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Abstract. An effective method of multifactorial influence on a liquid is cavitation, which leads
to a change in the physicochemical characteristics of the liquid, its activation and heating. One of
the devices, the principle of which is based on cavitation, is a cavitation heat generator. At present,
the production of these units has been mastered by many manufacturers, and they appear in large
numbers on the world market. Among the numerous designs of cavitation heat generators, a worthy
place belongs to jet ones, which have the lowest pressure drop, but their efficiency is relatively low
(from 20% to 40%) and does not meet modern requirements. The purpose of this work is to increase
the efficiency of water heating in a cavitation heat generator based on the use of a pulsed mode of
its operation. To achieve this goal, the following tasks were identified in the work: to develop a
laboratory sample of a flow-pulse cavitator; to develop a diagram of a laboratory setup and a
cavitator design; conduct hydraulic and thermal tests of the cavitator prototype, obtain the results
and evaluate their effectiveness. Thus, the successful implementation of the goal of this work may
encourage many industrial enterprises and households to abandon traditional heat supply systems
and switch to modern sources of thermal energy, namely jet cavitation heat generators with a pulsed
cavitator.

Annomayus. IHHEKTUBHBIM METOAOM MHOTO(AKTOPHOTO BO3IEHCTBUS HAa JKHUIKOCTD
SIBJISICTCSI KaBUTAIIMS, TPUBOAIIAS K H3MEHEHUIO (PU3HKO-XUMUYECKUX XapaKTEPUCTUK >KHJIKOCTH,
ee akTthBanuu M HarpeBy. OIHMM W3 YCTPOWCTB, MPUHIMII JEUCTBUS KOTOPOTO OCHOBaH Ha
KaBUTAIlMU, SBIISIETCS KABUTAMOHHBIM TeruioreHeparop. B Hacrosiiee Bpemsi MPOU3BOACTBO ITHX
arperatoB OCBOGHO MHOTHMMH MPOU3BOIUTENISAMU, U OHH B OOJBIIOM KOTUYECTBE MOSIBIAIOTCS Ha
MUPOBOM pbIHKE. Cpeld MHOTOYMCIEHHBIX KOHCTPYKIMI KaBUTAIIMOHHBIX TEIJIOTEHEPaTOpOB
JIOCTOMHOE MECTO MPUHAICKUT CTPYUHBIM, KOTOPhIE UMEIOT HAMMEHBIIINI Teperna] AaBJIeHUs, HO
ux KIIJ] otHocutensHO HeBenmuk (0T 20% mo 40%) 1 He OTBEYaeT COBPEMEHHBIM TPEOOBAHUSIM.
[lenpto naHHOWM pabOTHI ABISETCS MOBBIMIeHNWE d(PPEKTUBHOCTH HATrpeBa BOJABI B KABUTALIMOHHOM
TEIJIOTeHEepaTOPE Ha OCHOBE MCIOIB30BAHMS UMITYJIBCHOTO PEXXHMa e€ro padoThl. [ JoCTHKEeHUs
MTOCTaBJIEHHOH 11e7T B paboTe OB ONpECNICHBI CAEAYIONINE 3a/1a4r: pa3paboTaTh 1abopaTOPHBII
oOpazer] MpOTOYHO-UMITYIIbCHOTO KaBUTATopa; pa3paboTarh cxemy J1abopaTOpHOW YCTaHOBKH U
KOHCTPYKILIMIO KaBUTAaTopa; IMPOBECTH THAPABIMYECKHE U TEIUJIOBBIE HCIBITAaHUS MPOTOTUIIA
KaBUTATOpa, MOJYYUTh PE3YJbTaThl U ONEHUTh MX A(h(EeKTUBHOCTh. TakuM oOpa3om, yCHernrHas
peanu3anus Uend JaHHOW paboThl MOXKET MOOYIWTh MHOTHE IMPOMBINUIEHHbIE MPEANpUITUS U
JIOMOXO3SIICTBa  OTKa3aThCsi OT TPAJUIMOHHBIX CHCTEM TEIJIOCHAOXKEHUS M TIEepeUTH Ha
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COBpPCMCHHBIC  HMCTOYHUKHU TEIIOBOM OHEprui, a HMCHHO CprfIHBIG KaBUTAallUOHHBIC
TCIUIOICHCPATOPHLI C UMITYJIbCHBIM KaBUTATOPOM.

