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DESIGNING INSTRUMENTS FOR MEASUREMENT OF SONIC
PRESSURE

V. A. Kolmakov and A. I. Abrosov

Characteristicsof a Sonlic Fileld

At the present time methods of applying ultrasonic vibrations
to various physicochemical processes are being widely used in labora-
tory work and industry. Moreover, it is important 1n these methods
to glve a quantitative evaluation of the sonic field.

The sonlc field is usually characterized by its intensity, 1l.e.,
the amount of energy transmitted by the sound wave 1n unit time through
a unit area perpendicular to the direction of wave propagation.

This concept is appl;cable only to the fleld of a traveling wave.

But even 1n this case the intensity does not completely characterize
the extent of the application of ultrasound to one process or another.,
Not all the energy of the sound wave 1s absorbed by the operativunal

volume., A part is transmitted to the walls enclosing the operational

volume. In cavitation the intensity of the sound is not é satisfact » .’

eriterion to appralise the effect of the ultrasound.
In the use of ultrasound as a means of influencing varlous

processes, the sound 1s usually radiated into confined operationa
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volumes (Fig. 1).

Five basic types of sonic filelds are possible in the confined

volumes [1].

1) Free fleld of a plane travelling waves

where 1 1s
B 1is
D 1is
A 1is
a 1s

a_ 1s

the
the
the
the
the
the

D>\

2, > 10/ wherea, >0,9,
helght of the operational volume;
diameter of the operational volume;
dlameter of the generator;
sonic wavelength;

attenuation coefficient of the medium; and

absorption coefficient of the surfaces bounding th.

operational volume.

Operational Volume
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Fig. 1. Diagram of operational volume.

2) Diffuse fileld

L,B>101;
' '2M< 11’31 and, <0.2,

FID-TT-62-1892/1+2+4 -2~



the bounding surfaces have heterogeneous roughness.

3) Plane standing-wave fleld:

B, D& wrare B,D>1;
2 < 10, 10/L;
l=nif2, n=1,23...;

the generétor i1s loaded with a resistance which depends on the helght
»f the operational volume (1) and the characteristics of the
reflecting surfaces.

4) Pressure field:

[,B,DKM;
D=8,
rigid closed volume.
5) Acceleration fileld:
LB,DLN
D=8,

the fluld in the operational volume has one free surface,

Under actual conditions some combination'of the flelds Just listed
1s observed.

All the kinds of sonic fields may be characterized by the sonic
pressure. This quantity 1s comparatively simple to measure.

For the fleld of a travelling wave it 1s possible to convert

from the sonlc pressure to the intensity I using the formula:

P2

T = o

pc ’
where P 1s the sonlc pressure; and

pc 1s the acoustical resistance of the medium,

For a rigid appralsal of the effect exerted by the ultrasocun
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it 1s necessary to study in detail the mechanism of each concrete
process which goes on durling application of ultrasound. After this
we can also pose the problem of measuring the physical factor or

group of factors which has the declsive effect on a given process.

Instruments for Measuring Sonlc Pressure

A project has been carried out at the Rostov Scientific Research
Institute of Machlne Construction Technology on originating a design
for an instrument to determlne sonic pressure in gases and liquids.
The plezoelectric method based on the piezoelectric 1s employed to measure
the sonic pressure.

An electrlic charge appears on the surfaces of certaln substances
(quartz, tourmaline, Rochelle salt, and barium titanate) when mechani-
cal stresses are appllied to them. Within certain limits there exlsts
a proportlonal relationship betweéﬁ the value of thé'charge and the
~tress.

Thin-walled ceramlc barium titanate spheres were employed as

he pressure sensor. These transducer possess the advantage of being
non-directional and of possessing relatively high sensitivity. The
sensitivity of a radlally polarized hollow sphere may be determined

'rom formula (2):

] --23)2 :
£y == R (e (0u(3 — 59+ Gul,

mere E 1s the open-circult emf of the.recepﬁorg
P 1s the sonic pressure at the surface of the sphere;
R 1s the outer radius of the sphere; and
o 1s the ratio of the thickness of the walls to the ouéer

dlameter.



