FIl ow Measur enent This invention relates to an ultrasonic nethod and |
apparatus for neasurenent of fluid flow, and to a nethod and an appar at us
for neasuring the velocity of particles in a flurd. A variety of
ultrasonic fl ow neasurenent techni ques are known. Two techni ques are known
which utilize reflections of ultrasound fromscattering particles in a
fluid, twossisesng the Doppl er effect technique, and thecTIBYSAOleasai n
cross-correl ation techni que. "However these technlques require conpl ex

el ect r onpigslike bdrRer, %&9&5 to perform
correl ation, re%}gg!ct ivel g ?hat arés‘,'ial techm que W@%

advant ag}@f?&@‘mn m#'g to the present invention there is provided a
met hod for nmeasuring the velocity of particles in a fluid, the nethod
conprising isonifying the fluid with a pul sed beam of ultrasound, detecting
pul ses of ultrasound scattered by a single particle from successive
transmtted pul ses, neasuring the arrival tines of the successive detected
pul ses and hence det er mi ni ng the velocity of the particle. It is
desirable to detect [Thedmentamtdaescw ddisalikarecor anficriivitig 4 praifiredr ee,
preferaw east. four succeswggransmttedg%al ses. The differences in
arrival prplon s prcordedy | d al | be the same for
sound scattered by- anbwwwlﬁﬁn%mdﬂigmmﬁ% hence
this mnimses the 033|b,| ¥spép‘msattr|but|ng to.the said particle a

pul se sERRATANE QO Fotatingly drixing & discoliksy record casvier, aed: | s not
f | t
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detected, and it may 2- be a SO|I
or a gam%mu,thMM&mmemmbmommmh to be
carri edgf) ofithd \rebbid . For small particles it can be assuned that the

particle velocity I's indicative of the fluid flow velocity. Tap water -
circulated in an eprrmdtcatﬁmimdhmmeofﬁnuypt teoannintthé bpaiitig‘ i ci ent

;S(r:\\alltetnterg&gglgg provi és an agﬂz}r%s %?@%Wf eI 00|ty of The

partilcles in a fluidin mamnmmmwmammmm QiAl frvadidge I ui d

with a beam of .u as und det ul ses, of |t rasqund
scatter @3&%’% ‘ﬁg B’E'E’é’ eﬁ ﬂl.é Jsading,

means tmed;pearmmtibhemdmu dais %nwmwaw&nwodﬁtﬁ%% H S and
hence t deh{.gm ne(itfrrigeﬁel ocity, of the particle. he ter arrival

time is BRAE scARRing velgsity %twevaﬂmgvh@swsdlm wapimg;e and t he
det ect i edlocify Rmafndcomstail. Thé Béhavidir 3f Miﬂe&i Sodﬁ?ﬂ'@ﬁ%ég“i Bﬁﬁ{e 4 iAfEtet HEthe

traggmtter neans, the arrival time wl becone It noves

clo B4 FOF et B1ateR dbesIo0R 2 of theportiokioom v thebebandwidtharf, The
di ff er efhe R8ntrd) i rticle
are simply e ol Meplidd Snithe RS RBREHCor kit bE roUiicdi hiEidbeREL) |,
det ect i th?—msbfathpﬂmal ity of gate neans to define tinme intervals
after transm ssion ered p be. det ect ed.
The detection neansqg 10 c rrprl ?@‘“‘r’%@ﬂ@q@@é‘i é"l‘\'ﬁ'e%‘?%&#m@ %°
bet weenutilize record carriets ofadiffetentsdiameters] whily adietriméntal effettsefthe Glanrter of theer e
Canqhn RS . nty.that a articl s present and will
sca??er a plﬁ" %(5“&%%% Qﬁmeﬂwﬁﬁm ?ﬂ* a pul se may have
According to a first aspect of the invention the record carrier of the type
set out in the opening paragraph is characterized in that the control information contains
diameter information which is indicative of the diameter.

According to a second aspect of the invention the apparatus of the type set
25 out in the opening paragraph is characterized in that the setting means comprise means for
adapting the diameter-dependent behaviour of said components in dependence on the wnﬁol
information. _
| These measures enable the behaviour of the apparatus to be optimally
adapted in a simple manner to the diameter of the record carrier.



