|l =,

Buzomosaenuii 6dockonanenuti. npomucaioeui
3pasox pomopHO-iMNYIbCHOZ0 MenjiozeHepamopa
(PIT), inmeeposanuii 6 mennoey cucmemy ona-
JIeHHSL NPOMUCT060i cnopyou. Pomopno-imnynvcui
menJozenepamopu He 3aimMarOmsv iCMOMHUX NO3U-
Uitl Ha PUHKY ONAN0BANLHOI MeXHIKU uepe3 6i0-
cymuicmob 00CmMoGIpHUX 0AHUX NPO epexmusHicmo
BUKOPUCMANHHA MAK020 00NAOHAHHA 6 MENIOGUX
cucmemax onaieHHs nPOMUCI08UX CROPYO.

Byaa sminena xoncmpyxuis po3poobaenoi xagi-
Mayuonnoll Kamepu, uHaxeni napamempu Kana-
8, PO3MAUWOBAHUX MINC POMOPOM i CMAMOPOM.
Bcmanogsneno, wo onmumanvia wupuna 3a3opy
MidIC Kananiamu pomopa i cmamopa npu MaxKcu-
manvromy KK/ 0,7 cknana 8—10 mm. Ilpu inme-
epyeanni xasimauiunoi xamepu PIT ¢ mennosy
cucmemy 0yaa aminena KOLCMPYKUia meniooomin-
Huxa <mpyo6a 6 mpyo6i> Ha naacmunuacmuii.

IIposedeno cmenoosi docaidicenns enepzoedpex-
muenocmi pobomu mennosoi cucmemu. Busnaueno
NOKA3HUKU eHepzoedexmueHocmi cucmemu 3 yoo-
CKOHANIEHUM POMOPHO-IMARYTbCHUM MenjiozeHe-
pamopom, GUKOHAHUY AHAI3 WAAXOM NOPIGHH-
HA 3 ananozamu, npueedeHuMu 6 Jimepamypi.
Zosedeno, wo 60ockonanenns menaogoi cucmemu
003601U10 OMPUMAmMU NOTINUEHT NOKAZHUKU eHep -
20epexmuenocmi. Cmendogi eunpobysannsa noxa-
sanu, wo KKJ/T 60ockonanenoro mennosoi cucmemu
na ~17 % euwe KK/] mennosux cucmem nHa ocnogi
o6azamocmynenesux PIT.

Pospobaeno asmomamuuny cucmemy Koum-
POoN0 i YnpaeainHs menso6or0 CUCHEMOI0 3 GUKO-
pucmannam 8iopouacmomuux 0amuuxie Ons ouin-
xu epexmuenocmi npouecy xasimauii. Ilpoeedeni
nYCcKo-HaANaz00MCY8aANbHI POOOMU 0036ONUNU GU-
3HAMUMU MOJCAUBICMb 3ACMOCYBAHHA PO3POONEHOT
asmomamuynoi cucmemu 3 6i0n06IOHUM npozpam-
HUM 3a0e3nevenHam 0N KOHMPOIIO i YnPaeaiHHs
Ppo6omoro mennogoi cucmemu.

Ompumani 0ani NOPi6HANLHOZ0 AHANIZY 00360-
A€ pexomenoyeamu po3pooaeHuti pomopHo-im-
NYJIbCHULL MeNnJI02eHepamop K 2i0Hy anvmepHamu-
8Y BUKOPUCMOBYBAHUM Mmenjoazpezamam 6 men-
JIOBUX CUCMeMAX ONALEHHS NPOMUCA06UX OYdigeb
i cnopyod

Knrouosi cnoea: pomopno-imnyavcnuii anapam,
xasimauiinuii mennozenepamop, KK/, eiopauiii-
HUl Memoo0 KOHMPOJII0, CUCIEMA YNPAGILIHHS

u| o

1. Introduction

Under modern conditions, when requirements for envi-
ronmental protection and energy efficiency are getting more
severe, development and implementation of energy-saving
systems and technologies deserve attention of researchers
[1]. That is why development and research into unified en-
ergy efficient and environmentally friendly apparatuses and
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systems that meet modern requirements for energy efficiency
and ecology for heating residential and industrial premises
should be recognized as relevant.

