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Investigation of Acoustic Channel of Flow Rate Meters

L. Jakevicius, A. VladiSauskas

Ultrasound Research Institute, Kaunas University of Technology, Lithuania

ABSTRACT: The report deals with a task of the acoustic channel. The two main tasks are concerned: to eliminate the
influence of the recesses for the fluid flow in the pipe and to increase the refraction coefficient of ultrasonic waves.
For this the recesses fill up the liquids or jelly which the acoustic impedance change from 0.8 10" kgm™s™ to 5.0°'10°

L |
kem™s .

KEYWORDS: acoustic channel. recess, flow rate, angle of refraction. refraction coefficient, acoustic impedance.

NOTATION

© - density of the medium

¢ — the speed of ultrasound

& - the angel between the path of the ultrasound and
centerline of the pipe

o - the angle between of the acoustic waves direction and a
nermal to surface

D, - the diameter of the recess

D, - the diameter of the transducer

[, - the depth of the recess

t - the size of the gap

W - the refraction coefficient

1. INTRODUCTION

Ultrasonic methods of the flow rate measurement
widespread in the industry and in the life [1,2.3]. The
further subsequent development and use of this method are
directed attention to decrease of the uncertainty. One of
these uncertainty sources of the wetted transducers is the
recess between a surface of the transducer and a wall of the
pipe. The size and depth of the recesses depend on the
diameter of the transducer, the condition of measurement
and of an angle between the path of the ultrasound and of
the pipe axis. The pipes of the radial-wetted transducers
can be different size. In practical lower pipe size limit to
this configuration is about five centimetres, with an upper
limit in excess of 2 meters. The decrease of the uncertainty
it is possible insulating flow from the recesses by means of
the grids and films. These also protect the recesses from fill
up with hard particles in some cases.

This paper presents the results of investigation
transmission of ultrasonic waves through the recesses and
evaluation of the size of the recesses in the different
measurement path.

2. CALCULATION THE DEPTH

Initially we want to know the exact size of the recesses.
If an edge of the transducer (see Fig.1, transducer 2) is

The Journal was received on 13 Julv 2000 and was accepted for publication
on 30 August 2000,
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equally with a surface of the pipe wall. the depth of the
recess [, can be calculated

= 2n (1)
206’

where D, — the diameter of the recess, & - the angle

between the path of the ultrasound and centreline of the

pipe.

n

Fig.1. Path of measurement of flow rate meter.

The accepted depth /, corresponds with a distance of
ultrasonic waves spread according to the acoustical axis of
the transducer. The diameter of the recess depends on the
diameter of the transducer and the gap. If both transducers
are situated in the recesses as the transducer T,, we have
the symmetrical case and the depth of the recesses is equal.
When one of the transducer is deeper in the recess (Fig.1,
transducer 1), it corresponds the asymmetrical case. Then
the depth of both transducer

[=20,+1, (2)
The diameter of the recess is

D,=D,+ 21, (3

© JOURNAL OF VIBROENGINEERING, 2000 No3 (4) /Index 41-72 Paper of the Intemational Conference BALTIC-ACOUSTIC 2000/ ISSN 1392-8716
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where D, — the diameter of the transducer, ¢ — the size of
the gap.

l,, mm

20
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5

0 H H
20 40 60 0"

Fig.2. Dependence of the depth recesses upon angle.

The depth of one recess for the symmetrical case

D,+2
=t 4
" 2h6
and for the asymmetrical case
. D p+2t
n - 2.’3’8 +!n- (5)
For calculation (4) accept the diameter of the

transducers used in the flow rate meter are 12 mm, 16 mm,
20 mm, the gap — I mm and the angles change from 20° to
80°. The data obtained show (Fig. 2), that 45° angle

Fig.4. Acoustic channel of the flow rate meter with
filline of the recesses
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Y

Fig.3. Reflection and transmission at an interface
between two media.

presented the depth of recess roughly equal to the radius of
transducers. The absolute depth of the recess appreciably
depend on the angle, especially in the range small angle
and less depend on the diameter of the transducer. Hence,
the large angle will gives small depth of the recess, but it
unfitness for ensuring high accuracy of the flow meters and
vice versa.

3. TRANSMISSION OF ULTRASONIC WAVES

Let’s analyse possibility to improve the refraction
coefficient of pressure in the acoustic channel. Two
medium are divided by a plane Z=0 (Fig. 3). The densities
of medium p in p" and the speed of the acoustic waves in
them — ¢ and ¢’. respectively. The plane acoustic wave
incident at the angle on a plane Z=0. The part of this wave
reflects from an interface and leaves in the first medium.
The another part refracts from an interface between two
mediums and change the direction. It i1s known from
general acoustic [4], the refraction coefficient from gases
or liquid to another media consist of gases or liquid is
expressed

2p'c'/cosa’

