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Abstract. The numerical simulation of the water flow througfie semicircular duct is
presented. The results of the simulation show llyaimplementing such duct into ultrasonic
time-of-flight flowmeters it is possible to get ammost flat and linear function of hydrodynamic
correction. The optimal choice of the dimensionuttfasonic transducers and the optimal
positioning of them allows us to achieve a hydradyic function with the slope ~ 4%. It is
expected that flat hydrodynamic calibration funeotigives the possibility to expand the
dynamic measurement range of ultrasonic flowmedacsto increase stability and repeatability
of the measurement results.

Keywords: ultrasonic flowmeter, ultrasound wave propagation duct, hydrodynamic
correction, flow profile.

Introduction

A typical ultrasonic flowmeter working on time-dfght measurement principle suffers
from the non-linearity of the hydrodynamic correati function within a wide dynamic
measurement range. Moreover, the temperature charigke flowing liquid affect the changes
of kinematic viscosity of the liquid and it requsradditional correction of the hydrodynamic
functions [1]. These factors limit the accuracyseland dynamic measurement ranges of the
contemporary flowmeters. The known methods foriaglthis problem are:

- the implementation of additional functions of fmmature measurement and the correction
of temperature-dependent hydrodynamic errors ofittreand heat measurement devices [1],

- the arrangement of the multi-path scanning of ftbe velocity profile by means of the
ultrasonic time-of-flight measurement technique [2]

- the introduction of special measurement chanwéth a triangular, rectangular or
hexagonal cross-section and the transmission dilthesonic pulse into the spiral acoustic path
along the measurement channel [3-8].
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In this work the authors present an innovative metbf linearization of the hydrodynamic
correction coefficient. The method is based onfinmation of liquid velocity profile inside the
measurement channel and the ultrasonic pulse tiasiem close to the region of velocity
profile where normalized velocity is less dependemtthe changes between the laminar and
turbulent flow regimes. In the authors’ earlier wde,10] it was shown that the ultrasonic
flowmeter with the triangular cross-section meamaet channel has a turbulent and laminar
flow velocity profile crossing curve which is flattthan in other ducts (round, rectangular or
hexagonal). Moreover, it is possible to arrangeoaenoptimal location of the ultrasound beam
path which is closer to the crossing line of lamiaad turbulent flow profiles and, as a result, it
is expected to achieve a more linear and flatterdgynamic correction function.

The investigation of the hydrodynamic correctiorctée was performed by means of
computer modeling of the ultrasound propagatioough the measurement channel with the
flowing fluid inside. The semicircular measuremehtannel of the ultrasonic flowmeter was
used for the channel properties modeling, becaweserbss-section of this channel is similar to
the cross-section of the triangular duct. The alitierence is that the semicircular cross-section
has a rounded apex of the triangle. Another reé@onhoosing the semicircular measurement
channel is the possibility of simple implementatairsuch channel by inserting a dividing plate
along the round measurement tube and dividing Haamel into two semicircular ducts. The
aim of this computer modeling study is to obtaitimpl positioning of the ultrasound beam
transmission path within measurement channel irerotd get a more linear and flatter
hydrodynamic correction function of the ultrasofiimvmeter.

Methods

Computer modeling of the fluid flow through the seincular duct was performed, and the
cross-sections of the fluid profile at differentlo@ties were calculated. The semicircular
measurement channel with the following dimensiohkogth L=90 mm and radius R=7 mm
(or the diameter of semicircle D=14 mm) were choaecording to limited dimensions of the
small-sized ultrasonic flowmeter with the relatdiameter DN20 and the maximum flow rate 5
m3/h. The flow profiles were estimated within thelocity range 0.019 — 25 m/s. The
transformation of the profile change from laminagime (the mean veloCity e, = 0.019 -
0.22 m/s) to the turbulent flow regimé £, = 1 - 5 m/s) is shown in Fig. 1.