The basis of modern tendencies in designing and con-
structing highly efficient energy technological systems and
equipment is the block-modular principle [2]. Its essence is
in the unity of the methods of apparatus-structural (AS) and
regime- technological (RT) design of the process [3]. In this




case, there is no distinct boundary between the methods.
The RT methods are a set of techniques for intensification of
heat and mass exchange processes, each of which can be used
in a particular case. In practice, the use of the RT method in
equipment design involves certain structural changes and
using AS methods.

A promising direction in power industry today is devel-
opment of unified heat generations of the new generation
according to the block-modular principle of design.

2. Literature review and problem statement

The problem of choosing an efficient heating system un-
der conditions of a wide range of proposed technologies and
heat engineering equipment is weakly structured and highly
relevant [4, 5].

The main part of the heating system is a heat generation
source — a burner device, such as a burner, an electric gen-
erator. A flat-flame burner, developed in the Institute of the
NAS of Ukraine, is a specific device, which allows organiza-
tion of the open flame (opening angle is 180 °C).

The phenomenon of flame opening is organization of
the Coanda effect, the nature of which is conditioned by
existence of gradient of pressure across the asymmetric flow
with gas jet inflow from the surfaces, limiting the operation
space [6].

Along with high aerodynamic perfection, the burner
design provides a wide range of sustainable work in the open
flame mode in the range of 1:10. In this case, nominal gas
pressure is in the range of 3-70 kN/m?, caloricity and com-
position of the gas is characterized by low content of NOy at
the level of 50-70 mg/m? in flue gases [7].

The enumerated merits of high-flame burners made it
possible to apply them not only as the AS method of forma-
tion of the RT process of heating materials in technological
plants, but also for other thermal engineering devices, such
as apparatuses of submersible burning (ASB).

Paper [8] describes an experience in development, re-
search, industrial operation of the contact-modular system
(CMS) for heating buildings with the use of apparatuses of
submersible burning with mounting low-emission flat-flame
burners.

The use of flat-flame burners in apparatuses of submers-
ible burning fundamentally changed the AS formation of the
ASB as a whole:

—a combustion chamber of the ASB is partially sub-
merged in water, and the cut is located in water at the depth
of 400—-500 mm;

— combustion products come into contact with liquid
phase, thus providing intensification of heat exchange pro-
cess, allowing reducing dimensions of the unit;

— the heated fluid acts as a cooling medium for a combus-
tion chamber, which has a special importance for all-metal
devices.

The results of conducted state tests proved high power
and ecological effectiveness of the development, efficiency of
which amounted to n=0.98.

In [9], the experience of application of ASB for RT of or-
ganization of the process of radioactive effluents evaporation
is described.

Under modern conditions, the tendencies of refusal to
use organic fuel and transition to alternative renewable pow-

er sources are becoming increasingly common in heat supply
in industrially developed countries [10, 11]. This trend is
caused by:

—an increase in prices for organic fuel in energy conser-
vation;

— minimization of pollutant emissions;

— high sanitary and environmental requirements for in-
dustrial premises [12].

The listed aspects oblige developers to find non-standard
decisions when creating a new generation of energy-efficient
fuel plants and energy-technological devices, which are
sometimes characterized by excessive structural complexity.

In industrialized countries, heat pumps, using low-po-
tential thermal power of the environment, are getting widely
used as an alternative [13]. One of the most cost-effective
sources of low-potential thermal energy for heat pumps is
urban sewages, in this case, transformation coefficient of a
heat pump reaches 3 and above. The main constraint in the
use of heat pumps is their high cost, as well as the cost of
heat exchange equipment, needed to extract the low thermal
power [14]. In addition, it is necessary to take into account
that techno-economic efficiency of heat pumps decreases
at an increase in electricity price compared to the price of
natural gas.

