ULTRASONI C FLOAWWETER This invention, relates to an ultrasonic
flowreter wiwth a neasuring tube through which flows a nmedi um and whi ch
viewed in its cross section, has a bipartite split circunference' formn' g
two halves, and with two pairs of ultrasonic converters, each with an as- s
soci ated ultrasound reflector, which ultrasonic converters of each ~
ul trasonic converter pair are nounted on a conmon circuinferential half in
a nmutually offset 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 halLf of the
nmeasuri ng tube betWen the two ultrasonic converters, in. such fashion that
an 10 ultrasound signal enmtted by one ultrasonic converter -of an
ultrasonic converter pair travels 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

m easuring accuracy of ultrasonic flomkneters %fnerally tends to .
deteriorate 15 when the nediu ing tube flows
unevenly, thus deviating froma fuIIy developed | am nar or turbulent flow
pattern. Such irreguisafidniien réBks BRartue iR CHSRGILRY WihREndi-aREE Bl ubﬁ”d
along the flowpath of the medium These irregulari- ties are genera
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be expl ai ned bel ow, An ultrasonic_flowreter typicall %ﬂsencorrpasses at
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The measurin’g accuracy of ultrasonic 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 changing pipe diameters or bends along the flow path of the medinm. ’I'ﬁese irregulari-
ties are generally differentiated among three categories, to wit: axial disturbances, tan~
gential disturbances such as vortices, and radial disturhances. Tangeﬁtial and radial dis-
20  turbances 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 mutuslly offset posi-

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

verter, The systera design usually provides for the. other ultrasonic converter to be able on
I



5 angle of the acoustic path relative to the flow direction are known, the
runtinmes in and against the flow direction permt a determ nation of the
flowrate of the nedium If a pipeline includes, for instance, an upward or
downward bend foll owed by a bend to the right or left, the fix* pattern
can be expected to be subject to axial as well as to tangenti al
irregularities. Mreover, the tangential disturbance is likely ,to add
anot her speed conponent al ong the acoustic nmeasuring path, thus falsifying
the runtinmes on the basis of which the overall flowrate is determ ned. To
date, the approach for a solution to this problem has been to enploy a
mni- I's Daum O two mutual Iy intersecting measuring paths in one comon

lane. If th h -
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are identical, €s
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200ne drawback lies the feet t at -l east "tw ce"as many
converters axeagﬁ‘énéa@ﬁd gt i g eaamneah@fmembf&amgmmmrmmmm

the nmeasuring fepthe M%h on ts in the wan -
of the measuring tub % ﬁﬁﬁgﬂg%égﬁ?éﬁgr ef’ 93/1 &%‘ffﬁ%&%ﬁ&%@aﬂ d the
5  angle of the acous‘tlc pafh relative to the flow direction are kmown, the runtimes in and

against the flow direction permit 2 determination of the flow rate of the medium.

If a pipeline includes, for instance, an upward or downward bend followed by a
bend to the right or left, the flow pattern can be expected to be subject to axial as well as
10 tang&nﬁal irregularities. Moreover, the tanaenti.al disturbance is likely to add another
speed component glong the acoustic measuring path, thus falsifying the runtlmes on the
basis of which the overall flow rate is determined.

To date, the approach for a solution to this problem has been to employ a mini-

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

20 One drawback lies in the fact thaf at least twice as meany ultrasonic converters are
needed. Accommodating additional ultrasonic converters in the measuring tube usualiy
requires additional converter pockets in the wall of the measuring tube which, in twrn,
adds further flow disturbances. N |

3 Another approach to solving the above-described problem has been to use V-
shaped signal paths, The méthod employed provides for the two ultrasonic converters of
an ultrasonic converter pair to be mounted on one common.side of the measu:rin,é fube,
with an ultrasound reflector positioned on the opposite side of the measuring tube. De-
'pepding on the curvature of the measuring tube in the respective plane, such an ultra-

30 sound reflectormay, in fact, be constituted of the fnner wall of the measuring tube itself,
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25Anot her approach to solving the above-descri bed probl em has been to use
V- shaped signal paths. The nethod e3npl oyed provides for the two
ultrasonic converters of an ultrasonic converter pair to be nounted on one
conmon. si de of the neasuring tube, . with an ultrasound reflector
positioned on the opposite side of the neasuring tube. De- pending on the
curvature of the neasuring tube in the respective plane, such an ultra- 30
sound reflettormay, in fact, be constituted of the inner wall of the
measuring tube itself, or a separate ultrasound reflector nmay be installed
for instance in the formof a flat plate. This is part of the prior art and
al so applies to the invention described further below.' hi this case, an

ul trasoni ¢ si ghascearpletdianspyndrellartor mey ba instebled éon instanqedn dhssfomnaig fat plate,
V-sh d si : ' { t s ef | t .o t t | t d
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converter
can be transmtted in the opposite direction. As stated above, this nmakes