Gss — 4mdas/e} are piezoelectric

Gsz — 4mdaz/e) pressure constants.

For o « 1; Ev = Gs2R.

It follows from the formula that the sensitlvity of the receptor
increases with an increase in the radlus of the sphere. On the
other -hand the dlameter of the receptor should be approximately five
times smaller than the wave length in a glven medlum in corder not to
introduce materlal distortions into the sonlc field.

The outer dlameter of the sphere was taken in threé standard
dimensions: 15, 10, and 5 mm.

The upper limits of the measured frequencles for these
spheres are 20, 40, and 80 kilocycles depending on thelr respective
diameters, 1f the measurements are made 1n water, and 5, 10, and 20
kilocycles for measurements in air,

The material of the pressure transducer, in addition to barlum
titanate, has an additive of calcium titanate in the amount of 6% by
welght of total mass.

The physical data for the plezoceramal employed is the followlng:

a) density p — 5.3;

b) plezoelectric modulus dss — 3.6-107° esu/d;

c) dlelectric permittivity € at t = 10°C, frequency f = 1000 cp:,
and a field intensity V = 1000 v/cm — 800;

d) dlelectric permittivity € at t = 125°C (Curle's point), a
frequency of 1ooo cps and & field intensity V = 100 v/cm — 5000;

e) tangent of loss angle tan 6 at t = 20°C and a frequency
£ = 1000 cps — 0 007

As a result of the proJect ‘the acoustical probe “AZ-2 (Fig 2 L

was designed. It consists of an electronic amplifier and three -
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nordleal pressure receptors 5, iO, and 15 mm in dlameter which are
't@rnatel& hooked up to thé amplifier.

The amplifiler serves to amplify the slgnal coming from the
~eregptor to a value large enough to be registered on standard measuring
‘nobruments produced by domestic industry: vacuum tube voltmeters,
Irequency meters, and oscilloscopes. The MVI~3, ICh-6, and EO-7 may
be recommended.

The AZ-2 1s desligned for measurement in a medium wlth a tempera-
ture from +10 to +35°C. The medlum being lnvestigated may be any gas,
water, transformer oll, or weak solutions of acids and alkall.

The limlts of measurable pressures are from 100 to 100,000 bars
(11%-174 db) . The upper 1limit for measurements in liquids 1s.deter-
mined by the sound level at which cavitation sets in. The rapnge of
operational frequencies 1s from 0.5 to 80 kilocycles for water and

from 0.5 to 20 kllocycles for alr.

Fig. 2. Acoustical probe AZ-2.

The electronic amplifier (Fig. 3) has three stages with an overall
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gain of 1000. The non-uniformity of the frequency response in the
range from 0.5 to 80 kilocycles does not exceed 0.1 db with respoet
tq the gain at 20 kilocycles.

Socket 1

Input
Sockst 2

§

Socket 3
Output

® Socket 4

2] Zrigvpply

. jrny

Flg. 3. Schematic diagram of AZ-2 amplifier.

The noise voltage on the output for shorted 1nput does not exceed

8 mv.

The spherlcal pressure transducer consists of two hemlspheres
cemented together with BF-2 adhesive. The electrodes of the sound
receptor are formed by a sllver coating appllied to its inner and
outer surface.

In one of the hemispheres 1s a hole into which passes a flexihl
wire which 18 soldered to the 1nner electrode. On the outslde, ¢
sphere 1s coated with a nitro dye. The field 1s radially polarized
at a field intensity of 10 kv/om.

The sphere holder 1s bullt 1n two variants., A hypodermlc sy: -

needle 1s used in the first variant. The sphere is soldered to L:
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rreinge Which serves as the lead from the outer electrode.

from the inner electrode passes inside the needle.
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In the second variant the sphere 1s soldered to a small brass
sleeve pipe (Fig. 2). The latter is attached to a long thin brass
tube with the ald of a flexible connecting element — a small rubber
tube. A steel wire guard 1s provided for protection from mechanical
damage.

