ULTRASONI C FLOMWETER Thi s invention relates to an ultrasonic floweter with
a neasuring tube through which flows a nediumand which, viewed in its
cross section, has a bipartite split circum ference 'form ng two hal ves,
and with two pairs of ultrasonic converters, each.with an as s soci ated
ultrasound reflector, which ultrasonic converters of each ultrasonic
converter pair are nDunted on a common circunferential half in a nutually
of fset position as viewed in the |ongitudinal direction of the measuring
tube, while the ultrasound reflector for-each pair of ultrasonic
converters is positioned on the other, opposite circunferential half of

t he measuring tube between the two ultrasonic converters, in such fashion
that an io ultrasound signal enmtted by one ultrasonic converter of an
ultrasonic converter pair trav- els along a V-shaped signal path via the

ul trasound reflector of the associated ultrasonic converter pair to the

ot her ultrasonic converter of that ultrasonic converter pair. The neasuring

accuracy of ultrasonic fl owmagﬁr m eriorate is when
t he medi um passi ng through th rrg ¢m&mgenly, t hus

deviating froma_fully devel oped | ami nar or turbulent flow pattern. Such
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ot her uItrasonlc converter to be abl e on. 1its part tO transmt
ul trasouid syligaseund pignal emitted by vaeuipsetiecdtivestr of amnugasonis wamsrtar tpeir trav-

els along a V-shaped signal path via the ultrasound reflector of the associated uitrasonic
converter pair to the other ultrasonic converter of that ultrasonic converter pair,

The measuring acevracy of ultrasénic flowmeters generally tends to deteriorate
15 when the medium passing through the measuring tube flows unevenly, thus deviating
from a fully developed laminar or turbulent flow pattern, Such irregularities may be due
to chenging pipe diameters or bends along the flow path of the medivm. T_Eese irregulari-
ties are generally differentiated among three categories, to wit: axial disturbances, tan-
gential distrbances such as vortices, and radial disturhances. Tangeﬁﬁal and radial dis-
20 turbsnces do not contribute to a change in the actual volume flow rate. They do, however,
affect ultrasomc measurements, as will be explained below,

An ultrasonic flowmeter typically encompasses at least two ultrasonic converters,
together constituting an ultrasonic converter pair and mounted in a mutually offset posi-

25 tion in the direction of the flow. One of the ulirasonic converters emits an wltrasound sig-
nal that passes through the flowing medium and is received by the other ultrasonic con-

verter, The systena design usually provides for the. other ultrasonic converter to be able on
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In this fashion, ultrasound signals alternately pass through the flow ng
mediumin or against the direction of flow. The entrainnment effect of the
flowng nediumresults in dif- ferent runtines in and, respectively,
against, the flow direction. Were the length and the 5 angle of the
acoustic path relative to the flow direction are known, the runtines in and
against the flowdirection permt a determnation of the flow rate of the
medium |f a pipeline includes, for instance, an upward or downward bend
followed by a bend to the rlght or leeft, the flow pattern can be expected
to be subject to.axial as well as to tangential irregularities. Moreover,
the tangenti al disturbance is likely to add another speed conponent al ong
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usual |y reqw res additional converter pocke s in lE""maasurl ng
tube which, in turn, adds further. flow disturbances. 25 Anot her approach

to solving the ab e-.d cr, ohl em has been to use V- shaped signal
paths. The net hod?g % gﬁ\g\ﬁ& € e d of dewnwaiddend falbawasrhy of
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To date, the approach for a solution to this problem has been to employ 2 mini-

15 poum of two mutually intersecting measuring paths in one commoﬁ plane, If the angles of
the two measuring paths in the direction of flow sre identical, the undesirable tangential
and radial speed components can be sliminated by averaging the flow rates determined
along those two paths.

20 One drawback lies in the fact thaf af Teast twice as many ulirasonic converters are
needed. Accommodating additional ultrasonic converters in the measuring tube usualiy
requires additional converter pockets in the wall of the messuring tube which, in turn,
adds further flow disturbances. > |

3 Another approach to solving the above-described problem has been to use V-
shaped signal paths. The méthod employed provides for the two ultrasoric converters of
an ultrasonic converter pair to be mounted on one common side of the measu:riné tube,
with an ultrasound reflector positioned on the opposite side of the measuring tube. De-

pendmg on the curvaturé of the measuring tube in the respective plane, such an ultra-

3 sound reflectormay, in fact, be constituted of the irmer wall of the measuring tube itself,
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This is part of the prior art and al so applies to the invention described
further below. In this ease, an ultrasonic signal emtted by an ul trasound
converter travels along s a V-shaped signal path via the ultrasound
reflector tp the other ultrasound converter of the ultrasonic converter
pair. Simlarly, an ultrasonic signal can be transmtted in the op- posite
direction. As stated above, this nmakes for a configuration that permts the
elimna tion of the tangential and radial conponents through an averagi ng
process. As one nmjor advantage of this solution, no additional ultrasound
converters are needed 10 US 200410011. 141 describes an ultrasonic fl owreter
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has proved to be substantlally nore effective in eI I mnating radial and
tangential flow disturbances’ than is attainable with the conventional

si gnal - path conf i YSP2R0AHMY 114l dﬁsemb@cant!&fr@bweﬂowwéw@the t}@@t@smimd above.

herofore, 1 R aBy e B dbiahve sk b Rgfal B natoe Sierl Pl

flowreter  planes. The ultrasound converter paits aud., respectively, the ulttasound reﬂectors are
mounted on different sides of the measuring tube in the uitrasonic flowmeter, One advan-

