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Abstract. Nowadays humanity faces an increasing problem of fresh water, the resource of which is
rapidly declining because of anthropogenic activity. In this regard, the development of methods and
means of purification of natural waters from various impurities, both solid and gaseous, becomes
a priority. Steam extraction from the supercavitation cavity for its subsequent condensation is an
obvious method of water desalination and has a number of undeniable advantages. However, numerous
attempts to implement a method of cavitation desalination of water using large-scale setups have not
been successful yet. The purpose of this study is to obtain experimental dependence between the
temperature and flow velocity of the desalinated liquid, the pressure in the cavity and its size, the
geometry of the streamlined body and the volume of steam taken from the cavity in the prototype of a
supercavitation desalination plant. Analyzing obtained data made it possible to show a sharp difference
between gas and steam cavitation, the performance of the experimental setup in the desalination mode
has been determined. It was concluded that the steam velocity in the condensate extraction pipeline is a
factor limiting the condensate output. Based on the data obtained, specific design criteria for industrial
supercavitation desalination plants were determined.

Keywords: supercavitation desalination plant, cavity hydrodynamics, cavitation experimental setup,
degree of steam dryness.
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AnHoTtanus. YenoBeuecTBO B HacTosiliee BpeMsi Bce Ooljiee OCTPO HYI)KIAaeTcss B MPECHOH Boje,
pecypc KOTOpoil B pe3yibTaTe aHTPOIOI'€HHOM AEATEIbHOCTH CTPEMUTEIBHO COKpalaercsa. B atoii
CBSI3U CTAHOBSTCS NMPUOPUTETHBIMU pPa3pabOTKH METOJOB M CPEICTB OYUCTKH IPUPOIHBIX BOJ
OT Pa3JIMYHBIX IPUMECEH, KaK TBEPABIX, TaK U Tra3000pa3ubIx. OTOOp mapa u3 cynepkaBUTALHOHHOM
KaBEepPHBI JI €ro MOCHeAYIOmel KOHACHCAIINH SIBISETCS OUYEBUIHBIM METOIOM ONPECHEHHUS BOABI
U MMEET LEIBIA PsI/i HEOCIIOPUMBIX JOCTOMHCTB. OIHAKO MHOTOYHCIICHHBIC MOMBITKH PEaln30BaTh
CIoco0 KaBHTALMOHHOIO ONPECHEHHs BOJbI C IOMOLIBIO KPYNHOMACHITAOHBIX YCTAHOBOK IIOKa
HE YBEHUAJHUCh ycrmexoM. lledp HACTOAIIEr0 HCCIENOBAaHUS — MOJIYUYHUTh SKCHEPHMEHTAJIbHBIC
3aBUCHUMOCTH MEXIy TEMIEepaTypoi M CKOPOCTBIO TEUCHHS OINPECHSIEMOH >KUIKOCTH, JaBICHHUEM
B KaBEepHE U €€ pa3MepoM, TeOMeTpHeil 00TeKaeMoro Tejia 1 00beMOM OTOMPAEMOr0 U3 KaBEPHBI 1apa
B IPOTOTHUIIE CyNEPKaBUTAIIMOHHOTO ONPEeCHUTEN. B Xoe aHaIM3a NOIyUYEHHBIX JAHHBIX TOKAa3aHO
YETKOE pa3jIM4uMe MEXJYy Ta30BOM M MapoBOM KaBUTALMEH, OIpenesieHa MPOU3BOAUTEIILHOCTD
paboThl KCHEPUMEHTAIBHOW YCTAHOBKM B PEKMME ONPECHEHHS. YCTaHOBJIEHO, 4TO (DaKTOpOM,
JIMMUTHUPYIOIUM BBIXOJ] KOHJIEHCaTa, SIBISETCS CKOPOCTh I1apa B TpyOONpoBoje ero orodopa.
Ha ocHOBaHMM NOJyYEHHBIX JaHHBIX ONPEACICHBl KOHKPETHBIE KPUTEPHUH IPOCKTUPOBAHUS
MPOMBIIIIJICHHBIX CYNEePKaBUTAI[HOHHBIX ONTPECHUTEIIEH.