Research [15] focuses on the AS method of obtaining
heat on the combined thermal source, consisting of a heat
pump and a cogeneration unit. These energy-technological
systems are characterized by high energy efficient indica-
tors, but in this case, the system has high costs.

Heat generators, based on cavitation effects, are a new
generation of thermal plants that convert mechanical and
acoustic influence on liquid into warmth [16]. Paper [17]
shows the indicators of energy efficiency of operation of a
cavitation generator, integrated into the model of the ther-
mal system that proves competitiveness of these devices in
the market of heating equipment.

In a work that tackles the exploration of prospects for
using vortex heat-generators [18], the author suggests the
possibility of development of cavitation heat generators
with efficiency above 80 %. However, the work has the
review character and does not contain recommendations
for developers of heating equipment. Paper [19] provides
an overview of experiments with a cavitation chamber with
various types of gas and concentration. Measurements of
hot point were conducted, but effectiveness of the chamber
was estimated by the observed changes in the spectra of
luminescence of cavitation bubbles. In paper [20], an addi-
tional ultrasound influence is used to increase effectiveness
of cavitation equipment. In this case, effectiveness of the
process was evaluated by the therapeutic effect, which
makes it impossible to use the results of research with re-
spect to heating systems.

The criterial base of design features of energy efficient
thermal devices, based on pulse technologies, has not been
sufficiently highlighted in publications on research. This
makes it impossible to apply the research results for design-
ing actual objects.

Thus, the works, related to research and development of
energy efficient heat generators, based on pulse treatment
of a heat carrier with scientifically substantiated synthesis
of structural elements, forming a rotor-pulse heat generator,
are a promising aspect of implementation of modern energy
efficient technologies.



3. The aim and objectives of the study

The aim of the research is to develop and study high-per-
formance rotor-pulse heat generators with their subsequent
integration into the system of decentralized heating of in-
dustrial buildings.

To accomplish the aim, the following tasks have been set:

— to perform system analysis of the influence of the re-
lations of design parameters of working bodies of the rotor-
pulse generator on its effectiveness;

— to use AS methods for intensification by applying ex-
ternal energy sources and the RT method of pulse treatment
of contact phases to improve the rotor-pulse heat generator
(RPH);

—to produce experimental-industrial samples of the
rotor-pulse heat generator with the automatic system of
control of operating parameters with subsequent integra-
tion into energy-technological heating system of industrial
building;

—to determine regulatory-technical parameters of sus-
tainable operation of the heat generator and power efficiency
of the system as a whole;

—to perform a comparative analysis of performance
indicators of the developed heat generator with the control
system with similar analogues.

4. Description of the rotor-pulse heat generator

Design elements that form the rotor-pulse generator have
different energy potentials, affecting the operation of the
apparatus in general.

One of the most effective methods, making it possible
to synthesize a new design of the energy-efficient RPH and
intensify the ongoing cavitation processes in it, is a syner-
getic method. The prospects of this approach is not only to
create a new design of the RPH, but also in development and
refining new links (synergic) between the components of
the RPH. In this regard, based on the system analysis of the
experimental data, various designs of the rotor of the heat
generator were tested: with one and two cavitation stages,
their reciprocal arrangement and geometrical parameters
relative to each other were determined. The parameters of
the channels, located between the rotor and the stator, were
determined.

Structural diagram of the cavitation chamber of the de-
veloped heat generator is shown in Fig. 1.

Fig. 1. Structural diagram of the cavitation chamber of
the developed heat generator

The cavitation chamber 1 is a casing with impellers 2,
located in it, with channels, made in the impeller’s body, or
holes, located on the shaft 3.

Designs of impellers are shown in Fig. 2.