15 tage c-xf that design is that at least the ui:permost gnd the bottom-~most V-shaped signal

paths can be positioned at only a small maximum distance from the inner wall of the
measuring fube. It has, in fact; been found that 4 minimal distance from the inner wall of
the measuring tube is conducive to improved measuring aceuracy since this type of signal
path permits highly precise detection, and thus elimination, especially of axial irregulari-

\ 20 ties. Moreover, jointly positioning all of the ultrasound converfers on one single side of
the measuring tube facilitates mainte;ns.nce, especially when the measuring tube ig acces-
sible only with great difficulty and pethaps only ﬁ.om one side. |

Using multiple V-shaped signal paths in mutually parallel plénes, as deséribed
as * above, has proved to be substantially more effective in eliminating radial and tangential
flow disturbances than is attainable with the conventional mgnal-path configurations re-
ferred to above, However, tests have revealed that there is still an error rate of about
0.15%.




which permits a nearly conplete elimnation of the tangential and radial

di sturbances in the neasurenent of the flowrate. 3 For an ultrasonic
flowmeter as first described above, this objective is achi eved by
positioning the first ultrasound converter pair and the second ul trasound
reflector on one circunferential half of the measuring tube and the second
ul trasound converter pair and the first ultrasound reflector on the other
circunferential half. 10 In other words, according to the invention, the

ul trasound converter pairs are nmounted on nutually opposite sides and the
ultrasonic signals of one ultrasound con- verter pair are emtted from one
side and the ultr dsigstherefirgrihé shjeftivehd this rventidrt todswodiabe ac alteaotie fopandgtear e
emtted from_,the other side into the.flow ng nedium, Thi s _novel .con- ,
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elimnation ¢le hbB@uictndn BBl ragnd radi al di sturbances essentially
derives fromthe fact that in the axial direc-. tion, these disturbances
are not constant. The proposed configuration of the signal paths, however,
can to an,essentia ly total .extent elipinate.that. residugl. error,.as w!l
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reflector "on! a circunferential half of such a systemre- fers to any
arrangenent €hgimiseantipt kalf ofcthe measming diksrand the sesond plugseundconyrstst paigend t he

re- flectiongnf ﬁﬁ& | ' & ! pq i nner wall of the
measuring tu e'ﬁrngﬁl S%,’Q&?%fgéc%g?h] - %&%@Qﬁ@%&lﬁ%ﬁﬁ th" refers to any form
of signal paths. obtain- abl'e by mutually offsetting the ultrasound
-converters of the_ul rasoudgd conyerter pair_in_the flow direction and,

viewed it he fl oW BiIFREPICSHACCORARIRIRS IBRPMIPN: e WrasPURGERRTSTIRTISES 28 or  at

a point betwgeh, NalBRS ' A Y Sy ot
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signal paths cderier farfrd e Ieg_w_rilgerf ’ggm the other side into the flowing medium. This novel con-

figuration is based on the realization that the etror remaining in the elimination of the

is  tangential and radial disturbances essentially derives from the fact that in the axial direc-
tion, these disturbances are not constant. The proposed configuration of the signal paths,
however, can to an essentially total extent eliminate that residual errar, as will be ex-
plained further below.

20 It should be pointed out at this juncturs that positioning an ultrasound converter
and, respectively, an ultrasound reflector “on” & circurnferential half of such a system re-
fers to any arrangement that permits the transmission, reception and, respectively, the re-

flection of ultrasonic signals in the area of the inner wall of the measuring tube.

25 Also, the term “V-ghaped signal path” refers to any form of signal paths obtain-
able by mutually offsetting the nltrasound converters of the ultrasound converter pair in
the flow direction and, viewed in the flow direction, by positioning the yltrasound reflec-
tor at a point between theyn. In particular, a “V-shaped” signal path does not require a
specific angle befween the Jegs of the “V™ or an identical length of the Jegs.

30




sanme plane. In a preferred enbodi nent of the invention, however, the two
V-shaped sig- nal paths extend along different planes. As another preferred
feature, the two different planes do not intersect within the neasuring
tube. Most desirably, the different planes 5 extend parallel to each

anot her. The advantages offered by the invention as stated above are

al ready achieved with only tw ultrasound converter pairs. A preferred
enbodi nent of the invention, however, includes at |east one additional

pair of ultrasound converters with an associated ultra 10 sound refl ector
for creating an additional V-shaped signal path, Especially preferred is a,

configuration co .S .t ) addi.tional yltrasound converter pails,
permtting the.. m:ﬂérp 2%1[%1%%)6%6# ij(gsjﬁg’ke%g Hiqﬁvgﬁ%-ﬁgﬂaegiswrp%ﬁiqq qang@%’%gége
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di fferent ci mébpaths exendalongdi planese Afenether prgfemes deatiiesthe dwp i ffdrent

radial 15 dirgct| . A0 tube. .the.re t Qs n ray. of
Vshaped si orie S AS! ioBe RSN HIRHERy U MR, RE AR e on
one or the otchend phrallbktoteach gdotlenf erential  halves. } In one preferred

enbodi nent of the invention, two ultrasound reflectors, viewed ao in the
| ongi tudi nal direction of the measuring tube, are spaced apart by not nore