KuaroueBnble ciioBa: CyHGpKaBI/ITaLII/IOHHHﬁ OIMMPECHUTCIIb, THAPOANHAMUKA KaBCPHbI, KABUTALITMOHHAA
OKCIICPUMCHTAJIbHAA YCTaHOBKA, CTCIICHL CYXOCTH I1apa.
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Highlights

* Steam extraction from the cavitation cavity is possible for desalination

*  The intensity of thermohydrodynamic cavitation is determined by the saturated vapor pressure
* The degree of steam dryness from the cavitation cavity decreases with increasing temperature
* The speed of the steam extraction process is proportional to the speed of sound in it

o The rate of steam extraction is a limiting factor in the performance of a supercavitation

desalination plant

1. Introduction

The importance of pure water for a person is difficult to overestimate. Unfortunately, the supply
of drinkable pure water is decreasing everywhere. Large industrial enterprises continue to discharge
industrial water into natural reservoirs, the quality of wastewater treatment of various origins also
leaves much to be desired. The problem is getting worse by the strong uneven distribution of water
resources. In many countries, there is already a serious shortage of not only pure drinking water, but
also fresh water in general [1]. Water supply problems are relevant for regions where there is a shortage
of water or water with a high salt content is used. Modern desalination plants prepare water for the
normal operation of life support systems, production needs; they are used in shipping and power plants.
Desalination plants also purify wastewater from pollution, bringing its indicators up to standard. That
is why technologies for obtaining fresh water are developing so rapidly. While the importance of water
sources is underestimated in many parts of the world, water scarcity can pose significant challenges
to sustainable development, which can contribute to political and social instability, environmental
disasters, harm human health, as well as serve as a serious obstacle to economic development [2].

Desalination is carried out by methods based on various physical and chemical principles:
distillation, reverse osmosis, electrodialysis, freezing, thermal desalination and ion exchange. The
listed technologies have their advantages and disadvantages (deposits on the surfaces of heat exchange,
membranes, high specific energy costs, environmental hazards, etc.). The choice of the method and
technology of water desalination depends on the requirements for water quality and salinity, as well as
technical and economic indicators. The variety of tasks and required salt compositions make it difficult
to choose any one universal method.

In this regard, the issue of modernization of existing and development of new desalination plants
is very relevant. Separately, there are cavitation technologies currently being developed [3-27], which
are easy to implement and energy efficient. In contrast to common methods, the evaporation process
in supercavitation-type apparatuses (SC-apparatuses), which can be both flow-through and rotary, is
carried out by creating a developed cavitation flow when the cavitator flows around, followed by steam
extraction from the formed cavity.

The use of cavitation effects in the desalination plant for the extraction of steam from the cavity of
the cavity has a number of undeniable advantages. They are high intensity of the processes occurring,
the absence of surfaces in the vaporization zone on which salt deposition can occur, and, consequently,
the ability to work without preliminary water treatment, the compactness of the installation, high
efficiency, etc.

The tasks of developing flow-through SC devices were solved in [10], where the author studies,

proves the possibility of using advanced cavitation modes to intensify the processes of heating,
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degassing and evaporation of liquids, due to experimental and analytical studies. Much attention is
paid to the dependence of the mode thermohydrodynamic characteristics of the flow and geometric
parameters of the supercavitation apparatus on the evaporation rate into the cavity. A scheme of a
cavitation multi-stage setup for water distillation is proposed as well as a design scheme of a device for
water desalination, where corona discharges and pulsations of the evaporated liquid flow are used to
intensify the modes of cavitation evaporation. The described works were carried out quite a long time
ago, did not have the necessary completeness and therefore cannot be used for direct comparison with
the results described in this article. Ideas proposed by V.M. Ivchenko, V. A. Kulagin, A.F. Nemchin
and A.S. Machinsky [3, 10] were developed in the dissertation of T. A. Pjanykh [13]. Here, on the basis
of mathematical modeling of heat and mass transfer and hydrodynamic processes in a flowing SC
evaporator, results were obtained that allow us to assess the influence of control actions (concentration
of impurities; degree of flow constraint; amount of steam taken from the cavity; velocity, density and
temperature of the flow) on water treatment modes. The proposed method of calculation of cavitation
evaporators makes it possible to determine the rational operating and design parameters of single- and
multi-stage evaporation plants of supercavitating type at the stage of their design.

