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Introduction
High quality of electron-optical devices and systems

in many respects defines functionality of difficult radio-
electronic complexes, laser systems of detection, fiber-
optical communication systems, medical equipment, cine-
maphotoequipment and instrumentations. In these products
cleanliness of a surface of optical details and electronic
modules has great value. At any accuracy of processing the
minimum quantity of extraneous substances on working
surfaces does not allow to receive demanded optical and
electric characteristics that conducts to marriage increase,
equipment refusals while in service, to reception of doubt-
ful data. The analysis of causes of failures of products
shows, that their fourth part is necessary on a share of bad
quality of clearing of surfaces [1]. Manual clearing by or-
ganic solvents led to a marriage significant amount, a trau-
matism, emissions of steams of solvents in atmosphere and
to environmental contamination. The chlorinated hydrocar-
bons are toxic, possess cancerogenic and mutagen influ-
ence, form a smog and recycling of a waste by a burial
place method demand. Hladons destroy an ozone layer and
strengthen a hotbed effect. Environmental problems have
caused heightened interest to processes and devices of ul-
trasonic clearing of electronic and electron-optical prod-
ucts. The problem of creation of new safe washing compo-
sitions on the basis of water solutions of the surface-active
substances (SAS), capable to clear microrelief surfaces
from pollution is rather actual.
Influence ultrasonic (US) of fields on liquid environments
causes in them processes of cavitation, and also macro-and
microstreams in volume of the liquid adjoining to the radi-
ated surface of a bath. Close cavitation gas cavities it is ac-
companied by formation of shock microwaves which de-
stroy not only oxide films and pollution on a processed sur-
face of products, but also in certain degree change mor-

phology of a surface [2]. Micro - and macrostreams in in-
terfaces promote removal of pollution and acceleration of
process of clearing of microrelief surfaces. An actual prob-
lem is optimization of parametres of an ultrasonic field in
baths of group processing, an establishment of laws of
physical and chemical processes of clearing profile and mi-
crorelief surfaces of optical and electronic modules in liq-
uid washing environments at frequency and phase modula-
tion US of a signal.

Simulation of ultrasonic field pressure distribution

Influence ultrasonic (US) fields on liquid environ-
ments causes in them processes of cavitation, and also ma-
cro-and microstreams in volume of the liquid adjoining to
the radiated surface of a bath. Close of cavitation gas cavi-
ties it is accompanied by formation of shock microwaves
which destroy not only oxide films and pollution on a
processed surface of products, but also in certain degree
change morphology of a surface [2]. Micro - and macro-
streams in interfaces promote removal of pollution and ac-
celeration of process of clearing of microrelief surfaces. An
actual problem is optimization of parametres of an ultra-
sonic field in baths of group processing, an establishment
of laws of physical and chemical processes of clearing pro-
file and microrelief surfaces of optical and electronic mod-
ules in liquid washing environments at frequency and phase
modulation US of a signal.
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; (1)

where ρ0 - density of the liquid environment; p - pressure;

cw - speed of distribution US in the environment; t - time; x,

y, z - coordinates.
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( ) [ ]( )
A 0 0P = p sin wt +p sin w±100 t ; (3)

( ) [ ]( )B 0 0P = p sin wt +4 6π +p sin w ±100 t +4 6π ; (4)

( ) [ ]( )B 0 0P = p sin wt +2 6π +p sin w ±100 t +2 6π . (5)

At the initial moment of time equality of pressure was
necessary to zero   0,, zyxp . The equation (1) dared

taking into account boundary conditions (2-5) and by
means of applied program СOMSOL for various variants
of an arrangement US of converters at the bottom of a bath
[4]. Conditions of an impedance of a surface of the object
shipped in a bath:

0n(-(1/p )(vp - q)) - iwp/Z = 0 , (6)

where n – number of walls of a bath, reflexion q-factor, Z –
acoustic impedance.

Condition of reflexion of fluctuations from a bath wall:

0n(1/p (vp - q)) = 0 . (7)

Modeling in baths with the radiators distributed on the
area has shown US of pressure, that the maximum amplitude
of change of pressure US waves is observed at a surface of
radiators and on the distances equal 4 λ. More uniform US
the field on volume of a bath as a result of superposition of
waves is created for an arrangement of radiators in knots of a
lattice of triangular structure with length of the party, multi-

ple λ/ 3 (Fig. 1).