Ut asound conver (e o eateses (RURADY Rl plioH oo ARV E B Slen Bl i

ul trasound converter sira rasoun
vi ened in t henlyomgi witrakonad colivestet paim. Afpréfomed ambsodiricnboftthdtrventicn, Abwenaed
over the sane |l ength, of the as rinqu itafjbe, 25 Apart fromthe objective of
the inventi oFP"é‘Ef&gi"’*héﬂ C8B8FEUORY. PR £ W‘Eﬁi Weveress wibsamgsosistalidieg ¢ he
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whet her a proper neasuring operation I's-being nmafrntalned.” For tp e ¢
ul trasoni c f konfiguraiorf ¢onyisitgsouliipledidditionel, ultraicsnd someconpditss perthittingihe . 30
viding a thi Lo ubltasounds RAVELY S R%h WebibA SOLLEPRAL NG, b kasqund
paralle] planes, in which case the ultrasound converters for neighboring signal paths are
positioned on different circumferential halves of the measuring tube, Viewed in the radial

15 direction of the measuring tuﬁe, the result is an arxay of V-shaped signal paths whose

open ends and vertices alternately appear on one or the other of the two circurnferential
halves.

In one preferred embodiment of the invention, two ulirasound reflectors, viewed
-) 20  inthe longitudinal direction of the measuring tube, are spaced apart by not more than the
maximum distance between the two whrasound converters of an nlirasound converter
pair. Most desirably, all uitrasound reflectors, viewed in the longitudinal direction of the
measuring tube, are arranged over the same length of the measuring tube.

25 Apart from the objective of the invention specified above, it would often be nec-
essary to equip the ulfrasonic flowmeter with a éiiagnoétic function capable of indicating
whether a proper measuring operation is being majntained.

For the ltrasonic flowmeter first described above, this is accomplished by pro-
3  viding a third ulfrasound converter pair with a corresponding ultrasound reflector for cre-
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ating a V-shaped signal path that extends along a plane which intersects
the other two planes wthin the nmeasuring tube. Thus, according to the
invention, a third signal path extends at an angle other than s zero
degrees relative to the othex two planes in a manner whereby it intersects
the other two signal-path planes within the flowng nmedium This permts a
di agnostic function by neans of which it is possible, for exanple, to
determ ne whether dirt has accumul ated on the bottom of the nmeasuring

t ube. io As a result of any such dirt accumnul ation, a point of reflection
in. that area would shift toward the center of the measuring tube,

duci th t I t, . df . inth
course of ¢ he Ba sfiet SEoACR I SRBldLaiod  g8q BHBr Ittt ot e
si gnal path ipkres séthin thg mhdasuriiightabe.t wo pl anes is detected, it may be an

i ndication of an undesirable dirt accunulation.. In addition, providing a
third V-shaped signal path as is described, intersecting the other:two

‘planes within the Satebidhd (496 inREX té%@%ﬂ;b@%ﬂ&% %fe otﬁértﬂan

fl ow val ue and t hus urt er -enhances the accur

urenents. 5 Sp geiof dagadels y@la’uma ta th ether tvedblams in gureaheronheaetgoir ditergedtothe bther
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axis of the thebosiom afithe pisasuingsnbes V\Athl n that third plane. 25 In another

preferred inplementation of the invention, it is equally possible, how
ever, to provide a fourth ultrasound converter pair with an associ ated

ul trasound refl ectiys rebult of&ahtl) girtacvnRRESE, @pcﬁmadf rédcRoMH BBt a&ha%mdoat h
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third signal path intersecting the other two planes is detected, it may be an indication of
an undesirable dirt accumulation. In addition, providing a third V-shaped éignal path as

15 described, intersecting the other two planes within the measuring tube, permits the addi- -
tional capture of a flow value and thus further enhances the accuracy of the flow meas-
urements. |

Specifically, in a preferred configuration according to the fnvention, the other two
20  planes do not intersect within the measuring tube. Most desirably, the othet two planes
extepd paralle] to each other while the third plane extends in a direction perpendicular to
these other two planes. In a preferred embodiment of the invention, the longitudinal axis
of the measuring tube extends within thet third plane. |

25 In another preferred implementation of the invention, it is equally passible, how-
ever, to provide a fourth ultraspund converter pair with an associated ultrasound reflector
for creating a V-shaped signal path which signal path extends along a plane that intersects
the otber two planes within the measuring tube, in which case the third plane and the

fourth plane each extend at an angle other than 90° relative to the first plane and the sec-




and plane, but not parallel to each other. In this fashion the

af orenenti oned di agnostic function may be expanded to nonitor, for

i nstance, several points of reflection, Qther preferred design variations
are obtai nabl e, anal ogous to the configurational s possibilities described
above in connection with the first inventive solution, especially in terns
of the inclusion of additional ultrasound converter pairs specifically for
creating V- shaped signal paths in varying but, preferably, nmutually .
paral l el planes. Flnally, this invention relates to an ultrasonic flowreter
with a measuring tube io through which flows a medium and which, viewed in

nalves, - and esvarreitatadeRrBLL S oo s TR mnfloPd Sekte 1y

associ at ed ufinecotiag beekp@dtdto mehital i igane eoeaPpygisigrsetiogach ul tra-
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mutual ly offset position as viewed in the longitudinal direction of the

measuri ng tube, IS, . f r o h.pair.of . .
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fashion that an %trasound s%gnal emtted by one ultrasonic converter of an