-3- to be repeated until a scattered pulse is detected. Once. a
pul se i's detected in the first tife-interval , ———=subsequent pul ses
scattered by the sane particle are | ooked for at appropriate tine
intervals after 5 transm ssion of successive pul ses: A

preferred en‘g&% I ncorporates a first gate means arﬂw
define a fir i nterval after traBsmission of a first pulse. It
al so incorporates a 10 second gate rreans which, if a pulse is detect ed
during the first ti nEurther mep mwmmﬂreamm

ts for
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pul se is detwocFigsl 1 and 2einhghich:second tine interval, then the difference in
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third ting igdderval (after transm ssion of a third pulse) centred at a
time as long after the argiv ti of, the seco ulse as that of the
second pulse is afteé ﬁé“%ﬁ”ﬂm‘? ‘FwPﬁ'g" ‘Tﬂgg 1 puI se

s detected in the tFigl ¢ showdar ahwdiﬁbutfbhemedomngiuﬁdm ingapparatusi N

‘the arrival ti rres of he second and .t hi,rd_pul s& ﬁfs deterE ned. Ther
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of signals information can be recorded or read in an optical record carriér by meansofa focusal laser

ot her par, S i, the £1uid, .which woul.d purlous val ues,of
vel ocity. 15! ﬁlf‘ recpsd carmer 1 c%ﬂﬁolt'f'm“&b?' niRing diameter information,
in the rangewHich is mdieané?é)opme diieted ofiRe fedbidctatric ﬁtmféﬁuy]tthéwnterval S

S might be in the range Q. The tinme intervals after the
third nmi ght BEoragen i eerd e%mme@mmlpoason on the; necord,camriar a3 15, Fystarmary,
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‘the second tinme erval s are_both equal to 10 ps, and the thlrd and
al | subsequetmerlead-in arga pf ther tragks By wayof dlwstration; Kig. 2 shows an embodime; for ey
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the ultrasonic ] seri es successi ve pu sSes are
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Figure 3 shows graphically experinentally determ ned ~ nmeasurenents
of _flowrate using the apparatus of 10 Figure 1, and conparison
measur enent s nade using two ot her Téechni qUEes.

Referring to Figure 1 there is shown an apparatus 10 for neasuring the-
rate of flow of water flowing in the 15 direction indicated by the arrow .

al ong a wessnéddaof bore 50 nmm The3apparat us 10 cowcTiBssmo®!4 MHz, 15
mm di anet er, unfocussed ul trasoni c®transducer 14 nounted in a

branch t &ﬂlﬂo@ ' @J&ﬁf&& u-%cti:ewﬁﬂbiﬂ ducer 14.is- inclined at 40[err]
to the direction o Aﬁge ectric cable 18 connects the transducer
14 to a signal @ppunﬂgshnwumngvm m«sndmmmomymmmw 22.
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transm ssioumummrdedromnrmnm the rdcordacanriercl soanneby the weemt ed

If a par flects nd is with the water at a
vel oCl tﬁ@"ﬁ%@iﬁ ﬁ‘8f “ﬂb'{fsgsﬁ&)% H@‘tgg an angl e of O to the axis
of the ultrasonic bemmuoxﬁuvcdkﬁﬁwaonutmm&@mm fop i nterval
T between o0 transmt | se,and t he next the partrc e wll have
roved T PRAANG p arArtH BRERSs foF sabihin:fof iformasion detesmined by an s
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pul se and reflecti ng t%e e res ““"?fé"”‘ is wxdelylmownand will ferefore nét
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proportw?n the ratio the tinme d| ference tween the received

si gnal s Hinear mtﬁmm&e desired lipesr| velocity) this meansabate i s
| ow, tmeamwevmso&fp&hﬁgaggewe&@ fﬁ?rﬁﬁin%]\% ity is wPHSpH s
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t he beaﬂhm&ﬂeshmupbdcmmbbit of ke motorhnet i cal sign of ' the tinme
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fluid can hence be

g 7-  custonsagy typg,afnrregaxbpieﬁs control dinit daving aa:‘ondil))lfélﬁfaewgs@@ﬂhﬂ% .