for a configuration that perm.ts the elimnation of the tangential and

radi al conponents & FeRgHe ot dirarons Sgnapodisddy sailreundpenvendy gavdyeloog
N T
above, the ultrasonic converter pair. Similarly, an yltrasonic signal can be transmitted in the op-
‘posite direction. As stated above, this makes for e configuration that permits the elimina-
tion of the tangential and radial bomponsnts through an averaging process. As one major
advantage of this solution, no additional ultrasound converters are needed.
10 . |
us 20041001 1141 describes an ultrasonic flowmeter of the type described above,
That device uses multiple V-shaped signal paths extending along mutually parallel
planes, The ultrasound converter paits and, respectively, the ultrasound reflectors are
mounted on different sides of the measuring tbe in the ultrasonic flowmeter, One advan-
15 tage of that design is that at Jeast the ui:permost and the bottom-most V-shaped signal
paths can be positioned at only a small maximum distance from the inner wall of the
measuring tube. It has, in fact, been found that 4 minimal distance from the inner wall of
the measuring tube is conducive to improved measuring accuracy 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 converters on one single side of
the measuring tube facilitates mainténance, especially when the megsuring tube ié acces-
sible only with great difficulty and perhaps only ffom one side. |
Using multiple V-shaped signal paths in mutually parallel plénes, as deséribed
25 above, has proved to be substantially more effective in eliminating radial and tangential
flow disturbances than is attainable with the conventional signal-path configurations re-
ferred to above, However, tests have revealed that there is- still an error rate of about

0.15%.



That device uses naultiPle V-shaped signal paths extending along nutually
paral l el planes. The ultrasound converter pairs and, respectively, the
ultrasound reflectors are nounted on different sides of the neasuring tube
in the ultrasonic flowreter, One advan- 15 tage of that design is that at

| east the uppernost and the bottommobst V-shaped signal paths can be
positioned at only a snmall maxi num di stance fromthe inner wall of ‘the
measuring tube. It has, in fact; been found that a m ninmal distance from
the inner wall of the neasuring tube is conducive to inproved nmeasuring
accuracy since this type of signal path permts highly precise detection,
and thus elimnatiqgn; I saxiad - s i t]

jointly positioni ng@}ff ﬁ%ﬁeﬁg‘kéf’ﬁ ?téﬁ%%%sé%%gg% g%ﬁgﬁ&gn%%%%ﬁ%e@{%ée%
t he nmeasuri ng whible péraxitsld teatly sompletet edimainateon efleizahgdiitin] steradiahdishebaices ing
tube is accessjble only w eat difficulty and perhaps only from one

si de. Using ?%W?ﬁ?ﬁ&%gﬁ%%% paths in nutually parallel planes, as
descri bed 25above, has proved to be substantially nore effective in
elimnating radial and tangential flow disturbances than is attainable with
t he conventi onal sifynah upzasénic Slofvingptar as ficgi desoeibed sbavedibisotaénive is sidhieved by

101 o, "ther ef SPatotRE B st BGe e Soiyece RRiEHd e St MBagidregsctor on one
ul trasonic fi eio@nfk@RialBulE b e FBadiSin tHKEIMhE WEBhE LkraShindl ddAYEred pafr dhhe

tangential and radial disturbances in the measurement of the flow rate.
For an ul t r as & st vlgasaupd refipstariondie ofbercaiicnnderapiénl dalft hi s obj ective is
achi eved by positioning the .first ultrasound converter pair and the second
ul trasound reflector on one circunferential half of the nmeasuring tube and
t hé secondo ul t r asoimetheowurl comiig toaldinkbietioh| thetultdsbisd atverteefdigetor. on

the other circunferential half. jr)ln other words, according to the
i nventi on, th@oame#a%wtaﬂ@o?ﬁp@ﬁ g5 gngl dheyplirasonic signals of one ultrasound con-

verter pair are emitted from one side and the ultrasonic signals of the other ultrasound

converter pair are emitted from the other side info the flowing medium. This novsl con-
figuration is based on the realization that the error remaining in the elimination of the

s tangential and radial disnirbances 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 juncture that positioning an ultrasound converter
and, respectively, an ultrasound reflector “on” a circumnferential 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-shaped signal path” refers to any form of signal paths obtain-
able by mutually offsetting the ultrasound converters of the ultrasound converter pair in.
the flow direction and, viewed in the flow direction, by positioning the ultrasound reflec-
tor at a point between them. In particular, a “V-shaped” signal path does not require a
specific angle between the legs of the “V™ or an identical length of the legs.

30



nounted on nutually opposite sides and the ultrasonic signals of one

ul trasound converter pair are emtted fromone side and the ultrasonic
signals of the other ultrasound converter pair are emtted fromthe other
side into the flowi ng nedium This novel con- figuration is based on the
realization that the error remaining in the elimnation of the is
tangential and radial disturbances essentially derives fromthe fact that
in the axial direo-. lion, these disturbances are not constant. The
proposed configuration of the signal paths, however, can to an essentially
total extent elimnate that residual error, as will be explained farther
bel ow. 201t should be pointed out at this juncture that positioning an

ul trasound conver t efn praneiple,ritis peesitle dirythe wwp Vishepesiouigmb! pathy ecestend alofig the

circunferentia l;f, of such asyst.emrefer. .S.to any arrangenment fhat .