ul trasoni c PRy P—iﬁ‘l‘@d&‘)’ww&ﬁ@@ egiaplpBiriersptiag the
ul trasound rgf, pair to the
ot her uItras%npéf%gﬁﬂ%r?%%?gW 3{‘?@%&? Ai'C Cohﬁpag%f&‘fgﬁng% pair. As has
been nentioned, the ultrasound converters are usually acconmmodated in
converter pockets_t hat y be ided in.the of the measuring ube
This poses a pro@@éﬁhﬁg’gﬁmﬁé‘ggm‘%ﬂ@s@ﬁ@‘ﬁr Waflfg‘«wtem th adneasyiingiube
component, mﬂbﬁ&hﬁ%@ﬁ?ﬂ@%%nﬂéﬁuﬁ%ﬁ%ﬁ%ﬁ&ﬁwﬁéEz%%sﬁ&ﬁ th%sawaﬁ%'s@héy

| eadi ng to undesirable situations , tor exanple, zs a drop of “water
deposi t ed i neizcuodfenepce. Mp@ﬂwthalvelﬂaandchom@mmglﬂulaaelmneaaamedﬁ&sbmcwenwrt-t he

ul t rasound conve r and .t nmeasur i tub usi ng an undesir a
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sound- i nsul ageggh.- édxﬁ@itéﬂfbﬂ@@%&ﬁuhfhﬁ dn%m@@@irét&%rénﬁﬁpaalﬁin amutually offset
position as viewed in the longitudinal direction of the measuring tube, while the ultra-

15 sound reflector for each pair of ulfrasonic converters is positioned on the other, opposite

circumferential half of the measuring tube between the two ultrasonic converters, in such
" fashion that an ultrasound signal emitted by one ultrasonic converter of an ultrasonic

converter pair travels along a V-shaped signal path via the ultrasound reflector of the as-
sociated ultrasonic converter pair to the other ultrasonic converter of that ultrasonic con-

20 verter'pajr.

As has been mentioned, the ultrasound converters are usually accormmodated in

converter pockets that may be provided in the wall of the measuring tube. This poses a
problem when measuring the flow of gas with a liquid component which can deposit it-
self in the converter pockets, potentially leading to undesirable situations. If, for example,

25 adrop of water is deposited in & converter pocket, that drap could form a bridge between
the ultrasound converter and the measuring tube, causing an undesirable acoustic cou-
pling between the converter, otherwise Jargely sound-insulated from the measuring tube,
and that tube. |




It is therefore another objective of this invention to introduce an

ul trasonicfl ow neter designed to avoid the above-nentioned problem For
the ultrasonic flowneter described above, this objective is achieved by
orient- s ing the measuring tube in a way whereby the ultrasound converter-
of the ultrasound con- verter pair is positioned in a |ocation higher than
that of the associated ultrasound reflec- tor. This, according to the

i nvention, ensures that the converter pockets prOV|ded for 1o the
uItrasound converter can pgint toward the interior of the neasuring tube,
making themself-draining for liquid and pasty substances. This design
approach can be univer- sally conbined wwth all of the configurations

descri bed above. ﬁl%@ﬁeﬂré%ﬂoﬁwdﬁ%w%s hb@nﬁdhvtﬁ%&%cggﬁﬂfﬁ%&ﬁc Bl €St |

one additional ultra- i s soun nverter pair wth a correspondi

ul trasound r@pteadestgnelde avoidthe abgveanentienedprobleaped si gnal path that
extends along a plane which does not, intersect the plane of the first
V-shaped signal path within the neasuring tube, in this case positioning

the ultra- sound E@iMeilirbshiOflowvhire ddidibed dhovel ﬂﬁ@@@wmreQQateﬁ%v%&'bK/%ﬁ'eat~at

a level higher than that of the associated ultrasound reflector
desi rabl ¥,  t1A& i measyring bubedn pavax wherehyche nhrasenm@icoovértar ofifliel wirssoend con-

ul t rasound nfere hal f, a t he
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measuring twhe. As a result., the converter.pockets for the ultrasound
converters will self drain as described above even in the case of nultiple

V-shaped signal paths. 25 The following will explain this invention in nore
detail with refer gg]ﬁu] F i Qg?ﬂ gs,

1 a and b: schena’%?gglcld;%ﬁagﬁ ﬂeg{g%\r%e ﬂlﬁfmgn%‘ff{bﬁgg%%ﬁg ovaérzrfet er
accordi ng tthe altfasowskt @nibertks mpgmf totmed the\mﬂanomf t’aEiI@asuxﬁlgaulaaj thalting
schemati cal | i.n, a .t tern_of the si naI aths jn the
$ ul trasoni ﬁ?‘?é% éﬁ%@@%@%ﬁ‘% nf)‘?"éfiﬁﬁl% AUMBErt he

sally combined with all of the configurations deseribed above.

A preferred embodiment of the invention comprises at Jeast one additional ultra-

15 sound converter pair v;’ith a ;orresponding ultrasound reflector for creating another V-

shaped signal path that extends along a plane which ‘does not. intersect the plane of the -

firet V-shaped signal path within the measuring tube, in this case pesitioning the ultra-

- sound converters of the additional ultrasound converter pair at a level higher than that of

the associated ultrasound reflector. Most desirably, the planes extend paralle] to one an-
20  other while the ultrasound converter pairs are mounted on one circumferential half and

the ultrasound reflectors are mounted on the ather circumferential half of the measuring

tube. As a result, the converier pockets for the ultrasound converters will self-drain as

described above even in the case of multiple V-shaped signal paths.

