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INVESTIGATION OF ENERGY CONSUMPTION IN 
THE COURSE OF PLASTERING MACHINE’S WORK  
(p. 4-11)

Bogdan Korobko

The study focuses on the operating principle of the hydraulic tech-
nological equipment set for finishing works. The main objective of the 
study is to determine the amount of energy consumed in the process of 
the set operation. This energy is spent on mixing the finishing mortar 
and on the work output of the mortar pump piston when it is acting on 
the mortar to create the required feed pressure in the pressure main. We 
consider a scheme of energy consumption of the operating equipment 
set and propose a method of calculating the specific energy consump-
tion of the selected set components. The method consists in calculating 
the energy consumption of each component and the total energy input, 
which allows determining the required capacity of the power unit.

The research findings allow calculating the energy input in the 
process of operation and, thereby, estimating the energy balance of 
such unit. They can be used by design engineers to further improve 
the performance of the designed machines in terms of their rational 
energy consumption.

The proposed method allows analyzing the share of energy con-
sumption of each element of the hydraulic equipment set and outlin-
ing steps to further improve the parameters of the hydraulic circuit.

Keywords: technological equipment set, hydraulic drive, mor-
tar, pipeline, transportation, energy efficiency.
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AN ALGORITHM OF REGULATING AN ENERGY-
EFFICIENT HOT WATER SYSTEM WITH THE 
OBJECT MODEL IN THE CONTROLLER (p. 11-18)

Oleksandr Stepanets, Anastasiia Andrasovych

The article presents a method of controling an energy ef-
ficient hot water supply system, a large amount of heat energy in 
which is supplied by the solar collector. The study proves impor-
tance of energy saving technologies and their use in everyday life 
and industry.

The study presents a generalized structure of the system 
of hot water supply as a control object. The devised analytical 
model of dynamics of the system individual elements is based 
on the equations of heat balance. The model is reduced to a 
form suitable for use in computer modeling of the dynamics of 
technological processes. Numeric values of the parameters of the 
model transfer functions are calculated for the selected model of 
the solar collector. The resulting model of the control object for a 
single-circuit system serves as a basis for the comparative studies 
of various controller structures and control methods that provide 
the minimum readjustment and the fastest transition process. 
The comparison is based on classical PID-algorithms and the 
IMC-approach. The article describes synthesis of the IMC of the 
temperature of hot water in the point of its supply to users.

It is found that the proposed approach to designing a control 
algorithm based on the object model allows the IMC provide bet-
ter performance quality as compared to traditional algorithms. It is 
shown that the controller synthesis requires taking into account the 
work of the actuator, and the controller filter order directly affects 
the valve drive motion making it smooth.

We have considered the prospects of the proposed approach and 
possible options for upgrading the system.

Keywords: hot water system (HWS), control algorithm, inter-
nal model control (IMC), energy efficiency.
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CALCULATION OF ELECTROTHERMAL 
PROCESSES IN PULSE CONVERTERS TO PROVIDE 
THERMAL PROTECTION (p. 19-25)

Roman Baraniuk, Viktor Todorenko,  
Dmitry Ushakov

Power electronics and their thermal protection systems that are 
designed on the basis of modern methods of thermal calculations work 
efficiently under specified operating conditions in a particular operating 
range of temperatures and modes beyond which the form of the transi-
tion process can change. Consequently, the extent of oscillation in the 
transition process increases along with the initial voltage and current 
fluctuations. These changes are dangerous if the boundary values of the 
component parameters are underestimated due to heating.

The study suggests a method of integrated electrothermal calcula-
tion in order to ensure thermal protection of pulse converters for electric 
power by creating combined models of the circuit elements in the form 
of a system of differential equations. Analysis of the characteristic roots 
of solutions of the differential equations of the system state in the form 
of matrix exponentials gives an idea about the nature of the transi-

tion process. This allows setting a threshold value of fluctuations and 
a time frame of the transition process while enabling a heated device. 
It becomes possible to stabilize the transition process by heating the 
components and to choose magnetic materials of inductors, taking into 
account the thermal processes.

As a result of this approach, thermal protection of power transform-
ers extends to providing trouble-free operation at non-stationary modes 
of the components and extreme temperatures; it becomes possible to 
reduce the complexity and rigidity of the requirements to establishing a 
time frame for restarting the device.

