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Abstract. The problem of oblique incidence of an acoustic wave from pure air to the boundary
of a vapor-gas mixture with droplets of liquid and solid particles is considered. Dependencies
of the reflection coeflicient of an acoustic wave on the volume content of inclusions and the
angle of incidence of a wave are given. The influence of phase transitions is studied.

1. Introduction

The study of the reflection of acoustic waves from the vapor-gas medium is actual. This is mainly due to
natural phenomena, such as a layer of fog, dusty gas in the atmosphere and atmospheric clouds. It is
also possible to use various gas-droplet mixtures (fogs) to hide various objects from radars, for example
ships. Such media are unusual, since they are characterized by the dispersion of the speed of sound. The
dynamics of wave processes in such media was presented in well-known monographs [1, 2, 3].
Numerical and experimental analysis of the processes occurring in such media was considered in [4, 5].
A more interesting medium is a polydisperse medium, because such medium more accurately describes
models of real medium. The influence of polydispersity on the propagation of sound in complex media
was considered in [6, 7]. The problem of reflection of an acoustic wave from a fog boundary without
phase transformations was considered in [8]. In this work the effect of phase transformations on the
reflection of an acoustic wave from the boundary of a two-fraction vapor-gas-droplet mixture with
polydisperse inclusions is studied.

2. Mathematical model.

We consider two mediums and denote them by numbers 1 and 2. Suppose that there is a planar interface
between them, which coincides with the x-axis. The acoustic wave falls from the medium 1 to the
interface of the medium 2. The angle at which the wave falls is measured from the normal (z axis) of the
interface between the two media and denoted by 8 (Fig. 1). In this case, the reflection coefficient can be
represented in the form [9]

 Za— 7

R=22"~4
Zoy+ 71

(1)
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Here R - a reflection coeflicient, p - density, C - speed of sound, subscripts 1 and 2 refer to mediums 1
and 2.

b =

Figure 1. Scheme of the media.

It can be seen from formula (1) that to determine the reflection coefficient it is necessary to know the
density and speed of sound in mediums 1 and 2. Analysis shows that the effect of phase transformations
on the velocity in aerosol is more pronounced at low frequencies [2]. Thus, to study the effects of phase
transformations on the reflection coefficient, we will use the equation for equilibrium velocity in the
medium. The equation for the equilibrium speed of sound in a vapor-gas-droplet mixture with two
fractions of inclusions has the form [10]

ve \1/2
02:01< . ) ,my =1+ mg +myp (2)
mivi
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Ry =kvRy + (1 —kv)Rg,v1 = kv + (1 —ky)ya

Here, subscripts V' refer to the vapor component of the carrier phase, G - to the gas component, a - to
the first fraction, b - to the second fraction, y - ratio of specific heat, k -the mass concentration of the
vapor or gas, m - mass concentration, R - constant value of vapor or gas, c, - specific heat, [y - specific
heat of vaporization, C; - speed of sound in the carrier phase (gas).

mo =1+

3. The results of calculations.

Let us consider the fall of a low-frequency acoustic wave to the interface between two mediums. Let
the wave fall from the side of air to the boundary of the vapor-gas mixture with droplets of water
and ash particles at some angle. From the formulas (1) and (2) we obtain:

o pQCQ/ COS (92 - plCl/cos (91
"~ paCy/ cos by + p1C1/ cos by’

R 0y = arcsin <g2 sin 61> (3)