W= (6)

plc'fcosa’+ pefcosa

The recess between a surface of the transducer and a
wall of the pipe can be fill up with the liquid or the
composite jelly. These mediums should be separated with a
film or a membrane. Then the acoustic waves must pass
two boundary: a) transducer — the media of the recess; b)
the media of the recess — the investigation liquid (see
Fig.4). The first boundary is between solid and liquid. The
acoustic wave of the transducer is perpendicular to the first
boundary and the longitudinal waves are radiated in the
both media. The refraction coefficient can be calculated
from the transducer to the investigation liquid

Wiz =W oW, (7)

@ JOURNAL OF VIBROENGINEERING, 2000 No3 (4) /Index 41-72 Paper of the International Conlerence BALTIC-ACOUSTIC 2000 1SSN 1392-8716
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Fig. 5. The refraction coefficient from a transducer to water: ¢ — three—dimensional view; b — view of contour lines.
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Fig. 6. The refraction coefficient from water to a transducer: & — three—dimensional view; b — view of contour lines.
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Fig. 7. The full refraction coefficient: u — three—dimensional view; & — view of contour lines.
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Fig. 8. Dependencies of the full refraction coefficient upon the incident angles: a — 45°; b — 60°.
where W, and Ws; - the refraction coefficient of the first Table.
and the second boundary. Medium Density Speed of
Substituting expression (7) into (6) and using Snell’s ultrasound
law we shall obtain 1 1 7000 kg/m’ 4250 m/s
(piezoceramic)
W 4p205 @) 2 2 800+2000 kg/m | 10002500
= (recess filling) m/s
(pyc; + pocsy | 14— 2202 C08 3 3 3 1000 kg/m’ 1500 m/s
24 (water)
The refraction coefficient (8), (9) and (11) were
where p; — the density of a radiating surface of the  caiculated. In the calculation was accepted, that the

transducer: ¢; — the speed of ultrasound in the transducer,
/. C- - the same parameters of the recess; ps;. ¢; - the same
parameters of the investigate liquid, a; — the angle between
of the acoustic waves direction and of a normal to surface.
The refraction coefficient to the contrary side (from the
investigation liquid to the transducer) will be

4p!":l (9)

Wy, =

Py
P05 COS Q3

P S
_C2 s 03

(PM + a0 ) I+

The refraction coefficient of all the acoustic channel
from the transmitting transducer to the receiving transducer

Wi =W Wa,. (10)
Substituting (8) and (9) into (10) we shall obtain
Wisy = .
1603¢3 p,¢, P340 —¢5 sin” &5 cosa, N
(p]c‘l + PaCa )2(;)3c-3 CoSas + s c: *(,22 sin” s T
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longitudinal wave without transformation pass from the
transmitting transducer to the receiving transducer. The
parameters of the acoustic channel presented in the Table.

The data of calculation are depicted in Figs. 5, 6, 7 and
8. The dependencies of the refraction coefficient from the
transducer to the water at an angle @ = 30° presented Fig. 5.
The increasing of the density in the recess filling improve
the refraction coefficient from 0,07 to 0,118 in the middle
range of the ultrasound speed. The maximum value of the
refraction coefficient moves to side of the larger speed. The
refraction coefficient Wy (Fig. 6) increase sufficiently
smoothly when the density and the speed of ultrasound rise.
The full refraction coefficient of acoustic waves through
the acoustic channel has the maximum value 0.29 at the
angle 41,8° (Fig. 7). Therefore, the refraction coefficient
depends on the longitudinal waves of the refraction angle
(Fig. 8). The big angles need less the speed of ultrasound in
filling medium. The speed of ultrasound of the recess
filling media at the refraction angle = 60" can be no more
1700 m/s.

CONCLUSIONS

The depth of recess at an angle 45° roughly equal to the
radius of transducer. The large angle will gives small depth
of the recess, but it unfitness for ensuring high accuracy of
measurement.
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The increasing of the density in the recess filling
improve the refraction of the acoustic waves. but the
increasing of the refraction angle needs the media of the
recesses filling having less values of the ultrasound speed.

References

I. Lynnworth L.C. Ultrasonic Flowmeters/ Physical
Acoustics. New York: Academic Press. 1979. P. 408-
320.

105

2

Xamumynun  B.K.  YnbTpassykosble  KOHTPOSbHO-
H3MEPHTENbHBIE YCTPOIiCTBa 1 clicTeMbl.- JIeHnurpan:
Jlennnrpancknii yuusepcuret. 1989, C. 248,

Pavlovi¢ V., Dimitrijevi¢ B., Stojcev M., Golubovic
L., Zivkovi¢ M., Stamenkovi¢ L. Realization of the
ultrasonic liquid flowmeter based on the pulse-phase
method// Ultrasonic. 1997. No.35. P.87-102.

HMcakoeny M. A. Ofwasn akycruxka.- Mocksa: Hayka.
1973. C. 496.

© JOURNAL OF VIBROENGINEERING, 2000 No3 (4) /Index 41-72 Paper of the International Conterence BALTIC-ACOUSTIC 20(X)/ ISSN 1392-8716