Significant progress in the implementation of the principle of cavitation desalination of water is
associated with the development of computing technologies [4, 5, 20, 23]. In the works from different
periods [6, 11, 12, 14, 16—18, 22, 26] the results of numerical simulation of rotary SC evaporators
(RSCE) are presented. Steam extraction in this setup is organized through holes located in the rear
of the rotating impeller. The development of research in the direction of improving the processes of
thermal desalination by means of a rotary evaporator can be found in the later work of the authors [9].
This article presents the results of numerical simulation of supercavitation flows in a rotary cavitator
with an optimized impeller shape. In addition to numerical studies of supercavitation flows at different
rotational speeds and different sampling pressures, the effect of steam extraction on hydrodynamic
characteristics and desalination performance was considered. The results described by the authors are
very encouraging, but the degree of desalination obtained during the experiments is still insufficient
for using such a device in practice.

The process of steam extraction in order to obtain conditioned industrial water and drinking
quality water is not the only task of cavitation technology. The most important problem of our time is
the treatment of industrial and domestic wastewater [28—37].

Despite the positive prospects for the use of computing technologies in the design work of the
production of SC evaporators, it turns out to be impossible to do without solving the problems of physical
modeling of supercavitation flows and corresponding experimental work on fine-tuning real designs of
evaporation plants and systems [38]. In this regard, the Russian-Chinese International Laboratory of
Cavitation Technologies of Siberian Federal University is systematically working on the development of
experimental techniquesinthefield of supercavitationflows based onaprototype ofthe flow-through stage
SC-evaporator [39-44].

In this paper, we have attempted to establish a connection between the hydrodynamic parameters
of the flow and the thermodynamic parameters of the selected steam, thereby demonstrating
the effectiveness of the supercavitation evaporator and proposing a new approach to the design of
desalination plants based on steam extraction from the cavitation supercavity clearly.

As the main tasks, set in terms of our research, the following were chosen:
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* demonstration of the fundamental possibility of using cavitation as a phenomenon to create
an effective desalination plant;

* determination of factors affecting the maximum performance of the cavitation desalination
plant;

« setting the parameters of the cavitator flow, allowing the maximum amount of steam to be
taken from the cavity.

2. Materials and methods

In terms of carrying out the described works, the previously used hydrodynamic setup [39, 40]
underwent significant changes, in particular, the length of the working section was increased from 170
to 450 mm (Fig. 1, 2).

To control the temperature of the experiment, the setup was supplemented with a heating element
installed directly in the flow, with a power of 9 kW with a thermostat. To condensate extraction, the
installation is supplemented with a plate heat exchanger with a heat exchange area of 0.5 m?. The
condensate collection tank is additionally evacuated by a single-stage rotary vacuum pump Zensen
ZSJ-2S. The general schematic diagram of the experimental stand is shown in Fig. 3. The appearance
of the entire experimental stand is shown in Fig. 4.

The experiment was constructed as follows: tap water was supplied to the setup, air was removed

from the setup through air valves. The speed in the circulation circuit was regulated by a valve after the

Fig. 1. Used hydrodynamic circulation circuit

Fig. 2. Working area
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Fig. 3. Schematic diagram of the experimental stand

Fig. 4. General view of the experimental stand: a — evaporation circuit; b — condensation circuit

pump, the maximum temperature was set on the thermostat of the electric heater. After the length of
the cavity reached its maximum as a result of the temperature increase, the vacuum pump was turned
on and the condensate collection line was opened.

During the experiment, the following parameters were recorded:

— water flow in the installation and cooling water flow through the heat exchanger;

— flow temperatures, steam at the inlet to the heat exchanger, condensate, cooling water at the
inlet and outlet of the heat exchanger;

— pressure in front of the working area, in the cavity, at the entrance to the confuser, after the
receiver, in the condensate collection tank;

— the length of the cavity;

— the volume of condensate.

In terms of described work, two series of experiments were conducted: with the flow of cones with

a diameter of 15.5 mm and 27.75 mm.
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3. Results

According to velocity and temperature of the flow, the cone flow took place in the mode from the
flow of a continuous liquid to the formation of a supercavern up to 400 mm long. Photos of the cavern

of different lengths are shown in Fig. 5

b)

Fig. 5. An example of the geometry of a cavern when flowing around a cone with a diameter of 15.45: a — the
length of the cavern is 30 mm; b — the length of the cavern is 220 mm

During the measurements, the following graphs were generated: the dependence of the pressure
in the cavity on temperature for different velocities (Fig. 6), the length of the cavity on temperature

(Fig. 7) and the flow velocity on temperature (Fig. 8).