The advantage of the first variant 1s that an almost spherical
directionality pattern is preserved. The advantage of the second is
that, owing to the elastic connection, mechanical stresses at the
fastening point are eliminated and the error in the measurement
thereby reduced.

For convenlence in working with the lnstrument there 1s appended
to it a nomogram (Fig. 4) for converting the readings on a voltmeter
hooked up to the amplifier output to units of sound intensity. Con-
version to intensity units 1s possible only for a travellihg wave,

The next stage in this project was the creation of acoustical
probe AZ-3, which makes 1t possible to measure the sound pressure and
frequency as well as to visually observe the pressure curve on a CRT
screen (Fig. 5). The AZ-3 consists of an electronic registering
instrument and the same three spherlcal pressure receptors as on the
AZ-2.

The electronlc portion of the AZ-3 probe includes five units:

1) amplifier, 2) voltmeter, 3) frequency meter, 4) oscilloscope,
and 5) power supply unit (Fig. 6).

The limits of measurable pressures are:

a) from 25 bars to 100,000 bars (from 102 to 174 db) in gases and
from 25 bars (102 db) to the level at which cavitation sets in in
1liquid. _

Operational frequency range:

a) from 0.5 to 20 kilocycles in gases; and
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b) from 0.5 to 80 kilucycles in water,

The electronic portion of the instrument is designed to operate
at an ambient medium temperature of from +10 to +35°C and at a
humidity of up to 80%. The investigable medla are the same as for
the AZ-2.

Fig. 5. Acoustical probe AZ-3.

Fig. 6. Block dlagram of acoustical probe
AZ-3.
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Calibration of Spherical Pressure Receptors

In order to callbrate the spherical pressure transducer we used
the statistical method [3], which consists in the following. The
barium titanate sphere 1s placed in some volume fllled with fluild.
The pressure in the volume 1s increased to 1.5 to 2 atm (tech.) and
then qulckly lowered to normal. When this 1s done, an electric
charge occurs on the sphere electrodes by virtue of the piezoeffect.

This charge 1s registered on a ballistlc galvanometer.

Q = Kn

where Q 1is the charge having arisen on the sound transducer coatings;
K 18 the ballistic constant of the instrument; and
n 18 the number of divisions through which the galvanometer
indicator 1s deflected.

The sensltivity of a pressure transducerof capacitance C 1s:
E Kn
E, = § = % = 0P
The balllistlc constant of the galvanometer 1s determined with
the aid of a standard capacitance Cst = 10,000 pf:

= . = CS’t'EL
K % Ty s

where Q; 18 the charge on the standard capacitor;
n; 1s the deflection of the galvanometer when Cst 1s discharg:.i:
and
E; 1s the voltage stored on the standard capacitor.
To obtain the necessary pressure in the calibration we used a
hydraulic press belonging to our‘institute,in which certaln alterati:

had been made: the large plston was removed and a clamping device
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was designed for attaching the spheres. (The clamping device ensured
the hermetic sealing of the operational volume). The pressure was
measured with a manometer. Tpe release in pressure was effected
with the aid of a speclal valve. The ballistic mirror galvénometer
0ZB-47 was used as the registering instrument. The capacltance of
the spherical transducer was measured on a bridge circult at 20
kilocycles.

The senslitivities of the pressure transducer used were:

for spheres 15 mm in dlameter — 2.2-2.6 uv/bar;

for spheres 10 mm in diameter — 1.4-1.7 uv/bar;

for spheres 5 mm in diameter — 0.35-0.7 wv/bar.
The self resonances of the pressure transducer and the resonances of
the transducer-holder system lie within the'operational frequency rahge.

The statistical calibration method was checked by comparison with
standard spheres callbrated at the All-Unilon Scilentific Research
institute of Physicotechnical and Radlotechnlcal Measurements.

* ¥ *

The development of the AZ-2 and AZ-3 may be considered as one of

the steps toward solving the problem of controlling the various

processes going on under the influence of ultrasound.
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