Keywords: equation of the system state, thermal impedance, matrix 
exponential, electrothermal modeling.
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ANALYSIS OF EXCHANGE PROCESSES DURING 
PARALLEL OPERATION OF WIND ELECTRIC 
UNITS (p. 26-32)

Sergii Denysiuk, Darya Horenko

Quality control of electric power is usually performed at the 
point of delimitation, and mutual influence of the elements of power 
systems and exchange processes between generators is not consid-
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ered. But in the transition processes, transmission, accumulation or 
generation of exchange energy take place both between the support-
ing elements of the power system and between the generators. The 
influence of exchange processes on the load is compensated by special 
instruments and the quality of electricity from a consumer’s perspec-
tive is almost not affected. However, mutual overflows of energy, even 
with full compensation, will produce electromagnetic effect on the 
equipment (for example, magnetic circuit oversaturation) that would 
cause deterioration in the operating modes of generators, increasing 
losses, etc. All the above-said predetermines the need for analysis of 
exchange processes directly in the intersection of generation.

So the calculations were carried out of the exchange capacity dur-
ing the work of two generators with different modes of operation and the 
influence of perturbations during the work of one generator was studied. 
We constructed corresponding graphic dependencies of the exchange 
capacity on the phase shift angle using MathCAD and Excel software 
applications. By analyzing graphic dependencies, the conclusions were 
drawn. Even with an active load, the overflows of inactive power in the 
system are present. We also defined by the graphs the optimal value of 
the phase shift angle, at which exchange capacity equals zero.

The conducted studies make it possible to carry out analysis and 
optimization of energy processes in dispersed electric power systems 
with different energy sources, to identify and minimize unwanted en-
ergy flows between the elements of the system, as well as to compensate 
for the mutual influence of various-type electric power sources, both 
traditional and non-traditional. 

Keywords: electromagnetic compatibility of generators, renew-
able sources of electric power, inactive power of Frieze, exchange 
processes, exchange capacity.
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DEVELOPMENT OF MATHEMATICAL MODELS 
AND THE CALCULATIONS OF ELEMENTS OF 
CONVECTIVE HEAT TRANSFER SYSTEMS (p. 33-41)

Yosyf Mysak, Igor Galyanchuk, 
Marta Kuznetsova

Despite the considerable number of papers on elaborating the 
methods of mathematical modeling of thermal power systems, at 
present little attention is paid to the development of methods of 
analysis of the influence of different factors on the performance 
indicators of work of an energy unit. In this article we substanti-
ated principles of selection and mathematical modeling of the 
simplest elements of heat transfer systems, which clearly reflect 
the essence of processes in these systems and are convenient in 
terms of their mathematical modeling. The use of selection and 
mathematical description of elementary heat exchangers, mixers 
and dividers of flows may describe a variety of heat transfer system 
of any energy plants.

These methods allow comparing various modes of operation of the 
equipment, its design peculiarities and their possible combination sig-
nificantly faster and economically efficient. A proposed mathematical 
model of the elements of HTS in the form of a temperature characteris-
tic provides unification of models of all elements, subsystems and HTS 
as a whole, as well as the clarity and convenience of the description of 
connections of elements. The calculations of heat transfer systems may 
be efficiently used for analysis of the work and different types of design 
and checking calculations of heat transfer convective surfaces. The use 
of generalized dimensionless parameters makes it possible to perform 
calculations based on different parameters of the initial information 
and to improve efficiency of analysis of the work of heat exchangers.

Keywords: mathematical model, heat transfer system, thermal 
energy unit, heat carrier, heat exchanger, thermal energy parameters.



66

Eastern-European Journal of Enterprise Technologies ISSN 1729-3774	 4/8 ( 82 ) 2016

References 

1.	 Rychkov, A. D. (2002). Modelyrovanye v teploenerhetyke. Vychys-
lytelnye tekhnolohyy, 7 (2), 94–105.

2.	 Baskar, P., Edison, G. (2013). A Review of Mathematical Models 
for Performance Analysis of Hybrid Solar Photovoltaic – Thermal 
(PV/T) Air Heating Systems. Advanced Materials Research, 768, 
29–39. doi: 10.4028/www.scientific.net/amr.768.29 

3.	 Bhandari, B., Poudel, S. R., Lee, K.-T., Ahn, S.-H. (2014). Mathemati-
cal modeling of hybrid renewable energy system: A review on small 
hydro-solar-wind power generation. International Journal of Precision 
Engineering and Manufacturing-Green Technology, 1 (2), 157–173. 
doi: 10.1007/s40684-014-0021-4 

4.	 Verma, P., Varun, Singal, S. (2008). Review of mathematical modeling 
on latent heat thermal energy storage systems using phase-change ma-
terial. Renewable and Sustainable Energy Reviews, 12 (4), 999–1031. 
doi: 10.1016/j.rser.2006.11.002 