Fig. 2. Design of impellers of the cavitation chamber of
the heat generator: @ — impeller with holes; b — impeller with
channels

During the heat generator operation, there is a periodic
alignment of the rotating channels of the rotor and the sta-
tor. In the case when rotor channels are not aligned with the
stator channels, pressure in the rotor cavity increases. At
alignment of the rotor channels with the stator channels, the
pressure decreases. In the stator channels, the overpressure
pulse, accompanied by emergence of short-time pulses of
decreased pressure, propagates.

The fluid, which is in the channel of the stator, tends to
the exit. In this case, inertial forces cause tensile stress in the
fluid, which leads to cavitation.

Impellers (cavitation stages) were sequentially located
on the shaft with the gap, the magnitude of which was deter-
mined experimentally by the analysis of the data of energy
efficiency of heat generator operation. The gap between the
channels of the rotor and the stator was determined in the
same way.

5. Thermo-technical tests of the heat generator and the
thermal system

The technique of conducting thermo-technical tests of
energy efficiency of the operation of the heat generator and
the system in general was as follows. The influence of the
design characteristics of the impellers (cavitation stages)
on indicators of energy efficiency of the heat generator
operation was estimated. For this purpose, impellers of
different channel shape and thickness were mounted on the
shaft of the heat generator’s shaft. The heat generator was
disconnected from the heat system and experimental heat-
ing was carried out in the autonomous mode. With a view
to obtaining reliable data, each experiment was repeated
3-5 times. The error of the experiment was evaluated in
accordance with the Gauss normal distribution law of
Gauss [21].

The operation of the heat generator in the autonomous
mode was studied by following parameters:

— the mass of heated water, m, kg;

— the temperature of the fluid at the beginning of heating
fluid at the beginning of fluid at the beginning of heating at



the beginning of heating in the cavitation heat generator,
ty, °C;

— fluid temperature on the end of heating;

— water pressure before heating, Py, bar;

— water pressure after heating, Py, bar;

— power, which was spent to heating N;,, kW-hour;

— the time of fluid heating from ¢; to 5, T, min.

Based on the results of measurements of the performed
series of experiments the structure of the impeller of the
cavitation stage, which corresponded to the maximum in-
dicators of the heat generator operation in terms of energy
efficiency. The results of the study of energy efficiency of the
heat generator with effective design of the impeller are listed
in Table 1.

Table 1

Experimental data of thermal-technical tests of operation
effectiveness of the cavitation heat generator in autonomous

mode
t,°C | &,°C [Py, MPa|Py, MPa| m, kg |Ng, kW-h| 7, min
19 76 1.6 3.1 70 7.3 23

The averaged values of the experimental data of the heat
generator operation in the autonomous mode, processed
according to the similar technique, were obtained [17]
(Table 1). Efficiency of the rotor-pulse heat generator by the
results of a series of experiments was n=0.64.

To improve efficiency of the heat generator and energy ef-
ficiency of its operation, the RT method of multi-stage pulse
cavitation with the correspondent AK design was used. For
this purpose, some impellers (cavitation stages) of effective
design were sequentially mounted on the rotor shaft. The
gap between the cavitation stages, as well as the gap between
the rotor and the stator, were varied in the study.

Loading the rotor by the cavitation stages, we tried to
prevent an increase in the set power of the electric motor
(N=15 kW), as an increased power consumption of the heat
generator affects energy efficiency of its operation in general.

To obtain reliable data on the potential capacity of the
heat generator about the thermal load, the thermal system
was simulated with 400-liter tank.

A series of 20 experiments was conducted. The results
of the research into design indicators that are optimal by
energy efficiency and take into account the experimentally
established design characteristics are listed in Table 2.

Table 2

Experimental data of thermo-technical tests of operation
effectiveness of the heat generator with the use of multi-
stage pulse cavitation

ty, °C ty, °C | Py, MPa| Py, MPa| m,, kg Nsp, kW-h

T, min

18.5 60 1.7 3.3 400 25 92

Experimental values of the heat generator operation with
the use of multi-stage pulse cavitation were processed apply-
ing the similar technique. Efficiency in this case was n=0.77.

