1 5 10 Method and apparatus for determning the flow of a flowing liquid
15 The invention relates to a nethod and apparatus for deter- mning the
flowof a flowing liquid. Generic nethods 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 neasure the flow velocity of a fluid by nmeans of an optionally
optical detector arrange- nent positioned downstream of a heating point,
which is also optionally generated optically, during the propagation 30
time of astenporarily heated region fromthe heating point to the measuring
poi nt. Di sadvantageously, in this case two different working | oca- tions as
wel | as wor 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 inproved apparatus
for detefp2 mning the flowof a flowing liquid whilst avoiding the

di sadvant ages nenti oned above. 40

Method and apparatus for determining the flow of a flowing
licuid

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 1s 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 fluld by means of an coptionally optical detector arrange-
ment positioned downstream of a heating point, which is
also optionally generated coptically, during the propagation
30 time of a temporarily heated region from the heating point

to the measuring point.

Disadvantageously, in this case two different working loca-
ticns as well as working equipment are needed, on the one
35 hand for heating, on the other hand for detecting the heat-
ing. The object of the invention 1s therefore to develop an

improved method as well as an improved apparatus for deter-



In accordance with the invention the above object is achieved with a nethod
of the type nentioned at the outset in that the liquid is heated by neans
of an optical heating beam and the heatpng location is irradiated by an
optical 45 detection beam the optical axes of the heating and detec- tion
beans coinciding at | east at the heating |location, and the detection beam
bei ng absor béd a1t r Byovnf Cefectioreng |1iavrdervitid sac i wialinlge the

above- nent i ongd eRLE¢L gL Bemd MVEKR0 Aol . further provides a generic
apparatus, in which thée de- vice for heating an inner region of a defined

i mner redion of the liquid and an optical arrangenent for guiding the beam

of the |aser gle_pasihioned jinysugh.a | hat, a.peas; in i.,ryadi ates
t he heated regioﬁ at the absolute | o- %g%%gi?%n % h§g¥#ﬁb gﬁiggg}}jélow
defines a di stdhigwieshivhghchanatctedist itthe Hampeofensuched ast f tiow cwtsest f1 ow

vel ocity, vol; flo a r.the.like. As a result _of partial absorption
of an opticaﬁggggﬁ# g@é.igﬁggifﬁ%gfagggnFyi$F??ﬁaq| 5&i8?gé§%£i#%§%ﬁP% n water
havi ng an absemptanoh eeffdatiient loka0idb hxliatadiawnellengih eft 1 mm a

lens is thernplly induced in_the heated reqgion. The |lens and especially its
fIOMFindﬁgedq%ﬁﬁ%gﬁfpegeﬁ?é HRasSP et iK<Sr fér 6 B@FE?ﬂ?n%n?réganiN

vel ocity. Thecineaseees6boieaidirs takenaby seafise ofedthequnabseibed dhdqght of
the sane |aser beam so the excitation beam and t he neasuring beam

coi nci de. Thi S SEERG6" 18" aPHIR-15VEs PPEOTREMtRE 12 Pdd SFhaf - IRRF CrR¥Esur i ng
met hod for nmeasuring the heat-induced nodifi- cations to the optical

properties of_the heated fluid. The 70 neasurenent is taken at the sane
absol ute | ocat’i diFess tie arhieve 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, fleow wvelocity, volume flow rate or the like.
As a result of partial absorpticn of an optical beam, e.qg.
60 a laser beam, in the liquid, especlally 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 velcocity. The measure-
65 ment is taken by means of the unabscorbed 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 medifi-
cations to the optical properties of the heated fluid. The

70 measurement is taken at the same absolute location as the



heating, T.€. the heating and neasuring |ocations coincide or overlap. The

| aser beamis detected by an array of de- tectors conprising a plurality of

i ndi vidual detectors (at |east two), a gunber of individual detectors

simul taneously 75 detecting the light of the incident |ight beam Apart from
t he di ffusion through the heat-induced thermal lens in the liquid, this

met hod can allsetbegexpandedhbyhaeaitsgs cindamegpurtingaliobensons @ graiwe of

optical |enses positioned,outside .the tube in front of the arr f
det ect or s. [j?%é?%ﬁﬁa§o gFSpeﬁﬁﬁésbﬁ?mtﬁ% ﬁ%%ﬁ?%ﬁypgﬁfﬁﬁ %ﬁﬁ“ﬁéﬁyéﬁiy its
m sal i gn- nmentedtoegerenp)isbd al sbutdls wefodr madiiondubal edethanges jar shape

within the heate one, can he detected, .thi efor- mation_resulting from
the 1 ow rovomeat. EPRT actaritie ah chopialt D Aot e Rl A s o
the i nduged tdeamling5thensigstnet therefdenfeneytdetenm nes-glohal |y by
the diffraction of the Iiggg beam_ but a gl obal neasurement over a w der

region is takélf &id HEOP BWFPRAUCERE prsdernatred, thepeet al §97 tHe the

def or mati ons oOfguSai, dthessmafiesdeasr aukedpe Thgpdridid Gyl mchfat 68 44 _
contact-free manner) by 90 neans of an optical beam in particular the |ight
of the beamH&atli AGNEN@TpEnEEPEPI A PRl Falguicd 58I BgSdét eke@doutside

accordance widify prefer had Gopfi gy athans, it i S9rguided, £ or pi e higat i ng and
detector beans to be emtted by the 95 sane radiation source or to be
emitted BY diffaneaniepadf aths dreafoudcesgion 2 radt redycase, miel spur ces of

radiation  caphaveciigename of: different doeaueney.randes. ofhe.dieal; ing
and det ection beans may be’ generated by neans of a [ight sourc y
splitting thelpgemwihpifi ktheatpened hrough <EQ0 kéi fieéeentdopthtal ddfddt-ers

and/ or by difﬁé%f%%tIQEMEEgggcfkom the flow mevement. In accordance with
the invention the refractive index of the induced thermal

85 lens 1is not therefore merely determined globally by the
diffraction of the 1light 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 liquid i1s heated (in a contact-free manner) by

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

beam heating and penetrating the liguid being detected.

