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Cavitation is the phenomenon of the vapor, gas or vapor-gas bubbles appearance 

from nuclei under local low pressures impact with probable following their collapse. 

  For the first time humanity was faced with cavitation in the end of the XIX 

century, when testing high-speed ships [1,2] as with a purely negative phenomenon, 

which led to the erosive destruction of machine parts, noises and vibrations. Since the 

mid-twentieth century the direction of using the cavitation for processes of chemical 

technology  intensification got development. 

Cavitational technologies are widely used in many fields of chemical industry, 

particularly in the general chemical, food, petrochemical industries. The most 

common application of cavitation is intensifying the processes of fine mixing, 



dispersing, emulsification, absorption [2,3]. Also cavitation is used to intensify or 

even initiate chemical reactions [4]. 

Widespread use of cavitation in industry determines the necessity in further 

research of this phenomenon both from fundamental and from applied side. 

There are many constructions of devices for creating cavitation. Most part of 

them are designed for solving industrial purposes and has low suitability for 

researches. A much smaller part of devices for creating cavitation have laboratory, 

research purposes. Therefore, an actual task is to develop the research devices for 

creating cavitation, which would allow access to new actual information as about the 

process of cavitation, and about the efficiency of a cavitating element. 

Investigation of cavitation is a wide area of researches. Therefore, before the 

development of an apparatus the basic requirements and objectives that it must 

confirm should be determined. 

As the main objectives of the experimental cavitation apparatus development 

were selected: 

- carrying out large number of experiments with small labor input; 

- investigation the shapes and sizes of cavitation field; 

- the study of a wide range of cavitation nozzles. 

 

Based on the above objectives cavitation experimental apparatus is developed, 

the general view of which is presented in Fig. 1. 
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Fig. 1. General view of cavitation apparatus 

a – construction of apparatus; 1 – buffer tank; 2 – gear pump; 3 – valve; 4 

– manometer; 5 – pressure pipeline; 6 – cavitation nozzle; 7 – sensor; 8 – plate; 9 

– engine; 10 – distribution node; 11 - discharge pipeline; 12 – pressure 

compensator; b – apparatus photo. 

 

Apparatus (Fig. 1, a) works as follows. Fluid from the buffer tank 1 is sucked by 

gear pump 2, then under pressure, regulated by valve 3 and the measured by 

manometer 4, is fed through the pressure pipeline 5 to cavitation nozzle 6. In 

cavitation nozzle 6 fluid greatly accelerates and cavitational bubbles begin to grow 

there. After exiting the nozzle cavitational bubbles collapse and produce waves of 

pressure, which can be fixed by sensor 7. Then the liquid during some time locates in 

the buffer tank 1, is being mixed, and then re-enters to the gear pump 2 through the 

suction pipe. Thus is multiple processing of fluid is carried. 

Drive of apparatus is provided by an engine with capacity of 2.2 kW and a 

frequency of shaft rotation 25 s
-1

. Torsion movement from the engine is transmitted to 

the gear pump providing flow of fluid under pressure up to 2.5 MPa and volume flow 

3·10
-4

 m
3
/s. Fluid under pressure is fed to a distribution node 10. 

In the distribution node 10 liquid flow is divided between the pressure pipeline 5 

and the discharge pipeline 11 by the valve 3. Adjustable discharge of fluid is needed 

for smooth adjustment of pressure in the pressure pipeline and related with it fluid 

velocity. 

The pressure, created by the pump, is measured by manometer 4. Between the 

manometer and a distribution node an air pressure compensator 12 is placed. The 

necessity to place compensator is determined by the instability of liquid from gear 

pump supply, which leads to pressure oscillations in cavitation nozzle and also 

prevents fixing the shows of the manometer. 

System of sensor displacement is shown in Fig. 2 

 



 
 

Fig. 2. System of sensor displacement 

1 – outlet of pressure pipeline; 2 – cavitation nozzle; 3 – rod; 4 – guide 

bushing; 5 – screw-clamp; 6 – corps of sensor holder; 7 – vibroisolating 

pads; 8 – sensor; 9 – foot ring; 10 – cable of sensor.  