permits the tr SRuHE Iy HEle Bt OF 18 bleeliol v aihe SemoorPemscote:
ul trasoni ¢ si gmipsthk Bxfeh@ b AifRirerdt PRk D& anWRel pRfertdicre SRS el 1 &i#@fént
25Al so, the term "V-shaped signal path" refers to any form of signal paths

obt ai n- abl e bjle4AsEQAI0f ntersges arthitrige reesuying talon Mkt dentnablyt theslifferenhplanes

ul trasound ,co bp | ow direction and, viewed in the flow
di rection, Sbyr%gin}d %a%g;m{& %ﬁlg%wﬁp%r asound reflec- tor at a point between

them |In particular, a "V-shaped" signal path does not require a specific
angl e between the | egs of the "V' g n_identical of the | egs.
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preferred featiusledestahleastumedilfitiona prirpl altesoutdl covertort etthentassdcidédultdae

reasuri ng % Ub%éun'\gjrséhe&cegs .orr %rbela%ﬁg gz? 8d 1£iiégaf Wsrg}apgcl S}Q&ﬁ path, Especially prefemed is a
configyration comprising mul%ible gdditioﬁal ultrasound converter pairs, permitting the. .\
creation of one each V-ghaped signal path in several mutually different and preferably
parallel planes, in which case the ultrasound converters for neighboring signal paths ate
positioned on different circumferential halves of the measuring tube, Viewed in the radial

15 direction of the measuring tubs, the result is an array of V-shaped signal paths whose

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

In one preferred embodiment of the invention, two ultrasound reflectors, viewed
20 in the longitudinal direction of the measuring tube, are spaced apart by not more than the
maximum distance between the two ultrasound converters of an ultrasound converter
pair. Most desirably, all ultrasound 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 ultrasonic flowmeter with a diagnoétio function capable of indicating

whether a proper measuring operation is being maintained.

For the ltrasonic flowmeter first described above, this is accomplished by pro-
30  viding a third ultrasound converter pair with a corresponding ultrasound reflector for cre-

5



5extend parallel to each another. The advant ages offered by the

i nvention as stated above are al ready achieved with only two ultrasound
converter pairs. A preferred enbodi nent of the invention, however, includes
at | east one additional pair of ultrasound converters with an associ ated
ultra- 10sound reflector for cr. eating an additional V-shaped signal path.
Especially preferred is a configuration conprising nultiple additional

ul trasound converter pairs, permtting the.. creation of one each V-shaped.
signal path in several nutually different and preferably parallel planes,
in which case the ultrasound converters for neighboring signal paths are
positioned on djfferent circunferential halves of the nmeasuring tube,

Vi ened in the dtagicaY-shapedisigeel pash thet exthrdsrabongua plane which intedsects Beudtheritsoan
array of V-sh [Hele ﬁ1 #EE¥E: ' open ends and vertices alternately
appear on one%g%%?ﬁggg? S&%% { &§§D circunferential halves. IL.n one
preferred enbodi nent of the invention, two ultrasound reflectors, viewed 20
in the l|ongitudinal_directigon of the nmeasuring tube, are spaced apart b

not Irmre thag t he %wm%@&%mmmﬁwiMp@@m%w thesrthamf
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viewed, in the lon 1'on ['hé” neasuri ng are
over the same tWensignhl-pdth pleaesrwithinrthe fowinganedtAp it phimits ¢ diagraliie thioren of

t he i nvention _specified, above, ..t uld often be nec- essary to equip the
't r hsoni o {1 GEY B VRIS PGtk BT PRaTalm it Ao D S GoDRH i eatinvigted on
whet her a propesbdfRasHf the theaRRIAlhE) | s being naintained. For the

Utrasonic flo-wneter first described above, this is acconplished by pro-

BOfVi ding a third ultrasound converter pair with a correspondi ng ultrasound
reflector

BOT CTe Agaresult of atty such dirt accumulation, a point of reflection in that area would
- shift toward the center of the measuring tube, reducing the length of the acoustic path. It
fallows that, if in the course of the measuring operation, a diminishing runtime of that
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 signal 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 invention, the other two
20 planes do not intersect within the measuring tube. Most desirably, the other two planes
extend parallel 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 tubs extends within thet third plane. |

25 In another preferred implementation of the invention, it is equally possible, how-
ever, to provide a fourth ultrasound converter pair with an associated ultrasound reflector
for creating a V-shaped signal path which signal path extends along a plane that intersects
the other 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-



ating a V-shaped signal path that extends along a plane which intersects
the other two planes within the neasuring tube. Thus, according to the
invention, a third signal path extends at an angle other than 5 zero
degrees relative to the other two planes in a. manner whereby it intersects
the other two signal-path planes within the flow ng nedium 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 measuring tube.
10As a result of any such dirt accunulation, a point of reflection in that
area would shift toward the center of the rneasuring tube, reducing the