4. Discussion

The obtained data allow us to analyze the nature of the cavitation flow. Using the dependence
of saturation pressure on temperature, it is possible to divide the mode of cavitation flow into steam
cavitation, when the pressure in the cavity is equal to the pressure of saturated steam at the temperature
in the flow, and steam-gas, when the pressure in the cavity is less than the pressure of saturated steam.
The transition to steam cavitation is clearly visible in Fig. 6 and corresponds to the inflection point
of the presented dependencies, which quite accurately correspond to the saturation line shown on the
graphs. The data obtained in this way are transferred to the graphs in Fig. 7 and 8.

The obtained data on the amount of collected condensate (Fig. 9) allowed us to determine the
steam velocity. Figure 10 shows the steam velocities through steam pipelines with a cross section of
3 and 5 mm. The resulting velocities are perfectly approximated with the speed of sound at the same
temperatures. The lower steam velocity (approximately 4.5 times) is explained by the local and linear

hydraulic resistances of the steam main.
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Fig. 6. Dependence of cavity pressure on temperature: ¢ — a cone with a diameter of 15.45 mm, b — a cone with a
diameter of 27.75 mm. Markers with more intense coloring correspond to a higher flow rate. Red line — saturated
vapor pressure (reference data)
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conditional boundary between the gas (bottom) and steam (top) stages of cavitation
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Fig. 11. Scheme of desalination plant with cavitation condensation and heat recovery

5. Conclusion

Each of the lines shown in Fig. 6, illustrating the dependence of pressure in the cavity on
temperature, can be divided into a part corresponding to the stages of gas and steam cavitation: when
the saturation parameters are reached, the slope of the curve changes dramatically.

The conducted research has clearly shown that hydrodynamic cavitation can be considered as a
phenomenon with great potential for use in the design of an effective desalination plant. Figure 11 shows
one of the possible schematic diagrams of such an installation. The authors suggest that in addition
to the cavitation steam generator, it is possible to use cavitation, including for steam condensation.
The diagram shows two circuits: evaporative and condensing. The heat of vaporization chosen in the
evaporation circuit can be returned from the condensation circuit by the recovery system.

Supercavitation has been a topic of interest globally owing to its diverse applications such as
torpedo, underwater transport, wastewater treatment, and desalination. The supercavity dimensions
decide the amount of vapor generated and is of vital importance in the desalination of water [45]. The
temperature of the liquid plays an important role in the supercavity geometry, accordingly, studies are
conducted on supercavity properties at various operational liquid temperatures. The simulations are
conducted using ANSYS Fluent [46] at fixed cavitation number and operational liquid temperature in
the range of 22-50 °C. The working fluid employed is water as the experimental study mentioned. The
results show that the increase in temperature is associated with an increase in the vapor generation
rate. It is observed that on increasing the liquid temperature the supercavity maximum diameter and
half-length also increases. As compared to the liquid temperature of 22 °C, an increase of 53 % in

supercavity diameter was observed at 50 °C.



Journal of Siberian Federal University. Engineering & Technologies 2023 16(1): 6-21

References

[1] Kulagin V.A., Ivchenko O.A., Kulagina L.V. Current trends of membrane technology
development [J], J. Sib. Fed. Univ. Eng. technol. 10(1) (2017) 24-35. DOI: 10.17516/1999-494X-2017—
10—1-24-35 (in Russian).

[2] Likhachev D.S., Li F.C., Large-scale water desalination methods: a review and new
perspectives [J], Desalin. Water Treat. 51 (13—-15) (2013) 2836—2849.

[3] Ivchenko V.M., Kulagin V.A. and Nemchin A.F., Cavitation Technology, Ed. by
G. V. Logvinovich [M], Izd. KGU, Krasnoyarsk (1990). 200 p. (in Russian).

[4] Demidenko N.D., Kulagin V. A. and Shokin Yu.l. Modeling and Calculating the Technology
of Distributed Systems [M], (Nauka, Novosibirsk, 2012) (in Russian).

