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Significant consumption of energy resources in the pro-
duction of heat in the winter season and air conditioning in 
the summer season is the main problem of municipal heat-
and-power engineering. Therefore, local energy-efficient 
heating systems and climatic heating and cooling systems 
based on renewable energy sources are becoming increasing-
ly important. The heat pumps, based on the Rankine cycle, 
which use the energy of atmospheric air, soil, and wastewater, 
as well as air conditioning systems, based on the Maisotsenko 
cycle, using the psychrometric energy of the environment, 
have become widespread in recent years. Theoretical analysis 
shows that a combination of these cycles makes it possible to 
achieve high energy efficiency and create fundamentally new 
systems of heating and cooling the living spaces. This paper 
presents the results of a comparative experimental study of 
two heat supply and cooling schemes based on a combination 
of the Maisotsenko and Rankine cycles. An experimental 
bench of the combined cycle with thermal power of 28 kW 
with the power of the heat pump of 3 kW was developed 
for the experimental study. A serial M-cycle heat-and-mass 
exchanger manufactured by Coolerado Corporation, USA, 
was used in the design of the bench. Studies have shown high 
energy efficiency of both heat supply schemes which was de-
termined by the coefficient of performance (COP): 6.3–7.21 
for the first scheme and 7.44–9.73 for the second one. When 
conditioning the room air, the Rankine heat pump was not 
used, so the energy was consumed solely by the fan to pump 
air through the M-cycle heat-and-mass exchanger and the air 
conditioning system. In this case, the coefficient of perfor-
mance was 10.49–16.32.

Keywords: heat supply, air heating, cooling, heat pump, 
Rankine cycle, Maisotsenko cycle.

References

1.	 Svistunov, V. M., Pushnyakov, N. K. (2001). Otoplenie, 
ventilyatsiya i konditsionirovanie vozdukha obektov agro-
promyshlennogo kompleksa i zhilischno-kommunal’nogo 
khozyaystva. Sankt-Peterburg: Politekhnika, 423.

2.	 Krasnov, Yu. S. (2006). Sistemy ventilyatsii i konditsion-
irovaniya. Rekomendatsii po proektirovaniyu dlya proiz-
vodstvennykh i obschestvennykh zdaniy. Moskva: Tekhno-
sfera, 288.

3.	 Kolesnichenko, N. V., Konstantinov, G. E., Dmitrenko, M. A.  
(2011). Feasibility assessment of using heat pumps in Ukraine. 
Promyshlennaya teplotekhnika, 33 (5), 67–73.

4.	 Bezrodnyi, M. K., Pukhovyi, I. I., Kutra, D. S. (2013). Teplo-
vi nasosy ta yikh vykorystannia. Kyiv: NTUU «KPI», 312.

5.	 Tkachenko, S. Y.‚ Ostapenko, O. P. (2009). Parokompresiyni 
teplonasosni ustanovky v systemakh teplopostachannia. Vin-
nytsia: VNTU, 175.

6.	 Xing, C., ding, Q., Jiang, A., Cheng, W., Zhou, D. (2015). 
Dynamic Operational Optimization of Air Source Heat 
Pump Heating System with the Consideration of Energy 
Saving. IFAC-PapersOnLine, 48 (8), 740–745. doi: https://
doi.org/10.1016/j.ifacol.2015.09.057 

7.	 Huang, S., Zuo, W., Lu, H., Liang, C., Zhang, X. (2019). 
Performance comparison of a heating tower heat pump 
and an air-source heat pump: A comprehensive model-
ing and simulation study. Energy Conversion and Man-
agement, 180, 1039–1054. doi: https://doi.org/10.1016/ 
j.enconman.2018.11.050 

8.	 Hong, W., Hao, J., Wang, J., Teng, D., Jin, X. (2019). Per-
formance analysis of combined cooling heating and power 
(CCHP) exhaust waste heat coupled air source heat pump 
system. Building Simulation, 12 (4), 563–571. doi: https://
doi.org/10.1007/s12273-019-0520-x 

9.	 Khaled, M., Ramadan, M. (2016). Heating fresh air by 
hot exhaust air of HVAC systems. Case Studies in Ther-
mal Engineering, 8, 398–402. doi: https://doi.org/10.1016/ 
j.csite.2016.10.004 

10.	 Khalatov, A., Karp, I., Isakov, B. (2011). Prospects of the 
maisotsenko thermodynamic cycle application in Ukraine. 
International Journal of Energy for a Clean Environ-
ment, 12 (2-4), 141–157. doi: https://doi.org/10.1615/ 
interjenercleanenv.2012005916 