25 The following will explain this invention ini more detail with reference to the at-
tached drawings.

In the drawings.




invention (Fig. 2b) as conpared to the prior art (Fig. 2a); Figs, 3 a and
b: schematically illustrate an ultrasonic fl owneter according to a second
preferred enbodi nent of the invention; 10 Figs. 4 a and b: schematically
illustrate an ultrasonic floweter according to a third pre- ferred

enbodi nent of the invention; and Fig..5 schematically, illustrates, an
ultrasonic flowreter according to a fourth pre- 15 ferred enbodi nent of the
invention. Figs. la and. |Ib represent a schematic cross-sectional and,
respectively, perspective view of an ultrasonic flowneter according to a
first preferred enbodi nent of the i nvention, They only show the inportant.

i nvention-relkate opponent s e b r|n be 1 for a
flowi ng nedi Eﬁﬁs ﬁ%ﬁnggpﬁ%g?‘&ﬁm ﬁ‘ﬁﬁ&ﬁaﬁi lﬁ? BNt T waﬁgor"t’%?t%%cpgduzg
each with an ul trasoungb@ﬂfweﬁlbg.ﬂmﬁnamhem%@t ed with each ul trasound

converter pair, an ultrasound reflector ‘4. The ultrasound converter pairs
are alternately positi oned on one or the other circunferential half of the

t _mennet | el wi th
V- ehaped si g pae B “RABERE b 3 Thr 1Bl Berupote bt fend Solhscn i °
converterspairs and umedzﬁ@ﬂeﬂﬂieuﬁlaysox@ﬁn &&lﬁm%&ﬂp@éﬁﬁe&leﬁl@&&ﬁ%%ﬁmé on

one side and, re- spectlvely on t he opp05|te side’o he neasuring tube |
results in a pattern WP § %Ebi/a%ma@ae%ﬁogh@pmprm% 2a)it ernatel y have
t heir open ends on one or on the, other side of the tube. It should be
noted that for the central signal path 5 the inner wall of the neasur- ing
tube 1 |ts|e| Figsel weaisd hasohﬂﬁﬂo‘aﬂgﬁmateﬁgfmmﬁbm fl%vslmﬁéwlsadﬂﬁﬁdrl]r[geﬁluhsfebémi a
separate ultra 30 sound reflector, 9 This alsg applies in the schematic
illustrations of Figs. proferted prohodinmens o fgﬁl’@"i’f’@ﬂﬂi%n Fig. 2a represents a
prior-art, concept with a single: V-shaped signal path 5 or several V-shaped
signal paths 5, all opening up to the right; however. By contrast, Fig, 2b
schenat i cal IE/IES 4 #1Bm:bb.rsahmamallmlhatrglemamﬁuasbms|f@metﬂ8ﬁcbsrdﬁ1ganwhﬂd[p@-t o)
the first preferred enpodl nmen

ed embodlment of the invention; and

Fig. 5 schematically illustrates an ultrasonic flowmeter accordma to a fourth pre-
15 '  fetred embodiment of the invention,

Figs. 1a and 1b represent a schematic crogs-sectional and, respectively, perspective view
of an ultrasonic flowmeter according to a first preferred embodiment of the invention.
They only show the important invention-related components, these being a roeasuring

N 20 tube 1 for a flowing medium, not depicted, and multiple ultrasound converter paits 2,
each with an ultrasound converter 3 and, associated with each vltrasound converter pair,
an ultrasound reflector 4. The ultrasound converter pairs are alternately positioned on one
or the other circumferential half of the measunng tbe 1, In a maoner as to creafe parallel
planes, each with a V-shaped signal path 5, The altemating placement of the ultrasound

25 converter pairs 2 and, cotrespondingly, of the ultrasound reflectors 4 o one side and, re-

spectively, on the opposite side of the measuring tube 1 results in a pattérn whereby the
V-shaped signal paths 5 alternately have their open ends on one or on the other side of
the tube, It should be noted that for the central signal path 5, the inner wall of the measur-
ing tube 1 itself serves as an ultrasound reflector 4, thus not requiring a separate ultra-

0 sound reflector.




of the invention shown in Figs. 1 a and 1 b, whereby at |east one signal
path 5 opens to the right and one signal path 5 opens to'the left. Tests
have shown that this can substantially inprove the measuring accuracy. to
Figs. 3a and 3b depict in a cross-sectional and, respectively, a schenmatic
perspective view an ultrasonic flowreter according to a second preferred
enbodi nent of the invention. In that ultrasonic flowreter as well, the

ul trasound converter pairs 2 and the ultrasound re- Hectors 4 are arranged
in away as to produce V-shaped signals paths along nutually par- allel

pl anes. Additionally in this case, another V-shaped signal path extends
along a plane 15 perpendicular to the parallel planes, to which effect, the
correspondi ng ul trasound con- verters 3 arée mounted in an overhead position

within the emaasurl tub
| extends |Wé Sk%)%btﬁaﬁc %?/ﬂgjfﬁ%‘bortsﬁz% aga?'[lffﬁhﬁgé YlﬁWén

ul t rasound reé;ir%hﬁra p@ucﬁieﬁ%nbdiﬁmﬁmed’mgw'\ﬂ—sﬂaf)ed endIpasy brr‘.ﬁvéﬂdpv-éha éf‘
serve that purpose. The sanme ap |es to the central "plane of the nutually

paral | el si gﬁ’@lﬂﬂlﬂ@ﬂhﬂ? al ppening pp $ighb ApwgveraBy eantmst, rﬁlg Sbeschémativalyi c
f t d t he bott
of the medeuiiig® ?gég%hﬂﬁgféﬁ & i b Pl G P TS Ela BRIt O