[5]. Demidenko N. D, Kulagin V.A., Shokin Yu. I. and Li F. Ch. Heat—Mass Exchange and
Supercavitation [M], (Nauka, Novosibirsk, 2015) (in Russian).

[6] Likhachev D.S., Li F.C., Kulagin V.A. Experimental study of thermohydrodynamic
characteristics of a rotational supercavitating evaporator for desalination [J], Science China
Technological Sciences. 2014. Vol. 57. Ne 11. 2115-2130. DOI: 10.1007/s11431-014-5631-0.

[7] Kulagin V. A., Sapoghnikova E.S., Stebeleva O.P., Kashkina L. V., Zhi-Ying Zheng, Qian Li,
Feng-Chen Li, Features of influence of cavitation effects on the physicochemical properties of water
and wastewater [J], J. Sib. Fed. Univ. Eng. technol. 2014, 7(5). 605—614.

[8] Kulagin V. A., Pyanikh T. A. Evolution of Supercavitation Evaporator Taking into Account the
Thermodynamic Effects [J], Chemical and Petroleum engineering. 2013, vol. 49, Ne 3—4, 127-130.

[9] Zheng Z.-Y, Li Q, Wang L, Yao L-M, Cai W-H, Kulagin V A, LiH and Li F.-C (2019) Numerical
study on the effect of steam extraction on hydrodynamic characteristics of rotational supercavitating
evaporator for desalination [J], Desalination 455, 1-18; doi.org/10.1016/j.desal.2018.12.012.

[10] Machinski A.S. Hydrodynamics and Thermal Transfer Characteristics of Supercavitating
Evaporators for Water Desalination [D], Russian State Library, Moscow, 1984, 1-285 (PhD Thesis)
(in Russian).

[11] Zheng Z.Y., Li F.C., Li Q. Numerical study on the characteristics of natural supercavitation
by planar symmetric wedge-shaped cavitators for rotational supercavitating evaporator [J], Science
China Technol. Sci. 58(6) (2015) 1072—1083.

[12] Likhachev D.S. Study on the Hydrodynamic Characteristics of Rotational Supercavitating
Evaporator [D], Harbin Institute of Technology, Harbin, 2013 (PhD thesis).

[13] P'yanykh T. A. Improving the efficiency of supercavitation evaporators [D], Krasnoyarsk Sib.
Feder. Un-t, 2013 (PhD thesis) (in Russian).

[14] Zheng Zhiying, Li Qian, Li Feng-Chen, Kulagin V A, Numerical study on parameter selection
for steam extraction of rotational supercavitating evaporator [J], Journal of University of Chinese
Academy of Sciences, 2016, 33(2): 247-252. Doi: 10.7523/j.issn.2095—-6134.2016.02.016 (in Chinese).

[15] Kulagin V.A., P'yanykh T.A. Modeling of processes in supercavitation evaporator with
consideration of thermodynamic effects [J], Chemical and Petroleum Engineering. 50 (1-2) (2014) 24-29.

[16] Kulagin V. A., Vil'chenko A.P., Kulagina T. A. Modeling of two-phase supercavitation flows
[M]; Ed. V.1. Bykov, CPI KSTU Publ., Krasnoyarsk (2001) 187 p. (in Russian).

[17] Kulagin V. A. Numerical study supercavitating of the pump [J], J. Sib. Fed. Univ. Eng. Technol.
2015 8(5). 317-323; DOI: 10.17516/1999-494X-2015-8-5-669—-674;



Journal of Siberian Federal University. Engineering & Technologies 2023 16(1): 6-21

[18] Kulagin V. A. Methods and means of technological processing of multicomponent media
using cavitation effects [D]. Diss. ... Dr. tech. sciences. KSTU Krasnoyarsk, (2004) 406 p. (in Russian).

[19] Kulagina L.V., Yenutina T. and Kirillova I. Increasing the energy efficiency and
environmental safety of the operation of small-volume furnaces by adding a water-fuel mixture and
organic components [J], E 3S Web of Conferences 295, 02002 (2021), (WFSDI 2021); doi.org/10.1051/
e3sconf/202129502002.