 

System of sensor displacement provides movability of sensor relative to the 

nozzle in the axial direction (axis l) in the range of 0 ÷ 80 mm and in the radial 

direction (axis r) in the range of 0 ÷ 60 mm. 

Sensor holder adapted to fix the sensor 8 based on piezoelectric element “ЦС-5” 

or similar. 

The signal from the sensor 8 (Fig. 2) through the cable 10 is transmitted to 

oscilloscope. 

The signal from the sensor (Fig. 3) may be written by digital oscilloscope 

BM8020, converted to digital form and transmitted to the computer. On the computer 

signal is visualized and stored in a file format «.dat» using program USB DiSco 3.14. 

 



 

 

Fig. 3. Scheme of sensor signal processing 

 

The following steps may be executed not directly during the experiments, but in 

any time after. Each oscillogram is rewrited to format «.txt». After that it is suitable 

for processing in mathematical package MathCad or another. 

 

Processing in MathCad is carried out in two stages: a complex processing of 

each oscillogram and analysis of all the experimental data with the construction of the 

necessary plots, performing the necessary calculations. 

Complex processing of signal oscillograms from the sensor includes: 

- standardization of signal (bringing the number of points in the oscillogram to 

1024); 

- vibrations, which are in advance nontypical for cavitation, impact rejection; 

- symmetrization of the oscillogram to the time axis; 

- determination of the signal intensity as a single number. 

 

Procedure of complex mathematical processing oscillogram is next. 

File with oscillogram in format «.txt» is imported to MathCad. The typical 

oscillogram of signal from the sensor before processing is shown in Fig. 4. 



 

 

Fig. 4. Typical oscillogram of signal before processing 

 

Fig. 4 shows that typical oscillogram contains oscillations of different 

frequencies. Cavitational oscillations have high frequencies (roughly from 1000 Hz) 

and period close to t. Besides cavitational oscillations there are other oscillations of a 

different nature (such as vibrations from unstable fluid supply from pump with period 

T) on oscillogram. For rejection the noncavitational oscillations Fourier transform is 

used. As the result of this transform the boundary between cavitation and other 

oscillations becomes clearly visible (Fig. 5). 

 

 

Fig. 5. A typical spectrum of the signal from the sensor 

 



Processed with Fourier transform oscillogram is to symmetrizized to horizontal 

axis (time axis). 

After processing the oscillogram using Fourier transform it becomes suitable for 

estimation the intensity of oscillations in the oscillogram. Estimation of cavitation 

oscillations in oscillogram of signal from the sensor is determined by three criteria: 

- the arithmetic mean of the ten largest maximums of oscillogram; 

- the arithmetic mean of the ten largest minimums of oscillogram; 

- the arithmetic mean deviation of the signal from zero. 

 

Thus after the complex processing oscillogram reduces to single value, which 

characterizes the signal from the sensor in current experiment. This value is used in 

the second part of the mathematical processing of the experimental data. 

It should be noted that the performance of all the complex processing of 

oscillogram is completely automated. Researcher only specify a file to import, and 

the program displays the calculated value of the sensor signal. This allows to, once 

setting a program, quickly perform a large number of oscillograms processing. The 

recommended number of points in plan of the experiment is about 125. When the 

number of points over several hundred, their processing becomes time-consuming, so 

that it is appropriate to use the modification of above program, designed for pack 

processing. In this case, the researcher processes multiple (12, 32, etc.) points 

simultaneously through which the time of processing the total number of experiments 

is significantly reduced and the recommended number of experiments can be 

increased even up to several thousand. 

So the presented cavitation apparatus allows to carry out as multifactorial 

studies of cavitation nozzle behavior and cavitation process in general. It is provided 

both by construction of apparatus and by automated method of processing the results 

of experiments. Besides apparatus has great productivity and is close to the industrial 

design, what reduces the scaling values in the transition from laboratory to industrial 

application. 
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