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Abstract – The article is devoted to the study of influence of high
temperature on the operation of the ultrasonic disk radiator
intended for generation of high-intensity vibrations in gaseous
media. As a result of researches it was determined, that
temperature increase of gas and the radiator led to the rise of
vibration amplitude of the surface of the disk radiator and the fall
of level of acoustic pressure owing to the reduction of gas density.

For excitation of vibrations of the radiator at specified
frequency the piezoelectric vibrating system shown in Fig. 2 was
designed.

Index Terms – Ultrasonic disk radiator, temperature, resonance
frequency, amplitude.

I. INTRODUCTION

U

LTRASONIC APPARATUSES are used for the
intensification of technological processes occurring in
different media. One of the developing ways of the application of
ultrasonic technologies is the coagulation of ash particles and
water in high-speed Venturi dust collectors at high temperatures.
At the coagulation of ash particles and water drops the
temperature of the technological medium, at which the process is
realized, can exceed 200°C [1,2]. That is why there is need in the
development of the radiators, which are able to generate
ultrasonic vibrations with the level of acoustic pressure of no less
than 150 dB [3] in gas medium at the temperatures of the
medium of 170…200 degrees Centigrade.
II. THEORY
Development of the Ultrasonic Disk Radiator
For ultrasonic influence on gaseous media acoustic radiator in
the form of disk with the diameter of 370 mm was developed [4].
The form of the radiator and distribution of its vibration
amplitudes are shown in Fig. 1.

Fig. 1. Form of ultrasonic radiator with the diameter of 370 mm and distribution
of vibration amplitudes.

1 – source of ultrasonic pressure in the form of the disk; 2 – concentrator
3 – waveguide; 4 – piezoelectric transducer; 5 – studs
Fig. 2. Ultrasonic vibrating system with the disk radiator

The development of the piezoelectric transducer was carried
out on the base of known procedures described in the
papers [5,6].
Transfer and simultaneous concentration (gain) of acoustic
energy from the end surface of the piezoelectric transducer to the
working radiating tool are carried out through the transformer of
vibration speed – the concentrator. Unfortunately, at the
realization of such structural diagram of the vibrating system it is
impossible to protect the piezoelectric transducer from high
temperatures.
Development of the Cooling System of the Ultrasonic
Vibrating System
Further researches were aimed at the design of cooling system
providing continuous mode of the vibrating system operation,
which radiator is influenced by gas and high temperature.
It is known [7], that during action of the ultrasonic radiator on
gas-disperse flow at high temperatures (about 170оC) the
efficiency of the transducer decreases, vibration amplitude of the
disk radiator drops and the level of acoustic pressure falls due to
lower efficiency of the piezoelectric conversion in the materials
of the transducer.
To provide optimum temperature mode of the operation of the
piezoelectric transducer in the construction of the vibrating
system there is an additional (intermediate) section of the
waveguide for the installation of thermal cutoff unit providing
fluid cooling of the transducer during the operation. The
appearance of developed ultrasonic vibrating system with the
thermal cutoff is shown in Fig. 3.
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1 – Ultrasonic vibrating system with the disk radiator; 2 – heat exchanger;
3 – branch pipes for input and output of cooling liquid;
4 – case of the piezoelectric transducer
Fig. 3. Draft of developed ultrasonic vibrating system with the heat exchanger.

In order to verify the operation efficiency of the thermal cutoff
unit the calculations of thermal modes of the ultrasonic vibrating
system operation were carried out. As an initial condition the
temperature of the disk radiator and the concentrator was
established equal to the temperature of the operating medium
(200 C) and it was shown, that in a steady-state operation mode,
when the temperature of the disk radiator and the concentrator
equal to gas temperature, it was provided stable temperature of
the piezoelectric transducer equal to 40 C.
At the analysis of the ultrasonic vibrating system operation in
limit conditions, when all energy of the electronic generator,
equals to 250 W, comes to the vibrating system and transforms to
heat due to internal losses, the picture of temperature distribution
can looks like, as it is shown in Fig. 4.

J/kg/K; TOut is the temperature of cooling liquid at the output, K;
TIn is the temperature of cooling liquid at the input, K.
As it follows from the results of the calculations, fluid cooling
maintains the temperature of the radiating cover plate at the level
of 40…45oC. The application of fluid cooling of the radiating
cover plate of the piezoelectric transducer and the waveguide
provides establishing of stationary temperature mode in 1000
seconds. At such mode the piezoceramic rings are heated up to
the temperature of no more than 80 oC.
In practice providing of specified temperature mode of the
vibrating system water consumption is set in a following way,
that the temperature of cooling fluid at the output from the
thermal cutoff unit does not exceed 60 oC.
Thus carried out calculations allow determine, that cooling of
the ultrasonic vibrating system with the disk radiator for
providing of required temperature mode should be assured by
water (with the temperature of no more than 60 degrees
Centigrade) with the consumption of no less than 12…15 l/hour.
III. RESULTS OF THE EXPERIMENTS
Study of the Distribution of Vibration Amplitude of the
Disk Radiator Surface
Further researches were aimed at the determination of the disk
radiator parameters. At the first stage vibration amplitude on the
surface of the disk radiator was measured for the comparison
with the results of the theoretical calculations.
For the study of distribution of vibration amplitude on the disk
surface two diametral straight lines were drawn, on which
studied points and vibration naught were marked. Fig. 5 shows
the scheme of the point numeration, on which measurements and
distribution of vibration amplitude in studied points were carried
out.