[20] Kulagina L. V. Parametric description of the phenomena of boiling and cavitation [J], J. Sib.
Fed. Univ. Eng. technol. 2018.11(5). 578-583. DOI: 10.17516/1999-494X-0056 (in Russian).

[21] Dzhundubaev A.K., Sultanaliev M.S., Murko V.I., Kulagina L.V., Baranova M.P. Flow
regimes of fuel water-coal suspensions in the channels of spraying devices [J], J. Sib. Fed. Univ. Eng.
technol. 2018, 11(2), 242-249. DOI: 10.17516/1999-494X-0027 (in Russian).

[22] Yu-Ke Li, Zhi-Ying Zheng, Feng-Chen Li, Kulagina L.V. Numerical study on secondary
flows of viscoelastic fluids in straight ducts: Origin analysis and parametric effects [J], Computers and
Fluids. 152 (2017) 57-73, doi: 10.1016/j.compfluid.2017.04.016;

[23] Kulagin V. A., Kulagina L. V., Li Feng-Chen. Solution of the problem of flow past a wing
profile near the interface [J], J. Sib. Fed. Univ. Eng. technol. 2017, 10(4), 523-533. DOI: 10.17516/1999—
494X-2017-10—-4-523-533.

[24] Kashkina L.V., Kulagin V.A., Stebeleva O.P., Kulagina L.V. Recycling carbonaceous
materials by cavitation nanotechnology techniques [J], J. Sib. Fed. Univ. Eng. technol. 2011. 4(5) 358-372
(in Russian).

[25] Kulagin V.A., Kashkina L.V., Stebeleva O.P., Kulagina L.V. Preparation of carbon-
containing nanostructures by cavitation technology [J], Chemical and Petroleum Engineering, March
2011, Vol. 46, Issue 11, 767-773. Doi: 10.1007/s 10556—011-9415-0.

[26] Kulagina L.V., Lishachev D.S. Method of solving problems of flow past a cascade of
supercavitating blades in hydrodynamic reactors [J], Chemical and Petroleum engineering. 2009. Vol.
45. Ne 9. 603—608. Doi: 10.1007/s 10556—010-9245-5.

[27] Kulagin V. A. Kulagina L. V., Kulagina T. A. Nanotechnology cavitational effects in the heat-
and-power engineering and other branches of production [J], J. Sib. Fed. Univ. Eng. technol. 2008. 1(1).
76-85.

[28] Dubrovskaya O.G., Evstigneev V. V., Kulagin V. A. Problems of biofouling in circulating
systems of closed cycles of water use and ways to solve them [J], Safety of life, 2012, No. 3, 26-30
(in Russian).;

[29] Dubrovskaya O.G., Evstigneev V.V., Kulagin V.A. Waste water conditioning of energy
systems and complexes [J], J. Sib. Fed. Univ. Eng. technol. 4(6) (2011), 629—641 (in Russian).

[30] Dubrovskaya O.G., Kulagin V.A., Sapozhnikova E.S. Modern layouts of technological
schemes for wastewater treatment using cavitation technology [J], J. Sib. Fed. Univ. Eng. technol.
(2015), 8(2), 217-223. (in Russian).

[31] Dubrovskaya O.G., Andrunyak I.V., Priymak L.V. Resource-saving technologies
for neutralization and utilization of waste from enterprises of the heat and power complex of the
Krasnoyarsk Territory [M], Krasnoyarsk: Sib. Feder. un-t, 2014, 164 p. (in Russian).

[32] Evstigneev V. V., Kulagin V. A. Cavitation in wastewater treatment technologies [J], In the
world of scientific discoveries, 2010, No. 5—1, 87-90 (in Russian).



Journal of Siberian Federal University. Engineering & Technologies 2023 16(1): 6-21

[33] Kurilina T.A., Dubrovskaya O.G., Kulagin V.A., Matyushenko A.I., Bobrik A.G. The
prospects of utilizing the modified sorption material to intensify purification of waste water from
electroplating production [J], J. Sib. Fed. Univ. Eng. technol. 12(2) (2019) 182—191. DOI: 10.17516/1999—
494X-0127 (in Russian).

[34] Dubrovskaya O. G., Kulagin V. A. Non-reagent cleaning of industrial wastewater, containing
heavy metals based on technology of hydrothermodynamic cavitation [J], J. Sib. Fed. Univ. Eng.
technol. 12(4) (2019) 460—467. DOI: 10.100-10417516/1999-494X-0153 (in Russian).