Keywords: cavitator, cavitation heat generator, jet cavitator.
Knrouesvie cnosa: kaBUTaTOp, KABUTAMOHHBIA TETJIOTEHEPATOP, CTPYMHBIN KaBUTATOP.

At present, the priority direction of the energy strategy of the Russian Federation is to reduce
the unit costs for the production of energy resources and increase the efficiency of their use through
the widespread use of non-traditional energy sources. According to the current general scheme, the
placement of energy facilities using alternative energy sources for the period up to 2035 will
increase by 5% of all energy facilities.

Unconventional energy in Russia can be effectively used to supply consumers with energy,
primarily in areas not covered by a centralized energy supply. These zones include the vast
territories of Russia, where about 20 million people live. In addition, in today's society it is
important that non-traditional energy has a factor to reduce the negative impact of large energy
facilities on the environment. Air, soil and water pollution can be significantly reduced by switching
from low-grade coal fuel combustion in small boiler houses to the use of non-traditional renewable
energy sources.

In this regard, a study on the improvement of a jet cavitation heat generator based on the use
of a pulsed mode is relevant and practically significant.

The studies were carried out in natural and laboratory conditions in 2022. Laboratory
experiments were carried out in the laboratory of the Institute of Mechanics and Energy of the
National Research Mordovian State University named after N. P. Ogaryov.

The author analyzed articles and patents of existing cavitators [1-4]. Studied articles on the
topic of research work [5-7]. To identify the most efficient mode of operation, graphs of the
amplitude-frequency and phase-frequency characteristics were plotted; for their construction,
mathematical transformations of energy were performed along the constructed hydraulic circuit. A
scheme of a laboratory setup with pulsed coolant circulation is constructed. The necessary
equipment was selected and an experimental sample of a water heating circuit with a pulsed
cavitator was assembled. Compiled heat balance for the selected circuit circuit with a cavitator. The
technique and program of the experiment have been developed. Then the experiment was carried
out and its data was processed.

The scheme of mathematical energy conversion is shown in Figure 1.
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Figure 1. Hydraulic circuit
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The circuit link equations:

1- link:
p=nv:+muv+p,
{ v=Ip,+v; ’
2—link:
{Pz =h-p
v1=g/p’
3— link:

{h=rzg+ng+h2
g=9 '

Table shows the calculated values of the amplitude-frequency and phase-frequency functions

of the energy circuit for three operating modes with a cavitator frequency from 0,5 to 2,5 Hz.

Table
VALUES OF THE AMPLITUDE-FREQUENCY AND PHASE-FREQUENCY FUNCTIONS
OF THE ENERGY CIRCUITS

Q AlL(jQ) p1(jQ) A2(jQ) 0 2(jQ) A3(jQ) »3(jQ)
0,5 0,329198928 -0,11602 0,329280784 0,233059952 0,343244 0,038787
0,75 0,355749757 -0,32943 0,325550035 0,164050956 0,379334 0,023417

1 0,385757826 -0,42689 0,325037724 0,127061457 0,444639 0,014987
1,25 0,392141809 -0,32296 0,325943863 0,104645296 0,56554 0,009428
1,5 0,408936162 -0,19616 0,327872216 0,089958105 0,818111 0,005432
1,75 0,445743947 -0,11291 0,330879129 0,079855894 1,537494 0,002477