11.	 Zhan, C., Zhao, X., Smith, S., Riffat, S. B. (2011). Nu-
merical study of a M-cycle cross-flow heat exchanger for 
indirect evaporative cooling. Building and Environment, 
46 (3), 657–668. doi: https://doi.org/10.1016/j.buildenv. 
2010.09.011 

12.	 Caliskan, H., Hepbasli, A., Dincer, I., Maisotsenko, V. (2011). 
Thermodynamic performance assessment of a novel air cool-
ing cycle: Maisotsenko cycle. International Journal of Re-
frigeration, 34 (4), 980–990. doi: https://doi.org/10.1016/ 
j.ijrefrig.2011.02.001 

13.	Maisotsenko, V., Gillan, L. E., Heaton, T. L., Gillan, A. D. 
(2003). US Pat. No. US6581402B2. Method and plate ap-
paratus for dew point evaporative cooler. No. 09/966,928; 
declareted: 27.09.2001; published: 24.06.2003. Available at: 
https://patents.google.com/patent/US6581402B2/en

69

Abstract and References. Energy-saving technologies and equipment

ABSTRACT AND REFERENCES

ENERGY-SAVING TECHNOLOGIES AND EQUIPMENT



14.	 Kozubal, E., Slayzak, S. (2010). Technical Report: Coole
rado 5 Ton RTU Performance – Western Cooling Chal-
lenge Results. National Renewable Energy Laboratory. Co
lorado. Available at: https://www.nrel.gov/docs/fy11osti/ 
46524.pdf

15.	Caliskan, H., Hepbasli, A., Dincer, I., Maisotsenko, V. (2011). 
Thermodynamic performance assessment of a novel air cool-
ing cycle: Maisotsenko cycle. International Journal of Re-
frigeration, 34 (4), 980–990. doi: https://doi.org/10.1016/ 
j.ijrefrig.2011.02.001 

16.	Mahmood, M. H., Sultan, M., Miyazaki, T., Koyama, S., Mai-
sotsenko, V. S. (2016). Overview of the Maisotsenko cycle – 
A way towards dew point evaporative cooling. Renewable 
and Sustainable Energy Reviews, 66, 537–555. doi: https://
doi.org/10.1016/j.rser.2016.08.022 

17.	 Kashif, M., Miyazaki, T., Sultan, M., Khan, Z. M., Mah-
mood, M. H. (2017). Investigation of Maisotsenko Cycle 
(M-cycle) Air-Conditioning System for Multan(Pakistan). 
2017 International Conference on Energy Conservation 
and Efficiency (ICECE). doi: https://doi.org/10.1109/ 
ece.2017.8248823 

18.	Rogdakis, E. D., Koronaki, I. P., Tertipis, D. N. (2014). 
Experimental and computational evaluation of a Maiso-
tsenko evaporative cooler at Greek climate. Energy and 
Buildings, 70, 497–506. doi: https://doi.org/10.1016/ 
j.enbuild.2013.10.013 

19.	Terekhov, V. I., Gorbachev, M. V., Khafaji, H. Q. (2016). 
Evaporative cooling of air in an adiabatic channel with 
partially wetted zones. Thermophysics and Aeromecha
nics, 23 (2), 221–230. doi: https://doi.org/10.1134/ 
s0869864316020086 

20.	Khalatov, A. A., Stupak, O. S., Hryshchuk, M. S., Hala-
ka, O. I., Zghurovskyi, M. Z., Ilchenko, M. Yu. et. al. (2018). 
Pat. No. 128732 UA. Systema povitrianoho opalennia.  
No. u201802342; declareted: 07.03.2018; published: 10.10.2018, 
Bul. No. 19.

21.	 Khalatov, A. A., Stupak, O. S., Grishuk, M. S., Galaka, O. I. 
(2018). Novel combined thermodynamic cycle. Reports of 
the National Academy of Sciences of Ukraine, (2), 58–64. 
doi: https://doi.org/10.15407/dopovidi2018.02.058 

22.	 Khalatov, A. A., Stupak, O. S., Hryshchuk, M. S., Halaka, O. I.  
(2016). Pat. No. 111096 UA. Systema povitrianoho opa
lennia. No. u201606295; declareted: 09.06.2016; published: 
25.10.2016, Bul. No. 20.