accumul at i on oﬁthelﬂvaﬂ&bﬁtfihdvblemﬁﬁgs]tla@ﬁdrle\krE&E'tb}Oﬂ leas{ oy s&%tteﬂiﬁéthlﬂb peRgto the
" | ocati on, x?gard t he,center _of the rreasurln tube 1, us shortenin ;3

acoustic pat ReBoRetratamal path§ opensrio gholerti & veishewn theb thisipan swbstant
si gnal path kg %%Rfé%atda m?ﬁ%ac% pl anes is found to be grow hg shorter
0 esl

it may be an 1hdication able dirt deposits, In addition,
providing this V-shaped signal path that intersects the other planes within

t he neasuring, tube rmts the collection of one nore flow val ue; thus
further éﬁha?ﬂﬁ ngaﬂ‘ilébp‘&?tﬁi%@“m&ﬁ' secrenal epd; TREPESHY hemgsio peranegtiveyewnd
4b i1l ustrat gn yREkEse ﬂawﬁle@ér%&r&ﬁg% 99@40:1&@%& oGP RRGSdAEhYbf the 5 {euf%@i?&“éﬂ i3

presen- tation, an ultrasonic flowreter acc ng to a thir erred
enbodi ment  othat Rlirasenie fowmeter as well, the nltrasound converter pairs 2 and the ultrasound re-

flectors 4 are arranged in a way as to produee V-shaped signals paths along mutually paz-
alle]l planes. Additionally in this case, another V-shaped signal path extends along a plane
15 perpendicular to the paraliel planes, to which effect, the corresponding ultrasound con-
verters 3 are mounted in an overhead positic;n within the measuting tube 1. The longitu-
dinal axis df the measuring tube 1 extends in that signal plane, obviating the need fora
separate ultrasound reflector 4 since the inmer wall of the measuring tube 1 can serve that
purpose. The same applies to the cetttral plane of the mutuelly parallel signal-path planes.
20 .
This configuration permits a diagnostic fimction for the detection of dirt that may have
accumnulated on the bottom of the measuring tube 1. As has been explained above, any
such dirt accumulation wottld shift the point of reflection, if provided in that location, to-
ward the center of the measuring tube 1, thus shortening the acoustic path concerned, If
25 over a period of time, the runtime of the signal path intersecting the other planes is found
to be grov'ving shorter, it may be an indication of undesirable dirt deposits, In addition,
providing this V-shaped signal path that intersects the other planes within the measuring
tube 1 permits the collection of one more flow value, thus firther enhancing the ACCUracy
of the flow measurement.

30
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tion. This configuration essentially permts achieving the benefits
described in connection wth the ultrasonic floweter according to the
second preferred enbodi nent of the in s vention, the difference being that
the nutually parallel signal-path planes are intersected not only by one
but by two signal -path planes extending at an angle relative to each other.
If in this case as well one common ultrasound reflector 4 is enployed, the
above- described diagnostic function for detecting dirt accunulations in
the neasuring tube 1 can be expanded to nonitor several points of

reflection. 10 Finally, Fig, Sis a schematic dross-sectional illustration
of an ul t r asdfigctadndwibeilustraie ageinrinl i ogpss-setiohaluint reppetiosy epbraisRew fi‘af%ﬁin— of
ers 3

the invention,.As aﬁ% aspect _in this, case, .(ihe ul trasound.conver
are in each caserfo 8?1‘831%3‘?11%9frﬁ°§?f§]ﬂg|t8%¥1f maferradesmpbogimentiof theigpen-
ul trasound r afdneThiRiconfigurdhiet Byntlag ﬁ&ﬁﬁcﬁ%%&%&ﬁefﬁs %ﬁg@r@g%ai . ihie

ultra is sound converters 3 point downward. As een exp
this ensures vitsdemltrasenic flovgnéternascomimgtb theeooohprefdrrd epcidehan: 6f f@rin-

i quid bst, What, is clained is: .
il frason ¢ 1 ranie 8 RRESEe keitBinat R BT nocilcl Simgheahplones s srsentedsi um
and 2 whi chnoVbgiye dne biut By SwOSEnd %H;ﬂﬁ;qs%&naﬁngiapéﬁ Eﬁ%«?re‘i&wéw each other

Ci rcum‘erencg form ng two hal ves, and with two ultrasoni c conve
pairs (2), eabh thistasess welbors eormron itasmwd meflectdrl diseoplayedthe abtve-

| t i > : 3 : |, t I C- ter.pai 2) ,bei
mounted on & S M choitc Hn R ot ot AR et G RI Hiiol i he e B9 41 on
as viewed i nchibe bxpagdsdid menhitd sever£lGholnfofleflb@Rneasuri ng tube (1), while

‘the ultrasound reflector (4) for each ultrasonic 7 converter pair (2) is
positionddl on the other, opposite circunferential- half in the longitu- s '

di nal direct ipgpef piehg 4 [ [N § : ultxrasonj c
converters (3), ?’nFig' Ehﬁ@%‘%ﬁ%ﬁ‘%ﬁ%&é’%&@ﬁ%‘gﬁéﬁﬁ % 85 one
ul trasoni c coonding tera fo8jth ofefareddrbbatimbnt of div lRvemiveAk elkep abgect B)ihik cae! S

al ong a V-shgped._signal path (5 ia the ultrasound refl ec- :
9 aR u(iitrascw%n&l co verters(B gr.e\{n cach case positioned at a higher level than their associ-

ated ultrasound reflectors 4, whereby the convertér pockets 6 accommeodating the ultra-
15 sound converters 3 point downward. As hes been explained above, this ensures a self-

draining function of the converter pockets 6 for liquid and pasty substances,

'What is claimed is:

11




11 tar (4) of the associated ultrasonic converter pair (2) to the other

ul trasonic converter (3) iz of that ultrasonic converter pair (2), wherein

the first ultrasound converter pair (2) and the 13 second ultrasound

reflector (4) are positioned on one circunferential half of the neasur- 14 -

I ng tube while the second ultrasound converter pair (2) and the first

ul trasound reflector is (4) are positioned on the other circunferenti al

hal f of the measuring tube. 1 2. The ultrasonic flowretex as in claiml,

wherein the two V-shaped signal paths (5) ex- 2 tend along different

planes. 1 3. The ultrasonic floweter as in claim?2, wherein the different

pl anes do not intersect 2 within the neasuring tube (1). 1 4. The

ultrasonic fl as in claim3, wherein the different planes extend

parallel to each other. 1 5, The uItrasonic flowmeter as in one of the
d flowheter com z prises at | east one additional

clainms | to 4 g/r# ein s
ul t rasound cohv ﬁﬁaﬁlometwwham%m tabeed) throvglswhish ﬂowsreeﬁhchummnd

4) f t
) et e o ¥ EHG ST AGE I X he sSoRERESH SR, o bldopedadnef e Pt fV S
tudi nal d gr eoandowﬁotw ulahasmwnvngenpam (z)lmgtwwh arl isfs@d@ﬂédlﬂ dltf@élhxﬁgﬂeﬂé&oﬁ 4)
are spaced a the sta et ween two ul trasoun
convePt erd (3 p (ﬂae glﬁragqnﬁ ‘é%ﬁﬁﬁ"nzﬁf’ ﬁﬁ‘@?”’%‘éﬁ?ﬂv@ﬁr pait (2) beg mountedsamd ¢
f1 ownet er sas doparibbifBafeMhaAE] \ﬁlxﬁﬂtﬁ&h oéxﬁ’&}%st ?J«&Pin LY E‘%@%‘%ﬁ%r

of the measuring tube (1), all trasoun ctors ( ar e mnou
the same Isenghirgction of fhtm@ammbm@)lwlukM)ﬂﬁako&dp&ﬁeubi(rﬁfmwhﬁhﬁm&er

th , which .fl di d. . 2 which, d
' Tte or dos ot BRirichlis pOrRTRY S Beher GF o R umaeniol B e domgitne
halves, =3 antnalidliscfiononths g f@wmbweexp&b o (ftasoRiR ChnViries A o

associ ated ult ra ound reflector (4), Which ultrasonic converters
each ul t r dsor¥eh ‘W@ﬁhaéﬁn;w&rasom sigrtad emﬁtﬂdthatbmr\ufaasomc converter (3) of an ultra—

10 sgmc converter pair (2) travels along & V-shaped signal path (5) via the ultrasound reflee~
11 tar (4) of the associated ultrasonic converter pair (2) to the other ulirasonic converter 3
12 of that ultrasonic oonvertérlpair (2), wherein the first ultrasound converter pair (2) and the
13 second ultrasound reflector (4) are positioned on one ¢ircumferential half of the measur-

14 ingtube while the second ultrasound converter pair (2) and the first ultrasound reflector
15 (4) are positioned on the other circumferential half of the measuring tube,

1 2. Thg ultrasonic flowmeter as in claim 1, wherein the two V-shaped signal paths (5) ex-
2 tend along different planes.

1 3. The ultrascnic flowmeter as in claim 2, wherein the different planes do not intersect
2 within the measuring tube (1).

1 4. The ultrasonic flowmeter as in claim 3, wherein the different planes extend parallel 1o
2 each other,

1 5, The ultrasonic flowmeter as in one of the claims 1 to 4, wherein said flowmeter com-
2 prises at least one additional ultrasound converter pair (2) with an associated ulrasound
3 reflector (4) for creating an additional V-shaped signal path.

12




5 common circunferential half in a nmutually offset position as viewed in
the longitudinal 6 direction of the nmeasuring tube (1), while the
ultrasound reflector (4) for each ultrasonic 7 converter pair (2) is
positioned on the other, opposite circunferential half in the longitu- s
di nal direction of the neasuring tube (1) between the two ultrasonic
converters (3), in 9 such fashion that an ultrasound signal emtted by one
ultrasonic converter (3) of an ultra- to sonic converter pair (2) travels
al ong a V-shaped signal path (5) via the ultrasound reflec- u tor (4) of
t he associated ul trasonic converter pair (2) to the other ultrasonic
converter (3) 12 of that ultrasonic converterpair (2), wherein a third
ul trasound cénlbe tiraspmic flog@)eiérss i ondlSf the diating dges,heliersin] Viewsd astee tami-ed

| t d fd ect 4) t t, V- sh d, si I th 14 (5) which
e ol e S Rt L0 O it kst
measuring, ig mbt}ﬁaaﬁi‘rhui YisBnceT@wiin hRSARbouhE SYIRHEL (3ot & WAL con-

wherein the other two planes do not iIntersect e neasuring .tube
(1). | 1¢ Thetalpaird8bnic flowreter as in claim9, wherein the other two
pl anes extend parallel 2 to each other while the third plane extends in a

directi {:cul ar. t he other, two 3, pl : he ul.t
{1 ownet or no/1 g BHsFe FBwerlords HE0a By Geed e ipieial i dion,
conpasses; t hef the ikakwusligtabe 5] 81 Airaddiad PeBstTk 00 akdRSukidd over tﬁ@smﬂ‘ﬁnﬁﬂl