urshe position caiterer can,be etermned fromits

ar r?‘;\’;alcr‘:%li’ﬁ‘?E °'§8 ai/éf &E’F?lfﬁmg inSegTRInE acHiop.cThr-eonirobunit Bong t he
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unit which t ers frasgnjc signal generator, so. as . to control
t he dufat%m H’alg%" V@P"%@@F&Pﬁ?ﬁfﬁédﬂ amplifier fizesit9.c pul ses. The

unit 20 al so incl Ud%e%aﬁmethvﬁfihégonu&!&gm ¥ theiem a3 56,93

di scri m nat or so t hat onl those re nal's above€ & préset |evel
are redpd o Mémrﬂm efsthe gonteal doap. %Mgm ipin ibiverse ngui shed
30 proportion to the mass moment of inertia of the record carrier 1 relative to the rotation point
20. With equal thickness and composition of the reeord camer, this mass moment of inertia
is determined substantially completely by the diameter of the record carrier 1. The mass

moment of inertia is then proportlonal to the third power of the dlameter of the record
carrier. o



fromnoise. It also incorporates a signal tinmer based on a 50 MHz .
cl ock;-so providing a resol-utionfor tine 15 “measurenents of 20 ns. O her
timngs are generated by bi nary division fromthis basic clock
frequency. Det ected pul ses are only responded to if an appropriate
gate i s open. mel on and width of the gates are se

resol ution of and the repetltlon 20 4frequency is set wth a

resol uti on of 440 ns. Operation of the apparatus 10 is

control led by the the lagw; gain, éhwmﬁqrm!nt §rfempgises meang knawn

t hreshol d Ie r Hﬂﬁh %@Pﬁ ]W
bel ow, cal cul kes%‘om ?%&ltﬁe dﬁﬁl sp ays the resul &ﬁemﬂgg%?g?

program firstbe mmtamequtalaopummflafel byiseiting the gairp cipenitc so that thes
are al so given e
wi dth: 10 ps uzmentgiﬁ) °§#ﬁ‘ g%ﬁﬁﬂﬁwﬂmnmy)és@?gng art sat}% ps’ﬁﬁ't
5. Nunber§ ofdidviseterir enent s: 100 35 : Gai n: 155 The first gate is

the search gate and is w nough

- 8- pi ck up the si gﬁgw%‘?m&aﬂzﬁ){ &’e‘?mgﬂl ?%5 comprises means for
successi ve plgkgrthing Memgﬁmwmbwmm samemga

noved to surround th cted p ti,o ere next shoul d
arrive. If tm% “S‘!dy géf’?‘(ﬂ‘ég p‘BSF?‘F‘ r']]?ﬁ

next pr%mwmuk'gﬁ.a@aﬁ%ﬁmmmmﬁawewm bedeﬁv&l?ﬁ%ﬁﬂiat

inarow it can be deduced_that the sigha sequence i s nost likelyt

be from al®i maany @ffmtevmsg For example, it is mﬁm.m amemory-of the gontrol wgitH stores

vel ocity nea n! mﬂ%ﬁ

shows graphi c iﬁl\f vraleuggﬁgtdlfg tcdéﬂeet?réd pu se{'&?rmegh%g{*til&f&ﬂb
a result thca{:onmbumtémnpmmohewuﬁowemwtthadmewmwmw
The peri ods ‘Q/&%n the gates are open are also indicated. I n each case
ti mng comences when the pulse is transmtted. For the first pulse

the first gate Ais set Hereinleforsetheadaptatiomaf Uié controlfof ¢he s;:eahoﬂrm«:urhas

e’ pi pe 15 Serg AREpRL iepeideted o B e Bloriain. f Bonkd e RO fonfres

‘tine intervalnoyBalyahé Behadivuf of thecontrol ofqnesgeealbﬂmﬁﬁm@mmuwmwsmaﬁbr
For the second qpul se the first gate A|s set so ;;to be centred abo t

the arrival tPHRoRAN ndhe apparatys-may Bl?F‘s‘Be diamete of she record fagrigre for
Figure, a scahd fdetd Wkﬁﬁlgesfofjﬂfsﬁﬁhﬁgtﬂd’hadm rddi direétfinVis s glﬁﬁl Wﬁ;ﬁ%ﬁeﬁ