Thus, application of the RT method of multi-stage pulse
cavitation at the AK of the design of the rotor of the cavita-
tion chamber made it possible to enhance efficiency of the
heat generator by 17 %.

The third stage of the research involved integration of
the rotor pulse generator with multi-stage cavitation cham-
ber into the heat supply system of the industrial building

(Fig. 3).

Fig. 3. Structural diagram of thermal plant for heat supply of
industrial building, where 1 is the electric motor AIR-160S2,
N=15 kW, n=2,930 rpm; 2 is the dual-stage cavitation heat
generator; 3, 4 are the plate heat exchanger Alpha Laval
AlfaQ™; 5 is the accumulation tank of primary circuit; 6, 7 are
the feed pump CP3 25-6

The thermal system includes two circuits: primary and
secondary. Water heating takes place in the primary circuit.
The primary circuit includes: the RPH, the plate heat ex-
changer, the pump, the accumulation tank. The heat carrier,
heated in the RPH, is fed to the plate heat exchanger, which
heats the water that arrives for heating. The temperature
sensor T1 records the temperature of the heat carrier at the
outlet from the cavitation heat generator. Temperature sen-
sor T2 controls the temperature of the heat carrier after the
plate heat exchanger. Temperature sensor S3, located at the
inlet of water of the secondary circuit, controls the tempera-
ture of the heat carrier, fed for heating to the system. This
may be water from a city water supply network (CWN) or
from the circulation circuit (CC).

The value of the temperature, measured by sensor S3, is
compared with indicators of sensor S1, mounted at the up-
per part of the accumulation tank of the primary circuit. If
renewable energy is used, values of sensor S1 are higher than
values of sensor S3 and the system operates in normal mode.

Temperature sensor S2 at the outlet of CWN water from
the secondary circuit measures the temperature value and
adjusts the position of the regulating valve RV in such a way
that the temperature of the CWN system could be constant-
ly maintained and correspond to the specified value.

If the power, produced in the accumulation tank, cannot
be used in the network (readings of S1 are smaller that read-
ings of S3, the valve RV is closed, pump N2 is switched off),
the primary circuit (thermal power is accumulated) with the
heat generator operates in the system. In this case, heating
of CWN water is provided from the reserve source of energy
(for example, the cavitation vortex apparatus).

Efficiency of operation of the heating system was as-
sessed by the following indicators:

— temperature of heat carrier at the inlet to the heat
exchanger ¢4, °C;

— temperature of heat carrier at the outlet from the heat
exchanger 7, °C;

— water temperature at the outlet from the cavitator
t3, °C;

— weight of the heated heat carrier, m, kg;

— electric power, consumed for heating, N;,, kW-h;



— consumption of heated medium, G, m3/h;

— time of heating to assigned temperature, T, min.

7 experimental heating sessions were carried out till the
fixed established indicators (Table 3). The temperature of
the heat carrier was recorded using temperature sensors, the

Efficiency of operation of the thermal system with the
electric heat generator amounted to n=0.98 %.

Indicators of operation of the heat generator (RPH)
with two cavitation stages of and the thermal system with
the integrated RPH for heating of an industrial building

layout of which is shown in Fig. 2.

Table 3

Experimental data of energy efficiency of thermal operation
of the system with integrated rotor-pulse heat generator

with multi-stage cavitation chamber

were obtained experimentally. These indicators were com-
pared with indicators of energy efficiency of the thermal
system, based on the rotor-pulse apparatus RIA [22] are
listed in Table 5.