ultrasonic flowreter as in one of the clains 1 to 10, wherein a fourt
ul trasound of bemesrwing b f1)(2) is provided together with an associ ated
ultrasound reflector (4) to cre 3 ate a V-shaped si-gnal path (5) which

masur ng ¢ ute P EdSel R BeEhRE & Rearl B lubE L it AR M AR e
angl e ot her - whizh, ¥i8weé inits stesd ssctldrs hbs 4 sipapltagsitairduhitterne fomangtamBalves,:
llel to each.,other, .i 13. The ultrasonic_ fl ownieter

i t hout t end;j 6
as in one of S Fub Riegoris cqnyertihRalesi () erd Withpvatsepiaied ultpaseupdiflarier at
| east one, Moy, Which AkAGe CONREETB) BAldch Rdasthib BofbrdP BAF (9 R mbldikasRYN

5 . common circumnferential half in 2 mutnally offset position as viewed in the longitudinal
6  direction of the measuring tube (1), while the nitrasound reflector (4) for each ultrasonic

7 converter pair (2) is positioned on the other, opposite circumferential half in the longitn-

8 dinal direction of the measuring tube (1) between the two ulirasonic conv.erters (3),in

¢ such fashion that an ultrasound signal emitted by one ultrasonic converter (3) of an Wtra-
10 somic converter pair (2) travels along a V-shaped signal path (5) via the ulujasouﬁd reflec-
11 tor (4) of the associated ultrasonic converter pair (2) to the other ultrasonic converter (3) -
12 of that ultrasonic converter pair (2), wherein a third witrasound converter pair (2) is pro-

13 vided together with an associated ultrasound reﬂeétor (4) to create a V-shaped signal path
14 (5) which extends-along a plane that intersects the other two planes within thepmeamlring
s tube (1) )

1 9. The ultrasonic flowmeter as in claim 8, wherein the other two planes do not intersect
2 within the measuring tube (1). '

i 10. The ultrasonic flowreter as int claim 9, wherein the other two planes extend parallel
2 to each other while the third plane extends in a direction perpendicular o the other two

3 planes.

13




3 reflector (4) for creating an additional V-shaped signal path (5) which
signal path (5) ex- 4 tends along a plane parallel to the first two
mutual ly parallel planes. 1 14. The ultrasonic flowreter as in one of the
claims 1 to 13, wherein the neasuring tube 2 (1) is oriented in a way
whereby the ultrasound converters (3) of at |east one ultrasound 3
converter pair (2) are positioned at a |l evel higher than that of the
associated ultrasound 4 reflector (4). 1 15. The ultrasonic fl owneter as-
in claim214, wherein the floweter conprises at |least 2 one further

ul trasound converter pair (2) with an associated ultrasound reflector (4)

for 3 creatigg ei.n a diti,o%gl V- shaped si gnal path (5) which extends along a
plane that ddds AgRiragonin flowametsr a6 feopg olaim 8 td |0, srhevein tapibdtd 3iigran-

path (5) wthph ggggsﬂ{gﬁﬁéq ' .. I.Qe ul trasound converters
(3) of the addi Pi onal u rtgg%ﬁltn%@%%é\@%ﬂ%%%ﬁ?be(é} are positioned 6 at a
| evel higher than that of the associated ultrasound reflector (4). i 16.

The ul trasonild. Thewhssanic Howmetarlaaimonbof thieluitin] tED, RIRASS 2 SN EIHRaHAl €

to one 2 ano d.that the ,ultrasound converter pairs (2) are positioned
on one ci?cun&g{e Py &?és WaYided ingethne Wb aswsinted dirpsand reflectyr (A e cre-

pos i tioneg oﬂtetah&sﬁéﬂ%drsig%_h! AT VARER Bktedtl oY o pidnd MG ARG B oHiiPES ) -
4  planes w1th1n the measuring tube (1) and the third and the'fqm'th planes edach extend at an
s angle other-than 90° relative to the first plane and the second plane without extending
¢  parallel to each other,

1 13. The ultrasonic flowmeter as in one of the claims 8 1o 12, wherein the flowmeter in-
2 corporates at least one more ultrasound converter pair (2) with an associated ultrasound
3 reflector (4) for creating an additional V-shaped signal path (5) which signal path (5) ex-
4+ tends along a plane parallel to the first two mutually paratlel planes. -

t 14, The ultrasonic flowmeter as in one of the claims 1 to 13, wherein the teasuring tube
2 (1)is oriented in a way whereby the ultrasolind converters (3) of at least one ultrasound

- 3 Converter pair (2) are positioned at a level higher than that of the associated ultrasound
4 reflector (4).

1 15. The ultrasonic flowmeter as in claim 14, wherein the flowmeter comprises at least

2 one further ultrasound converter pair (2) with an assoeiated ultrasound reflector (4 for

3 creating an additional V-shaped signal path (5) which extends along a plane that does not
4 intersect the plane of the first Vl-sl_iapedl signal path (5) within the measuring tube (1), and
5 the ulirasound converters (3) of the additional ultrasound converter pair (2) are positioned
¢ atalevel ]ﬁgher than that of the associated ultrasound reflector (4).

1 16. The ultrasonic flowmeter as in claim 15, wherein the planes extend parallel to one

2 another and that the ultrasound converter pairs (2) are positioned on one circumferential
5 helf and the ultrasound reflectors (4) are positioned on the other cireurnferential half of
4 the measuring fube (1).?

14