In accordance with preferred configurations 1t is provided
for the heating and detector beams to be emitted by the
95 same radiation source or to be emitted by different radia-
tion sources. In the latter case, the scurces 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 fthrough
100 different optical filters and/or by different divergence

via different focusing coptics.



via different focusing optics. 4 Therefore the device for heating a region
d can also be a radiation source or |ight source, such as a la
ch coincides with the measuriung |ight source, in particular the
beam gui dance bei ng such that the heating and detection beans are the sane

of the |iqui
105 ser, whi

i.e. there i
have a great

be focused
out si de 1de

preferred devel gpnent _of .the invention it .may be pro-_vided for a nunber of
measur ements 10 be r1<'ff§enthte s I?@l(%ffﬁ sbeeq%é’ntsl%q yHRF n‘gha%sg%?tlc% array
of detectors.aild deheckiight bsaus cerd she radul at ed dieqpulisedol apetttasgyi S

s no splitting of the beans of a radiation or |ight source.
I n, a preferrethatafolrepibat deviemytdie hprovhded fegidhedéhet éctibth dwamto
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in the heating region can thus 125 be detected, this devel opnent
being influenced by the flow velocity. Wile jn principle it ma
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a preferred configuration provides for detection to take place

i ™rensi onal ) array of detec- tors.

The optical beam can be focused inside the tube and there-
fore into the liquid flow, or else outside the tube or may

penetrate the tube as a parallel beam.

In a preferred development of the invention it may be pro-
vided for a number cf measurements to be taken temporaily
sequentially by means of the array of detectors. If the
light source is a modulated or pulsed laser, as is provided
in the preferred configuration, temporally seguential meas-
urements can be taken during one laser pulse. The temporal
development of the ‘heating in the heating region can thus
be detected, this development being influenced by the flow

velocity.

While in principle it may be provided for detection to take
place via a linear array of detectors, the alignment of a
linear array of detectors being provided in the flow direc-
tion, a preferred configuration provides for detection to
take place via a planar (two-dimensional) array of detec-

tors.



5 135 Devel opnents of the nethod according to the invention pro vide for
the flow to be determned froma received profile of the optical beam in
particular statistical nonments of the regceived signals being determ ned,
such as nean val ue, variance, skewness and/or kurtosis, and the flow
velocity 140 of the liquid being determ ned by determi ning the decrease in
stati stilcal rﬁHV@rHo@meEashoﬂeth@nm@ﬂdoc( sdaddrstingalcp whe ﬂﬁﬂéntﬁor@Qﬂd‘tﬁCt ed to

a different charac er| he, be shape d therefore shape of
t he thermal e]ﬁzg PBré 0Pt %t‘?lf%ﬂpe\?e "GOt . TAFEEYH t? Jyleto t he

fl ow 145 val ues ﬁkrearnﬁﬂne:ae_xpwmnt iial eehaviuode etasiaticdi cidmds mENts over
time, a phase shift in the statistical nonents can be determ ned at a

defined | aser™¥di%EtVeH Fregathcheiramistergiacty FHENbasS pPevh d&i-Yor t he

shift in the vRarknckdl bke@hetbeapagbti @irobside apiicad beam o1 dbeity
determ ned 150 as a neasure for the flow and/or for the decrease in'the

vari ance’df tHe Ot ildanifedmite BateaerErd fud dRteRTiRéndf FBfy deRFRase

preferred devel opnentss 1061t heuAvent iEARKPIRVEIRi ndQr (E@Etl@éﬁhs typf the
optical beamto be nodul ated and for the phase shift of the nodulation to

be deterni ned'sy 155CcPhrBeehet cet Dekmlieserbdaha &9yt shdrepbuthé riesgpienci es
and/or the onpbigal heamisydroul dled st aghasl igalhe Qs advant ages and
t

features of e invention wll emerge fromthe clalns and from t he
fol | owi ng des@rdystiiogr, cifn th%(fhw ote lenbodi mBhtsroft el v meenthont aove

cchemt - bue gibn of The: MopSrEORf i ol ANAR%s Dl ftent Bl 19 @
ppar us according to e |1 nventl on;
ments over time, a phase shift in the statistical moments
can be determined at a defined laser excitation freguency.
Therefore it may be provided for the shift in the mean
value of the position of the optical beam to be determined
150 as a measure for the flow and/or for the decrease in the
variance of the optical beam tc be determined with the
flow. Other preferred developments of the invention provide
for the intensity of the optical keam to be modulated and
for the phase shift of the mcdulation to be determined so
155 the optical beam 1is modulated by numercus 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 te the invention;
165
Fig. 2.1 to 2.7 show different configurations of the

optical heating and detection beams ir-



165 Fig. 2.1 to 2.7 show different configurations of the optical heating
and detection beans ir 6 radiating the flowng liquid, partly as a

paral |l el beam partly focused; 170 Fig. 3.1, 3.2 show two configurations of
the inven- tion with different radiation sources for the heating and
detection beans, these beans penetrating as a parallel 175 beamin Fig. 3.1

and being focused on a region iagigdeidde:.Hd quicghih Fhiguid, Zartig.asd shows
the cross-sectional ratios of the neasuring and heating beans when they 180
don't coincide; Fig. 5 shows thé Hevlopméerof PRREL Wi ST74359Y tion curve of
t he neaguni ng beamat different points of tinme in the flow 185 direction;
Fi'g. 6.1 shows the nean value for different flow rates %i nm/mn); 190
Fig. 6.2 shoe % hée-stahdard devFBPY oRA"PorCHlitfiouraE&p@s f Péw fGuriseen-i n

m/min); and Fig. 7 shows the ¢hangsich themhase relatianibeiypen the
initial nodulation and the 195 received optical radiation. An apparatus 1

according to the invention conpfPseshen bpatincakndr rdatgaménn Zeams,aser

el ectronic system 3 arranged these beams penetrating as a parallel

175 beam in Fig. 3.1 and being focused on a

region inside the ligquid in Fig. 3.2;

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

180 don’t coincide;

Fig. & 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 mi/min);

180 Fig. 6.2 shows the standard deviation for dif-

ferent flow courses (in ml/min); and

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-

2060 ment 4, an electronic evaluation device 5 as well as an in-



upst ream of sai d opticalrarranéaﬁeht;waﬁwanplifier arrange 200 nent 4, an
el ectronic evaluation device 5 as well as an in 7 terface arrangenent 6.

