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The article is devoted to computer modeling of the process of cavitation in liquid
mediums. The experimental researches of the regularities of the cavitation process was
conducted, dependences of changes in the parameters of the process efficiency on the
concentration of the solution and the frequency of vibration are shown. A solid— state model of
a laboratory vibration resonance electromagnetic cavitator in SolidWorks 2016 Educational
Edition softwar e system was created. Based on the modeling of the cavitation process, the main
hydrodynamic parameters are defined: temperatur e change, static pressure and flow velocity
in the laboratory chamber.
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KOMIT' FOTEPHE MOJIEJTFOBAHHS ITPOLIECY KABITAIIIT
B PIIKUX CEPEJOBHUIIIAX

© Isawyx O. C., 2018

Po3rnsiHyTo KOMII'I0TepHe MOJeTIOBAHHSA TNpolecy KaBiTamii y pinkux cepemroBHIaXx.
BukoHaHo excnepuMeHTANIbHI JOCTiIZKeHHs] 3aKOHOMIpHOCTel mpolnecy KaBiTauii MoeJbHUX
PO34YMHIB, HABeJEHO 3aJIe5KHOCTI 3MiHN MapaMeTpiB e()eKTUBHOCTI Mpouecy Bil KOHIeHTpauii
po3uMHy Ta 4yactoTH BiOpanii. CTBOpeHo TBepIOTIILHY MoAe]b Ja0opaTopHOro BiOpopeso-
HAHCHOTO €JIEKTPOMArHiTHOr0 KaBiratopa y mnporpamHomy kommekci SolidWorks 2016
Educational Edition. Ha ocHoBi MoaenoBaHHs mnpouecy KapiTalii BH3HAYE€HO OCHOBHi
rizpoaMHamMiyHi napaMeTpu: 3MiHy TeMIepaTypH, CTATHYHOI0 THCKY Ta HIBUAKOCTI MOTOKY Y
po6oyiii kamepi J1aGOpaTOPHOI YCTAHOBKH.

Kuio4ogi cjioBa: kaBiTailisi, KOMII' 0TepHE MOEJTIOBAHHS.

Introduction. Chemical technology in recent years widely uses cavitation processes for avariety of
purposes and at different scales. The cavitation process is based on the multi-pointlocal reduction in fluid
pressure  resulting from an increasein the flow rate, the passage of an acoustic wave of high intensity, or
for other reasons. When moving to a fluid in aregion with higher pressure, the cavitation bubbles immitate
, while isolating the shock wave [1-3].

Cavitation is the process of formation of cavitiesin drip fluids filled with gas, vapor or a mixture of t
hem (so-called cavitation bubbles or cavities) [4-6]. Bubbles of cavitation are formed in those places
where the liquid pressure reaches a certain critical value P, (for areal liquid P, is approximatdy equal tot
he pressure of saturated vapor of thisliquid at a given temperature). If the pressure drop occurs dueto large

local velocitiesin the fluid flow, then the cavitation is called hydrodynamic. The sharp collapse of the gen
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erated gas cavities creates a very sharp sudden increase in local pressure. The value of the pressuredrop in
such zones can reach several thousand atmospheres.

This process can be both positive and negative, so it is very important to establish a balance when m
aking engineering decisions and take into account the possible destructive effects of this process. However,

using this process in a positive way is quite effective.

Cavitation is arather complex physical process and arises only under certain conditions and can not
move through the flow. Therefore, prdiminary analysis and modeling of hydrodynamic systems can gretl
y simplify the process of designing devices and predict probable processes. Using computer simulation tool
sitispossibleto achieve and predict such individual processes, which are simply unrealistic to calculateu
nder the usual calculation. With the help of automated design and calculation systems, it is possible to signi
ficantly reduce the cost of creating technical and design documentation, reduce the time of engineering cal
culations and eliminate the possibility of human-factor errors.

Computer simulation brings to life the possibilities of design, devel opment and testing, which in real
conditions areimpossible. “Virtual” experiments can potentially be carried out several times, with the ease
of changing the parameters that are often impossiblein reality or costly. There are also many universal ph

ysical models that can be used to model entirely different objects.

However, it should be noted that computer simulation can not be an independent basis for detecting

new phenomena, because any discoveries of this type require experimental confirmation.
The purpose of the research was to analyse and research the technical features of the process of cavitation i
n liquid media; conducting experimental researches and setting process parameters; engineering analysis of
the results abtained using computer simulation tools in the SolidWorks 2016 Educational Edition software
suite.

The methodology of experimental research. The experiments were carried out using a laboratory
installation of an electromagnetic vibration cavitator (Figure 1) [7].

Fig. 1. Laboratory electromagnetic vibration cavitator:
1 — electromagnetic vibration drives; 2 —working chamber with three cavitation disks;
3 —liquid outlet pipe; 4 —liquid inlet pipe

The electromagnetic vibration cavitator operates on the principle of converting electric energy into
mechanical (vibration) by means of electromagnetic wires (Fig. 1). Vibrational oscillations are transmitted
to the cavitational chamber 2 by means of sockets connected to cavitation disks. Holes in cavitation disks
create a sharp drop in local pressure and a change in the temperature causing formation and a sharp
implosion of cavitation bubbles. Due to this, there is a continuous process of fluid cavitation, which flows
into the chamber through the inlet and comes out of the outlet.

The pipe 3 is used to remove fluid from the cavitational chamber volume and maintenance of the ap
paratus. For outlet mode, the outlet pipe 4sis used.

