Center of ultrasonic technologies

FEATURES OF ULTRASONIC
EXPOSURE IN EXTREME
CONDITIONS
(FUNDAMENTAL THEORY)

WWW. U-SONIC.ru



http://www.u-sonic.ru/
http://www.u-sonic.ru/
http://www.u-sonic.ru/

Khmelev Viadimir Nikolaevich

Doctor of Technical Sciences,
Professor, Honored Inventor of
the Russian Federation, Senior
Member IEEE. Laureate of the
Russian Government Award in the
field of science and technology,
author of more than 900 scientific
publications (including more than
100 patents, more than 20
monographs and textbooks),
Deputy Director for Scientific
Work of the Biysk Technological
Institute of the Altai State
Technical University.

+7 9039925120
vhh@u-sonic.ru



http://u-sonic.ru/about/peoples/khmelev-vladimir-nikolaevich/
http://u-sonic.ru/about/peoples/khmelev-vladimir-nikolaevich/
http://u-sonic.ru/about/peoples/khmelev-vladimir-nikolaevich/
http://u-sonic.ru/about/peoples/khmelev-vladimir-nikolaevich/
http://u-sonic.ru/about/peoples/khmelev-vladimir-nikolaevich/

Ultrasonic exposure
\Volna-M UZTA-1/22-OM Bulava UZTA-2/18-0O

oil water oil

~ ™ — = 1
— = -
‘. ‘. . 1 \

~

A\

!
"
e

D - \ ~ AL A

: tU=SORIC.] Y

{ : - a N 3 o)
. B 5

—— ——— - AE SRS
; . e

n-,ﬂ '




Ultrasonic exposure

Ultrasonic industrial device Technological process
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Low temperatures High temperatures
(-150...-50 °C) (+200...+1000 °C)

In all cases, ultrasonic exposure can
be performed for liquid, solid and
gaseous media
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Determination of optimal modes of
ultrasonic exposure in extreme
conditions

sresearch of cavitation in a continuous liquid
phase, taking into account phase transitions
and viscoelasticity of the medium;

sresearch of the ultrasound influence on the
destruction processes of solid materials in
extreme conditions;

sresearch of the ultrasound influence on the
dynamics of heterogeneous systems with a
continuous gas phase at extremely high
temperatures

.

Practical implementation of optimal
modes of ultrasonic exposure in
extreme conditions

sresearch of electrical properties of
piezoelectric vibratory system at extreme
high or low temperatures;

«development of a system for the
temperature  stabilization of primary
piezoelectric transducer in the operating
range;

econtrol of ultrasonic vibratory system
parameters under  varying external
conditions;

scontrol of ultrasonic vibratory system
parameters at varying medium properties



THEORETICAL JUSTIFICATION OF OPTIMAL
EXPOSURE MODES IN EXTREME CONDITIONS

‘Exposure of liquids
‘Exposure of solids

‘Exposure of gases



SIMULATION OF CAVITATION AREA
FORMATION IN LIQUID AT EXTREME
TEMPERATURES

CAVITATION BUBBLE EXPANSION MODEL
TAKING INTO ACCOUNT PHASE TRANSITIONS
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CAVITATION BUBBLE PARAMETERS DEPENDING ON
TIME (ALUMINIUM MELT)
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Mass of steam
inside the bubble

Bubble radius

CAVITATION BUBBLE PARAMETERS DEPENDING ON
TIME (LIQUID NITROGEN)
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MODEL OF COALESCENCE AND FRAGMENTATION OF BUBBLES IN
ENSEMBLE FOR CONCENTRATION DETERMINATION
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Concentration of bubbles

n. — stationary concentration of cavitation bubbles, m-3; j - the embryos number formed during fragmentation of
bubble; i — integer number of ultrasonic vibration periods from the moment of initial bubble expansion to the
moment of collapse; R(t) — instantaneous radius of separate cavitation bubble, m; d;, — vector of center line of
cavitation bubble pair, m; p, — equilibrium density of continuous liquid, kg/m3; H - enthalpy of the liquid phase,
m2/s2; C - sound velocity in liquid, m/s; p; — gas density inside the bubble, kg/m3; r - distance between observed
point and center of cavitation bubble, m