Additionally, a power supply 7 is provided for the individual electric and

el ectronic parts.

A tube 2.1 guiding a liquid 8 runs through the optical

ar

205 rangenent 2 and has transparent walls 2.1.1, for exanple made of glass,

at.least in tﬁﬁﬂﬁﬁas&ﬂﬁﬁ@gﬁ@@pﬁntoﬁd@héloﬁéa%nrlﬁgP@@§ﬁ1§u@Pthé optica

arrangenent %ﬂgﬂrﬁﬁgsfgrl@ﬁ@rlﬁaf%fﬁ%aﬁnﬁQQ t% a&ﬁ“%lgbgggn§8 L8 whi ch i's

operated for exanple wth a wave- | engt
1Q0mWN The op- tical beam 2.3 or the |aser beamis parallelised by means

a first

| ens

detectors 2.

contr ol

3 co

| aser 2.2. 2

preferably | mddmdfiogmbetmaz ds gi tal processor 5.2 are ar- ranged in the

0 { 15 nm an

t‘hbe' ry gdi %E%ﬁnﬁbg E%c' &c? dBl ualt%fféggethé{‘oﬁﬁé

r|S|n a nu tec

rises.a dul at 1 and aser__driver 2 to. contr
g%ld n N DPtdhver fer lgaft w&%hle a%eafugd‘%utreerglgf‘ or ntgé

an out put of

of

e array of
det ect or&x 52, &ar&mnme@t ethd oheam tehxemamntc wapls 2 ar. 14, Jfoﬂ'hexarasl@r

eval uation device 5 downstreamof the anpli- fier 4.1. An interface outputs

the cal cul ated data on a 225 di spl ay,

Contr ol

oper at i

i ne

215

220

225

230

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
detectors. The array of detecters 2.5 1s 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.

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 cf the ampli-
fier 4.1. An interface outputs the calculated data on a
display, a storage medium and/or a printer. Control lines
9.1, 9.2 are provided to adjust the laser contrcl and the
evaluation control and, if necessary, to feed back and con-

trol the laser operation.

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 therefcre irradiates the liguid 8 which flows

a storage nedium and/or a printer.

Sth.cbti®a2 areapi@vdrdedtc@radisisi tde-d aser agophr eptadyd t he
eval uation control and, if necessary, to feed back and con- trol the |aser

230 e TPHECal "ErrEngehethe BH6in 197 FG™P1E dBritheHofRiE T o



that in Fig 1 and conprises a lens 2.2 for parallelising the optical beam
which irradiates the tube 2.1 as a paral- |lel beamand therefore irradi ates
the liquid 8 which flows 8 through saidgtube. The direction of the liquid
flowis de- 235 noted by S. In the configuration of Fig. 2.2 an additional
lens 2.6 is provided in front of the tube 2.1 and focuses the beam 2. 2

i nsi de the |itquictaB, seheé belen ekig i hig-adiéohi qdi thei Yegui@4Dlgentd yeand

stri ki ngsthe rtre@ybgf detectors 2.5. In the configuration of Fig. 2.3, in
addi ti on to the twe® Ténses 2.4 and 2.6 a further lens 2.7 is provi ded on
the side of the tube 2.1 renote away fromthe laser 2.2 and ex- 245 pands
the beam 2.2 further. The configuration of Fig. 2.4 differs fra hat of
Fig. 2.2 and™2.355° %%19“%?1121% gh %leqam%i'g Fgcﬁégatjf(ﬁ?%ﬁgi%%gqéﬁ? 2.6 on
the | aser sigecvidbdont o6fothect ultee Zbe 25Q Fhls foonsespomeshdan tthe
configuration of Fig. 2,5, i.n ich an expansion is._also achjeyved via a
lens 2.7 on thé™ iedgchoef ]'Slt(ﬁbldt \S%’e 5hq ?Jgﬁﬁlt EXPLOMPL 8 asetisl Z1vass \wi | e
in the canfi gwnatiyoanef st gkih? tarda2r3yt be dotusordsi essinside the |iquid
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 liquid on the side renote
from the | aser wand daciingrbhecRheto mEray 3, 7.inviewed ibhomst hee 360 axis of
symmetry. In turn and simlarly to Fig. 2.1, the configuration of Fig. 2.7
conpri ses a p&rERFel? -Hedmnd vﬁ‘ri%f? i?prt‘q%eg: cded¢ i 7 is provided on the

side of the tube 2.1 remote away from the laser 2.2 and ex-

245 vpands the beam 2.2 further.

The configuration of Fig., 2.4 differs from that of Fig. 2.2
and 2.3 in that the light beam is focused through the lens
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 wvia a lens 2.7 on the side of

the tube 2.1 remote from the laser 2.2.