| ength of the acoustic path. It follows that, if in the course of the
measur i ng opepad bleng, tart dotrgandlehionggach otiter. de tidé fashian thériforersémioaed paphostic
intersecting the,other two planes is. defected, it may he an indi.cation of
an undesi r abl é’m&P?‘E mé‘éé’ﬁr‘?ﬁ?%’tdlg@ﬁ? R ﬁsgﬁ{&oepgeggrﬁﬁpq}ﬁtsg?{?ﬁ]choq_ shaped
signal path as 15 described, intersecting the other two planes wthin the

measuring tube, pernmts the additional capture of a flow value and thus
further enhances t ftheapeafened designtagiationsererpbiginableernadogous to thegpafijiratenal y

bl ance. do- ot FIEReade SioPR AR e Criketivh haT hDERT SR v elvdin ShoebiDy o
other two pl afe@fs exfhencblmasabf AldittoRabdehscabieonwiict pait@etifichllly firafeiting V-
extends in a direction perpendicular to these other t pl anes. In a

preferred enb®apeitigna pathsdn vaver hubprefermely. sgrallydranalcl planss.of t he

nmeasuri ng tube extends within that third plane. 251 n another preferred
i npl enentation of the invention, it is equally possible, how ever, to
provide a fourth uFihakgabisdheativerdses painniliasohicaiovaaster vithtaadeasiitingadend

flect f ti V-sh d | th which si [, th t ends .,
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angl e other than 900 relative to the ffrst plane and the sec- o ane,
but not par aldrewithaneasdtiaednadtrasdund réflestor awhichvlttasenigfconesrient ¢lormel ultra-
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position as viewed in the longitudinal direction of the measuring tube, while the ultra-

15 sound reflector for each pair of ultrasonic 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 wltrasonic converter pair to the other ultrasonic converter of that ultrasonic con-

20 verter'paj:c.

As hag been mentioned, the ultrasound converters are usually accommodated 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 undesirablc' situations. If, for example,

25 adrop of water ig deposited in a converter pocket, that drop could form a bridge between
the ultrasound converter and the measuring tube, causing an undesirable acoustic cou-
pling between the converter, otherwise largely sound-insulated from the measuring tube,

and that tube.



O her preferred design variations are obtainable, anal ogous to the
configurational possibilities described above in connection with the first
inventive solution, especially in ternms of the inclusion of additional

ul trasound converter pairs specifically for creating V-shaped signal paths
in varying but, preferably, nmutually parallel planes. Finally, this
invention relates to an ultrasonic flowreter wwth a neasuring tube io

t hrough which flows a nmedi um and which, viewed in its cross section, has a
"bipartite split circunference. formng two hal ves, and conprising at |east
one pair of ultrasonic convert- ers with an associ ated ul trasound
reflector, which ultrasonic converters of each ultrasonic-converter pair
are nounted on a. common .circunferential half in a nutually offset position
as viewed in the | Brigtherdpoueainodir ejedtivg obthis inventiersterintioduca be nltwisbhie flove

ultra- 1ssoun f r. for. [ i f ultr nic converters is
posi ti oned ongk"‘f?gd%%%%%,m%g‘é‘ggﬁﬁ%@?‘P@%@P&?@WP@% ‘hal f of the measuring

t ube between the two ultrasonic converters, in such fashion that an
ul trasound si gnal erritgt ed by .one ultrasonjc, converter of an ultrasonic
e

converter pair trab® t8e Bligsenie lowaieies dgscsibgh aboysathis Qhiactiveas aghieved durmaient-
refl ector of %Fﬁ I i ' uAd t 0
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ment i oned, t herist baiasmositioned irey Ioeattondiighar shesi thyt efchonod aké dittaroaaineges-er
pockets that nmay be provided in the wall of the.measuring tube. This poses
a problem whéf™measur i ng the flow of gas. with a liquid conponent which can
deposit itself in the converter pockets; potentially |eading to undesirable
situations. If, for exanple, 25 a drop of water is deposited in a converter
pocket, that drop Boslagedqrdingta therinvemsiopeensarea that dheutoniedes modkds pxoyidedrfomnd
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that tube.  them self-draining for liquid and pasty substances. This design approach can be univer-

t

sally combined with all of the configurations described above.

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

15 sound convertet pair w;ith a corresponding ultrasound reflector for creating another V-

shaped signal path that extends along a plane which aoes not intersect the plane of the .

first V-shaped signal path within the measuring tube, in this case positioning 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 paraliel to one an-
20 other while the ultrasound converter pairs are mounted on one circumferential half and

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

tube. As a result, the converter pockets for the ultrasound converters will gelf-drain as

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

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

In the drawings:



It is therefore another objective of this invention to introduce an

ul trasonic.fl owmreter designed to avoid the above-nenti oned problem

For the ultrasonic flown eter described above, this objective i S achieved
by orienting the neasuring tube in a way whereby the ultrasound converter
of the ultrasound converter pair is positioned in*a |ocation higher than
that of the associated ultrasound reflector. This, according to the

i nvention, ensures that the converter pockets provided for io the

ul trasound converter can point toward the interior of the neasuring tube,
maki ng them self-draining for liquid and pasty substances. This design
approach can be universally conbined with all of the configurations '
descri bed aboWgs. Aapnébescheshagedigdiingnie 06 coiRpt sl@NiliRRIEONPINSRS addordiagst
one additional ultra. is sqQund converter pair with a corresponding

ul trasound reflector fottogfEtempgdimest pethevnvestieied signal path that
extends al ong a plane which does not, intersect the plane of the first
V-shaped signal path within the neasuring tube, in this case positioning

t he ul trasoundigsoRwend ér shehatidutly atiohv} inartap vieht, tesmtterh ety eiphdrpaiaiin ted a

| evel higher than that of the associated yltragsound reflegtor. Mst

desirably,*the pl anes e}%{n@ﬁ?f“ﬁgfaﬁ’i“}eéqr apteprgwg t%\ﬁl_-e vH B PP dirgss of the

ul trasound converter pagrfvgn@&pgm@%s ﬁ?ﬁd}ﬁbﬁﬁﬂo%éfﬂ&’aﬁ@?%tﬁ;l hal f and the
er ci ti

ul trasound reflectors are mounted on the "ot cunfere hal f of the
measuring tube. As a result, the converter pockets for the ultrasound

V-shaped s gniest et b berRRi R RS & T Sof Mot ©BRbER wfori hor e
de/t ail with reference tgefheddimbddaardf thedbedtion; | N t he drawi ngs:
10 e '
- Figs. 4 a and b; schematically -illustrate an ultrasonic ﬂow:neter according to a third pre-
l ferred embodiment of the invention; and

Fig. 5 schematically illustrates.an ultrasonic flowmeter according to a fourth pre-

15 ' ferred embodiment of the invention.

Figs. 1a and 1b represent a schematic cross-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 measuring

20 tube 1 for a flowing medium, not depicted, and multiple ultrasound converter pairs 2,
each with an ultrasound converter 3 and, associated with each ultrasound convetter pair,
an ultrasound reflector 4. The ultrasound converter pairs are alternately positioned on one
or the other circumferential half of the measuring tube 1, in 2 manner as {o create parallel
planes, each with a V-shaped signal path 5. The altemé.ﬁng placement of the ultrasound

25 oonverter pairs 2 and, correspandingly, of the ultrasound reflectors 4 on 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. Jt should be noted that for the central signal path 5, the inner wall of the measur-
ing tube 1itself serves as an Wltrasound reflector 4, thus not requiring a separate ultra-

350 sound reflector.



Figs, 1 a and b: schematically illustrate the concept of an. ultrasonic

fl owaeter according to a first enbodi nent of the invention; Figs. 2 a and
b: schematically show, in a top view, the pattern of the signal paths in
the S5U trasonic flowreter according to the first preferred enbodi nent of
the invention (Fig, 2b) as conpared to the prior art (Fig. 2a); Figs, 3 a
and b: schematically illustrate an ultrasonic floweter according to a
second preferred enbodi nent of the invention; io Figs, 4 a and b; .
schematically illustrate an ultrasonic floweter according to a third pre-
ferred enbodi nent of the invention; and Fig.. 5schematically illustrates. an
ultrasonic flownieter according to a fourth pre- . 15fetred enbodi nent of
the invention. Figs.” la and I b represent a schematic cross-sectional and,
respectively, perspective view of an ultrasonic flowreter according to a
first preferrcthieaboshplienin the stHematio vibustrations ofiegs. Dnbyd 2hMhicttbe vierpRrria s

| nvention-rel %f)argéc% rgjﬁ)r?o(arpa&tséontcgp%%gthbae éir?g g\;rgh%.%g Imggal path 5 or several V-shaped
signal paths 5, all opening up to the right, however. By contrast, Fig, 2b schematically
5 illustrates an arrangement of signal paths 5 according to the first preferred embodiment
of the invention shown in Figs. 1a and 1b, whereby at least one signal path 5 opens to the
right and one signal path 5 opens to'the lefi. Tests have shown that this can. substantially

improve the measuring accuracy.

10 Figs. 3aand 3b depictina cross-sectional and, respectively, a schematic perspective view
an ulfrasonic flowmeter according to a second preferred embodiment of the invention. In.
that ultrasonic flowmeter as well, the ulﬁasound converter pairs 2 and the ulfrasound re-
flectors 4 are arranged in a way as to produee V-shaped signals paths along mutually par-

allel planes, Additionally in this case, another V-shaped signal path extends along a plane
15 perpendicular to the parallel planes, to which effect, the corresponding ultrasound con-
verters 3 are mounted in an overhead positién within the measuring tube 1. The longitu-
dinal axis df the measuring tube 1 extends in that signal plane, obviating the need for a
separate ultrasound reflector 4 since the inner wall of the measuring tube 1 can serve that
purpose. The same applies to the central plane of the mutuelly parallel signal-path planes.
20 ‘
This configuration permits a diagnostic finction for the detection of dirt that may have
accummulated on the bottom of the measuring tube 1. As has been explained above, any
such dirt accumulation Woﬁld shift the point of reflection, if provided in that location, to-
ward the center of the measuring tube 1, thus shortening f;he acoustic path concerned. If

25 over a period of tirne, the runtime of the signal path intersecting the other planes is found
to be grovﬁng 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 further enhancing the ACCUracy
of the flow measurement.