Analysis of indicators of energy efficiency makes it pos-
sible to argue that the thermal system with the integrated

rotor-pulse heat generator with the multi-stage cavitation
t,°C | t5,°C | t3,°C | mkg [Ny kWh|G m?h| 1 min chamber exceeds the corresponding analogues by energy
efficiency.
17.4 59 60 400 23 1.2 75
Table 5

Efficiency, determined by the indicators (Table 3)
in accordance with the procedure [17], amounted to
n=0.84.

An increase in efficiency of operation of the ther-
mal system up to n=0.84 vs. n=0.77, recorded during
the operation of the heat generator with a 400-liter
capacity, which modeled the thermal system, is ex-
plained by operation of automation means at the
industrial site.

The operation of the thermal system with the
integrated rotor-pulse heat generator with the
multi-stage cavitation chamber at the industrial
site was compared with the operation of the ther-
mal system with the electric heat generator of the
“Titan” brand with installed power of N=15 kW,
which corresponds to the installed power of the
electric motor of the improved RIH. With this aim,
the thermal system (Fig. 2) was reconstructed:
instead of RIH, the heat generator “Titan” was
mounted, the plate heat exchanger was removed,
i. e. the electric heat generator directly heated the
heat carrier.

According to the described technique, similar
studies of effectiveness of the thermal operation of the
system with the application of an electric heat gener-
ator were carried out.

In the study, we recorded:

— temperature of feeding the heat carrier to the electric

heat generator ¢, °C;

— temperature of the heat carrier at the outlet from the

electric heat generator ¢,, °C;
— weight of heated heat carrier, m, kg;
— electric power, consumed for heating, Nyp, kW-h;
— consumption of the heat carrier, G, m3/h;
— heating time, t, min.

The results of the experiment are shown in Table 4.

Table 4

Experimental data of effectiveness of operation of

the thermal system with the electric
generator boiler “Titan”

Comparative analysis of indicators of energy efficiency of operation
of the thermal system with RIA and thermal systems with RIT

Value of parameters
, , RPT | RPT
Name of pa- Dimen- | Desig- | yith with Multi-stage
rameter sionality | nation | 1o dified | industrial | RPA by the
thermal | thermal data [19]
system system
Weight of heat-
ed heat carrier kg m 400 400 250,340
Temperature of
heating a heat °C t 60 59 50/45
carrier
Time of heating
up to assigned min T 92 75 25/150
temperature
Consumed 1y yrp 1N 25 23 33/30
power
Efficiency of
thermal work - n 0.77 0.84 0.547,/0.706
of the system

6. Automatic system of RPT monitoring and control

Any system of decentralized heating is a dynamic sys-
tem, characterized by a large number of disturbances. For
economical operation mode of the thermal system with the
improved RPT, it is necessary to foresee an automatic sys-
tem of monitoring and control.

In paper [17], it was proposed to use the vibration of
the apparatus for assessment of its operation effectiveness.
The cavitator was considered to be an auto-vibrating link,
characterized by significant pressure pulsations and con-
sumption of phases. Cavitation caverns in this case acted as
the vibrations generator in the connected vibration system
hydro line-bubble.

The developed structural diagram (Fig. 4) implements
the proposed method of control of effectiveness of the cavi-
tation process by measuring vibrations of the apparatus [17]
in combination with the control of key parameters of the
process.

ty,°C ty, °C m, kg Mp, kW-h| G, m3/h

T, min

It is proposed to equip the developed thermal system
with the control unit or with the microcontroller (MC). The

18.2 38.9 400 19 1.6

main function of the unit is to ensure the possibility of some
customizations, such as control of the maximum tempera-
ture in the plate heat exchanger, eliminates scale formation




or determining average operation efficiency of the thermal

system [23].

VFS RV
] S .
AG [ MMC ¥ SS o M
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Fig. 4. Structural diagram of the automatic system of
monitoring and control of operation of RPT, where VFS is
the vibration-frequency sensor; AG is the auto generator;
PU is the power unit; MC is the microcontroller; SS is the
specialized software, M is memory; ID is the information
display device; T1, T3, T3, S1, S2, S3 are the temperature

sensors; RV is the regulating valve

Conducted launch and adjustment works made it possible
to identify the possibility of applying a PC, equipped with
ADC, MC and appropriate software to measure frequency of
the signal of resonance and temperature converters.

