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Abstract. The work of the vortex cavitator is based on the phenomenon of acoustic cavitation. Due to the high-
speed collapse of steam-air cavities (cavitation cavities), a significant amount of useful energy is released in the
local volume of the liquid. This fact can be used, for example, for highly efficient heating, dispersion with
simultaneous disinfection of peat, manure, for presowing treatment of seeds and the implementation of many
other processes. The resonator of the vortex cavitator plays a significant part in the amount of energy realized in
the cavitation process. In the resonator body, the acoustic signal is amplified by the formation of a standing wave
(the amplitude and g-factor increase). It was established that the reflection of the acoustic wave in the resonator
body is not absolute due to the difference between the direct and reflected sound waves. The formation of a
standing wave is prevented by a different degree of reflection from the structural elements adjacent to the body,
which have different mass, stiffness and methods of attachment. This asymmetry of the resonator body at the
points, where it is connected to the cyclone and the return pipeline, reduces the efficiency of the installation
workflow. For the cavitator efficiency upgrading (increasing the amplitude of sound vibrations and the g-factor
of the oscillating circuit), it is proposed to replace the existing resonator of the device with an improved one,
with optimal geometric parameters for a more favorable behavior of the cavitation process. This event will
allow: to increase the level of released energy due to the increased value of the acoustic signal amplitude; to
reduce the consumption of energy input, with a constant output power of the installation, due to the reduced level
of attenuation of sound waves (increase the g-factor) in the resonator body.
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Introduction

At the Engineering Faculty of the Nizhny Novgorod State Agricultural Academy a number of
vortex and hydrodynamic cavitators were created [1] (Fig. 1), the application of which speeds up and
qualitatively improves technical processes (mixing, dispersion, coagulation, disinfection, etc.) (Fig. 2).
Also of interest is the effect of acoustic cavitation on biological objects [2]: rapid germination of grain
by treating it in the operating space of the device, pre-treatment of seed material, giving an increase to
a high germination and vigor of crops, accelerated development of plants when using water treated in
cavitator [3] and others.
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Fig. 1. Scheme of acoustic cavitation installation with a water-jacket (a) and its appearance (b):
1 —scroll cavitator (the vortex chamber); 2 — tangential nozzle; 3 — resonator; 4 — hydraulic pump;
5 —engine; 6 — water-jacket

Acoustic cavitation characterized by high efficiency of work performed, but the process of
converting hydraulic power into sound is not perfect. The transition percent of input of energy in
acoustic form does not exceed 10 [4]. This circumstance is sending to the search for measures to
improve the efficiency of this conversion.

DOI:10.22616/ERDev.2020.19.TF419 1633




ENGINEERING FOR RURAL DEVELOPMENT Jelgava, 20.-22.05.2020.

_ Areas of possible application VORTEX cavitators il {
Seed pre-treatment: Grinding organics:
- Improving and accelerating = Griending peat for: - preparation of
germination; fertilizers; separation of hymys
- Managing the growth of various components;

phases of development;
- Formation of a given structure of a

= Grain refinement: - in the baking
industry; for artificial milk;

plant; = Processing sapropel: = obtaining a i
- Managing the process and timing of homogeneous structure; isolation of |
sowing; useful components; {
- The ability of adapted seeding; - Grinding, disinfection and treatment

- Adapting of southern cultures to of manure.

northern areas;

- Watering by the VC-treated water; The processing of milk:

Disinfection and decontamination:
= In the water supply; |
- At recycling and disposal of waste;
= When washing the milking machinery. |

- Addition of micro elements; - Pasteurization;

- Handling difficult germinating seeds; - Homogenization; |
- Processing of fresh seeds for winter = Getting new dairy products. i
sowing. 1

| Processing of petroleum products:
- Diesel fuel;

- Working out.

| Heat:
= Heat and water disinfection (in

Mixing and dispersion:

- In the preparaticn of animal feed. e R
Condensation and coagulation: I Heating including technological
| processes.

- Dongh;

- Sapropel in the extraction.
SEroRS Use as a source of vibration in the

outer space.

ol TR 4‘

Obtaining and preparing emulsions.

e % .
it 3 YO e o

Fig. 2. Cavitation-acoustic technology

One of the methods for solving the problem of thermoacoustic energy conversion in a resonator is
the use of thermoacoustic power amplifiers. An example of such an amplifier is a differentially heated
regenerator installed near the velocity node of the resonator [5]. However, this method involves a
significant complication of the device design and additional energy consumption for its workflow.

The most straightforward way of reducing the unnecessary cost of power is creating the right (that
is, the required parameters: amplitude, intensity, frequency) acoustic field inside the working volume
and reducing the loss of sound energy.

Materials and methods

The resonator provides most of the energy in the cavitation process, due to the formation of a
standing wave of the acoustic signal, created by the vortex chamber (the amplitude and quality factor
of sound vibrations increases).