255 While in the configuration cof Fig 2.2 and 2.3 the focus
lies inside the liquid 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 liquid on the side remote from
the lagser 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 1ens 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.



expanded via a lens 2.7 on the side renote fromthe |aser 265 in front of
detectors 2.5, as shown in the configurations of Fig. 2.5 and

the array of
2.6. 9 Int
assuned t hat
heats the i

by“the fl ow,

r espect to

configurations conprising two different radiation or l'ight sources 2.2
for the &t ecthioih hedmonly asdte héhﬁehmwgi 28 0F Usperamo2 180 EhFheule r angenent

and the asse
configuratio

he configuration described of Fig. 1 and 2.1 to 2.7 it is

an optical beamor |aser 3n1|s i nvol ved, 270 whi ch not

only

quid 8 flowmng in the tube 2.1, but also detects the opti cal
| ens produced by the heating process and of which the shape is influenced

i.e. the beamor | aser beam al so serves as a heating and
measuring beaht 275 qundigurakhan 3dosehidwchlafetiati ve 288nki uFat o
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beam 2. 3. A cosvergimygbebens 2.4 is S|tuated behlnd this in the direction of
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and parallelises the detection beam 2.3 in the two
ns of Fig. 3.1 and 3.2. As an alternative and 290 further

devel opment ofigd e Icambi gueathonsabfe drisgivad. toARlguZaZort hiighdetesédton beam
t hen passes thro%gg a mrror 2.11, _which |§ Egr%ly perneable and is

posi ti oned at*@nt

280
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@ogfaguratlons of Fig. 2 These alternative
configurations comprising two different radiation or light
sources 2.2, 2.8 for the detection beam 2.3 and the heating
beam Z.10. The arrangement and the assembly for the detec-
tion beam 2.3 correspond to the configuraticns 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
denoted by like reference numerals. One radiation source
2.2 1s 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
further development of the configurations of Fig. 2.1 and
2.2, this detection beam then passes through a mirror 2.11,
wnich is partly permeable and is positicned at an angle of
45° to the direction c¢f radiation, before it passes through
the tube 2.1 and through the liquid 8 flowing through said
tube. In the configuration of Fig. 3.1 the detection beam
passes through ths tube 2.1 as a parallel beam and through
the liguid 8 foaming in said tube before reaching the array

of detectors 2.5.



450 to the direction of radiation, before it passes through 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 through the tube 2.1 as a parall el
beam and through the liquid 8 foam ng in said tube before reaching the
array of detectors 2.5. 10 300 In the configuration of Fig. 3.2 the

det ecti 8A0bedm 2h3 tsanQMSEuthsﬁﬂéﬁmhe3tQbehé detandi drhereefrorde 3i nsi de t he

lig- uid 8 f&%@hggdlg gg&@ agld Hybgz after SS|Q$ethro %bangl partly

per neabl e ni rror reans of t e ‘Cofver GPRge T ehs' 2 % dacdhes t he
ar,ray of detenﬂoBszoﬁlag ah oo wer - &ﬁﬁﬁtQEmt beanr phesinequencyhantdepower of

t he detectionab%§n1are %h§ en _i.n %P g_wg that th y1$f not conS|derany
heat the |iqdd 8y ESTd°Fsr thﬁrrﬁﬁr s 5eCond r &4 ati®on“BrV YR source
2.8 is provi ded,s Bhé chind ahaires: ahbearisag deamwt2ct0csl mbn@é lay,divtehi-s beam
passes %@rou onverglng lens 2.9 and is par- allelised by this,

simlarl 85%12 3 passing through the converging lens 2.4. It then
reaches the S|de 315 of the partly perneable mrror 2.11 facing the tube

2.1, is reflected and therefore deflected by 90 in such a way that its
optical axis T&6i AEPEERNGY t31d ReMest ofheheled¥qdrrbeam™ 213 %hqs&n R s

reflection. Ifchhg GOp ftﬂ&ﬁaﬁkgnd%fngtgcékéﬁdéﬂ%%l@eﬁéhﬁgtﬁéaﬂhﬁuipBa|50
passes through the converging 320 lens 2. is focused inside the liquid

8, whilst in the configuration of Fig. 3.1 it enters the liquid as a paral -
lel beam, (Wide 3518 SLIBLLLT SaldOfhd i B30k BRA1BgRe LOG, NGATE ¢2.53
provided, which radiates a heating beam 2.10. Initially,
this beam passes through a converging lens 2.9 and is par-
allelised by this, similarly to the beam 2.3 passing
through the converging lens 2.4. It then reaches the side
315 of the partly permeable mirrer 2.11 facing the tube 2.1, is
reflected and therefore deflected by 20° in such a way that
its optical axis coincides with that of the detection beam
2.3 after this reflection. In the configuration of Fig 3.2
the heating beam 2.10 also passes through the converging
320 lens 2.6 and is focused inside the liquid 28, whilst in the
configuration of Fig. 3.1 it enters the liguid as a paral-

lel beam.

While as a simplification in Fig 3.1 and 3.2 the beams 2.3
325 and 2.10 are shown to have coincident cross-sectional di-
mensions and beam guidance after reflecticn, 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 ligquid 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



325 and 2.10 are shown to have coi ncident cross-sectional di- nensions and
beam gui dance after reflection, these can vary as shown in Fig. 4 and as
expl ai ned bel ow. Additionally, if neededl it is also possi ble for the detec-
330 tion beamto pass through the liquid as a parallel beamand for the

heating beam12..10 4t §f acgérm%ge%élm Aﬂw&q e &EESF‘F%Q%@&M & fir the

heati ng beamto pass through t l'Tquid as a para beam and for the

det ecti on bedmaeedeinsbdeised imsindéher hanmgotdrershrannen Hsg shdvih ton Fi g.