30
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20 tube 1. for a flowi ng nedium not depicted, and nultiple ultrasound
“converter pairs 2, each with an ultrasound converter 3 and, associated w th
each ultrasound converter pair, an ultrasound reflector 4. The ultrasound
converter pairs are alternately positioned on one or the other
circunferential half of the neasuring tube 1, in a manner as to create
paral l el planes, each with a V-shaped signal path 5 The alternating

pl acenent of the ultrasound 25converter pairs 2 and, correspondingly, of
the ultrasound reflectors 4 on one side and, re- spectively, on the
opposite side of the neasuring tube 1 results in a pattern whereby the

V- shaped si gnal. path al ternately have thejir .open ends qn one CT on the

ot her side of 1ﬁ‘elflat @e& %‘&gﬁn%aﬁ&%ﬁe‘%ﬁﬁ%} a%fr”???@“ﬁ%ﬁt?%@% ¥hBtesgiat h

5, the inner walibn, ah ulth@oifeaRMimetbrBedrdbe 1d althisn@hlefFRUNEHAIMAR Hild iﬁ%%}’ﬁ.”d
“Thi s

reflector 4, thus_not requiring a separate ultra- 30sound reflector.
al so applies i%u Rhissentguretion ¢sseniislly aetmitsachievivigdhe bonefity descidbed Mmwenhegion -

bath 5 o severihHeGRERae Rty LR B s rte Aol AR e Ry
however. By comhii@stthe rﬁf@:‘en&@bﬁﬁ?mtﬂe@tthédlﬁpdréﬂdﬁ SlehalSSh Blingd £3RHAFIBAL Of

signal paths 5 according to the Tirst preferred enbodi nent of the invention
shown in Fi gs 2o anl% % ong buiipoe rebsignal-pedplencs satendiga at apangle wlepisrie cach other,
ri ght and onegi loaRALd e : this
can substanti élﬂlngﬂgr?pr ovgv%%%%rr@%lsﬂﬁ%#%%Ag%%%%%%?}&g%ﬁg’%%%gﬁg b depi ct
in a cross-sedejcoibed dagdostic dspeinhifmedetecting dohermirutativas fpikhe tnhasguringeivban
ultrasonic flo ter a&g{grdi&g to a ﬁecond ﬁﬁréﬁf erred enbodi nent of the

i nvention. | n°Ehat SARePELSTEIPITr §5WFed! dPlMsOMBHPCHoRhe Ul t rasound converter
pairs 2 angl the ultrasound reflectors 4 are arranged in a way as to produce
V-shaped signals paths along nutually parallel planes, Additionally in this

case, anot her Fipalyidfigds &iapehemptint ¢rosseetiotml dlustrgtion of andtra®nivefl penete ab-ar

to the parall | ane 0 ich effect, .t Gorr opdi ul trasound

converters 3 gérrgﬂlﬁgﬂﬁﬁgﬁﬂw AR é?‘%??&&é%Sgﬁ%lB‘ﬁe Ogﬁgﬁa?%%%&%’&g#ﬁﬁa’ieube
1. The | ongi tidiitedsodnd Gorvbrtéle e atsdch Beketgobitiohe®at Liigberilvdl fak: tBéifARbei-
pl ane, obvi atig‘gglt he need for a separate ultrasound reflector 4 since the

i nner wal | of eteheltrseng pHertens He wherehy theeqopaertes mocksls d sewmuypdating ke vigst i es
to the centr : p lel. sl : 0] IS
confi gur a'?jit oﬁgoﬁ)lgé ‘%‘q&fvseﬁfgrstd? g%%mdv%g'nc ?Aosnb%F %rk@ﬁgg%gﬁi‘%f ?J(%%&%?Rg i?ars'f"’ t hat
may have accudrainéigefinofiod dfhd opdverenpodksrs onfealiquid agd badte sdbstadsedias been
expl ai ned above, any such dirt accunul ati on would shift the point of
reflection, if prowhged cigimbdat | ocation, toward the center of the
nmeasuring tube 1, thus shortening the acoustic path concerned. If

11



25 over a period of tinme, the runtime of the signal path intersecting the
other planes is found to be growing shorter, it may be an indka,tion of
undesirable dirt deposits. In addition, providing this V-shaped signal path
that intersects the other planes within the neasuring tube 1 permts the
collection of one nore flow value; thus further enhancing the accuracy of
the flow fda&lM&rent 30 Fig. 4a and 4b illustrate,.again in a
cross-sectional and respectively, perspective presentation, an ultrasonic
flow rider according to a third preferred enbodi nent of the invention. This

confi gurati QR uBsEEHk fR)vietBe With lSmastBY e thﬂﬁlgﬁ%ﬁéﬂ tiswdasmbdiBgdaddn
connection with the ultrasonic flovvneter according to the second preferred

enbodi menwhish, visavednin- it§ crasatseetinn, thae adbipheditenplt pissungferdnae fommeinguiwgal |y
paral | el signal -pat.h pl an are intersect.ed nat only by an ut by two
P onal - pat v snd it PLAReR0R LAVGRET ARG R vt BeoRidlthraRipnd!> 1

case as Vellector)ehsalfEEihiditdnvagey il ca@f dlgadonic-éonivart@fRiedt mbhigeaba\ve

descri bed diagnostic function for detecting dirt accumulations in the
measur i ngcayBen rirggpfepatialbahmermugiatty wifsgrposidiparag vigadinshetongipdiagl i on.