The quality factor is a measure of the relative dissipation of energy, that is, the ratio of the energy
stored in the oscillatory system to the energy lost by the system in one period of oscillation [6; 7]. Its
value is inversely proportional to the damping decrement:

1 w,
=—= ) (1)
¢ D 2«
where D — damping rate of the oscillations of the system;

o — natural frequency of the system; Hz;
o — attenuation coefficient.

The sound signal processing, when determining the quality factor, was carried out using the
SpectraPLUS 5.0 software (Fig. 3), which is necessary to calculate the relaxation time of the pipe
sound vibrations (7), and then the attenuation coefficient (2):

oa=—, ()

where 7 - relaxation time (the damping of sound vibrations) of oscillating circuit; sec.

The measurements of the frequency response of the resonators were carried out with triplicate.
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Fig. 3. SpectraPLUS 5.0 program window

Results and discussion

A negative feature of the workflow is that it contains the additional sources of vibration: engine,
pump and also single elements of the construction. These objects emit elastic vibrations of different
frequencies and amplitudes. In the end, on the generated waves are superimposed external
disturbances, reducing the efficiency of acoustic cavitation, as a result, except the useful range (1-
3 kHz) generated by a wide range of frequencies spending additional energy (Fig. 4) [8].
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Fig. 4. Frequency response sound vibrations generated by the installation

On the other hand, the elastic waves, which are specially produced in the vortex chamber, should
be in the body of the resonator on its ending reflect not absolute but a loss, because this part of the
elastic energy is distributed to the adjacent metal structures due to their direct contact [9]. As a result,
the amplitude of elastic vibrations produced becomes much lower than the expected values, and the
values of their frequencies are in a state of drift, because the process of reflection takes the
probabilistic nature. In this case, the input energy is dispersed in hard links in contact with the body
and adjacent structures.

These negative effects can be mitigated to an extent by installing the rubber damping spacers
(bushings) between the adjacent structural elements (Fig. 5).

Fig. 5. Vibration-absorbing rubber insert
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This fact is confirmed by the data obtained in the experiment on the measurement of amplitude-
frequency characteristics (hereinafter AFC) of the resonator in three states: no contact with adjacent
elements (on the suspension), the contact of the resonator with a solid surface and the break hard

contact with the rubber strips (Table 1).

Table 1
Results of the AFC
Frequency (f; Hz) and amplitude (A ; cond. DB)*
No. of frequency Floor Suspension Rubber
f A f A f A

1 838.1 -33.0 | 838.0 |-23.2 | 838.1 -19.8

2 1060.8 | -42.4 | 1060.6 | -33.7 | 1072.3 | -19.6
* — conditional value (scale of amplitudes is not calibrated in decibels — specific software package

SpectraPLUS 5.0)

From the analysis of the results of the frequency response, it follows that at the same frequency of
sound waves, and the first and second mode, the amplitude value of the signal maximum for the latter
case, that is, when used as damping elements, rubber seals (Fig. 6, 7).
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Fig. 6. AFC of a pipe resonator in contact with the rubber gasket
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Fig. 7. Amplitude of the acoustic oscillations of the resonator type
in contact with its material

A similar question was considered in the study on acoustic performance of a water muffler for the
gear pump [10]. Simulation results and experimental results show that the rubber tube with a
compliant wall substantially contributes to the reduction of the noise generated by the gear pump,
where there are acoustic noises, too.

Thus, in the installation of vibration-absorbing bushings in months-tick the connection of the
resonator with the pump and return pipe allows to isolate the resonator housing from the frame of the
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oscillating system that eliminates the transmission, exposure to vibration from power plants, as well as
care of the useful signal in the frame part.

The asymmetric conditions of the neighborhood of the resonator in the places of its connection to
the cochlea and the return pipeline also significantly affect the characteristics of the produced standing
wave. Moreover, the standing wave may not take place, because the different degree of reflection from
adjacent the housing of structural elements having a different mass, stiffness, method of fixation,
causes differences between the direct and reflected waves [11]. That is, between ways of fixing the
housing on its length, diameter, wall thickness, its material properties and operating fluid should meet
the following condition for the formation and subsequent maintenance of the standing wave.

During the experiments, were investigated in resonators:

e with different conditions of reflection — measuring the resonator (material — steel) by
increasing the mass of flanges (Fig. 8), changing fluid density;

K | T
0. Pipe without flanges | 1. Single flange 2. Two flanges J

il il ki

ﬁ

¢ made of different material (steel, cast iron, stainless steel, aluminum, copper);
e different geometry design (material — steel) (Fig. 9)
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Fig. 9. Performance resonator: a — with a longitudinal slit along the entire length of the pipe;
b — with a longitudinal slit to ¥2 the length of the pipe; ¢ — with perforation;
d — different cross-sections, etc.
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Fig. 8. Test samples of resonators

On these characteristics experimentally are set the following patterns:

1. The natural frequency of the resonator varies depending on the length of the pipe, diameter, wall
thickness and density of the fill to the working environment, but it does not depend on the size
and design of the neighbouring subassemblies — flange (Fig. 10) (in the figure indicated as
“Mass with flanges”).
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Fig. 10. Dependence of the frequency vibration of the resonator: a — density of the medium that
fills interior space; b — mass attached to the pipe flanges
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Thus, the acoustic characteristics of the resonator with the air are much above similar
characteristics of oil and water.