5.	 Zhang, Q., Turton, R., Bhattacharyya, D. (2016).  Development of 
Model and Model-Predictive Control of an MEA-Based Postcom-
bustion CO 2 Capture Process. Industrial & Engineering Chemistry 
Research, 55 (5), 1292–1308. doi: 10.1021/acs.iecr.5b02243 

6.	 Huilin, L. (2000). A coal combustion model for circulating flu-
idized bed boilers. Fuel, 79 (2), 165–172. doi: 10.1016/s0016-
2361(99)00139-8 

7.	 Wang, J., Ge, W., Li, J. (2008). Eulerian simulation of heterogeneous 
gas-solid flows in CFB risers: EMMS-based sub-grid scale model 
with a revised cluster description. Chemical Engineering Science, 
63 (6), 1553–1571. doi: 10.1016/j.ces.2007.11.023 

8.	 Halashov, N. N., Metnev, S. V. (2008). Avtomatyzyrovannyi raschet 
normatyvnykh y faktycheskykh pokazatelei TETs. Elektrycheskye 
stantsyy, 11, 26–28.

9.	 Dulau, M., Bica, D. (2014). Mathematical Modelling and Simulation 
of the Behaviour of the Steam Turbine. Procedia Technology, 12, 
723–729. doi: 10.1016/j.protcy.2013.12.555 

10.	 Guha, P., Unde, V. (2014). Mathematical Modeling of Spiral Heat 
Exchanger. International Journal of Engineering Research, 3 (4), 
226–229. doi: 10.17950/ijer/v3s4/409 

11.	 Srinivas, T. (2009). Study of a deaerator location in triple-pressure re-
heat combined power cycle. Energy, 34 (9), 1364–1371. doi: 10.1016/ 
j.energy.2009.05.034 

12.	 Patel, V., Patel, V., Chatterjee, K. (2015). Mathematical modelling 
and simulation of steam power plant. Electrical, Electronics, Signals, 
Communication and Optimization (EESCO). International Confer-
ence, Visakhapatnam, 1–5.

13.	 Kowalczyk, C., Rolf, R. M., Kowalczyk, B., Badyda, K. (2015). 
Mathematical model of combined heat and power plant using Gate-
CycleTM software. Journal of Power Technologies, 95 (3), 183–191.

14.	 Popyryn, L. S. (1978). Matematycheskoe modelyrovanye y optymy-
zatsyia teploenerhetycheskykh ustanovok. Moscow: Enerhyia, 416.

15.	 Hyl, A. V., Starchenko, A. V., Zavoryn, A. S. (2011). Prymenenye 
chyslennoho modelyrovanyia topochnykh protsessov dlia praktyky 
perevoda kotlov na neproektnoe toplyvo. Tomsk: STT, 184.

16.	 Zeng, Y., Cai, Y., Huang, G., Dai, J. (2011). A Review on Optimization 
Modeling of Energy Systems Planning and GHG Emission Mitiga-
tion under Uncertainty. Energies, 4 (12), 1624–1656. doi: 10.3390/
en4101624 

17.	 Grabner, M., Ogriseck, S., Meyer, B. (2007). Numerical simulation of 
coal gasification at circulating fluidised bed conditions. Fuel Process-
ing Technology, 88 (10), 948–958. doi: 10.1016/j.fuproc.2007.05.006 

18.	 Chaban, O. Y., Halianchuk I. R. (1999). Modeli i rozrakhunky ele-
mentarnykh konvektyvnykh teploobminnykiv. Visnyk DU “Lvivska 
politekhnika”. “Teploenerhetyka. Inzheneriia dovkillia. Avtomaty-
zatsiia”, 365, 32–40.

19.	 Andriushchenko, A. Y. (1975). Osnovy tekhnycheskoi termodynamyky 
realnykh protsessov. Moscow: Vysshaia shkola, 264.

20.	 Halianchuk, I. R., Kuznetsova M. Ya. (2013). Mathematical models of 
heat transfer system for two- and three-way heat exchangers. Eastern-
European Journal of Enterprise Technologies, 2/8 (62), 29–32. Avail-
able at: http://journals.uran.ua/eejet/article/view/12428/10325

21.	 Halianchuk, I. R., Kuznetsova M. Ya. (2014). Matematychne mod-
eliuvannia ta doslidzhennia vlastyvostei povitropidihrivnyka kotla. 
Visnyk NU “Lvivska politekhnika”. Teploenerhetyka. Inzheneriia 
dovkillia. Avtomatyzatsiia”, 795, 40–50.