23.	 Khalatov, A. A., Stupak, O. S., Hryshchuk, M. S., Halaka, O. I.  
(2016). Pat. No. 129896 UA. Systema povitrianoho opalen-
nia. No. a201609765; zaiavl. 22.09.2016; opubl. 26.11.2018, 
Bul. No. 22. 

24.	 Khalatov, A. A., Stupak, O. S., Hryshchuk, M. S., Halaka, O. I.  
(2017). Pat. No. 119186 UA. Systema povitrianoho opa
lennia. No. a201706465; declareted: 23.06.2017; published: 
10.05.2019, Bul. No. 9.

25.	DBN V.2.5-67:2013. Opalennia, ventyliatsiya ta kondytsiu-
vannia (2013). Kyiv, 37–43.

DOI: 10.15587/1729-4061.2020.204505
DEVELOPMENT OF A SYSTEM FOR ESTIMATING 
AND FORECASTING THE RATIONAL RESOURCE-
SAVING OPERATING MODES OF TPP (p. 14–23)

Olga Chernousenko
National Technical University of Ukraine  

«Igor Sikorsky Kyiv Polytechnic Institute», Kyiv, Ukraine
ORCID: http://orcid.org/0000-0002-1427-8068

Dmitro Rindyuk
National Technical University of Ukraine  

«Igor Sikorsky Kyiv Polytechnic Institute», Kyiv, Ukraine
ORCID: http://orcid.org/0000-0001-7770-7547

Vitaliy Peshko
National Technical University of Ukraine  

«Igor Sikorsky Kyiv Polytechnic Institute», Kyiv, Ukraine
ORCID: http://orcid.org/0000-0003-0610-1403

Vladyslav Goryazhenko
National Technical University of Ukraine  

«Igor Sikorsky Kyiv Polytechnic Institute», Kyiv, Ukraine
ORCID: http://orcid.org/0000-0001-5137-2742

Olexandr Chernov
National Technical University of Ukraine  

«Igor Sikorsky Kyiv Polytechnic Institute», Kyiv, Ukraine
ORCID: http://orcid.org/0000-0002-3355-4187

The world energy crisis and environmental problems 
have prompted a rapid increase in the share of electricity gene
ration by renewable sources. However, the operating modes 
of such energy facilities are rather uneven over 24 hours. 
Thus, for the energy sector of most developing countries, and 
as well as for part of developed countries, such fluctuations 
in the overall energy production balance lead to the forced 
limitation of the equipment capacity at TPPs or to the full 
shutdown of power units.

The insufficient quantity of maneuvering capacities in 
the overall energy generating balance is a characteristic fea-
ture of the power systems of such countries as the Russian 
Federation, Ukraine, Macedonia, Bulgaria, Romania, Ar-
gentina, and others. The shortage of such capacities is often 
compensated for by the pulverized coal units with a power 
of 200–300 MW, whose operation is enabled at half-peak 
and peak modes. This equipment is not designed for such 
operations. Therefore, the development of a regime method 
of resource management has been proposed to prevent the 
premature exhaustion of TPP generating equipment.

Based on technical auditing of the operational documen-
tation of generating companies, a method has been suggested 
aimed at forecasting the rational resource-saving operational 
regimes of the high-temperature elements of power equipment 
by optimizing the ratio of the number of launches of the equip-
ment from various thermal states. An optimization problem 
has been stated, which implies determining such a distribution 
of the process structural-technological parameters that would 
ensure the maximal preservation of equipment resource. The 
residual resource has been selected as the objective function 
of the optimization problem. The devised method has been 
represented in the form of a comprehensive system for esti-
mating and forecasting the rational operational modes of the 
TPP high-temperature elements, which makes it possible to 
define individual resource indicators over the entire period 
of equipment operation for all possible future combinations 
of operational modes and to compile forecasts for thousands 
of different variants of power unit exploitation, implying the 
calculation of resource indicators for each of them.

Keywords: thermal power plant, power unit, damage-
ability, residual resource, forecasting, optimization.
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This paper reports the approbation of a procedure of ther-
modynamic analysis of the thermal-technological complex of 
sugar production using the analysis of an enterprise of typical 
configuration as an example.

Currently, the thermodynamic analysis of sugar produc-
tion systems is mainly performed on the basis of a classical 
energy method. Minor attempts to exploit the potential of 
the second law of thermodynamics in the form of the adapta-
tion of an exergy method are not systemic.