10 Fi na! éli}(ecfigh St t%e'ﬁie?suri gh[ﬁﬁ@t \'}Vﬁilﬁ?rtl‘?éS %H?‘a%gﬁr*cp Peq{ea{olr L%? 3:5@1& 'u?t?as?ﬁitcan
ultrasonic flowreter accordrng t'o a fourth preferred enbodli nent o he

i nvent i oncondertar lpely &S pesitionad toli shecaslesr, tdppositet casaufederntmahviedf énsthid are in

each case positioned at a_higher |l evel than their associated ultrasound
Fof | ect orlohgity B§H9met @\aﬁvwwg plestece Be CARbEsePRErNEtdFtifa - is

sound conyght@Eifors (AR Al (HPNBURA GignAP e B§NoRX RIRIsHRE @RR¥Ser bl
ensures a sel f-draining function &% t he convérter pockets 6 for liquid and

pasty s ubdtraseniss comVeater ipgirciravaledling aCVAhMBd signal path via the ultrasound
reflector of the associated ultrasonic converter pair to the other ultrasonic converter of
that ultrasonic converter pair, wherein the first ultrasound converter pair and the second
ultrasound reflector are positioned on one circumferential half of the measuring tube
while the second ultrasound converter pair and the first ultrasound reflector are
positioned on the other circumferential half of the measuring tube, wherein the two V-
shaped signal paths extend along different planes, the different planes do not intersect
within the measuring tube and the measuring tube is oriented in a way whereby the
ultrasound converters of all ultrasound converter pairs are positioned at a level higher

than that of the associated ultrasound reflector.

2. The ultrasonic flowmeter as in claim 1, wherein said flowmeter comprises at least one
additional ultrasound converter pair with an associated ultrasound reflector for creating

an additional V-shaped signal path.

3. The ultrasonic flowmeter as in claim 1, wherein, viewed in the longitudinal direction
of the measuring tube, two ultrasound reflectors are spaced apart by not more than the

maximum distance between two ultrasound converters of an ultrasound converter pair.

4. The ultrasonic flowmeter as in claim 3, wherein, viewed in the longitudinal direction
of the measuring tube, all ultrasound reflectors are mounted over the same length of the

measuring tube.
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1. An ultrasonic flowreter with a neasuring tube through which flows a
medi um and which, viewed in its cross section, has a bipartite split
circunference formng two halves, and with two ultrasonic converter pairs,
each with an associated ultrasound reflector, the ultrasonic converters of
each ultrasoni c-converter pair being nounted on a common circunferenti al
half in a nmutually offset position as viewed in the |ongitudinal direction
of the MegSRlibiRoMALLE ilG HELLAROUKE BEILAHAL, HBNsGaGRRaNNL LRSONI ©
converter palr 1s positioned on the other, oppo§|te circunferentral half in
t he | ongi whibhnaievetidr e its @rosefsettimn, Maasubipagité upbt betweferench dotriidg Uiwior asoni ¢
converter ins ch.fashéﬁn that an ultrasound si.gnal emtted one

. y
ul t rasoni @Eﬁh$€ ﬂ@ﬂ16fo URi0RICa SYWCHST: Bt e riee} P Fnﬁ?%V5¥§1&f6ﬁ@H§
V- shaped girghal, viathuMiagodid ottt RSPEAG t18hdoasd &fnv&ftert}ﬁﬁ a?éﬁﬁ?hl%ﬂ ed a
ultrasonic converter palir to the other ultrasonic converter of that
ul t r asoni eomswny eirtwnfepaitial halher @ mutuahly offsetspositlonraasoewad inchy bmgendipali r  and

t he second. ultra nd refl.ector are. itioned pn one circunferential half
of the nESSHIOR G tEemGHTUEE koo WRIH AR PRt S SRS clof SROB AHIFSRRF ¢ he
first ultsasedad parf ie@obitioad® ROIhd | ARG dPpotifte cah@Fer&itiat URdIEriBNtHeal hal f

of the measuring tube, wherein the two V-shaped signal paths extend al ong
di f f er ent lopgiyhimal dirgetien pf teaneaspring dubedhstwern thattepsdeasonic ¢rnyeti¢rs, in

measuri ng b e ?gﬁﬁ i : i hented in a way where t he
uItrasouH%kgdﬁggggé%% of & %%Bﬂ?fgggﬁﬁ ‘%%%J’r?@ﬁ‘%%F?%”aﬁ%”ﬁﬁ%i??éﬁed at a
| evel hi glietsdnitarobader Qfairtt havels sberigat el -dhhpadasiguald pataf acther ultradounihe