In the next steps of modelling, the evaluationhed mean velocity and the ultrasonically
measured velocity within the duct was performedider to get a hydrodynamic correction
function for different cases of the positions amiehsions of the ultrasonic transducers (Fig.2).
The ultrasonically measured velociyis calculated from the formula:

V = (tup _tdw )* C2

u oL , (1)

wherec is the ultrasound velocity in the medium (for watel470 m/s, af=16.7°C), T,, and

Tqw are time-of-flight of ultrasound pulse propagatieithin the duct in the upstream and
downstream direction, L is the distance betweerastinic transducers in the measurement
section (L=90 mm). While calculating ultrasonicallpeasured velocity,, the spatial
distribution of the insonated acoustic field withihe zone between both transducers was
evaluated (the zone where the integral velocity @asulated). The transducers with the central
frequency f=2 MHz were used for the acoustic fieddculation. The ultrasonically measured
flow velocity with the mean velocity e, is related by the formula:

V.., = k(Rea)*V,, (2)
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The correction coefficierk is dependent on the Reynolds number and frictaafficient o,
and for different flow regimes it has different eggsions. For our cases of calculation, the
relative correction coefficient K was calculated éach velocity value by:

K=V, =V, )/ Vi 0 (3)
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Fig. 1. The calculated cross-section of the flow profiletie measurement channel with the semicircular
duct at different flow velocities: a) Ma=0.019 m/s, V¥,,=0.044 m/s; b) Wea=0.039 m/s,
Vmax=0.085 m/s; €) Wear=0.084 m/s, Va=0.157 m/s; d) Vear0.224 m/s, V,a=0.365 m/s; e)
Vmear=1.001 M/S, Wa=1.279 mM/S; ) Vhea5.063 M/s, V5,=6.308 m/s. Laminar flow is for (a-d),
turbulent flow is for (e-f). The vertical bars repent a velocity scale separately for each case of
flow profile.
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Fig. 2. The calculation of the optimal hydrodynamic cori@tt function performed for the cases:
optimization of dx and Dt for the cylindrical ult@anic transducer (a), optimization of Dt for the
half-disc ultrasonic transducer (b), optimizatiohdx1l and dx2 half-disc ultrasonic transducer
having optimal Dt=4 mm (c). The diameter of the m#mular measurement channel is 14 mm.

Results

The numerical calculation of hydrodynamic correstianctions for a semicircular duct and
the determination of the more linear and flatterction was performed for these three cases, as
shown in Fig. 2.

The first case is the optimization of the positianiof the cylindrical ultrasonic transducer
respectively to the measurement channel havingrécseular cross-section. The optimization
was performed by changing the diameter of the sdim& transducer Dt and the distance dx
between the vertical wall of the channel and thgeeaf the transducer (Fig. 2a). The results of
the calculated hydrodynamic correction functiores sttrown in Fig. 3. — Fig. 5. A more optimal
position of the transducer with Dt=2 mm was obtdinghen dx=4 mm (Fig. 3). For the
transducer with Dt=3 mm, the optimal position wasained when dx=3.5 mm (Fig. 4) and for
transducer with Dt=4 mm, the optimal position wasained when dx=3 mm (Fig. 5). The slope
of the hydrodynamic correction functions for theses of optimally placed transducer was
obtained 3...5%. However, such positioning is sevesitbecause the movement of transducers
by 0.5 mm can affect the rising of the slope of kiyelrodynamic correction functions up to
20% or more. In the cases when the transducers plased not optimally, the high non-
linearity of the hydrodynamic correction functioexceeding the slope by more than 40% were
obtained.
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Fig. 3. The calculated hydrodynamic correction functiomsdifferent distances between the edge of the
transducer and the vertical wall dx = 0.5 ...5 mme @ameter of ultrasonic transducer Dt=2 mm.
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Fig. 4. The calculated hydrodynamic correction functiomisdifferent distances between the edge of the
transducer and the vertical wall dx = 0.5 ...4 mme Grameter of ultrasonic transducer Dt=3 mm.
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Fig. 5. The calculated hydrodynamic correction functiomisdifferent distances between the edge of the
transducer and the vertical wall dx = 0.5 ...3 mme @ameter of ultrasonic transducer Dt=4 mm.
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The second case of the optimization was performedhanging the diameter of the half-
disc ultrasonic transducers (Fig. 2b). The moreinugdt cases were obtained when the
transducer diameter was Dt=4 mm. In these casesltpe of the hydrodynamic correction
functions was ~7% (Fig. 6).

