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Main purpose of this paper is the experimental investigation of propaga-
tion of ultrasonic waves in suspensions of solid particles (glass beads) in
gel. The dependence of phase velocity and attenuation coefficient on the
volume fraction and size of solid particles was studied. Special attention
has been focussed on determination of the role of size and volume frac-
tion of solid particles on scattering of the waves at ultrasonic frequencies.
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1. Introduction

One of the main sources of attenuation of ultrasonic waves in nonhomo-
geneous materials, at ultrasonic frequencies, is the effect of scattering. This
phenomenon is closely associated with the ratio of the wavelength to the cha-
racteristic size of nonhomogenities, and thus the scattering effects can give
information about the microstructure of the material espatially of porous ma-
terials which are very important in many applications. In the well known mo-
dels of solid materials where the loss of wave energy is associated not only with
the dissipation of mechanical energy into heat but also with scattering, the
attenuation coefficient « can be written as the sum a = o +ay, where a is
related to attenuation due to the change of mechanical energy into heat, and
o denotes attenuation associated with the scattering effects (Obraz, 1983).
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Materials in which the two sources of the attenuation are observed and well
described are metals with randomly oriented grains. In such materials one can
distinguish three kinds of scattering:

e Rayleigh scattering — when the wavelength, A, is much higher than the
average diameter of grains Dy, (A > Dyy). The attenuation due to
this kind of scattering is proportional to the third power of the average
diameter of grains and fourth power of the frequency f, and can be
expressed as

a=Cy D3, f*

e Stochastic scattering — when the wavelength is comparable with the ave-
rage diameter of grains. The attenuation coeflicient is proportional to
the average diameter of grains, and is proportional to the second power
of the frequency, i.e.

a=C2D4f ’

e Diffusion scattering — when the ratio of the wavelength and average
diameter of grains is small (A < Dg,). The attenuation coefficient is
the inverse of the average diameter of grains and does not depend on the
frequency (Smith et al., 1981)

Cs3
‘Da'U

o =

In the above relations C1, Cy and Cj are constants.

Ultrasonic studies of the effects of scattering for inhomogeneous materials,
particularly porous materials, such as rocks and concrete, are difficult to ana-
lyse because of lack of good acoustical coupling between the sample and the
transducers. Here, we have dealt witch a mixture of gel and glass beads where
there is no problem of acoustical coupling and which can be helpful in under-
standing and modelling of the scattering effects in porous materials.

The purpose of this paper is experimental determination of the influence
of the volume fraction of solid phase (glass beads) and the diameters of the
inclusions on the phase velocity and the attenuation coefficient of ultrasonic
waves. The discussion is focussed on dispersion of the phase velocity and de-
pendence of attenuation of longitudinal waves upon the frequency, within the
frequency range from about 0.7 MHz to 3 MHz.
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2. Experimental setup

The experiments have been performed for the mixtures of the SONOBAX
ultrasonic gel with controlled amount of glass beads. The preparation of the
material included: )

e separation of glass beads of the chosen average diameters: 110,
300, 470 pm

e preparation of suspension of ultrasonic gel with 20, 30, 40, 60% of volume
fraction of solid particles, and

e stabilization of the mixtures for 48 hours in a refrigerator to reduce the
amount of air bubbles.

Particular attention was paid to the preservation of homogeneity of the
samples, i.e. equal distribution of glass particles. The pulse transmision techni-
que and ultrasonic spectroscopy have been applied to determine the ultrasonic
waves parameters in the frequency range from 0.7 to 3 MHz (Fig.1).
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Fig. 1. Experimental setup for the ultrasonic technique

The signals for two samples of different thicknesses L and L, (Fig.2) are
measured and the spectral analysis is applied to find the amplitude (Fig.3)
and phase spectra (Fig.4), which enable us to determine the wave parameters
(Yew and Chen, 1978).



836

Transmitting
transducer

R.DRELICH ET AL.

XXXXXA

1
|
I Receiving
transducer
BT
D
e
D
g
l
I
\‘;\<£<> Sample

Fig. 2. Idea of determination of the ultrasonic wave parameters
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Fig. 3. Amplitude spectra for thicker and thinner samples
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Fig. 4. Phase spectra for thicker and thinner samples
3. Results and discussion

The investigations have been performed in two steps. First the attenuation
coefficient and phase velocity for the ultrasonic gel which consists of 99.5% of
water have been determined. In this case, the phase velocity has approxima-
tely a constant value, equal to about 1550 m/s (Fig.6), and the attenuation
coefficient is also constant and equal to about 0.008 Neper/mm (Fig.5).
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Fig. 5. Attenuation measured for gel
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Fig. 6. Wave velocity in gel

In the second step, the investigations have been done for the mixtures of
gel and solid particles (glass beads) with given volume fractions of the solid
phase. In Fig.7 the attenuation coefficient determined for the mixture, where
the average diameter of glass beads is 300 pm, is shown.
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Fig. 7. Attenuation for suspension of glass beads in gel. Volume fraction of glass:
20%, 40%. Average diameter of beads: 300 um

It can be seen that in the range of low frequencies, the attenuation has
approximately a constant value, and starting from 1.4 MHz, the coefficient of
attenuation increases proportionally to the second power of frequency. Analy-
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Fig. 8. Phase velocity for suspension of glass beads in gel. Volume fraction of glass:
20%, 40%. Average diameter of beads: 300 ypm

zing such a behavior one should notice that at 1.4 MHz, the size of inhomoge-
nity (0.3 mm) is about 4 times smaller than the wavelength () = 1.1 mm) and
then the stochastic scattering does appear. For the same material, in Fig.8,
the frequency dependence phase velocity with negative dispersion in the whole
range of frequency is shown. The results for ultrasonic parameters determined
for the suspensions of gel and glass beads of average diameter 470 um and with
different volume fractions are shown in Fig.9 and Fig.10.

It is worth noticing that higher volume fraction of the solid phase is asso-
ciated with higher attenuation of the waves. The phase velocities show negative
dispersion independently of the volume fraction and it can be seen that higher
volume fraction of the solid phase promotes the increase of the wave velocity.

Summarizing the experimental data one can conclude that the suspensions
of glass beads in gel can be used as a model material for the measurements
of the scattering effects. Independently of the size of grains and their volume
fraction, one can observe the transition from the non-scattering region to the
scattering region of the attenuation coefficient. The experimental data can
be helpful in understanding and modelling materials with more complicated
structure such as porous materials, e.g. bone tissues, where the scattering
appears and influences the propagation of ultrasonic waves.
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Fig. 9. Attenuation for suspension of glass beads in gel. Volume fraction of glass:
20%, 30%, 40%. Average diameter of beads: 470 um
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Fig. 10. Phase velocity for suspension of glass beads in gel. Volume fraction of glass:
20%, 30%, 40%. Average diameter of beads: 470 um
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UltradZzwickowe badania mieszaniny zelu i kulek szkla w stanie zawiesiny

Streszczenie

W pracy przedstawiono wyniki badan eksperymentalnych propagacji fal ultradz-
wiekowych w zawiesinie utworzonej z mieszaniny zZelu ultrasonograficznego i czastek
szkla. Istotg pracy jest zbadanie dyspersji predkosci fazowej i zalezno$ci wspélczyn-
nika tlumienia od czestotliwodci fal podtuznych. Szczegdlnie skoncentrowano sie na
okresleniu roli efektéw rozproszeniowych w takich materialach w funkcji wielkosci
ziaren i udzialu objeto$ciowego frakcji stalej w zakresie czestotliwosci od 0.7 MHz
do 3 MHz.
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