2.31to 2.6.. I3 this_.c t p I er I Lrror 2. may op-
tVonallégge 5§§%t?8ng§§8eﬁgﬁﬁ ?ﬁ% @%%%yrgfﬁggggﬁg %?Er?ﬁ ga%%&Wiaﬁ¥£ wth
t he desired flocusldfy toee fdoedmicektihérhind tthe kemwepatihgofiehhe 2dét ect i on

beam 2.3 or in the beam path_.of fhe heating beam2.1Q. Addit.ionally, the
confi gurati ons 3 gaSFeFﬁé%%.§h§n&&f}§e 02958 P%eﬁ%g gﬁﬁ@?gi?ﬁfﬁ%§n§”2.? f or
t he detecti orctheareafl bethisf has: presedivhriough 1 .1e drube 2hd beat ddwe | quid

8, are al so possible in.the configuratjon, of different radiation
sources for t etﬁ%&g%?ﬁ&ﬁngSﬁP2?3¥6an%gﬁﬁﬁiﬁﬁéﬁgngt%%aﬁP?%é?“%ﬁﬁ?Oﬂﬁa
conf i gurzai orOfFikg @, 3 4HDVvi destd Wo. Deanss and @i seRfindg ateheati ng,beam
2.3.1 in addition to the neasuring beam 2.3. It is essentjal that the

heati ng beamH&s 98 8FEHRR ehrea® 1HfttSits TholgF 2R B4 HAFOPHAL TBE e redsuri ng

beam 2.3, 35Qu{g eneaidhateter dhataiiss gayalpio of wHmlkbakibhan: {he H ane-
ter of the measuring beam 2.3. In the enbodinment illus- trated the neasuring

beam 2. 3 and ¥fe HéaErAgtbEafi 2t B sauneeguitasd teoagpaf £l oHesame: 3
originate fropoRgel Lobting peam 2.8.

345
The configuration of Fig. 4 provides twc beams and a sepa-
rate heating beam 2.3.1 in addition to the measuring beam
2.3. It is essential that the heating beam has a diameter
that 1s no greater than that of the measuring beam 2.3,

350 i.e. a diemeter that is equal to or smaller than the diame-
ter of the measuring bkeam 2.3. In the embodiment illus-
trated the measuring beam 2.3 and the heating beam 2.3.1
are gulded coaxially. They may originate from one light
source or from different light sources and may accordingly

355 be positioned on the optical path shown.

The laser 2.2 is a mcdulated 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 cr 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-



source or fromdifferent Tight sources and may accordingly 355 be
positioned on the optical path shown. The laser 2.2 is a nodul ated or pul sed
| aser so the laser beamis a nodul atedq9r pul sed | aser beam 2. 3. 360 As a
result of the provision of an array of detectors 2.5 conprising nunmerous

i ndi vi dual detectors, the array of de- tectors 2.5 being a linear or planar
array of detéetroised rigpt bhty nusetrbes| ocalivdidfikl actd twwrtofrst helurgseusbeam

t hrough the I scertaine but the gl obal pr rties of the 365 thernal
| ens formed Dy fsh%g %lg ?nagrep?doackéeé]s °dan THus ve q_.p% ter‘%1 e bayqt fhe
nUmMer ous IndIS\EIrdpaﬂ.sde{&i‘:cﬁdﬂﬁa Nuge redsonfeasiiietentsbas ech Bkerdaeer a

perlodoftlrre-d ulse - so the ti sponse, ichis
basical | y del“oL;Jfrne‘er#é &%Sy ftlﬁ?é’ FF?J\?F%J%Y ol t Yof ij%‘élcpeq‘iﬁed@h%qu‘f?g%@evel op
370 men7of thett ber mak |t©@§m§&”l@ﬁs desecbeddetdryderrd odry tey Mene the

fl ow behavi ours nore accurat el four statisti- cal _eval uations of the
signal s recei V&g RFetRar ¥y R VBPUTAERRES FCTURE tedar uAPTBNS tRivisdd

particul ar defer @AabkeNon®f ot hend i §ifnTRMBRL25@ ARAN-YAHUS St Tb@re second
nmonent 375 as a variance, of the third nonment as statistical skewness and

of the fourt HeaBfeRf BB kvt o5itd osr deti vat ke P YIGEART ﬁ@?%ﬁg@qmon

tenperature, whigh i Qir %%Pnlaﬁt' LokgdnebR LAaser, | HEepsd ty.adh
non-uni form di stribution of 380 the tenperature in the Tiquid, is obtal ned

by irradi’ati ig 18 gririeneegyot e*slp%ctlailrcg/ nogpset @sesgptippieat hfel-cetwrwusd 8.
The effect of g tkergal fém |n§brr}elms gng‘%@%lmrﬂ&ul}:%#gfeences the |ight

beam and theré)fore nodifies the intensity or power profi absorbed by the
array of detectors. The

A local increase in temperature, which is directly linked
to laser intensity and causes non-uniform distribution of
380 the temperature in the liquid, is obtained by irradiating
light enexgy, especilally laser energy, intc the liguid 8.
The effect of a thermal lens is thus induced, which influ-
ences the light beam and therefore modifies the intensity
or power profile abscrbed by the array of detectors. The
385 temperature distribution changes with the flow of the lig-
uid and, accordingly, sc¢ 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 beam
395 could be widened depending on the physical configuration of
the system and the laser focus). The temperature profile is

no longsr symmetrical if the liguid flows.



385 tenperature distribution changes with the flow of the lig- uid and,
accordingly, so does the profile of the 5eceived | i ght power. This change
in conjunction with the laser con- trol "fs used to determ ne flow properties
of the flowng liquid. 390 If the liquid is not flowing, the intensity or

pover pro- fipkegof,ihe rE@L%eiCSYeghﬁéldj:é‘éﬂl% ii%haym%éi&@é 2 the ef- fect of

tHe thermal lens consists of a decrease in the wdth of the intensity
profil e4Phoweley dhatlbeeridredm@93heoulcs itséoni déhbdadépandiingtomethe

physi cal contjgurati st ; r Th erature
profile is %%9|%%dg$ps nng%??8§¥'ifﬁ%%£q¥$gﬁfgg?§oaégq%%%iAg‘gﬁ%&EDin Fig
5, this resubtsce wiatidithfeerienenktaserin mmler4@0 detyruirst réabauteicorrisom t he

position WﬁtQigs|59Uig at %est gngpis not . sy trical. gggse dﬁviations are

used in accor:CdancePArPRIthe" i RUehtT ot FR Or GefVt 0% adt ef N e ehar 85t eri s-

