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Application of ultrasonic devices in 

abnormal conditions 
Ultrasonic 
exposure

Forming of nanomaterials Cavitation crushing

Activation of surfaces
homogenization (distribution 
of particles in viscous media)

Nebulizing Deposition of coatings

Coagulation in gases Defoaming

Drying And many other



Ultrasonic exposure in abnormal 

conditions

Voltage

Frequency

Ultrasonic generator

(power supply)

UVS 

impedance

Capacity of 

piezoelements

Resonant 

frequency

UVS 

temperature

Vibrations 

amplitude

Ultrasonic vibrating system

UVS (radiator)

U
lt
ra

s
o
n
ic

 e
x
p
o
s
u
re

Abnormal conditions of the 

processed media

Ultrasonic industrial device

Measurement of 

medium 

parameters

Measurement of 

generator 

parameters

Control 

system

4

Temperature of 
medium

from 0 K to 2000 С

Chemical and 
aggregate properties 

of mediums and 
materials

Pressure



Influence of liquid medium temperature

Initial After 7 min. After 14 min. 



Ultrasonic exposure of melted metal (T more 

than 1000 C)
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Drilling of frozen soil with temperature of 

liquid nitrogen
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Drilling of soil on planets and asteroids 

(T from 0 K to 1000 K)
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Piezoelectric transducers

Piezoelectric elementsPiezoelectric effect

Polarization of a 
dielectric at 
squeezing

Inverse 
piezoelectric effect

Piezoelectric 
materials

Natural quartz

1000V- 1μm/cm

Synthetic 
piezoelectric 

materials
1000V-50 μm/cm

Zirconate – titanate 
of plumbum
PZT-5, PZT-8 

(ZTP-23), APC-841
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Influence of abnormal medium on the radiator
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Temperature influence

Heating and cooling of 
working tool material

ΔF~f(Pac)

Heating and cooling of 
piezoceramic
ΔF~f(T,U)

Influence of the medium
(viscosity, dispersion)
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Pressure
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Low-temperature and high-temperature 

destruction

0 K

10 K

60 K

400 K

600 K

1000 K

Overheating of piezoceramics.

Destruction of piezoceramics.
Melting of metals.

Destruction of studs.

Destruction of boosters. 
Ultimate strength.

Lack of piezoelectric properties
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Piezoelectric vibratory system at low 

temperature (0 K)

 The formation of vibrations 
from the moment the electric 
voltage is applied to the 
electrodes of the piezoelectric 
element.

 Providing the necessary 
increase of mechanical 
vibrations amplitude, 
provided that the frequency of 
the applied electrical voltages 
coincides with the 
continuously changing 
resonant frequency of the 
vibratory system.
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temperatures
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Ultrasonic exposure at low temperatures

14

Fres. gas

Time

Voltage

Frequency

TimeFrequency

Time



Operation of the piezoelectric transducer at 

high temperatures

Overheating at a 

power of more 

than 150 W

Development of a multi-element transducer –

electrical power is distributed among the 

elements, mechanical vibrations are summed 

up

No overheating up to 

300 W without forced 

cooling

Insufficient power

Insufficient radiation surface area

Poor alignment with the processing 
medium

The need to 
develop new 
designs of 

radiating elements
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Stand for low-temperature research
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liquid nitrogen 
bath

Resistance 
thermometer

Multimeter and 
thermocouple

Internal 
illumination

Meter-
regulator



Stand for high-temperature research
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Appearance of the refractory chamber



Influence of a radiating surface temperature

Ultrasonic device 
“Solovey”

Frequency response of the current of the 
mechanical branch at different 

temperatures of the ultrasonic radiator 
(radiation into the gas medium)
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Influence of temperature on piezotransducer
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Changing of power and resonant 

frequency
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Radiator characteristics
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Impedance characteristics, frequency response and frequency 
response of vibratory system in air and when working in melted 
aluminum



Drilling speed at various frequency
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Influence of intensity and temperature on 

cavitation

Intensity, W/cm^2
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Thermal protection of the piezoelectric 

transducer
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Thermal protection at high pressures

Features:
Liquid cooling;
Operation at high 
pressure on the 
radiating surface
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Exposure of melted metals
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Application of tools made of high-

temperature materials (niobium, 

molybdenum)
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Distribution of vibrations of a niobium instrument at 1000 K



Ultrasonic processing of melts
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1 - Ultrasonic 
vibratory system; 
2 - piezoelectric 
transducer body;
3 - heat exchanger; 
4 - pipes;



Nebulizing for analysis of aviation oil 

composition

Spectral particle analyzer Ultrasonic nebulizer mounted into the 

plasma torch
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Nebulizer work frequency 60 kHz Nebulizer work frequency 22 kHz



Nebulizing of aluminum

Ultrasonic vibratory system for 
forming vibration on nebulizing 

nozzle

Mounted vibratory system
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Ultrasonic devices for operation in abnormal 

conditions of pressure, temperature and chemical 

aggressiveness

1- Thermal protection of the transducer; 2- operation at high pressures; 3 - chemical 

resistance; 4- immersion in an abnormal medium 31



Ultrasonic devices for flow-through 

processing

32flow volumes with cooling

the flow volume

Volume for mounting 

multiple vibrating systems



Industrial ultrasonic equipment
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Investigation of the durability of coatings 

under abnormal conditions
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Drilling device in abnormal conditions
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Drilling stand

36



Working tool for ultrasonic drilling with soil 

destruction
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Drilling studies at low temperatures
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Results of studies of ultrasonic drilling at low 

temperatures
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