2 0,506211795 -0,06418 0,335308721 0,072704909 10,78891 0,000309
2,25 0,60522411 -0,03569 0,34182444 0,067568196 2,366241 -0,00125
2,5 0,785899092 -0,01869 0,351553944 0,063856707 1,126675 -0,00237

response are plotted.
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Figure 2. Amplitude frequency response
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As can be seen from the graph of the amplitude-frequency characteristic (Figure 2), with a
decrease in mass m to 25 kg and a decrease in compliance 1 to 0,0002 ms/N, the amplitude
frequency decreases somewhat compared to the base values . With an increase in the mass m to 150
kg and an increase in compliance 1 up to 0,001 ms/N, a sharp increase in the amplitude by more
than 10 times is observed. In this regard, this mode is the best. Figure 4 shows a diagram of a
laboratory setup with a pulsed coolant circulation.
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Figure 3. Phase frequency response
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Figure 4. Scheme of a laboratory installation with pulsed coolant circulation

Based on the results of the experiments, graphs of temperature and pressure changes before
and after the cavitator were plotted (Figures 4, 5).

The graph shown in Figure 4 allows you to track the dynamics of temperature changes before
and after the cavitator over time. It can be seen from the graph that initially the temperature
difference of the heated medium is — 0,4 °C. Within 1 minute, before the shock unit is switched on,
this temperature value remains unchanged. After a time of 1 minute, the electric drive of the impact
unit was switched on, which can be seen in the graph shown in Figures 5, 6. As can be seen from
the graphs, at the moment the impact unit is put into operation, the temperature difference rises after
and before the cavitator. This indicates the process of cavitation and heating of the coolant.
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Approximately 30 minutes after launch, the temperature delta reaches its maximum and reaches a
value of 1,67 °C.

Further, within of 20 to 25 minutes, the experimental installation operates in normal mode
without deviations and as can be seen from the graph, heats the coolant constantly in the range of
1,1 °C to 1,5 °C. After 50 minutes of operation of the installation, the impact unit electric drive was
switched off.
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Figure 5. Graph of temperature changes before and after the cavitator
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Figure 6. Graph of temperature changes before and after the cavitator

Conclusions
As a result of the analysis of literary sources, it was found that cavitation heat generators have
been continuously improved in recent years. However, their efficiency is at the level of 30% to
40%, which does not meet modern requirements. Jet cavitators have the greatest potential, as they
can successfully operate in a pulsed mode and thereby significantly increase efficiency. A laboratory
sample of a flow-through pulsed cavitator has been developed that uses the inertia of a massive
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piston to increase the vacuum at the moment the shock valve closes. The laboratory setup allows
testing a laboratory sample of such a cavitator with a frequency of 0,5 to 2,5 Hz. Hydraulic and
thermal tests of a laboratory sample of a flow pulsed cavitator were carried out. The temperature
difference after the onset of the steady state was 1,05 °C with a pressure drop of 0,12 bar.

A mathematical model of a circuit with a pulsed cavitator in the form of an energy circuit has
been developed, which takes into account the active resistance of the liquid in the cavitator r1, the
mass of water mj, the compliance 1, heat losses 12, and the heat circulating mass ma. As a result of
modeling, the optimal frequency was determined equal to 2,1 rad/s, at which the greatest efficiency
is observed.

References:

1. Levtsev, A. P., Makeev, A. N., & Kudashev, S. F. (2015). Kavitator dlya vydeleniya tepla v
zhidkosti. Patent na izobretenie Ne2619665. Zaregistrirovano v Gosudarstvennom reestre RF 23
oktyabrya 2015 g. (in Russian).

2. Larionov, L. V., Tomii, I. 1., Petukhov, V. L., Mironidis, D. E. (1997). Kavitator dlya
vydeleniya tepla v zhidkosti. Patent na izobretenie Ne2126117. Zaregistrirovano Vv
Gosudarstvennom reestre RF 23 aprelya 1997 goda. (in Russian).

3. Taimarov, M. A. (2012). Kavitator. Patent na izobretenie Ne 2516638. Zaregistrirovano v
Gosudarstvennom reestre RF 21 dekabrya 2012 goda. (in Russian).

4. Ivanov, E. G. (2015). Gidrodinamicheskii kavitator. Patent na izobretenie Ne 2603306.
Zaregistrirovano v Gosudarstvennom reestre RF 20 aprelya 2015 goda. (in Russian).