[35] Dubrovskaya O.G., Kulagin V.A., Limin Yao. The alternative method of conditioning
industrial wastewater containing heavy metals based on the hydrothermodynamic cavitation
technology [J], J. Sib. Fed. Univ. Eng. & Technol., 2020, 13(8), 991-1001. DOI: 10.17516/1999—
494X-0280.

[36]. Kulagin V.A, Dubrovskaya O.G., Gudkov D.N, Matyushenko A.I. The Technology of
Obtaining Modified Sorbents Based on Silicate Production Waste, 2019 [J], IOP Conf. Ser.: Earth
Environ. Sci. 288012013

[37] Dubrovskaya O.G., Kulagin V.A., Kurilina T.A. Intensification of biological wastewater
treatment processes of the food complex companies on the basis of hydro-thermodynamic cavitation
[J1, J. Sib. Fed. Univ. Eng. technol., 2018, 11(5), 584-590. DOI: 10.17516/1999—-494X-0057.

[38]. Kulagin V. A., Moskvichev V. V., Makhutov N. A., Markovich D. M., Shokin Yu.I. Physical
and Mathematical Modeling in the Field of High-Velocity Hydrodynamics in the Experimental Base
of the Krasnoyarsk Hydroelectric Plant [J], Herald of the Russian Academy of Sciences, 2016, Vol. 86,
No. 6, 454—-465. DOI: 10.1134/S 1019331616060034.

[39] Radzyuk A. Yu., Kulagin V. A., Istyagina E. B., Pianykh T. A. Modernization of the cavitation
stand for the investigation of two-phase flow regimes [J], J. Sib. Fed. Univ. Eng. technol. 12(4) (2019)
468-475. DOI: 10.17516/1999—-494X-0155.

[40] Kulagin V. A., Radzyuk A.U., Istyagina E.B. and Pianykh T. A. Experimental stand for the
study of cavitation flow regimes [J], IOP Conf. Series: Materials Science and Engineering 450 (2018)
032023; doi:10.1088/1757—-899X/450/3/032023.

[41] Radzyuk A Yu, Kulagin V A, Istyagina E B, Pyanykh T A and Kolosov M V Numerical
simulation of supercavitation in the constrained flow [J], IOP Conference Series: Earth and
Environmental Science (EES) 315 (2019) 032027; doi: 10.1088/1755—1315/315/3/032027.

[42] Radzyuk A. Yu., Kulagin V.A., Istyagina E.B., Pyanykh T.A. and Grishina I.I. The
determination of the dependence of the cavern length on the flow velocity on an experimental
hydrodynamic workbench [J], Journal of Physics: Conf. Ser.: 1399 (2019) 022050: doi:10.1088/1742—
6596/1399/2/022050.

[43]Radzyuk A. Yu.,Kulagin V. A., Istyagina E. B., Pianykh T. A. and Kolosov M. V. Determination
of the flow regime using the experimental hydrodynamic stand [J], IOP Conf- Series: Materials Science
and Engineering 537 (2019) 042080; doi:10.1088/1757-899X/537/4/042080.

[44] Viter V.K. and Kulagin V. A. Large-Scale Gravitational Hydrodynamic Tunnels [M], (IPTs
KGTU, Krasnoyarsk, 2006) (in Russian).

[45] Radzyuk A. Yu., Istyagina E.B., Kulagina L. V., Zhuikov A.V., Grishaev D. A. Synthesis-
analysis of the use of cavitation technologies [J], J. Sib. Fed. Univ. Eng. & Technol. 2022, 15(7).
774-801. DOL: 10.17516/1999—-494X 0435] (in Russian).



Journal of Siberian Federal University. Engineering & Technologies 2023 16(1): 6-21

[46] Rajkumar R., Gaurav K., Karn A., Kumar V., Shukla H. (2023). Numerical Investigation of
the Effect of Liquid Temperature on Supercavitation [J], In: Narendranth, S., Mukunda, P.G., Saha,
U.K. (eds) Recent Advances in Mechanical Engineering. Lecture Notes in Mechanical Engineering.
Springer, Singapore. https://doi.org/10.1007/978—981-19-1388—4 2.