tics or propeplives dlothealkkquiidoid owloeigy fdnow fladve osite vbkimg fBhew rate,
flow velocity a flow rate being di-, 405 rectly connected via the dianeter
of the 9@%e.¥FﬁQf%ep%ﬁﬂﬁgﬁﬂd K&Fsgh?mﬂﬁﬁgﬁﬁqgnogf¥PﬁetT Ser, neasurements are
taken during a pul se and the signals received are proc- essed. The duration
and frequenc%Pof the pul se are prefera 410 bly adapted to the tinme constants
of the systen! FResE2ednRt sRahts Msleérd1apoAtt kRS physs balmon¥iegerafi on of

the sys- temsrguchias dherdi st puege bgiyeer hgnRaLt Secd Ned QGUS Rbc-t he
| aser beam and the region of the flowrate to be deter- mned. Since the

t enper at ur e PAEF@astys whiERtike padefreguency of the pulse are prefera-
410 bly adapted to the time constants cof the system. These con-

stants depend upon the physical configuration of the sys-
tem, such as the distance between the parts, the focus of
the laser beam and the region of the flow rate to be deter-
mined. Since the temperature increases when the laser is
415 switched on, the received profile of power or intensity of
the laser beam 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 velccity. Accordingiy,
the (local) mean wvalue and the standard deviation of the
received light intensity may bke determined in a conven-
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 ¢f 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, 1.e. skewness and kurtosis can also be determined and



415 switched on, the received profile of power or intensity of the |aser
beam changes over tinme. This change depends on the velocity of the fluid
within the systemand therefore on theiklowrate. It was noticed that the
change in the nean position or in the position nean value of the |aser 420
intensity distribution and the magni tude thereof (standard deviation) are
rel ated to tR&ef Llrveioctalatescdor dhrgifyow rhke (1'6e9s mdfarkhval terand t he

standard devieahonn obcfie o 1206l ot 1ol D epsLLY, I, det ar miged 1n @

conven- tional manner due to the light intensity receive
i Rdi vi dual déveepare evbrenits Of fitwerdr regniofidetiectoran hﬂ‘llflﬂpad—"@tt@dt or

el enent §;ar e ;o 'gi&gae% M LCELBNOLIEL I (S AL 86t O fly GRS AL ow s

can be seen in ese s OW an exponen- decay and
simlar t|n91m9spmﬁ@emaWMMBnts of higher or- der, i.e. skemness and kurtosis
can also be determned and 14 are |ikew se related to the flow rate. Val ues
of this type forman exanple of a projection of received data on a data
subspace wherebyadi btesemt Tonthd bitavdngs¢anhbensepavalied 43b fdit @exsi gnal s
and the flowrate can thus be determned in an |nproved nmanner. As can be
seen in the @FEWNHS, aPHéO?w%%ﬁ’fj\i%Mu?é e forsusk- agmpl(&) b ‘éﬂpﬁr seehed by a

ool RS 28 RGL) 2 PO wdfant’ (oD Ge A moiel ERLLANE L Btk e 2

nodel show ng ter rgenc sensi feeld - conpared to
t he |n|t|alcoomdrgem@s mmdhsees;mxniﬁx)Hdﬂagemnmm@eﬁlabm@adeﬂ toThae

parameters of kg, {ormulAe n Lheymdel s have o be 45, 0Pt EGLO the f1ow

The parameters of the formulae in the models have to be
445 adapted toc the flow rates, 1t 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 positicon, is closely related
to the flow rate. Working on the assumption that the system
455 responds as an auto-regressive first-order filter, the
phase of the response will vary with the flow rate. It is
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-



both |inear and non-linear nodels. The al gorithm devel oped for a pul sed

| aser excitation sug- gests an exponential response of the system In filter
the- 450 ory a response of this type corsesponds to an auto regressive
first-order nodel. It was ascertained that the tinme constants of the
exponential nodel, which shows the devel Ofrrent of the mean val ue position,

i 5. closdlfy r&gnEdest NEhEeERERIP RS, tVr kiqly %AES Her s StRkst iOn H1REL t he

system 455 r%ﬁ@@&%&e@%eéns%@hgir%Q&ﬁésﬁi§tékééta£%ﬁkﬂ Lidh efred o phase of
the response will vary with“the flowrate. It is therefore also possible to

det er mi ne t hettH®Lr étoéuitiio{lh@ayl FPPpast | 9§eﬂeE©9\7é¥ﬂq stiehange ¥itimda cosi ne
function and;uﬁﬁ%aebééﬁssahatchayggﬁgrﬁh@eﬁ 99%&@5 E?a&ﬁ&ﬁ%yate an la 460

ser power position (or nonents o I gher initial
si gnal . Probltewsadan, ocber dif fedmentf Irowesf ofl |vth:dtpgmrp'edtlnmdurggh serpunp i s
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This can be res er 'w ¥1%e 15 465
guenci es and ldetier iefikhg the flow rate fromboth of them the received
signal being filtered around each frequency. Another solution nmay consi st
of detecting the interfering interactions and changi ng the nodul ation
frequency. Addig. t7i ehakkythd hehadighef énephasodesi f wiithr atloaiwtwt hin the sen
470 sor can be separated by neans of a principle conponent ana- |ysis (PCA).
Fig. 7 shows the change in phase shift with velocity. 475 It is advantageous

to use nuymer aus WAl RyeleqURNGIRS bR rBRdUata1khech agesqudrcikei ng
possi bl e therefore to , , ,
to modulate the laser, it being possible therefore to
enlarge the range of the flow rates to be controlled. For
axample the resclution 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, 8§0Hz,

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 filow rate.