5. Pandit, A. B., Senthil Kumar, P.,, & Siva Kumar, M. (1999). Improve reactions with
hydrodynamic cavitation. Chemical engineering progress, 95(5), 43-50. (in Russian).

6. Makeev, A. N., & Levtsev, A. P. (2010). Impul'snye sistemy teplosnabzheniya
obshchestvennykh zdanii. Regional'naya arkhitektura i stroitel'stvo, (2), 108-114.

7. Levtsev, A. P., Kudashev, S. F., Makeev, A. N., & Lysyakov, A. 1. (2014). Vliyanie
impul'snogo rezhima techeniya teplonositelya na koeffitsient teploperedachi v plastinchatom
teploobmennike sistemy goryachego vodosnabzheniya. Sovremennye problemy nauki i
obrazovaniya, (2), 89-89. (in Russian).

Cnucok aumepamypbi:

1. JleueB A. Il., Makees A. H., Kymames C. ®. KaButatop /s BbACNIEHUs Teruia B
xuakoctu. [latent Ha m3obOperenue No2619665. 3apeructpupoBano B ['oCynapcTBEHHOM peecTpe
P® 23 oxrsa6ps 2015 .

2. Jlapuonos JI. B., Tomuit U. U., IleryxoB B. JI., Muponunuc JI. E. KaBuratop nns
BBIZICJICHHUST Terula B JKuAkocTd. [lareHT Ha wu3oOperenme Ne2126117. 3apeructpupoBaHO B
T'ocynapctBennoM peectpe PO 23 anpens 1997 rona.

3. TaiimapoB M. A. KaButarop. Ilarent Ha nzobperenue Ne 2516638. 3apeructpupoBaHo B
T'ocynapcrBenHom peectpe PD 21 nexadps 2012 rona.

4. UsanoB E. I. T'maponmunamuueckuii kaButatop. [larent Ha m3obOperenue Ne 2603306.
3apeructpupoBano B ['ocynapctBeHHoM peectpe PD 20 anpesnst 2015 rona.

5. Pandit A. B., Senthil Kumar P., Siva Kumar M. Improve reactions with hydrodynamic
cavitation // Chemical engineering progress. 1999. V 95. No5. P. 43-50.

6. MakeeB A. H., JleeueB A. II. UMmynbCHBIE CHCTEMBI TEIJIOCHAOKEHUS OOIIECTBEHHBIX
3nanuil / PernonanpHas apxuTtekTypa u ctpoutenbeto. 2010. Ne2. P. 108-114.

(9
@ Bv Tun nuyensuu CC: Attribution 4.0 International (CC BY 4.0) 362



Broanemens nayxu u npaxmuxu [ Bulletin of Science and Practice T. 8. Ne7. 2022
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/80

7. JlebueB A. II., Kynames C. ®@., MakeeB A. H., JIbicsikoB A. M. BausHue uMIyJIbCHOTO
peKMMa TEYCHHS TEIUIOHOCUTENs Ha KO3(D(QUIMEHT TeIUIoNepeaadd B  IUIACTHHYATOM
TEIUIOOOMEHHUKE CHUCTEMBI ropsiuero BopocHaOxeHust // CoBpeMeHHbIE NpOOIEMBbl HAayKH U

obpazoBanus. 2014. Ne2. C. 89-89.

Paboma nocmynuna IIpunsama k nyoruxkayuu
6 pedaxyuio 05.06.2022 2. 10.06.2022 2.

Ccvlika Ons yumupoeanus:
Mitin V. N. Hot Water Heating Circuit With Impulse Cavitator // Bbromierenp Hayku u

npaktuku. 2022. T. 8. Ne7. C. 357-363. https://doi.org/10.33619/2414-2948/80/32
Cite as (APA):

Mitin, V. N. (2022). Hot Water Heating Circuit With Impulse Cavitator. Bulletin of Science
and Practice, 8(7), 357-363. https://doi.org/10.33619/2414-2948/80/32

(9
@ Bv Tun nuyensuu CC: Attribution 4.0 International (CC BY 4.0) 363