A, then its arrival tine.is noted and the first tinme erence

[err]t[err] idianeptercofithe sesord carrier. When thegisplapement iof theiead 3 iniradiakdirection ifat o

I[Belr?] '?Fgf' r(T éterﬂgd M%eégfﬁegldik nﬁfﬁaﬁé secongatrrmé*é?f""\%ﬁa"l pthglestt?

as i ndi observes that thel adaptationjof: the coatral [of the digplagemientiof headd tothe diametesiof ghe

and the seco et erm ned. For the
fourth pul se%ﬁgygﬁga‘?gﬁﬁ %%F@é]i ‘{eﬁv‘gé 35 expected tine of
arrival, that is at atinme At2 after the arrival tinme of the third
received pulse. If, as : - 9-
‘indicated, a pulse is detected, then its arrival tine is noted and the
third tinme difference [err]t[err] is determ ned. For the fifth pul se
‘gate B is used in the sane fashion, to enable a fourth tinme difference
[err]t[err] to be determined. 5 Thi s procedure could be continued until
no pulse is received, or nore usually the procedure is term nated

when an adequate nunber of tinme differences (for exanple four) have
been obt ai ned. 10 The best estimate of the time difference
(t[err]-t[err]) is obtai ned fromthe average of the val ues
[err]t[err], [err]t[err], [err]t[err], [err]t][err] as found above for
a particular particle. This enables one neasurenent of velocity to be
made using the equation di scussed earlier. In addition the standard
devi ation of 15 t hese val ues of tinme difference gives an indication of
the accuracy of the neasurenment. The process is then repeated to find
and track other particles, and to determne their velocities, until

t he desired nunber of ‘measurenents has been obtained. The resulting 20
nmeasurenents of velocity can be used to generate a vel ocity

di stribution, the standard devi ation of the



bei ng dutermned. - 25 Tfllllllmlllmllll Pls o dna che wath or ¢ n ol se

search gate A deternlne fhe'relion Wit i tThe Tube IZ wWhere velocity
measurenents wll take place. This region nmay contain a spread of
velocities. The results of the velocity measurenents and their )
di stribuwidoéheisd ! i ndicate this, \ﬁgnd the maxi mum ipCTIBSSA9IE ri but i on
shoul d occur at the predonlnant locity in the region. The velocity
profi l aae.dCr0ss the tube 12 can be studied by using a narrower
searchigﬁngﬂﬁ, for exanple 5 ps, and adjusting the start time of the
first (search) gate A so as to neasure 35 veIOC|t|es at dlfference
positions across the tube 12. . : - 10 -
The apparatus 10 may be arranged to detect ei t her the first signal
that is received (above a noise t hreshol d), or the |argest signal
received, while a gate is open. If a signal pulse scattered by a

different 5 particle is received this may give an inaccurate velocity

Herhil SOigbs - reforilclfle 1t hé V\oulag be Emrel}u(:e‘f:ted by the

di fferences, so subsequent reflected puls

narr owﬁmmﬁgﬂ dnformation; is sesonded; mﬁeﬂwd mﬂ'ﬂtiﬂﬁfmmmt!m ng from

ot her 99@@@&' “&xi?#]m}mg g”!n%\ara noi se threshol d) may
be rejec _ aS|shF%1¥ e S an eviation-of the tine

di ffer@nce neasur enﬂmdlcarrhoas klaimed in Claim 1, charactdrized\in thabtheaoptroki at ed
that th rat us .1 Vg, in riQ xanple t he
gar & L ATaRpipa t Kootdla Ghthe futgpauh Habla's s pledeBieindied AR o bR, 3 c
for tha second pul s Inforneation ingtordihg and/orredding apparitus comprisinga deive mbas

dur ati n of t ate used for the first ul se eternl es the spati al
Fosol ufttgatasingly. i, & Ak record parees iad seuind apPaTAYS o

used f aepehaam on cohBSIGRfbrMEficiFacEinfiotatad on tﬂaemeaalmvatmhtcu appdtatus
appar atus can measure. The aBparatus 10 has been- - operated successful ly