Underlying the applied procedure is a joint analysis of 
general synthetic and analytical balances of mass, energy, 
and entropy. Such a procedure makes it possible to quantify 
the level of perfection of the existing and proposed thermal 
circuits, as well as the impact exerted on their perfection by 
energy efficiency measures, and it could be applied both to 
optimize the energy characteristics of the existing ones and 
in designing new enterprises of the sugar industry. 

It has been shown that the thermodynamic analysis of 
the thermal-technological complex of sugar production as  
a single system makes it possible to analyze the main factors 
of influence on the energy efficiency of the complex disre-
garding the course of the processes implemented therein. 
Such an approach can also be effectively used for the quick 
evaluation of the thermodynamic perfection of an enterprise 
and for determining its «energy-saving potential».

Based on the results of energy analysis, the relationship 
has been established between the fuel and energy resources, 
supplied to the system, and the sources of their losses; a set of  
measures has been proposed to reduce the impact of each  
of these factors on resource consumption. 

Entropy analysis has revealed the internal and external 
causes of the irreversibility of processes; the principle of 
«energy irreversibility compensation» has made it possible 
to compile a rating of major imperfections and determine the 
optimal sequence of resource-saving measures.

The results of the analysis have confirmed the efficiency 
of the procedure, which allows a comprehensive study, while 
operating only with the fundamental laws and the principles 
of classical thermodynamics, as opposed to procedures, based 
on energy-exergy characteristics.

Keywords: sugar production, thermodynamic analy
sis, entropy method, energy efficiency, resource-saving  
measures.
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The need to solve the problems of efficient use of energy 
resources in processes of heat-and-mass transfer which are 
widely used in the food and processing industries and are 
very power-intensive was substantiated. The prospects of 
application of the induced processes such as the effect of 
induced heat-and-mass transfer characterized by high energy 
efficiency and environmental friendliness were noted.

Drying and hydrothermal treatment of moist raw mate-
rials with gas-tight inserts in horizontal and vertical orienta-
tions were modeled. It was established that the nature of this 
effect in the presence of gas-tight inserts in the solid phase in-
side the thermostat does not differ from the nature of the effect 
of induced heat-and-mass transfer in absence of such inserts.

It was proved that during the induced heat-and-mass 
transfer, features of the flow of any volume of internal ther-
mostat medium affect the nature of this flow for other allo-
cated volumes. It was noted that the feature of «artificiality» 
and controllability of this effect makes it possible to perform 
certain manufacturing operations in processing different raw 
materials in one device without their mixing.

A technical solution of an apparatus using the effect of 
induced heat-and-mass transfer for drying and hydrothermal 
treatment of moist raw materials was proposed based on the 
obtained experimental results and established theoretical 
conclusions. The productivity of the developed apparatus in 
hydrothermal processing of cereals makes 18 kg/h and the 
energy consumption is 8.1⋅106 J/kg of dried product. The 
final product is a quick-recoverable porridge that does not 
require cooking. It was noted that the economic attractive-
ness of the developed device with the effect of induced heat-
and-mass transfer for drying and hydrothermal treatment 
consists in the ability to reduce energy consumption for these 
manufacturing operations by 30 %.

Keywords: induced heat-and-mass transfer effect, dry-
ing, hydrothermal treatment, temperature kinetics, phase 
portrait.
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Cylinder cross-flow is a common phenomenon in many 
fields of technology. Technological simplicity of tubular 
structures makes them attractive, especially when using 
working bodies that are under different pressure values. 
However, the cylinders belong to the category of «poorly 
streamlined» bodies, and there are many opportunities to 
improve their hydrodynamics and heat transfer. For a circu-
lar cylinder, there is a speed range in which its hydraulic re-
sistance can decrease due to the deformation of the cylinder 
surface. This phenomenon can be used for the rational design 
of heat exchangers.

In the open-type wind tunnel, heat transfer coefficients 
and hydraulic resistances of single-row cylinder bundles with 
several types of spiral grooves on the outer surface have been 
determined. The largest increase in heat transfer (64 %) was 
shown by the cylinder with the smallest pitch of the groove 
(10 mm), the second place was taken by the cylinder with  
a relatively large step – 40 mm.

Using the best spiral groove allowed reducing the hy-
draulic resistance by 19 %. Visualization and computer 
simulation have been used to explain the effects. The con-
formity of computer simulations to the experimental results 
was determined by comparing the average heat transfer 
coefficient (calculated and determined using an ice calori
meter). As a result, the turbulence model RNG_kε has been 
chosen, which provides a better fit of the experimental model. 
Computer simulations have explained the physical picture 
of the flow around cylinders with spiral grooves, including 
their mutual influence with a different axial orientation  
in the bundle.