INFLUENCE OF VIBRATION INTENSITY AND TEMPERATURE
ON CONCENTRATION OF CAVITATION BUBBLES
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INFLUENCE OF VIBRATION INTENSITY AND TEMPERATURE
ON VOLUMETRIC CONTENT OF CAVITATION BUBBLES
(CAVITATION INDEX)
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CAVITATION AREA PROPAGATION MODEL
IN LIQUID LAYER

p — disturbance of sound pressure in liquid, Pa;

¢, — sound velocity in solid liquid, m/s;

p, — density of continuous liquid, kg/m3;

d — volumetric content of cavitation bubbles.
21




DEFINITION OF OPTIMAL INTENSITIES OF ULTRASONIC
EXPOSURE ON LIQUIDS AT EXTREME TEMPERATURES

INFLUENCE OF VIBRATION INTENSITY AND TEMPERATURE ON
WAVENUMBER OF CAVITATING LIQUID (ALUMINIUM MELT)
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DEFINITION OF OPTIMAL CONDITIONS OF ULTRASONIC EXPOSION
ON LIQUIDS AT EXTREME TEMPERATURES

INFLUENCE OF LIQUID LAYER THICKNESS ON COLLAPSE ENERGY
CAVITATION BUBBLES
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CONCLUSIONS FROM THEORETICAL RESEARCHES
OF CAVITATION IN LIQUID AT EXTREME
TEMPERATURES

ecavitation is possible and necessary to create in liquids at a wide
range of extreme temperatures - from the temperatures of
cryogenic liquids (usually gases) to the melting temperatures of
metals

sintensity of exposure at extreme temperatures must be not
lower than intensity at normal temperatures (new working tools
from new materials are needed)

‘more sensitive medium property control system capable of
selecting the optimal intensity at a changing temperature due to
the reduced cavitation intensity (initial concentration of bubble is
lower) must be developed

the optimum distance between the radiator and the reflective
surface (which depends on temperature) must be ensured



NG RATE OF SOLID MATERIAL AND EVAPORATION OF MOISTURE
FROM MATERIAL PORES AT EXTREMELY LOW TEMPERATURE AND
HIGH VACUUM

MODELLING OF ULTRASONIC DESTRUCTION OF SOLID
MATERIAL AT EXTREME TEMPERATURES
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VISUALIZATION OF MICROTRACK FORMING PROCESS IN SOLID
SOIL

Classic ultrasonic exposure

|| Crack formation o ¥ &4 Crack formation
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THEORETICAL OSCILLOGRAMS OF VIBRATIONS OF WORKING END
POSITIONS OF ULTRASONIC RADIATOR AND SOLID SOIL
(Soil elastic modulus 1:101° Pa)
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THEORETICAL OSCILLOGRAMS OF VIBRATIONS OF WORKING END
POSITIONS OF ULTRASONIC RADIATOR AND SOLID SOIL
(Soil elastic modulus 3:101° Pa)
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THEORETICAL OSCILLOGRAMS OF VIBRATIONS OF WORKING END
POSITIONS OF ULTRASONIC RADIATOR AND SOLID SOIL
(Soil elastic modulus 5:101° Pa)
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RESULTS OF THEORETICAL CALCULATIONS OF MECHANICAL
IMPEDANCE OF SOLID SOIL
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CONCLUSIONS FROM THEORETICAL RESEARCHES
OF ULTRASONIC VIBRATIONS EXPOSURE ON
SOLID SOIL AT EXTREME TEMPERATURES

«optimum vibration amplitude shall be provided during ultrasonic drilling for
maximum safety of water and other volatile substances;

sexposure must be carried out at the resonance frequency of this type of soil;

frequency and optimum amplitude should be provided considering low
temperature conditions;

slow-frequency impact from the attached free mass increases drilling speed;