ultrasonic flo ter as.in claim1l, wherein said f] oweter, conprises_at

| east onecHadPt Plothaiastnciated Bilirerio puderter PHAEY thyi qther aHirasoaiscsoRyerger of

ul trasoung,f il 8GO reat i ageliqt | - Ii . 3.
The uItras%nicafI5§ﬁgf§%mg§%?h C §?ﬂ31@g§hggg$%?g§?@3§§9}%h§EﬂbTﬁﬁE?tudina
di r ect i ortogéth¢rheitimen ssrociatedt ulbyesouhdwoefldctar ds otk a ¥Fshepedsignarpatlsphchd apart
by not nor thag t he EﬁxigUﬂ]distanﬁe etween two ul.trasound converters of
an ul t r asOUd® CHIget PEPC St ntersgts Eig offier fWE SHNES P BURAS Pea¥ g 18P%i m 3,
wher ei n, wh&e¥wadhd Bthbhevd SRsHstdédion alterdédt Q\ﬁfﬁil@ﬂle%eafsﬁﬁn%;@lﬁé Hhd QGefcitPahe al |
ultrasound reflectors are nounted over the sanme | ength of the measuring
tube. 5.M@[uing pdsonpdertft¢dbinmeay whictdhy dhareliresaund gonydsters ot dligltrasshindh 1 ows

o o NSl o) USSR BB 3 s SR BRI WS BRLL,

each w t hefigtt@ssoci ated ul trasound refl ector, which ultrasonic converters
of each ultrasonic converter pair are nounted on a common circunferential
half in a nmutually offset position as viewed in the |ongitudinal direction
of the MeAsyEifgbHRGIoWHLLEad ilﬂeclﬂh{[ 5 agpuid tﬁ@Elh%f 08 plafits n§3&&ih ftaﬁralpeqson' ¢
converter palr 1s positioned on the other, opposite cPrcunterential hal f in
t he | ongitd egihnatherdwhige theahird planbexwedsinrd digectioh @etpehiveelar tchihe totler twbr asoni ¢
converters, in such fashion that an ultrasound signal emtted by one

ul trasoniP@€dnverter of an ultrasonic converter pair travels along a
V-shaped signal path via the ultrasound reflector of the associated
ultrasonic converter pair to the other ultrasonic converter of that

ul t r asoni’c Thomteaspric fpimetenieine¢laina 61 Whergirutherfasoueldr oniperdtes atplaast i s

provi ded together. Wi th, an associ.at ultrasound reflectqr to.create a

0 ohaped °ur SRar S AR EHEY T B St e s S B iRe "ot e
two pl anes adiitidhsl VhGapsdasaial patht Which shel pith ckadohdag at pinddpaaIgs t§o not
intersect within the neasuring tube and wherein the neasuring tube is

ori ent ed thenfirgt tegymirete pyratipledlenesy asound converters of all ul trasound
converter pairs are positioned at a | evel higher than that of the

associ ated ultrasound reflector. 6. The ultrasonic flowreter as in claim
5, wher eBnThbheailwisoric flswwompteanesnetdiand, paceid dle thirdeglahe ehdvaiipaskds! thet he
third plane extends in a direction perpendicular to the other two pl anes.

7. The ufneiudinplaxs PEASHEE PG| ai m 6, wherein the flowreter

i ncorporates at | east one nore ultrasound converter pair with an associ ated
ultrasound reflector for creating an additional V-shaped signal path which
signal path extends along a plane parallel to the first two nutually
paral l el planes. 8. The ultrasonic floweter as in claim5, wherein the
third pl ane enconpasses the Iongitudiggl axi s of the neasuring tube. 9.
The ultrasonic flowreter as in claimb5, wherein a fourth ultrasound
converter pair is provided together with an associated ultrasound reflector
to create a V-shaped signal path which extends along a plane that
intersects the other two planes within the neasuring tube and the third and
the fourth planes each extend at an angle other than 90 relative to the

o, o o N o . v .



11. The ultrasonic flowreter as in claim 10, wherein the planes extend
parallel to one another and that the ultrasound converter pairs are
positioned on one circunferential half and the ultrasound reflectors are
positioned on the other circunferential half of the nmeasuring tube.

9. The ultrasonic flowmeter as in claim 5, wherein a fourth ultrasound converter pair is
provided together with an associated ultrasound reflector to create a V-shaped signal
path which extends along a plane that intersects the other two planes within the
measuring tube and the third and the fourth planes each extend at an angle other than
90° relative to the first plane and the second plane without extending parallel to each

other.

10. The ultrasonic flowmeter as in claim 5, wherein the flowmeter comprises at least
one further ultrasound converter pair with an associated ultrasound reflector for creating
an additional V-shaped signal path which extends along a plane that does not intersect
the plane of the first V-shaped signal path within the measuring tube, and the ultrasound
converters of the additional ultrasound converter pair are positioned at a level higher

than that of the associated ultrasound reflector.

11. The ultrasonic flowmeter as in claim 10, wherein the planes extend parallel to one
another and that the ultrasound converter pairs are positioned on one circumferential
half and the ultrasound reflectors are positioned on the other circumferential half of the

measuring tube.
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