It has been shown that the presence of a spiral groove, 
which on the one hand increases heat transfer and on 
the other hand reduces hydraulic resistance, can signifi- 
cantly increase thermohydraulic efficiency (Reynolds ana
logy factor).

Keywords: heat transfer, hydrodynamics, heat transfer 
intensification, hydraulic resistance, spiral grooves, Reynolds 
analogy.
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A new structure of the charging station for electric vehi-
cles has been proposed, which was developed on the basis of 
a three-phase transformer and a three-level active four-quad-
rant rectifier with the power factor correction. This paper 
describes the parameters of the proposed structure of the 
charging station and gives the parameters for the replace-
ment circuit of the battery compartment in the electric car 
TESLA, model S, which was reduced to a single equivalent 
battery. We have described a method for fast charging the 
battery with constant current and constant voltage CC-CV, 
which ensures a greater number of battery charge-discharge 
cycles. The mathematical formulae have been given for calcu-
lating the power losses components and the efficiency of the 
proposed structure of the charging station over a full interval 
of the battery charge.

We have outlined a system of automated control over 
the charge current and voltage, which is based on the pulse-
width modulation of the second order and an integrated 
regulator. The simulation model of the proposed structure 
of the charging station, built in the MATLAB/Simulink 
programming environment, has been presented, as well as 
the simulation results: the oscillograms of input and output 
currents and voltages, the dynamics of the charge current 
regulator operation. The polynomial approximation of the 
IGBT-modules energy characteristics aimed at calculat-
ing the static and dynamic losses in the power switches of 
an active rectifier has enabled the construction of a loss  
counter model.

It has been shown that increasing the value of a charge 
current under the CC mode decreases the resultant inte-
grated value of the charge process efficiency, but, at the same 
time, the power factor increases and the emission of higher 
harmonics decreases. We have performed the optimization of 
power losses in the proposed system of the charging station 
based on the parameters of the minimal charge current and 
the modulation frequency in PWM.

Our analysis of the components of energy losses in the 
proposed structure has confirmed its energy efficiency in 
comparison with other existing structures. The advantage of 
the proposed structure is that it enables improved efficiency 
and power factor while lowering the emission of current 
higher harmonics. The following system indicators have been 
obtained: the integrated efficiency value of the electric car 
full charging process using a CC-CV method is 95.6 %, the 
power factor is 0.99, the total harmonic distortion coefficient 
of the input current is 2.5 %.

Keywords: active rectifier, rechargeable battery, electric 
car charging station, power factor, simulation.
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The integrated Smart Grid System of harmonization of 
production and consumption of electric power and heat with 
the use of heat-pumping power supply of the biogas plant, 
which uses fermented wort as a low-potential source of pow-
er, was developed. A change in the power factor of the cogen-
eration system, the temperature of local water is predicted 
by measuring the voltage at the inlet to the inverter, at the 
outlet from the inverter and voltage frequency. In the engine 
cooling circuit, the temperature of cooling water at the inlet 
to the heat exchanger, at the outlet from the heat exchang-
er, and the return water temperature are measured. It was 
proposed to estimate a change in the ratio of voltage at the 
inlet to the inverter and at the outlet from the inverter.  
Making forestalling decisions to change the power of the 
heat pump and the number of plates in the heat exchanger 
of the engine cooling circuit makes it possible to maintain 
the voltage at the entrance to the inverter and the tempera-
ture of the heated local water. The complex mathematical 
and logical modeling of the cogeneration system, based on 
the mathematical substantiation of the architecture of the 
cogeneration system and mathematical substantiation of 
the maintenance of functioning of the cogeneration sys-
tem, was performed. Time constants and coefficients of the 
mathematical models of dynamics regarding the estimation 
of a change in the power factor of the cogeneration system, 
temperature of local water, were determined. Functional 
estimation of a change in power factor of the cogeneration 
system in the range of 85–95 %, temperature of local water 
in the range of 30–55 °С at the compensation of reactive 
power of up to 40 % was obtained. Determining final func-
tional information provides an opportunity to make fore-
stalling decisions on a change in the power of a heat pump 
and a change in the number of plates in the heat exchanger 
of the engine cooling circuit to maintain the functioning of 
the cogeneration system.

Keywords: cogeneration system, power factor, biogas 
plant, heat pump, frequency converter.
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