*modulus of elasticity is a soil property, which most significantly influences on the
cosine of the phase shift angle between force and speed;

for determine the type of soil, it is advisable to measure the cosine of the phase
shift angle of the mechanical impedance of the radiator-soil system and based on
the calculated dependence (the mechanical impedance is determined by the
electrical parameters of the radiator without using external sensors);

it is necessary to exposure with as small an amplitude as possible so that
destruction processes do not occur (not more than 6 um) for determining the type
of soil.



ETECTION OF OPTIMAL MODES AND CONDITIONS
OF ULTRASONIC EXPOSURE ON GAS-DISPERSED
SYSTEMS AT EXTREME TEMPERATURES

MODEL AREA FOR CALCULATION OF WET DUST COLLECTION
WITH ULTRASONIC RADIATOR AT HIGH TEMPERATURES

Initial calculation data

Carrying agent: Air
Input temperature, °C 170
Rate, 103m3/h 100
Density, kg/m?3 0.78
Solid disperse-phase: Ashes
Density, kg/m3 1000

Particle size, um

1 - Venturi pipe; 1.1 - pipe head;

1.2 - confuser with neck;

1.3 - diffuser; 2 - pipe elbow;

3 - junction pipe; 4 - drop catcher Density, kg/m?
Drop size, um

Initial concentration, h/nm3

Liquid disperse-phase:

Venturi scrubber design area sketch Input mass flow, h/nm3




PHYSICAL AND MATHEMATICAL MODEL OF MOVEMENT AND

COAGULATION IN
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DEPENDENCE OF VENTURI SCRUBBER EFFICIENCY ON PARTICLE
SIZE AT DIFFERENT SOUND PRESSURE LEVELS
(FREQUENCY 22 kHz)
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DEPENDENCE OF VENTURI SCRUBBER EFFICIENCY ON PARTICLE
SIZE AT DIFFERENT NUMBER AND ANGLES OF LOCATION (TO
VENTURI PIPE AXIS) OF ULTRASONIC REDIATOR

100

" 30 degree 95 : i ’ 30 degree

45 degree 45 degree
' 60 degree

90 degree
80 without US

75
70
0 10 20 30 40 50 60 70 80 90 0 10 20 30 40 50 60 70 80 90
d, um d, um
a) b)
Dependence of efficiency (a) and dust content (b) of Venturi pipe and scrubber
at various angles of ultrasonic radiator mounting into Venturi pipe




CONCLUSIONS FROM THEORETICAL
RRESEARCH OF EXPOSURE OF ULTRASONIC
VIBRATIONS ON GAS-DISPERSED SYSTEMS AT
EXTREME TEMPERATURES

sound pressure level must be at least 150 dB at 1700 C

‘radiators shall be mounted at the optimum angle (45 degrees)

.uniform sound pressure shall be provided throughout the
coagulation area



GENERAL REQUIREMENTS FOR
ULTRASONIC DEVICES FOR EXPOSURE IN
EXTREME CONDITIONS

*Ensuring the intensity of ultrasonic vibrations not lower than for ordinary
conditions (room temperature at atmospheric pressure) in the entire
volume of the processed medium.

*Increase the input vibration energy into the medium from the radiator
due to optimization of the geometry of the acoustic path in the processed
medium (optimization of the distance between the radiating surface and
the reflecting border; arrangement of radiators at an optimal angle to the
axis of the voiced volume) due to a decrease in the limit characteristics of
the radiators at extreme temperatures.

*Realization of highly sensitive control system for the type of processing
medium.

Providing the work temperature range of the primary piezoelectric
transducer due to thermostat and cooling systems.

‘Using special materials for the production of the working tool of the
ultrasonic radiator capable of withstanding the amplitudes of elastic
vibrations of the ultrasonic frequency required for normal conditions under
extreme conditions



