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Common scheme of ultrasonic device operating
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Frequency and intensity of ultrasonic exposure

Relative geometric 
dimensions of the active 

and passive medium

Optimization problem

R is the vector of optimal criteria, P1 is the vector of properties

and characteristics of the active medium, P2 is the vector of

properties and characteristics of the passive medium, L is the

vector of relative geometric dimensions of the active and passive

medium, f is the vibration frequency of the radiator, A is the

vibration amplitude of the radiator.

Find functional dependency
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Physical and chemical processes Chemical reactions

1.Extraction of plant raw materials
- faster in 100...10000 times;
- increasing the output;
- sterilization;
2. Separation of multicomponent 
systems
3. Demulsification
4. Coagulation of hydrosols
5. Degassing
6. Crystallization
7. Preventing crystallization

Breaking of chemical bonds of 
substances in a cavitation bubble 
and on its surface
Redox reactions
Depolymerization
Polymerization

Intensification of processes and forming of new materials 
in liquids

Processing of liquid-disperse mediums
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Cavitation
Initiation

Stages of progress

Active forces

I~1 W/cm2

I>1,5 W/cm2

I>2,5 W/cm2

Conditions for thermonuclear reactions realization are provided

P≥500 MPa

T≥10 000 K

U>1 000 000 V

V≥1000 km/s

Pcritical=150 MPa

Domains of a cavitation 
(microscopic gas bubbles)

P<Pкритическое

λ



Dependence of processes velocity 

from cavitation parameters

Little bubbles are 
formed but have not 

time to collapse

Process 
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Cavitation into viscous liquid 

Initial After 7 min. After 14 min. 



Ultrasonic processing of non-Newtonian 
liquids
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Features of ultrasonic exposure
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The absence of the optimality criteria of ultrasonic exposure 
due to the impossibility of continuous monitoring of the 
processing mediums parameters 

1) 2) 3) 4)
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Cavitational exposure areas
Volna-M UZTA-1/22-OM

water oil

Bulava UZTA-2/18-O

water oil



Cavitational area (LUK-0.125/50-O)

Output power
100%                                   80%               60%              40%

Water Oil



Cavitational exposure of solid particles into 

liquid

20-120 nm

A~150 um

f~22 kHz

•purification and activation of nanoparticles;
•uniform distribution in viscous media;
•cluster destruction;
•deposition of nanoparticles in a liquid.



Cavitation into thin layer

A, um;

f , kHz

SOUND PRESSURE

CAVITATION

SHOCK WAVES

CAPILAR WAVESLayer of liquid
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Cavitation process

Water Oil
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Formation sequence

stages 1 (pre-cavitational)
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Frequency

Time

Formation sequence

stages 2 (cavitational)
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Formation sequence

stages 3 (gas)
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Cavitation in viscous medium

Initial After 7 min. After 14 min. 



Ultrasonic exposure on human

Liposuction (removal of subcutaneous fat)
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Ultrasonic exposure in gases

Acoustic coagulation
•Drying without heating the 
material
•Lower limit of drying 
acceleration 135-140dB
•There is no significant 
dependence on the frequency
•Drying of thin layers of material 
(2-3 cm)

Burning

Absorption

Ultrasonic drying

Intensification of processes in gases
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Radiators into gases

Single-phase radiation 
radiator

Radiator with phase-leveling elements

Multi-element UVS with a focusing
radiator
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Impact on hard materials 

(sizing of fragile materials)
20 kHz

1.Impact of abrasive 
particles

2.Circulation and 
change of abrasive due 
to cavitation

Results

•Energy content < 10J/cm3

•Performance > 10 mm/s

•No cracks

•Diameter from 1 to 120 mm
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Ultrasonic sizing of fragile materials
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P P

δseam>70%δmaterial

Any thermoplastic materials

δm δm

Weld of polymer materials
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Features of ultrasonic effects during 

welding

Time dependence of the wave resistance 
of the materials being welded for various 

materials:
1 – at the absence of materials;

2-5 - for materials of different properties

Dependence of the current 
amplitude through the ultrasonic 
vibrating system when changing 
the properties of materials during 

welding
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