To cool the electromagnetic actuators, water is used which moves through the pipeline along the out
er contour of the casing, providing continuous heat transfer and removal of thermal energy. The device is
mounted on a pallet with a fixed mount that is on supports that are able to perceive the vibration energy.
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For the experiments, amodel mixture of isopropyl alcohol (IP) with water (Cp = 0.1-10° mol/l)
was used. The experiment duration was 1 hour. Sampling was done every 15 minutes. Studies were conduc
ted in stationary and flow modes, at variable concentration and frequency of vibration to choose the
optimal conditions for the simulation process.

Fig. 2. Cavitation disks inside the working chamber

For a flow mode, a solution of 21 liters has been loaded into a reservoir that was connected to the
pump to create a pressure in the system. The volume flow in the system was 11.4x10° m?/s. Then the
working chamber was sealed, and the inlet and outlet valves of the branch pipes for open mode were
opened.

Changes in model solutions were investigated by determining the chemical oxygen demand (COD)
according to the methodology described in [7].

Results and discussion. Research of cavitation in the stationary mode was carried out with a
constant concentration of solution Cjp = 0.1-10° mol/l and variable cavitation frequency. Results are
shownin Tablel.

Table 1
Results of researchesin the stationary mode
COD, mg/dm®
Frequency, Hz 1 sample 2 sample 3 sample 4 sample
30 25.8 23.8 22.2 20.6
35 24.5 23 18.6 17
40 215 195 17.8 16
45 18 175 15 15
50 18 17 16.1 145

The optimal frequency is considered to be 45 Hz because of with its further increase the data of the
analysis of chemical consumption of oxygen do not significantly change.

Researches in the flow mode were carried out at the optimal frequency of 45 Hz with a variable
concentration of the model solution (Table 2).

Table 2
Results of researchesin the flow mode
Concentration of the COD, mg/dm®
solution, mal/l 1 sample 2 sample 3 sample 4 sample
0,07-10° 279 20.1 10.8 10.2
0,1:10° 20.5 18.9 17.6 17
0,1310° 135 12.8 12 10.5
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For computer simulation we selected experimental datain flow mode for Cjp = 0.1:10°° mol/I.

To create a solid-state model, the measurement and removal of laboratory equipment
was performed and the equipment parts were simulated in real size (Fig. 3). The details were created using
the basic tools for creating solid objects in SolidWorks 2016 Educational Edition.

The simulation of the electromagnetic vibration cavitator was performed. Using the method of cregti
ng the “downup” collection with the alternate creation of all the details of the model and their further union,
using the geometric relationships between them. Thefirst stage of the implementation of the assembly was
the creation of amodel of the body of the working chamber. Only the model of the camera was created, sin

ce the modeling of the shell of engines does not have any analytical value. Parts were created according to
the recommendations [8, 9].

s i

Fig. 3. Details of the work chamber in SolidWorks 2016 Educational Edition:
a —the working chamber; b — support shaft; 3 — cavitation disk

After adding the support part to the assembly, cavitation disk mountings were also created directly in
the assembly itsdf, in order to simplify the process of formation of geometric interconnections. The assem
bly uses two such details.

After creating a solid-state model of the assembly, the model material and all the preparatory
properties for the start of the computer analysis were specified.

The assembly uses three details of the cavitation grids (Fig. 3). The holesin the grids were made usi
ng adual radial array to ensure accuracy in reducing the time spent on their execution.

For computer analysis, the SolidWorks 2016 Educational Edition software module SolidWorks 2016
Flow Simulation was used, which features an optimized simulation mechanism, high-quality display of
results, and ease of compilation of comprehensive reports [5].

® %

Fig. 4. SolidWorks 2016 Educational solid-state model — Fig. 5. The pressure change
complete assenble of the in the working chamber in SolidWorks 2016
working chamber with three cavitation disks Flow Smulation
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As a result of modeling of hydrodynamic processes in the cavitation chamber of the apparatus
results that are presented in graphical form were obtained. Changes in static pressure, temperature and flow
velocity are presented in Fig. 57 The simulation has been done according to the recommendations [9].

In the working chamber of the apparatus there is a smooth change in static pressure over the vertical
section (Fig. 5). Cavitation shifts have a slight effect on the total pressure gradient in the apparatus.

In Fig. 6 there is a sharp change in temperature in the cavitation zone, and a change in the
temperature gradient along the cavitation disks. This probably describes the active cavitation disturbances
at the point where the disks climb.
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Fig. 6. The temperature change in the working chamber in SolidWorks 2016 Flow Smulation

Computer analysis of the studied process also shows the change in the flow rate in the volume of the
working chamber of the laboratory plant (Figure 7).
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Fig. 7. The flow rate change in the working chamber in SolidWorks 2016 Flow Smulation

Conclusions. The study of the process of cavitation in liquid mediums has been carried out, using
methods of engineering analysis. A series of experiments was conducted using a laboratory installation of
an electromagnetic vibration cavitator. A solid-state model of a laboratory workstation camera has been
created using SolidWorks 2016 Educational Edition CAD tools and computer simulation based on it.

The obtained data requires additional analysis and study. However, the research of the cavitation
process by engineering analysis shows its own perspective [10]. Further study of the phenomenon of
cavitation in liquid mediums by computer simulation will help to predict optimal conditions in the created
apparatuses and processes which are carried out there.
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