BULETINUL INSTITUTULUI POLITEHNIC DIN IASI
Publicat de
Universitatea Tehnica ,,Gheorghe Asachi” din Iasi
Volumul 66 (70), Numirul 2, 2020
Sectia
MATEMATICA. MECANICA TEORETICA. FIZICA

ACOUSTIC LENS ASSOCIATED WITH A RADIAL
OSCILLATING BUBBLE

BY

ION SIMACIU**, GHEORGHE DUMITRESCU?, ZOLTAN BORSOS! and
VIOREL DRAFTA3

!petroleum-Gas University of Ploiesti, Romania
%High School Toma N. Socolescu, Ploiesti, Romania
®Independent researcher

Received: May 24, 2020
Accepted for publication: June 23, 2020

Abstract. In this paper we show that a radial oscillating bubble in a liquid
behaves like a convergent acoustic lens.
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1. Introduction

In a previous paper (Simaciu et al., 2018) we have shown that a packet

of spherical stationary acoustic wave acts as a convergent acoustic lens.

In this paper, we follow to investigate some consequences of our
approach of the acoustic world. Therefore, we found that also a radial
oscillating bubble behaves like an acoustic lens. This is the first issue of this
paper. Then, in the second section we infer the expression of the acoustic
pressure around a bubble that oscillates radially under the action of a plane
wave. Some interesting properties of the refractive index around an oscillating
bubble can be found exploring its shape obtained in paper (Simaciu et al.,
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2018). Our derivation in the third section leads to the dependence of the
refractive index on the absolute value of the position vector.

When the focal length of the lens is equal to the absolute value of the
position vector then the bubble behaves like a dumb hole. But according to the
fourth section of this paper a bubble in liquid cannot become a dumb hole. This
conclusion could be transferred to the electromagnetic world in order to
describe the behavior of the electron. The fifth section is devoted to the
discussions and conclusions.

2. Acoustic Pressure around an Oscillating Bubble

To date the radial oscillation of a bubble is already investigated
theoretically (Plesset and Prosperetti, 1977; Prosperetti, 1977; Leighton, 1994;
Ainslie and Leighton, 2011; Zhang and Li, 2012; Bergamasco and Fuster,
2017), and experimentally (Ohsaka and Trinh, 2000; Ohsaka, 2003). This kind
of oscillation must be assumed to a wave which exerts an oscillating pressure.

Given a bubble of radius R, at equilibrium, immersed in a fluid with
hydrostatic pressure p,. We will assume that this bubble is forced to oscillate
under the action of a pressure wave with constant amplitude A and angular
frequency @

Pext (t) = Py + ACOS it . (1)

Under the action of this wave, the bubble performs radial oscillations
with small amplitude

R(t) =R, [1+acos(at+9)]. (2)

According to Rayleigh-Plesset equation (Plesset and Prosperetti, 1977;
Prosperetti, 1977; Leighton, 1994), the dimensionless amplitude and the forced
oscillation phase are
A 20w

- PR [(a)z ~at) +4ﬁ2wZT/2 - amanm'

©)

Here (3), w,is the natural angular frequency of the bubble and g the

radial damping constant.
The pressure around the bubble, due to bubble volume oscillations, is

e .2 4 .. 2..
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Following (2), (3) and (4), yields
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At resonance, for angular frequency close to natural angular frequency
® = @y, the relationship (5) becomes

5, >R, (5)

, @y Acos( awyt + ¢,
pres(r,t)E—& hACOS (@, 0),rzR0, (6)
r 203,
with
@R
:BO = ﬂOac +ﬂ0/.1 = ﬂOac = ;U 0 (7)

and, if Sy, >> £, , then

@, =arctan| lim % —arctanoo = =~ ©)
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When (7) and (8) will be subtracted in the expression of pressure (6), it
results
, A usin(a,t
p,es(r,t);—?ﬂ,rzRo, 9)

2

In relations (7) and (9), u is the acoustic wave velocity in the
undisturbed liquid.

According to the relations (5) and (6), an oscillating pressure field is
established around the bubble. It depends on the position, relative to the center

of the bubble. The temporal average of the pressure is zero (p'(r,t)), =0.

However, according to the dynamics of the waves in a compressible
fluid (Landau and Lifchitz, Ch.8-864, 1971), the variation of the average
density around the bubble is not zero.

This nonzero variation of the average density implies a change of the
velocity with which waves travel the medium. This change leads therefore to
the dependence of the acoustic refractive index on the position.