To measure the frequency of the signal of the vibra-
tion-frequency sensor and correction of additional errors
of resonance and temperature converters, the specialized
software was developed. The software, developed in the
Lab-VIEW environment, is a frequency converter, based
on the analog-to-digital converter and a personal computer.
Signals filtering is performed programmatically using a pro-
gramming environment Python [24]. In the future, we plan
to use a PC with installed specialized software of creation of
control and monitoring of RPH operation in the automated
system.

7. Discussion of results of studying the heat generator
and a thermal system

Analysis of the data of conducted studies shows that the
thermal system with the integrated rotor-pulse heat gen-
erator with the multi-stage cavitation chamber exceeds its
analogues by energy efficiency. Efficiency of the developed
system, recorded in the studies, is by 17 % higher than effi-
ciency of the thermal system based on multi-stage RPA (0.84
and 0.706, respectively). It should be noted that the thermal
system with the integrated rotor-pulse heat generator with
the multi-stage cavitation chamber RPH is inferior to the
thermal system with the electric heat generator (0.84 and
0.98, respectively) by energy efficiency. The thermal system
with the electric heat generator “Titan” provides heating of
the heat carrier without a heat exchanger, which decreases
thermal losses on average by 5-7 % (depending on the de-

sign of the heat exchanger) and accordingly increases the
efficiency of the system. The heat exchanger is needed in the
thermal system with RPH because its mounting eliminates
the gap of continuity of the heat carrier flow in the system.

The deterrent factor of a wide application of the electric
thermal generators in the thermal systems is the need to use
water that is chemically purified from salts of water hardness
(in order to prevent “scale”) and high energy costs. The lat-
ter can be compensated using the night tariff and existence
of the accumulator tank. In this case, the established power
of the electric heat generator must be greater than the estab-
lished power of the battery and proportional to the ratio of
time of accumulation tank discharge to the charging time
(=by three times).

The main advantage of the cavitation heat generator over
thermal electric heaters is the absence of scale and deposits
on the walls of the apparatus and the possibility to operate
on different types of aggressive and flammable fluids. Effi-
ciency of cavitation heat generators when using the night
tariff reaches 95 %. Thus, “losses” of electric energy in the
electric motor are entirely used for heating the heat carrier.

The prospect of subsequent studies is related to the
search of possibilities of increasing efficiency of the thermal
system with the rotor-pulse heat generator due to the change
in design characteristics of the elements of the cavitation
heat generator. The second relevant direction of research
works can be the problem of minimization of structural char-
acteristics of the cavitation heat generator, with the aim of
widening the scope of application of thermal systems.

8. Conclusions

1. The structure of the experimental-industrial ro-
tor-pulse heat generator with two stages of cavitation was
developed and manufactured. The geometrical characteris-
tics, parameters of the rotor and the stator, their reciprocal
arrangement were determined, as well as parameters and
geometry of the channels, located between the rotor and the
stator. It was found that the optimal width of the gap be-
tween the rotor and stator channels at maximum efficiency
of n=0.7 amounted to 8—10 mm.

2. Bench and industrial tests of the RPH with a du-
al-stage cavitation system, developed and integrated into
the thermal system of heating of industrial buildings, were
conducted. It was established that efficiency of the improved
thermal system based on RPH is by 17 % higher than the
efficiency of the thermal system, based on multi-stage RPA
(0.84 and 0.706, respectively).

3. The automated system of control and monitoring with
the use of vibration-frequency sensors for assessment of the
effectiveness of the cavitation process was developed. Con-
ducted commissioning works made it possible to identify the
possibility of applying the developed automatic system with
appropriate software for monitoring and control of operation
of the thermal system.
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