enl arge the range of the flowrates to be controlled. For exanple the
resolution is better at low flowrates of typi- cally O to 6 mMl/mn (and an
i nner tube dianeter of 4mm) at 480 a | ow nodul ati on frequency of, for
exanple, 10Hz, while the neasuring range can be expanded up to 25ml/ m n
with a higher nodul ation frequency of, ;for exanple, 80Hz. Wiilst with a

pul sed | aser the tpeFrakehfE Oikmd40s Of the 485 received signals are taken
into consideration to determne the flowrate, with nodul ati on of the
initial thtenkity of {RB2T3%eT both the tenporal and frequency response at
se: lected frequenci espgte-d aken 4 flegensi deration. In order to utilise
the entire tinme-frequency range, the noise to 490 control the |aser can be
taken into cohslderati 8Abst ochas- tically (e.g. white noise, filtered if
necessary) . Afur- thgr,frequency range may thus be covered. By deternining
the system s Tesponse ané therefore the transfer function, a connection can
be drawn betweeh this fametion and the 495 flowrate. 16 List of Reference
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1. Method for determining the flow of a flowing liquid 500 - the liquid

bei ng heated by neans of an optical heating beam - the heating |ocation

being irradiated QiaRORLECALLe AR R! GELI Qﬂoﬁe@f”a Cﬂ%&%&;?&&ﬁg%i n that -
the optical axes of the heating an etection beans 510 coincide at |east
at the he¥dting |ocation, and

- the liguid being heated by means of an optical heating

beam,

- the heating location being irradiated by an optical

505 detection bkeam,

characterised in that

- the optical axes of the heating and detection beams

510 coincide at least at the heating location, and

- the detection beam is absorbed by an array of detec-

tors, and

515_ - at least the statistical mcoment of the variance is de-

termined.

2. Method accerding to claim 1, characterised in that the
heating and detector beams are emitted from the same

520 radiation source.

3. Method according to c¢laim 1, characterised in that the
heating and detector beams are emitted from different
radiation sources.

525

4. Method according to any one of claims 1 to 3, charac-

terised in that the detection beam has a greater mean

diameter than the heating beam.



- the detection beamis absorbed by an array of detec- tors, and 515 - at

| east the statistical nonent of the variance is de- termned. 2. Method
according to claiml1, characterised in that the heating and detector beans
are emtted fromthe sane 520 radiationgsource. 3. Method according to

. , . 8 .
claim 1,sghar actemesaddi BcbBabithetchgayl pg-and dategter-heayps-a5anem tted
fromdifferent radiation sources. 525 4. Method according to any one of

claims 1 to 3, ch&Pacacterised iR that the FotécriloPesBamthas s et er mean

di ameter than the eaki Ag/heam d&eH3IB a- Mot hHodiacerr dinagi1tguany one of
t he preceding clains, characterised in that the optical beamor the |aser

beans is/are focused on a region inside the liquid. 6. Method according to

any one of clai @méthed%cebéaﬁ@q 3%derdmed d R1bhat thesone of.fpre beams
irradiating the liquid are parallel beans. 7. Method according to any one

of the pricedi ng degiined ighahatt Bhe sere | 9T tihRite tieemeneé rordiat endeldns ar e

nmodu- 540 | ated opticaly Qggn?ar 1 dYethaogdaccording to any one of the
precedi ng cl ai ns, Characterised in that mul tiple tenporally sequenti al

measurenents are taken by the array of detectors. 545 9. Method according to
claims 7 and 8 gh@g%%ggr%%%grdiﬂg to any one of the preceding c¢laims,
characterised in that the one or mere beams are modu-

540 lated optical beams.

8. Method according to any one of the preceding claims,
characterised in that multiple temporally sequential
measurements are taken by the array of detectors.

545

9. Method according to ¢laims 7 and 8 characterised, in
that multiple temporally sequential measurements are
taken during a light pulse in order to determine the
temporal development of the refractive index of the

550 heating region in the liquid.

10. Methed according to any one of the preceding
claims, characterised in that the detection is carried
cut by means of a linear array of detectors.

555

11, Method according to any one of claims 1 to 9,
characterised in that .the detection is carried ocut by
means of a planar {two-dimensional) array of detec-
tors.

5560



that multiple tenporally sequential nmeasurenents are taken during a |ight
pulse in order to determ ne the tenporal devel opnent of the refractive

i ndex of the 550 heating region in the liquid. 10. Method according to any
one of the preceding clains, characterijged in that the detection is carried

out by means of 12 |ineadcrdd a%cRbr@etLCtor SanpSondl. oMethed gecorgdi-ng to any
one of claims 1 to 9, characterised In that the detection is carried out by
means of a pl anar CLEWBSdi fledsd Bifdl JSeqr day thptdehecilowr sat 608 1d9eter>. Met hod

according to any gng.af cthie precediag clakm. ghatacterised bl hat the flow
rate is deter- mned froma received profile of the optical beam 565 13.

Met hod according to any one of the preceding clains, characterised in that

the flo el ocijy of t ndd aui-d.i.s; det erm determinin decrease
in staﬁééti cal %Irbnentl\@&S 0 %Egokg%ﬁ%d%gcc%ﬁgi %Gt o(ggn)r?h%nelgro%&fahlg%
precedi ng clai nsclehasactmrimetbiisethan shat itgtsd ddlownwegntstpfof tihe

recei ved signals ar, Egt grm'c['éet, EH%B al vaI.H , %ri nce _and/.qr
kurtosis. 575 15. ﬁ/gP od “accor |rf1ng to %&ai m %f,mlcrzl agaggleri(geec S%° that the
shift in the neanstakiuetbdfal heonpogist.i on of the optical beamis determ ned
as a neasure for the flowrate.
570 14. Method according to any one of the preceding
claims, characterised in that statistical moments of

the received signals are determined, such as mean

value, variance and/or kurtosis.

575 15, Method according to claim 14, characterised in
that the shift in the mean value of the position of
the optical beam is determined as a measure for the

flow rate.

580 146. Method according to sither claim 14 or c¢laim 15,
characterised in that the modification of the variance

of the optical beam is determined with the flow rate.

17. Method according to any one of claims 1 to 16
H85 characterised in that the intensity of the optical
beam is modulated and the phase ghift of the modula-

tion and of the measurement i1s determined.

18. Method according te claim 17, characterised in
590 that the optical beam is medulated with numerous fre-

quencies.