A MODEL OF HUMAN THERMAL COMFORT FOR 
ANALYSING THE ENERGY PERFORMANCE OF 
BUILDINGS (p. 42-48)

Valerij Deshko, Nadia Buyak

Despite numerous studies devoted to a comprehensive analysis of 
buildings as complex energy systems and, in particular, human thermal 
comfort, an attempt to combine these two aspects to solve the problems 
of energy conservation and comfort has been made for the first time. The 
designed comfort model serves to determine the structure of the human 
body exergy balance and calculate the minimum exergy consumption 
and comfortable air temperature. The paper presents a structure of the 
exergy balance in winter and summer, the dependence of the human 
body exergy consumption on the mean radiant temperature and room 
air temperature in winter. We have analyzed various models of human 
thermal comfort and devised a model of a comprehensive analysis of the 
system “heat source – human being – building envelope”. We have cal-
culated the standard deviation of comfortable room air temperature for 
different values of the mean radiant temperature, for the exergy model 
of thermal comfort and the model for which the Predicted Mean Vote 
(PMV) index of human sensation equals to zero. It is found that the 
standard deviation equals to 1.4 °C. Using thermal comfort models in a 
comprehensive analysis allows constructing buildings with low energy 
or exergy consumption and with high-quality thermal comfort.

Keywords: thermal comfort, energy efficiency, building, exergy, 
human body exergy consumption.
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MODELING OF IMPACT OF HYDRAULIC 
FRACTURES ON THE PROCESS OF FLUID 
DISPLACEMENT FROM LOW-PERMEABILITY 
SEDIMENTARY ROCKS (p. 49-55)

Andriy Bomba, Alesya Sinchuk 

Mathematical modeling of fluid displacement from low-permea-
bility (shale) sedimentary rocks in the pattern waterflooding elements 
considering the impact of hydraulic fractures is performed. Based on nu-
merical methods of comprehensive analysis (quasiconformal mappings), 
numerical algorithms for the calculation of filtration characteristics: 
saturation field, velocity quasipotential, time of the displacing fluid 
breakthrough to the production well and its complete waterflooding 
are developed. The algorithm also allows determining the coordinates 
of the critical “suspension” points and their quasipotential values, fluid 
interface position at different time points, the overall filtration rate of 
the production well, the dependence of oil fraction in it. For an effective 
analysis of the research, calculations of the volume of the displaced fluid 
in the reservoir within a certain time and the volume of the remaining 
fluid in the reservoir at an arbitrary time are performed. This allowed 

predicting the rate of waterflooding of production wells and identifying 
the features of operation under the projected arrangement of wells and 
hydraulic fractures on them. It was found that the “transverse direc-
tion” (with respect to injection wells) of hydraulic fractures accelerates 
the time of the displacing reagent breakthrough to the production well 
(although provides some growth of oil withdrawal values at the initial 
stages), and their “longitudinal” direction reduces the number of oil 
stagnation zones.

Keywords: numerical methods for quasiconformal mappings, hy-
draulic fractures, pattern waterflooding, nonlinear problems.
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EXPERIMENTAL RESEARCH ON THE SEALING 
ABILITY OF BOREHOLE PACKERS (p. 56-62)

Maksym Dorokhov, Ivan Kostryba, 
 Volodymyr Biletskyi

With the use of a full factorial experimental design based on 
a Box-Hunter rotatable central composite plan for second order 
response surfaces, it was possible to obtain a statistical math-
ematical model of the impact of the diametrical tension, the test 
pressure, and the radial clearance between the thrust bush and the 
casing as well as the shear modulus of the material on the amount 
of contact pressure, which is represented by a polynomial of the 
second order. The research was carried out on the laboratory 
model of the PJSC “Ukrnafta” (Poltava, Ukraine). The analysis 
of this model shows that an essential impact on the sealing ability 
of the self-sealing ring (the value of contact pressure) is made by 
the following series of factors: the test pressure, the diametrical 
tension, the radial clearance, and the shear modulus of the com-
paction material. Moreover, the test pressure factor is character-
ised by nonlinearity, which manifests itself in intersections of the 
hypersurface response.

The study has experimentally determined the patterns of dis-
tributing contact pressure along the length of the conjugate surface 
between the ring and the casing, characterized by a decreasing con-
tact pressure from the edge of the working bite to the supporting 
section of the ring.

The research has demonstrated that it is possible to manage directly 
the sealing ability of borehole packers, particularly by changing the 
geometric parameters of the packer compaction.

Keywords: borehole packer, self-sealing ring, contact pressure, 
blowout preventer, wellhead equipment, shear modulus.
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