а b
Fig. 1. Distribution US pressure on the bath area with linear ra-
diators arrangement (a) and triangular structure (b)

US of pressure in bath volume influences distribution
presence at the liquid environment of firm bodies which
certain degree reflect US waves. Stronger influence on dis-
tribution of pressure the cartridge with the details, located
on distance, multiple λ from a bath bottom (Fig. 2). At the 
expense of reflexion from surfaces of details US pressure
in adjoining layers of a liquid increases.

The important indicator is non-uniformity cavitation
pressure in a bath. It should be minimum. At entering of

the cartridge because of reflexions of waves from its sur-
face non-uniformity cavitation pressure increases (Fig. 3).

Fig. 2. Distribution US of pressure in a bath: without cartridge
(1) and with the cartridge (2)

Fig. 3. Non-uniformity cavitation pressure in a bath with the car-
tridge (1) and without it (2)

Simulation of speed and direction acoustic micro
streams

In the closed volume of the liquid environment lim-
ited to rigid walls, there is a standing wave, and near to the
walls parallel to a direction to distribution of a wave, the
gradient of speeds defined by a boundary condition of
equality to zero of speed on a rigid surface is created. In-
dignation of a wave in view of surface presence extends on
the distance equal to a thickness of an acoustic interface

 2

1

/2  v . At a direction of fluctuations on co-ordinate x and

absence of walls the standing wave has to one component of speed

tkxx  coscos0

)1(  . In the presence of rigid walls with co-

ordinates 0y и
1

2yy  In speed of a wave appears a com-

ponent )1(

y . Values receive a component of speed as the

decision of the first approach with a boundary condition

0 at 0y in interval of
10 yy  in a kind:

 )cos(coscos0
)1(     tetkxx

; (8)
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where  /;/
11

yy  . The decision (9) is fair at per-

formance of conditions   1;1 yk .

As it is possible to consider a field of speeds of the
first approach close to sinusoidal substitution of the deci-
sion (9) allows to receive expression for x component of an
acoustic current:
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The decision (10 and 11) approximately satisfies to
boundary conditions and is inapplicable in immediate prox-
imity from a rigid wall. Far from this wall it is possible to

neglect the small members containing e , Therefore deci-
sions (10) and (11) becomes simpler:
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Rayleigh’s current as well as Ekkart, is an interface
current. Character of lines of a current, shows, that is aver-
age scale with alternating through 4/ Whirlwinds with
opposite directions of vector  . Axes of whirlwinds are
located in points with co-ordinates:

1 1

(2n -1)λ
x = ; y = 0.423y ; y = 1.577y

8
. (14)

Because microstreams are most intensive within an
acoustic layer, therefore for a finding of speed we will use
(13).
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that (13) will become:

2
0(2)

y 1
0

V
V = -0.072 ky cos 2kx

c
. (15)

Considering, that

c
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kfAA
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2
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where 44f kHz, 
0

 1500m/s; A 10…30μm; 0x .

Then the formula (15) will become:

2 2 2

(2) 5
y 1 1

0 0 0

4π f A 2πf 2πf
V = 0.72 • • y cos 2 = 2.7 •10 y

c c c
, (16)

where
1

y - height of level of a liquid in a bath.

Dependences of speed of microstreams on frequency
and for various level of a liquid are resulted on Fig. 4.

Fig. 4. Dependence microstreams speed on frequency: 1 - for λ,
2 - for 2 λ, 3 - for 4 λ

Microstreams in a bath have a direction from the cen-
tre, i.e. from a place of the greatest gradient of speeds US
of fluctuations. In a direction of microstreams it is possible
to define, that the most intensive fluctuations are observed
between radiators (Fig. 5).

Fig. 5. Whirlwind microstreams in US baths

The sizes and speeds of microstreams from 10 to 20
mm/c depend on radiated capacity converters.

Thus, for effective clearing of electron-optical prod-
ucts it is necessary to create uniform distribution of pres-
sure US a field and microstreams in volume of the liquid
environment.
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