The third case of optimization was performed bydsiveng the optimally chosen half-disc
ultrasonic transducer having the optimal diameterdDnm. The shadowing of the transducer
was performed from the left and right sides by ¢fiag the shadow dimensions dx1 and dx2
(Fig. 2c). The result of the optimization showstthg choosing the dimensions of the shadow
dx1=0.3 mm and dx2=0.5 mm, the flattest functiomnpdrodynamic correction with the slope ~
4 % was obtained (Fig .7).
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Fig. 6. The calculated hydrodynamic correction functioos different diameters of half-disc ultrasonic
transducer (Dt =2 ...7 mm).
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Fig. 7. The calculated hydrodynamic correction functions $hadowed edges of half-disc ultrasonic
transducer having optimal diameter Dt = 4 mm (dx$hadow zone from left, dx2 is shadow zone
from right).
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Conclusions

The paper shows that by implementing the semiarcoeasurement channel for ultrasonic
time-of-flight flowmeters it is possible to obtaian almost flat and linear function of
hydrodynamic correction. The performed numericahudation shows that by choosing the
optimal position and dimension of ultrasonic tramsets it is possible to get a small slope of the
hydrodynamic correction function. The most prongssituation was obtained for the case of
using the shadowed half-disc ultrasonic transduegtts dimensions Dt=4 mm, dx1 =0.3 mm
and dx2 = 0.5 mm. For this case, the slope of hjyltamic correction was obtained almost flat
(~ 4 %). Such flattening of the hydrodynamic caliivn function gives the possibility to
expand the dynamic measurement range of ultragtmieneters and to increase stability and
repeatability of the measurement results.

Such improvement of technical parameters of thasdinic flowmeters can be achieved by
using a cost-effective procedure of mechanicalrtiseand fixing of a thin stainless steel plate
into the circular measurement channel of the exgstiowmeters. The physical reason for these
improvements is the usage of a cost-effective ntethdiich provides the possibility to
transform the flow profile and to perform the udtbaic scanning within the flow profile region
which is less dependent on the changes betwedarttiear and turbulent flow regimes.

References

[1] Spicer D.W., Boyes W.Consumer guide to ultrasonic and correlation fl@ten -Copperhill and
Pointer Inc. USA 2004, P.59-68.

[2] ISO/TR 12765 Technical Report. Measurement of finidtlosed conduits — Methods using transit-
time ultrasonic flowmeters. ISO 1998. P.18-19.

[3] Vontz T. Device for ultrasonic flow measurement. Patent §5650572. 1997-07-22.

[4] Henning B. Ultrashall-Durchflussmesser. Patent No. EP8908268-07-08.

[5] Gaugler U., Dietz G., Klass W Ultraschalldurchflussmesser mit einem Freistrdthtent No.
EP1235057. 2002 01 10

[6] Polinski E. Anordnung zur Messung der FliessgeschwindigkéitesMediums. Patent No.
EP1255094. 2002 05 02.

[7] Greppmaier P. Ultraschall-Durchflussmessanordnung. Patent No/EB055. 1994 12 02.

[8] Ragauskas A., Daubaris G., Petkus VUltrasonic flowmeter with triangular cross-seatid®atent
EP1742024 2007.

[9] Bagdonas A., Daubaris G., Petkus V., Ragauskas. Ariangular cross section duct for ultrasonic
flow rate measurement. -Ultragarsas No4(57), -Kaumachnolgija, 2005. P. 7-10.

[L0]Ragauskas A., Petkus V., Bagdonas AExperimental evaluation of ultrasonic flowmeterttwa
triangular cross section duct. — Matavimai No2(3&unas: Technologija, 2006. P.16-20.

588

© VIBROENGINEERING JOURNAL OF VIBROENGINEERING DECEMBER2010.VOLUME 12,1SSUE4. ISSN1392-8716