with t AAMPrites cCampaRents whnse rdependwemchmtahg%ﬂl Tepory, Garist, 15 ps.  The
cur 0 | @ftitiertzB i hat e @il Wi bmPrdoh BT WGPIbl th BlshdiulpBidefP U | 0US
fects the refiaollity

pul ses bei ng responded to, -of the
measur bﬂtamoyrofrmdmmmugnmgws@mhem ormationy ccessful [y with the

gate Bghaving durat j ,&E#&n;ep F&QFDJ The
pul se ?epetltlon fregﬂ nc§a%§§la e varle §¥ I's u?oo sl ow t he
scatt emwmmemmw by ﬂn\dnve means;Lin whiick the setting means arelagrangddef or e

e ar Hr PGS b EiafE moans i difbadeoes o b ool o "Ccar corer

will becone very small and owing to the linmt in the tine

resol ution of the neasurenents, the accuracy of the result will
decrease. However a fast pul se repetition frequency provides the

advant age that neasurenents are made nore quickly. Wth the apparatus
10 values of pulse 5 repetition tine between 1 ns and 8 ns have been used
successful ly. : In the apparatus 10 nmuch of the signal processing
and control of the operation is performed using software, 10 by the
conputer 22. It will be understood that alternatively this may be
achi eved usi ng purpose-built, dedi cated hardware. This can provide a
nore rapid measur enent capability. 15 Referring now to Figure
3 there are shown measurenents of water flow velocity v in the tube
12, as the power supply to the punp causing the flow was vari ed.

Three different nmeasurenments are shown. These were obt ai ned: 20

(a) by neasuring the rate at which a calibrated beaker was
filled; this gives an average velocity across the tube, and is

i ndi cated as Vav; 25 (b) by nmeasuring the flow velocity at the
centre of the tube 12 by | aser Doppl er anenonetry; this is

i ndi cated as LDA; and (c) using the apparatus 10 as descri bed

above; this 30 is indicated as FPT



(The figures for the punp supply relate only to the dial of an
adj ustabte—tTanstormer 7 —The fl ow

settings the flow was turbulent, so the 35 velocity profile would be

expected to be flatter across the mddle of the tube 12 than with

| am nar flo - 12 - 9500939 AS
‘expect ed thg“ﬁMe vel ocity values fall bel ow t he veIPoC(':l}atny
‘measurenents for both LDA and FPT negfrrenents except at higher
velocities where the LDA measur enent all bel ow t he average val ues.
The LDA was 5 set up for a particular velocity range and accuracy may

have fallen off at these higher velocities. The FPT nmeasur enents fal
very close to the LDA val ues and foll ow t he average vel ocity val ues

Wi th punp speed; on average the FPT values lie within 1. 7% of the LDA
results. 10 It wll be appreciated that use of the present

met hod requires a know edge of the speed | q@nd i N4t he fluid. In
obtaining the results di scussed above the »Speed fOf sound was neasured
in the water in the pi peF—fo—FRe——achH ﬁmother

| i qui ds and even i two-gp e m xt @rgs; as an oil/water m xture.
However in thi'sfcas efocity of spund ifn oil is typically

about 1350 msf[err], =th i bout 10% | esk tharl in water, so it is
preferable to nmeasure Jhe soupfl vglocityg in sigtul20 rather than relying on
an assuned val ue. - 13 - Cl ai nms
1. A nmethod for neasur{ng the o] 7 of t es in a fluid, the nmethod
conmprising isonifying the flujd &dh se eam of ultrasound, detecting
-pul ses of ultrasound sfatterefl by a single p icle from successive
transmtted pul ses, nepsuring|t | val 1i ~ the successive detected
pul ses and hence determ ni ng vel og] of the_pargicle. 2. A nethod as
clained in daim1l whefein the drriv tipes of al |least three successive
detected pul ses scattefed by the Qarticle are]neasured. 3. An apparatus
for neasuring the vel ogity of[xnﬁicles in a fluid, the apparatus

conprising nmeans to isonify the flurd wth a pul sed beam of ultrasound,
means to detect pulses of ultrasound scattered by a sin pagticle from
successive transmtted pul ses, and neans to determ ne t {§r val tinmes of
the successive detected pul ses and hence to deternine the velocity of the
particle. 4. An apparatus as clained in Caim3 wherein the detection
means includes a plurality of gate neans to define tine intervals after
‘transm ssion of pulses within whic pul ses ymay be det ect ed. 5.