2. The magnitude of the amplitude is influenced by:

e first, the conditions of reflection of the sound wave to the sample tube resonator without
flanges (Fig. 11) (position 0) and with one inner flange (position 1), the amplitude minimum,
and the sample No 2 with 2 flanges, as best reflected signal, respectively, the maximum
amplitude;

e secondly, the asymmetry of the boundary conditions: with the increase added to one of the
flanges of the mass, there is a tendency to decrease the amplitude.

However, during the filling of the resonator with a liquid (water, oil), the increase in the mass of
the flanges, even when increasing asymmetry of the system (pipe resonator with flanges (Fig. 8)),
provides the most reflect amounts ability.

3. At factor of quality, i.e. the measure of the relative energy dissipation of the sound wave, there
is a similar situation: the minimal of this quantity for a bad reflection conditions (Fig. 12) (pipe No. O,
1) and the suboptimal mass (No. 4 and then with increasing mass).
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Fig. 11. Amplitude of the sound vibrations of Fig. 12. Dependence of the quality factor sound
the resonator from add to its flange mass vibrations of the resonator from
add to its flange mass

Another important factor is the vibration quality of the case material, that is, its clinging
properties. So, when manufacturing the body of material with viscous properties (e.g. lead), it would
have a greater amount of decrement of attenuation, that is, the elastic force, when the oscillations are
largely suppressed by the internal and external friction. Therefore, in this case, if any, we will not have
a standing wave or for its maintenance we will need to spend a significant amount of energy.

In the manufacture of the housing from a material with ringing properties (e.g. bronze) it will
have a smaller value of the damping factor (a big q-factor), therefore, to maintain the standing wave
there needs to be less amount of input energy, either at the same level, the amplitude will be of great
value. Similar processes take place in the bell in the Navy, Church bells, etc. [12].

From the analyzed variants of the resonator material: steel, stainless steel, aluminium, copper, cast
iron, the best option to get a more powerful acoustic signal is a resonator made from steel (Table 2).

Table 2
Results of the measurements of the quality factor (Q)
resonators made of different materials

Material Q
Steel 1467.9
Stainless steel | 1371.9
Aluminium 1259.1
Copper 1113.7
Cast iron 563.2

In addition, the material production has a significant effect on the AFC of the resonator given by
its geometrical parameters. This fact is confirmed by the results of an experiment comparing acoustic
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characteristics of the buildings of the resonator with a longitudinal slit, with ¥ of the slit and without
slit (Fig. 9) (Table 3).
Table 3

Results of the frequency response
steel resonators various geometric performance

Body of resonator ol Al* | 1 Q
342 | 7.4 | 2373.7

Steel — without an slit 31-13.6 | 4.0 | 1698.7

-28.8 | 4.8 1 719.2

* A1 — the amplitude of the first frequency; cond. DB

From the analysis of the data shown in the table, it follows that the magnitude of the frequency
and amplitude of the acoustic signal the best example is the one-piece body of the resonator (without
slit) with maximum settings: 843 Hz. and -13.6 cond. DB. However, the most important parameter for
reducing the energy intensity of the resonator, and in the general device it is the value of the g-factor
of the oscillating system, so, than its value is bigger, then less the energy loss in the system over one
oscillation (formula 1). [6]

Evaluating this parameter (Q) revealed that the best acoustic characteristics of a resonator with a
complete longitudinal slit having the maximum value of ¢ — 2 347 units, but the smallest value of the
amplitude — -34.2 cond. DB.

Thus, the quality of the oscillating system cannot be assessed only by the values of the frequency
(o) and amplitude (A). An important parameter is the value of the quality factor (Q), which is as
many times more, how much more the decay time of the sound vibrations of the system (1) (Fig. 13).
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Fig. 13. Damped harmonic first mode of resonators: a — 2 of the pipe slit;
b — with full longitudinal slit; ¢ — without slit

This circumstance opens a wide range of possible options for structural changes of the resonator
of the prototype devices having improved amplitude-frequency characteristics and reduced power
consumption. The application of the best of these options will significantly reduce energy and resource
consumption at constant quality with the help of the cavitator works.

Conclusions

1. Itis appropriate to separate the resonator from the cavitator vibration eliminator.

2. The resonator should be performed in a tube with flanges, the amplitude and g-factor increase.

3. The mass of the flange and the ratio of their masses determine the maximum value of the
amplitude and quality factor.

4. The fluid dynamic characteristics of the resonator are very different from the characteristics of the
air frequency, amplitude and g-factor fall.

5. The implementation of the resonator of materials having “ringing” properties, opens up a whole
direction of development of the device — search and creation of new ringing materials in the water

for the manufacture of shells.
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