1
Calculations were obtained using formulas (2) and (3), the density of this mixture was determined as

a1p1 T 02aP2a T 02P2b-
Fig. 2 shows the results of the reflection coefficient in dependence on the volume content of the

drops of the first fraction, when acoustic wave falls at different angles. Here, the initial concentration of
vapor ky o = 0.01, the volume content of particles of the second fraction ay, = 0.005. Under normal
incidence ) = 0 of an acoustic wave, the curve |R*(az,)| is
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Figure 2. Dependencies of the reflection Figure 3. Dependencies of the reflection
coefficient on the volume content of the coefficient on the angle of incidence of the

inclusions. wave

monotonic, and if the angle of incidence of the wave grows up to 60° and to 75°, the curve |R*(az,)|, as
we can see, is not monotonic. Thus, when the wave falls at an angle ; = 60° the curve |R2(a2a)|
practically does not change at volume drops ay, < 103 and assumes a certain constant value. Then the
curve decreases, which reaches a minimum at ap, ~ 4.5 - 1073 and takes a zero value. In this way, an
acoustic wave passes through the boundary completely for a given volume content. When the wave falls
at an angle ¢, = 75" a similar behavior of the reflection coefficient curve is observed. The only
significant difference between them, is that the total passage of the wave through the boundary occurs
with the volume content of the droplets ap,~ 2.5 - 1073,

Fig. 3 shows the reflection coefficient in dependence on the incidence angle of acoustic wave 6;. The
volume content of particles of the second fraction ay, = 0.001, initial vapor concentration &y ¢ = 0.01.
Curves: 1 - ap, = 0.0023, 2 - ap, = 0.005, 3 - ap, = 0.013. Here we should be noted, that the reflection
coefficient does not depend monotonically on the angle of incidence of the wave. At the different value
of the incidence angle the reflection coefficient reaches a minimum value, where the reflection
coefficient becomes zero. The value of the angle at which the acoustic wave passes completely across
the boundary depends on the volume content of the inclusions. For the case, when the volume content of
the droplets ay, = 0.0023 the wave is completely absorbed at 8 = 55°.The value of the angle, at which
the wave passes without reflection across the boundary, increases with an increase in the volume
content of the inclusions. To find out at which values of the incidence angles of the wave and the
volume content of the inclusions, the incident wave will not be reflected from the interface of the two
media, we turn to the analytical
expression [11, 12]
p3C3 — piCY
C3(p3 — pi)
where 6,* - is the critical angle of incidence of the wave, under which the condition for the complete
passage of the wave across the boundary is satisfied.

(4)

0] = arcsin

Fig. 4 shows calculations of the dependences of the critical angle on the volume content of the
inclusions, in which the incident wave is not reflected from the interface between the two media. Here,
the curves in the form of lines correspond to different values of the vapor concentration obtained with
the help of formula (4), and the points are constructed according to theoretical data [13]. As can be seen
from the figure 4, the curve obtained by formula (4) agrees well with theoretical data [13].
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Figure 4. Dependencies of the critical  Figure 5. Dependencies of the reflection
angle of incidence on the volume content coefficient on the angle of incidence of the
of the inclusions wave

Fig. 5 shows the reflection coefficient in dependence of the incidence angle of acoustic wave 6.
Here opa = 1074, app =104, curves 1 - kyo=0, 2 - ko= 0.01, 3 - ko= 0.05. As can be seen from the
figure, when there are no phase transformations, the reflection coefficient depends non-monotonically
on the angle of incidence of the wave. And for given volume contents of inclusions the wave passes
without reflection at #; = 25°. For curves |R*(6))| with allowance for phase transitions, a monotonic
dependence is observed.

Conclusions

The fall of a low-frequency acoustic wave from pure gas at different angles to the boundary of a vapor-
gas mixture with droplets of water and ash particles is considered. The effects of the initial vapor
concentration, the volume content of inclusions and the angle of incidence of the wave on the reflection
coefficient were analyzed. It is shown, that the dependence of the reflection coefficient on the volume
content is monotonic, in the case of a normal incidence of the wave, and in the case of an oblique
incidence of the wave, a nonmonotonic dependence is observed. It is illustrated that for certain volume
contents of inclusions and the angle of incidence of the wave the reflection coefficient assumes zero
values. Namely, the incident wave passes without reflection through the interface between two media.
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