"An apparatus as clainmed in d ai prd wherers .;;h--tesyﬂon means includes a -
first gate nmeans arranged to ¢ éﬁﬁb‘i==::sl~u erval after

transm ssion of a first pul sg ,@\.\\,\\ ans which, if a pulse is
-detected during the first t/ng ’!>vJ-rﬂ NN o define a second
‘time interval after transnj R

-14- 6. An appar at ug
nmeans al so i ncludes a thi
t he second tine interval

after 5 transm ssi on of



second pulse is after the arrival tinme of the first O’?@E@Q%GV7
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| ess than the second tine interval. 8. An apparatus as ‘- me R P
Caim5 or daimbé6 wherein the first and the second ti ne g Valigg’f

each have 15 amrge i Nt hewhaB9RmindrOa 2RorRoT orcanzamond- AN MRt us Y
claimed in Cai Claim8 ,)MMMB@Mthlrdtlrremter has a

val ue in mmmwu APPIQCATION EUBIS'S}mJNDER mﬁmghmaupa?mwmhzrirrmmu)i n
any on tion 6: VWHET 1T A et SO Tansou

used bp Eé#l l(t?ggﬂsmt P e pul's dféh\%ﬂh@&w Htor emm‘/
t he scatt HW?’I’ I ¢ pul ses, th_ ‘? MQWW5 mmxggsm,os,gs)
freque‘ ! freh uvr rlg of steh—a—greneter
that t hem bt \WpHIgaon Niibér: thanrtﬁimsmdo sx)noagm ue.lmhemfcntimm JP, KR, PL,
| ongi t phdi nal axi s _of the bea Petenb (AT, BE, CH,
vel oci | § Gerpstignp! Fitpg Rate: |, 3(5"°°"§’“f'?9553&‘°s?€&stant'?3a? ‘H’e%l"ﬁﬁre M NL, PT, SE).
descri ped vvith reference to, and as shovvn in, the acconpanyi ng

dr awi np@o) Priority - 15 - 12, An

appar a} us f%‘P‘oﬁeasurl nif Novrebey, P 19‘?/“(’/f'm|cart i cﬂmﬁ’f}l,ﬁ“ﬁym&ﬁpm&h |

as herki nbefore described with reference to, &ﬂﬂuaﬁtﬁhmfﬂmm of the receipt of

acconp %ﬂ%{j JFLECTRONICS N.V. [NL/NL}; Groe _ P.T. Mansfield

Appl i Cavl)&ppnmt (for SE onlyy: PHILIPS Norden AB [SE/SE) 14926 MIH
 Kotbygatan S, Kists, S-164 85 Stockholm (SE). _ :

(72) Inventor: MONS, Johannes, Jan; Groenewoudseweg 1, NL-
5621 BA Eindhoven (NL).

{74) Agent: GROENENDAAL, Antonius, W.,, M.; intemationaal
Octrooiburean B.V., P.O. Box 220, NL-5600 AE Eindhoven
(NL).

{54) Title: DISC-LIKE RECORD CARRIER, RECORDING AND/OR READING APPARATUS FOR RECORDING/READING INFOR-
MATION IN THE RECORD CARRIER

(L1)) Am

A disc-like record carrier (1) is Ql) 20 1
disclosed on which control information f

is recorded. The control information C . ; - }
comprises diameter information which 2"-' '

is indicative of the diameter of the B~ :

record carricr. An information record-
ing and/or reading apparatus comprises
a drive means (2) for rotatingly driv-
ing the disc-like record carrier (1), The
apparatus comprises a control unit (5)
which adapts the loop gain of a con-
trol loop (2, 3, 7, 8, 9) for controlling
the number of revolutions per minute
of the recond carrier (1) in dependence
on the control information recorded on
the record carrier.
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