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Introduction
Single Bubble Sonoluminescence, SBSL, 1990
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Neutron emission in bubble cluster 3

(R. Taleyarkhan, R. I. Nigmatulin et al, 2002-2005)

Liquid T, ~0°C
1. Deuterated acetone (C,D,O)

2. Mixture of Deuterated acetone or benzol (C,D,)
with organic liquid C,Cl,

3. Heavy water (D,0)

Cavitation inception
1. Pulse neutron source
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2. Continious neutron source

3. Admixture radiating alpha-particles with
energy of ~4 MeV (uranium salt)

Liquid pressure | 1 em

PL=pytp,SIn ot (Y.XIJ, A.Butt // Nuc. Eng. & Desiigrrl72005)

po~1lbar, p ~15bar, o~ 2n 20 kHz, R, .~ 500 pm



Nano-diamond production in benzol 4
(Galimov E.M. et al. // Dokl. Phys. 2004)

Liquid benzol
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Spherical bubble collapse scenarios 5

1. Shockless collapse 2. Collapse with a shock wave
Bubble
surface
Final of
collapse
t, time t, time

For realizing bubble collapse with shock waves inside a bubble, the gases with larger
molar mass M and smaller specific heats ratio y are preferable



. Problem statement

The goal of the present work is to compare such liquids as
WATER, ACETONE, BENZOL, AND TETRADECANE

Liquid M g/mol Y
Water H20 18 1.325
Acetone C3H60 58 1.125
Benzol C6H6 78 1.1
Tetradecane | C14H30 198 1.0265
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1. Compression of vapor inside bubbles

p, ba

10° 3
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10° 3
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b | b |8 | kb | e wrims
W 50 10.3 | 454 | 5.26 858
A 50 10.3 (419 | 22.6 637
B 50 10.3 | 453 | 24.8 719
T 50 10.3 [ 663 | 63.9 458
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Mathematical model

Equations of fluid dynamics

op
T 1vV-(pu)=0

%(pu)+ Vo (puu)+Vp =0,

(pE)+V-[(p+pE)U]=V-(xVT), E=g+u’2

Wide-range equations of state

p=p(p.T), e=¢(p,T)



Boundary conditions

On the bubble surface r = r(6)

p+(D—u+)-n :p_(D—u_)-n =],
n -{[(p+ — p‘)g —2ue+]-n}=—cv-n,
T*=T", (xVT-n) —(xVT-n) =jl

Far from the bubble
P=DP., T = T|_
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Computational results

Bubble radius variation at collapse
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Pressure 11
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Temperature
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Density

13
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Velocity
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I1. Bubble non-sphericity growth at collapse 15
Non-spherical bubble collapse scenarios

1. Small deformations of the bubble and shock wave

(% \/Jx

2. Small deformations of the bubble, large deformations of the shock wave

3. Bubble destruction

Bubble collapse near a wall:




Mathematical model

a,

Bubble surface equation . .
r=R()[1+¢,(t)P,(cosb)]

g, =a,/R
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Equation of the bubble sphericity disturbance

(I+q, )a +

roe

3§+2(n+1)(n+2)

+ o+

4v (n*-1)R

V|_ .
2 an T
R

R3

I
S

—(n—l)(l—%)E a,

17



Computational results

Features of the non-sphericity growth

g,/ €,
40 0
Acetone
- Nn=114
30 -
1o
204
18
10 g =
-10 | - I - I - I
1 0.8 0.6 R/R,0.4
—_—

Bubble Collapse

o
~
M

S

n,0 |

102 <
Acetone

10 -

logarithmic scale

| ! |
1 0.8 0.6 R/R,0.4
—

Bubble Collapse



Bubble non-sphericity growth

Envelopes
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Conclusions

1. Among water, acetone, benzol, and tetradecane,
tetradecane is preferable for producing shock waves inside
a cavitation bubble. Then benzol goes and after that
acetone. Water is the worst variant.

2. Similar relationship also takes place with respect
to preserving the bubble sphericity at collapse.
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