3. The Refractive Index for a Radially Oscillating Bubble

In following we will use the refractive index (Simaciu et al., 2018) for
inhomogeneous medium

<na,0(p)>t =1+

c(ac) ((90)),
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Subtracting (5) and (9) in relation (10), and setting p'(r,t) =5p(r,t),
yields

. <£(3¢+1) R2 A2 "
Mo (P)), 21+ ———5 2 — g >1, (11)
(Moa (Prs ), =1+ ¢(3+1) u* A, (12)

4(2¢ +1)* @or® pg

The dependence on the absolute value of the position vector of the
acoustic refractive index reveals the acoustic inhomogeneity, with spherical
symmetry, of the liquid around the oscillating bubble. That is the liquid
surrounding the bubble behaves like a spherical lens.

Given an acoustic wave which is plane, and which is deflected when it
passes at the minimum distance from the center of the bubble. The focal length
of the spherical lens is (Feynman et al., Ch. 27.3, 1964)

2 £(3¢+1) RE A° o
: r(<nba>1 ) 2(2§+1)2 re pg [(aﬂ_wg‘)2+4ﬂ2w2i|> (1 a)
or
3 12 - af) o
f(r)=2(2§—+1)2r_ Po [(a) a)o) i ﬁw}>0,r2RO* (13b)
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that is, the spherical lens is convergent.
When resonance take place, the focal length becomes

2 2 12 3 2 2
f.(r)= g( (5;1)) % %>o, r>R,. (14)

according to (12).

4. Can a Bubble Become a Dumb Hole?
The convergent acoustic lens, associated with a bubble, behaves like a
dumb hole if
f(r)y=r. (15)

Then, according to (13b), the corresponding dumb hole radius becomes
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At resonance, the radius of the dumb hole is
3¢ +1
rba,res: é/( g ) UA . (17)
(25 +1)N2 @

At equilibrium, the pressure of a liquid p,, is (Simaciu et al., 2018,

Landau and Lifchitz, Ch.8-864, 1971) (2 +1)p,=pu’and the angular
frequency is (Prosperetti, 1977)

o = {37 o/ (o83 + 201 (o8] 20 (R = [ ur /(R2)]"

Therefore (17) maybe expressed as
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Since A<< p,, then r, <<R,, i.e. the bubble deflects acoustic waves

without capturing them. This happens when waves pass to the minimum
distance r > R, . That is a bubble cannot become a dumb hole.

One can observe a similar behaviour of the electron when the radius of
the cross section of the electromagnetic radiation r, =e2/ (m,c?) is much larger

than the gravitational radius ry, =2Gm, /c?.

5. Discussions

As we already mentioned above, we have followed paper (Simaciu et
al., 2018) in this paper in order to find out other consequences which occur
when a wave packet travels in a fluid. Therefore, we find out that around an
oscillating bubble the fluid becomes inhomogeneous.

Bubble behaves like a convergent spherical lens that deflects the
acoustic waves, regardless of the phase of the radial oscillation.

Hence one can construe that the oscillating bubble has both
electroacoustic charge (Simaciu et al., 2017; Simaciu et al., 2019) and acoustic
gravitational charge, that is, it attracts the acoustic waves that propagate at the
side of it.
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In a further paper we will attempt to prove that two bubbles attract each
other by of force which is independent of the oscillation phases.

According to the fourth section the acoustic radius is approximately
equal to the radius of the oscillating bubble,r,, ~R,. This occurs when the
amplitude of the wave that induces the oscillations of the bubble is close to the
value of the fluid pressure A~ p,. This constraint may lead to a further

investigation of the bubble oscillation with large amplitude.
Another case which may be interesting to study is how a spherical
cluster of bubbles oscillates whenR, >R,. We assume that bubbles can

associate in a cluster, when they interact. The mentioned study must be
addressed to the spherical pressure field around the bubble and to the
corresponding refractive index. We presume that from this investigation may
arise a state of the cluster when the cluster radius is equal to acoustic radius
r,=R..

NOTE. This paper has been uploaded on the arXiv platform: 1811.08738
(physics.flu-dyn).
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LENTILA ACUSTICA ASOCIATA CU O BULA
OSCILANTA RADIAL

(Rezumat)

in acest articol demonstrim cd o buld care oscileaza radial intr-un lichid se
comporta ca o lentila acustica convergenta.
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