580 16. Method according to either claim14 or claim 15, <characterised in
that the nodification of the variance of the optical beamis deternined

with the flowrate. 17. Method according to any one of clains 1 to 16 585
characterised in that the intensity of tfhe optical beamis nodul ated and

the phase shiftief theyopehy aacéerﬂn%nQoo%ﬂtH@r NBasL elrend » | 1. 4iet ergri ned.
18. Method according to claim 17, characterised in 590 that the opt| cal

beam i s nodul at ed Cwaﬂfﬁchaﬁﬁ%sliﬁréhaﬁuéh%l egtiopl heam \b$ haHoalkadridi ng to
either oy m 17 or..¢hai ;8 chpracterised in that the optical beamis
stochasti- 595 cal I y hodul ated. 20. Apparatus for determning the flowrate
of alig- uid, conprising a tube (2.1), which is flowed through by a liquid

(8) and has a wah! " (2. d1),o WU Gl 5600, 1 LANSRALH Ak beagk Impart, for

a measuring radla- tion, npri sing heat 1 ng at | 6ast

regi on inside the Lﬂlldqupdmps)ﬁllaglasmbe( 2(22)1 fromhprb- iducdilnged neasurh ng
radi ati on and an Iectr nlc % a-_tio deV|ce ), a cterlsdlnthat
t he device for % “heat ?n gda(fglqnea C;lnrﬁlar regl oinfof th E? 8) "and an
optical euor angerremtra@apé;:eﬂt 6)a’gul£hs‘tg ﬂrh@ahﬁamfoéfZaB)neefsuthﬂgl asera+ 2. 2)

are positioned in such Y, ra a_nea urin% Eeaméz%j?‘%.;@b a]gl ates the
heated re- gion at-*fRe 5‘8 ol " GFB F3¢aY i on oY feat Thg T h 2t | 7$%To T hat an
array of detectorseg2ol) insipeovhdedifordres) ceaviaget hez neastst Ngro-
radiation, and in that the
ducing a measuring radiation and an electronic evalua-
tion device (5), characterised in that the device for
605 heating a defined inner region of the ligquid (8) and
an optical arrangement (2.4, 2.6) guiding the bean
{2.3) of the laser (2.2) are positioned in such a way
that a measuring beam (2.3) irradiates the heated re-
gion at the absolute location of heating thereocf, in
610 that an array of detectors {2.5) is provided for re-
ceiving the measuring radiation, and in that the

evaluation device is c¢onfigured for determining at

least the statistical moment of the wvariance.

615 21, Apparatus according to claim 20, characterised in
that the device for heating the flowing ligquid is a
laser (2.2).

22. Apparatus accerding to either claim 20 or claim
620 21, characterised in that the laser (2.2), which pro-
duces the measuring beam (2.3), 1s the device for

heating the ligquid.

23. Apparatus according to claim 22, characterised in

625 that the optical arrangement (2.4, 2.6) is such that



eval uation device is configured for determning at |east the statistical
nonent of the variance. 615 21. Apparatus according to claim 20,
characterised in that the device for heating the flowing liquid is a |aser
(2.2). 22. Apparatus according to either,,claim20 or claim 620 21,
characterised in tipat otpm@claasg@afnz(%).af}A/@!sphoer Qp1dicesetherARASUFiNY beam
(2.3), is the device for heating the liquid. 23. Apparatus according to
cl ai m 22, char act éhireeghi fhe 6pBI4isht(8he optical arrangenment (2.4, 2.6) is
such that 21 the optical beam (2.3) is not split when transmtted through
the liquid (8). 24. Apparatus according to any one of clainms 20 to 630 23,
characterised by4a foctspagiunsageB)inortd ogus- ohagothelleager Aedm i nsi de
the liquig, flow (8. cordi . o] i ) to 23,
char act géréii)sed by %bl’eﬁgafg\eg?£ o&p@fa%%({%lﬁg %gég ggdgfr?g’gi g?? nsg t he
liquid (8) by nearswgotha pasaf|lsdam heaide28he Apjpariat Udoamcdéi di ng to any one
of clains 20 to 25 characterised in that the one or nore |asers (2.2) are
640 nodul ated | asers. 27. Apparatus according to any one of clains 20 to

26, characterisefl.in thapatrdtis sordidiugedd oany akhagoimdltaipke ZA0enpor al |y
sequenti al neasur %@?ntﬁiar%% 28. Ap%%raawfe&cc%%)ngfto cl ai 6 and 27

char ac- erised or parallellsing
635 and irradiating the liquid (8} by means of a parallel

beam.
26. Apparatus according to any one of claims 20 to 25

characterised in that the cne or more lasers (2.2) are

640 modulated lasers.

27. Apparatus according to any cone of claims 20 to
26, characterised in that it is configured for taking

multiple temporally sequential measurements.

€45
28. Apparatus according to claims 26 and 27 charac-
terised in that it is configured for ftaking multiple
temporally sequential measurements during a laser
pulse.
650
29. Apparatus accecrding to any one of claims 20 to
28, characterised in that the array of detectors (2.5)
is a linear array of detectors.
655 30. Apparatus according to any one of claims 20 to

28, characterised in that the array of detectors (2.5)

is planar/two-dimensional.



terised in that it is configured for taking nmultiple tenporally sequential
measurenents during a |laser pulse. 650 29. Apparatus according to any one
of clainms 20 to 28, characterised in that the array of detectors (2.5) is
a linear array of detectors. 655 30. Apparatus according to any one of
clainms 20 to 283, charggterdised ddcdhahgt he addpyoed deteghons (2. %o 1S

pl anar/two-di nensi onal . 22 31. Apparatus according_to any one of clains 20
to 660 FFC charactéri sEiarterafethereviatdfat B gavileatish EENECHured for
determ ning statisbihgabuposents Q@frdhenimeceaivedssi gnal somsSUCh & 1ran

val ue, variance, sta- fistical skewness and/or kurtosis.
received signals, such as mean value, variance, sta-

tistical skewness and/or kurtosis.





