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Ultrasonic cavitation may be involved in many manufacturing-related applications, such as ultrasonic
cleaning, ultrasonic cavitation peening, and ultrasound-assisted water-confined laser micromachining
(UWLM). However, the previous physics-based modeling work has been very limited for cavitating flow
induced by an ultrasonic horn near a solid target with a microhole. Such modeling work is reported in
this paper, where two-dimensional compressible fluid mechanics equations, together with an equation
governing the vapor-volume fraction evolution, are solved numerically. The model prediction shows

Keywords: reasonable consistency with experimental results in the literature for cavitating flow induced by an
Ultrasonic cavitation . . . . . .
Ultrasound ultrasonic horn in water relatively far from a solid wall. Then the model is used to study the cavitating

flow induced by a horn placed near a solid wall with a microhole. Under the studied conditions, the model
calculations show that the horn-induced peak pressure magnitude at the microhole center decreases as
the hole becomes deeper. On the other hand, the horn-induced temporal peak pressure at the hole bottom
surface is spatially relatively uniform in the r (radial) direction, while the peak pressure on a solid surface
without the hole decreases quickly with r. However, the peak pressure induced on the hole sidewall is
not spatially uniform, and the largest peak pressure on the sidewall occurs at the hole bottom. The model
may help future fundamental research work on ultrasonic horn-induced cavitating flow near a solid wall

Ultrasonic horn

with a microhole, and may also provide a useful guiding tool for related manufacturing applications.
© 2018 Published by Elsevier Ltd on behalf of The Society of Manufacturing Engineers.

1. Introduction

Ultrasonic waves in water, such as those induced by an ultra-
sonically vibrating horn immersed in water, can induce cavitation
when the waves are sufficiently strong [1-3]. Clouds of bubbles
may be generated, and the growth and collapse of the bub-
bles may induce very high pressures [4]. Ultrasonic cavitation
may be involved in many manufacturing-related applications,
such as ultrasonic cleaning [5], ultrasonic cavitation peening
[4], and ultrasound-assisted water-confined laser micromachining
(UWLM) [6].

Microholes are often needed in numerous fields (e.g., the cooling
holes in gas turbine engines, the fuel injection holes in engines, and
other microholes that may be needed in electronic and biomedi-
cal devices) [7,8]. When the aforementioned ultrasonic cleaning,
ultrasonic cavitation peeing or UWLM process is used to pro-
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cess or produce microholes, an essential process that may often
be involved is the cavitating flow induced by an ultrasonic horn
placed near a solid target surface with microhole(s). A physics-
based model for such cavitating flow is highly desirable to improve
the fundamental understanding of the process, because a full pro-
cess understanding is difficult to achieve through experimental
measurements alone. The model may also provide a helpful guid-
ing tool for the process design, analysis and optimization in relevant
applications.

Previous research work on the modeling of cavitating flow
induced by an ultrasonic horn has been reported in the literature
(e.g.,in[9-15]. However, previously reported work in the literature
has been very limited on the modeling of cavitating flow induced
by an ultrasonic horn near a solid target with a microhole. Ref. [9]
reports numerical modeling of cavitation induced by an ultrasonic
horn that is a little far from a bottom wall. In Ref. [10], a computa-
tional modeling study has been performed on the cavitating flow
induced by a horn tip that is close to the surface of a specimen. Ref.
[11] reports CFD study of the flow pattern induced by a horn that
vibrates ultrasonically, and in the model the horn tip displacement
is a function of both time and the radial position. Ref. [12] reports
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Fig. 1. Schematic diagram of the model for cavitating flow induced by an ultrasonic
horn above a solid wall, (a) without, and (b) with a microhole (I.C.: initial conditions;
B.C.: boundary conditions).

numerical modeling study of ultrasonic horn-induced cavitation
in liquid aluminum, where a high-order method has been used in
the spatial and temporal discretization of the wave equation. Ref.
[13] reports simulations on the flow through a rectangular duct
equipped with an ultrasonic horn on the bottom side of the duct.
Ref. [14] reports computational modeling work on low-frequency
ultrasonic horn reactors. Ref. [15] reports numerical simulation on
the cavitating flow induced by an ultrasonic horn that is placed
closely above a sample for vapor structure analysis and the erosion-
sensitive area assessment. However, Refs. [9-15] did not perform

modeling studies of cavitating flow induced by an ultrasonic horn
near a solid surface with a microhole.

In this paper, a physics-based computational modeling study
has been performed on the cavitating flow induced by an ultrason-
ically vibrating horn near a solid target surface with a microhole. In
the model, 2D axisymmetric compressible fluid flow equations of
mass, momentum and energy conservations have been solved for
the fluid medium (which is assumed to be a potential mixture of
water liquid and water vapor in bubbles) together with an equa-
tion that governs the vapor-volume fraction evolution based on the
Schnerr-Sauer cavitation model [16-22]. Experimental results in
the literature are used to test the model. Then the model is applied
to study the cavitating flow induced by an ultrasonic horn near a
solid surface with a microhole of different depths.

2. The model

Fig. 1 shows the schematic diagram for the model computational
domain, and some major related initial conditions (I.C.) and bound-
ary conditions (B.C.). At t =0, it is assumed that the domain is filled
with stationary liquid water at T=296 K and P =1 bar. At the upper
boundary of the domain, a boundary condition of P=1bar and
T=296K has been assumed. At r=0, the axisymmetric boundary
condition is applied. For all the other domain boundaries (including
the horn side and bottom walls), the no-slip (for the velocities) and
adiabatic boundary conditions are assumed. The ultrasonic horn is
assumed to be rigid. At t =0, the horn bottom has an initial distance
of S from the domain bottom wall, and starts vibrating at 20 kHz
with a certain peak-to-peak amplitude. The horn tip has a radius of
Ry. As a comparison, model calculations are performed for the sit-
uation where a microhole exists (Fig. 1b) and the situation where a
microhole does not exit (Fig. 1a) at the domain bottom wall. When
a microhole exists, z=0 is defined at the hole bottom, and when
the hole does not exist, z=0 is defined at the surface of the domain
bottom wall. In the model calculations, the computational domain
size in r and z direction is L, and L, respectively.

The fluid in the domain is assumed to be a potential mixture of
liquid water and water vapor bubbles, which is compressible. The
initial vapor volume fraction is assumed to be 0. The evolution of
the fluid is governed by mass, momentum and energy conservation
equations in the two-dimensional (2D) axisymmetric form (Egs.
(1)-(3)) and an equation for the vapor volume fraction evolution
(Eq.(4) [16-20]:

0A 10B sz

—4+-Z+—==D 1
at  ror 0z M
o pritr
. pur . pru
A= ol ,B= ,oru,yuZ
E +0.5pu? Uy (p+E+0.5lez)
puz
o purlz
C= pu? (2)
u; (p +E+ o.5pu2)
- 0 7
Tr 0T | 0Tz Tgg Op
roor 0z rooor
ﬁ — Tz afrz 81'22 a£ 3)

T+8r+82_82

10 oT 0 oT -
Far <rk8r> + 3 (kaz> + V- (T-1) +Sg.c




Download English Version:

https://daneshyari.com/en/article/8047987

Download Persian Version:

https://daneshyari.com/article/8047987

Daneshyari.com


https://daneshyari.com/en/article/8047987
https://daneshyari.com/article/8047987
https://daneshyari.com/