Fig. 4. Result of thermal calculation of the ultrasonic vibrating system with fluid
cooling.

As a result of the calculations it was determined, that heating
of the disk radiator, the concentrator and half of waveguide (up
to fixing belt) due to the influence of heated gas on it is
equivalent to the heat source in the zone of fixing belt with the
power of 300 W. Thus, total heating or cooling liquid can be no
more than 550 W at the temperature of gases of 200 C. The
calculation of water consumption is defined by known
expression:

Qwtr 

P
,
c(TOut  TIn )

(1)

where Qwtr is the water consumption, kg/sec; P is the equivalent
heating power of the cooling liquid, W; c is the specific heat,

Fig. 5. Scheme of points numeration and amplitude values in studied points.

The measurements were carried out with the help of developed
test bench shown in Fig. 6 at the temperature of the radiator of
20 С. As a result of the measurement it was determined, that the
ratio of experimental values of vibration amplitudes on different
zones of the disk to vibration amplitude in its center varies with
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theoretical ones in no more than 10%. It proves the adequacy of
used model of vibrating solid.
Maximum level of acoustic pressure was observed at the
distance of 25 cm and was 158 dB.

The test bench consisted of cylinder operating chamber with
the diameter of 450 mm and height of 400 mm made of
noncombustible material, in which the ultrasonic vibrating
system with the heat exchanger was placed. The internal volume
of the chamber was heated by incandescent lamps. To reduce
heat losses the chamber was covered by thermal insulation
material inside. Water was used as a cooling fluid for the
ultrasonic vibrating system.
As it was heated by the electronic generator, control and
adjustment of the resonance frequency was automatically carried
out by the PLL system. Obtained dependence of the resonance
frequency on the temperature is shown in Fig. 8.

1 – travel indicator of watch-type (the scale interval is 1 micron);
2 –ultrasonic disk radiator; 3 –skids.
Fig. 6. Test bench for measurements of vibration amplitudes.

The estimation of influence of operating medium temperature
on the parameters of the ultrasonic radiator (resonance
frequency, level of acoustic pressure, consumed power and
distribution of vibration amplitude of the disk radiator surface)
during its operation was carried out on developed test bench (see
Fig. 7).
Fig. 8. Dependence of the resonance frequency of the ultrasonic vibrating system
on the temperature of the disk radiator.

As it is evident from the graph, the resonance frequency
decreases linearly with the temperature increase in the range
under study. At that the resonance frequency of all vibrating
system mainly depends only on the resonance frequency of the
disk radiator.
Study of temperature influence on the level of acoustic
pressure and vibration amplitude of the disk radiator
To determine dependences of the level of acoustic pressure on
the temperature the measurements were carried out at the
distance of 1 m from the disk radiator surface and at the distance
of (0.25 m). Obtained dependences are shown in Fig. 9.

1 – collar and cooling volume; 2 – cylinder sidewall;
3 – cover(removed); 4 – ultrasonic vibrating system with the disk radiator;
5 – indicator of watch type (removed); 6 – heating elements;
Fig. 7. Photo of the test bench for heating and measuring of vibration amplitude
of the disk radiator surface.

Fig. 9. Dependence of the level of acoustic pressure on the temperature of the
disk radiator (environment).
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The analysis of the dependences (see Fig. 9) allows determine,
that the level of acoustic pressure decreases with the temperature
increase that is caused by the reduction of density of heated gas.
At that temperature increase of the radiator causes insufficient
rise of vibration amplitude of the disk surface.
For determination of influence of the vibrating system
temperature on the distribution of vibration amplitude the
changes of vibration amplitude of the disk surface on four points
of the disk radiator according to the numeration scheme shown in
Figure 5 were measured. Obtained dependences of the vibration
amplitude of the disk radiator in specified points on the
temperature of the disk radiator are given in Fig. 10.

As it follows from the picture, consumed power decreases at
the rise of the radiator temperature. The main reason is in
reduction of damping degree of the disk radiator by gas at the
decrease of its density.
IV. CONCLUSION
As a result of studies the ultrasonic disk radiator was
developed for the development of high-intensity vibrations in
gaseous media having temperature of up to 170…200 С.
In studied range of the temperatures (20…200 С) the form of
vibrations of the disk radiator is not changed. Carried out
researches allow determine minimum water consumption
(12…15 kg/hour), which is required for cooling and providing of
continuous operation of developed ultrasonic vibrating system.
Experimental studies show, that increase of temperatures of
gas and radiator leads to the rise of vibration amplitude of the
disk radiator and fall of the level of acoustic pressure.
The reported study was supported by grant of the President of
Russian Federation No. MK-957.2014.8 «Development of
science and technical foundations of the efficiency increase of
natural and technogenic gas-dispersed systems destruction by
high-intensity ultrasonic oscillations».
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