are emitted from different

radiation sources.



7. Power Supply 710 8.Liquid 9.1, 9.2 Control Lines 17 Clains 1.

Met hod for determning the flow of a flowng liquid the Iiquid being
heat ed by nmeans of an optical heating beam and the heating |ocation
being irradiated by an optical detectil8n beam characterised in that
t he opti cal
at the heati ocat i - .t he detection beamis. absorbed by an array
of detecto?é@%ﬁﬁfénnlé#%ﬁ%l?%nngalF?yseaﬂgntpi %neﬁtsgﬁreg'
taken during ¢hdightepibs® in ehder the detecwing Wi ew@oral greater
devel opment of the refractive index of the heating region in the
liquid. 2. MRS SRR chag haatidmarksaerised in that the
heating and detector beans are emtted fromthe sane radiation

3. Method according to claim 1, characterised in that the
heati ng an8l. dsttdsidor abeardiage teni éhedoheorodi ther epiteaedtirag i obains,

source.

sources.

10.

axes of the heating and detection beans coincide at | east

characterised in that the optical beam or the laser

beams is/are focused on a region inside the ligquid.

. Method according to any one of «claims 1 to 4,

characterised in that the one or more beams irradiating

the liquid are parallel beams.

Method according to any one of the preceding claims,
characterised in that the one or more beams are

modulated optical beams.

. Method according to any one of the preceding claims,

characterised in that multiple temporally sequential

measurements are taken by the array of detectors.

. Method according to any one of the preceding claims,

characterised in that the detection i1s carried out by
means of a linear array of detectors or by means of a

planar (two-dimensional) array of detectors.

Method according to any one of the preceding
claims, characterised in that the flow 1s determined
from a received profile of the optical beam, by
particularly determining the decrease in statistical
moments, mainly by determining statistical moments of
the received signals, such as mean value, variance,

skewness and/or kurtosis.



18 4. Method according to any one of clains 1 to 3, characterised in
that the detection beam has a greater nean di aneter than the heating
beam 5. Method according to any one of the preceding clains,
characterised in that the optical beamhr the |aser beans is/are
focused on a region inside the liquid. 6. Method according to any one
of claims 1i1to 4, xghal i i . the o or. e _he N
irradiating the quuié§§%§£p3521I%ﬁﬁ%gygﬁggﬁﬁ.eﬁgtﬁg' acggrg?ﬁélg%l%hy
one of the prexwigind akmtubehafZacher iweikch nishdflowke drferarghhse a

beans are nodul at.ed optical_beans. 8. Mt hod.according to any, qQne of
the precedi ngﬂccﬁ‘{all#irs, Inglllar a%lf“gri i n?t héi’taqr}ul t?%ri' ?érrpor Jicﬁ" 1s
sequential neasityERAse Ar eatakardut t him arpaye of dRiector smefsuring

Met hod according to any one of the preceding clains, characterised I'n
that the det @ AFidcAd eePBRELpyngreandevica foncheatingyabf least

detectors of by-EEaRYy 0lndiAlanake (Lisdiqrens)onal) laarsreeﬁ%’ng(fzc@ai k¥

detectors. 10. Method according to any  one t he prec
char act er i seddogiudiaty t e Mieashsingt erad et onaadr esai vellept 0bil €
of the optical |y determ njng. the decrease in

eam, b articul ar I .
statistical r%‘)’-r?g‘r‘l’ta?,l%%i W Hy L‘rg)ter?ﬁ?ﬁ?@t%‘f%ﬁ%t%%ﬁh%n’éh?sdﬁﬁl‘t?‘he
recei ved si gals hadeings M HANCLNKE 3B EkoINesS andiory (o)

kurtosis. 19 11. Apparatus for determ ning the ow of a |

conpri si ng adgban 2HYicahi ahrpsgementd (Bhdeugh By quilding dti8)bamd
has a wall (2,131), I I an ent, at least in part, for a

_neasuring ra Fé?i%orﬁ%lggc%%ﬁ%%si%aég R RO bFLRREYI g AVFetvay

region insidehbhe ki gmeds(Binga baser (2.3) forrpaeduekngtacNeRsHfEAT

radi ati on and an el ectrani c eval uati on device (5), characterised in

that, the devif€8iP8r atedthhrasaePtRedorahépnr odi seadfinthetherred (B)
and an opticaha@rrapge (2,4, .di ng,t beam t

| aser (2.2) arg pogﬁtiggggyinoéucﬁegéﬁggkghagzégﬁeaggriégogég%$(2£§5
i rradi ates tkHechédtsed rdy omeasuriegabsaliste drgcavhepetah hesid ngrray
thereof; in a n array of detectors (2.5) is praovided for

recei vi ng thé?néggﬁF%ﬁé rdﬁ?a??ﬁﬁ}gﬁﬁﬁgeFﬁ 5k JHyirte JEerpPHRELY s
configured tseyiakatimult indpsdLomones | Yusedyent | 8l grRasifIfENt §rdkLhng
a light pulse, whereby the tenporal devel opnent o? thé refractive

i ndex of thethBaffREoradi e vied apment qfi ¢hies wiefwsrat adl Endex of the

12. Appar at uspagephdi Pyt 8xclal 1, .characterjsed i.n that the |aser

(2.2), which pr odugesggftﬁgnn%gs?rlﬁjengl ugLr%a%f. §f)e, |r§mtr}1aeprhgee‘vi ce for

heating the liquid. 13. Apparatus according to claim12,

characteri §ed in , . .
127 Apparatus according to claim 11, characterised in

that the laser (2.2), which produces the measuring beam

(2.3), is the device for heating the liquid.

13. Apparatus according to claim 12, characterised in
that the optical arrangement (2.4, 2.6) 1is such that

the optical beam (2.3} is not split when transmitted
through the liquid (8).

14, Apparatus according to any one of claims 11 to 13,
characterised by a focusing lens (2.6) for focusing the

laser beam inside the liguid flow (8).



that the optical arrangenent (2.4, 2.6) is such that the optical beam
(2.3) is not split when transmtted through the liquid (8). 14.
Appar atus according to any one of clains 11 to 13, characterised by a
focusing lens (2.6) for focusing the I2ser beaminside the |iquid
flow (8). 20 15. Apparatus according to any one of clainms 11 to 14,

characterised in tﬁﬁaﬂgﬁlsara&%bx‘?:fl ST DS drfe D I S1aims 1

} t? 14
pl anar/t wo- di nensi onal . Appar at us according to any one of claink
11 to 15, ch&%ﬁ@ﬁ%@tﬁém thathate tthal antapnolevdetedts reonf diir edls
for determ ni garﬁua t‘§ rmmsntlz of the received signals, such as
mean val ue, vari an sntSJCOaﬂa kewness and/or kurtosis.

16. Apparatus according to any one of claims 11 to 15,
characterised in that the evaluation device is
configured for determining statistical moments of the

received signals, such as mean value, variance,

statistical skewness and/or kurtosis.



