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A method for determining the maximally permissible 
values for the indicators of insulation of high-voltage oil-
filled entrance bushings that ensure the minimal risk value 
has been proposed. The proposed method differs in that the 
maximally permissible values for indicators are determined 
by minimizing the function of average risk, using the New-
ton’s method, taking into consideration the actual operating 
conditions of equipment, which makes it possible to improve 
the operational reliability of entrance bushings.

We have derived an expression to determine the average 
risk with respect to the distribution law of indicators for the 
insulation of high-voltage entrance bushings (by Weibull), 
the minimization of which makes it possible to determine the 
maximally permissible values for the indicators, taking into 
consideration the duration of their operation, the values of 
load currents, the grade of a transformer oil, and other factors.

A comparative analysis was performed for risk values, 
which are accompanied by applying the maximally permis
sible values for indicators that are regulated in Ukraine, with 
the maximally permissible values for indicators, which were 
obtained by using different methods. The analysis revealed 
that the minimal risk value is ensured by the maximally per-
missible values for indicators, which are obtained by applying 
the method of minimal risk, taking into consideration the 
operating conditions for entrance bushings. We have per-
formed an analysis of impact of the values for probabilities of 
the proper-functioning and faulty state of entrance bushings, 
the cost of incorrect decisions, as well as the value for a scale 
parameter and a shape parameter in the Weibull distribution, 
on the maximally permissible values for the indicators of 
insulation of high-voltage oil-filled entrance bushings in an 
airtight structure. It was established that an increase in the 
probability of a defect and its conditional cost, as well as 
prolonging the operation duration of entrance bushings and 
their loading, leads to a decrease in the maximally permis-
sible values for the indicators. It has been proven that the 
maximally permissible values for the indicators of insulation 
of high-voltage entrance bushings, which ensure the mini-

mal economic loss, are not constant. In order to practically 
implement the method of minimal risk during operation, it 
has been proposed to apply the likelihood ratios, which make 
it possible to diagnose the state of high-voltage entrance  
bushings at a minimal risk, but without determining the ma
ximally permissible values for the indicators.

Keywords: high voltage entrance bushing, insulation in-
dicators, minimal risk, probabilities of erroneous and correct 
decisions, Weibull distribution, likelihood ratios.
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The developed simulation model of the control system 
of the power plant operating in different modes is presented. 
Work on the development of the control system of the power 
plant, the physical control of which will be carried out with 
the help of automatic controllers that compensate for the 
influence of external factors and, thus, bring the deviated 
parameters to the given values was done. In particular, the 
optimum controllers for the main components of the power 
plant were selected.

Simulation of operating modes to minimize the control 
error, as well as for compliance of the established steam 
flow, temperature and other parameters with the set (rat-
ed) values was performed. As a result of the simulation, it 
was found that the controllers (P and PI) cope quite well 
with the problems of parameters stabilization under any 
perturbations, despite the mutual influence of deviations 
of parameters. Dynamic deviations from the established 
values of such quantities as the turbine flow and condenser 
flow, as well as the steam generator outlet pressure do not 
exceed ±0.1. The settling time of the turbine flow fluc-
tuations does not exceed 5 minutes. The fluctuations of 
the remaining flows are almost similar to the turbine flow  
fluctuations.

The conducted studies will be useful for effective and 
high-quality (accurate) control of various energy complexes, 
intended for electric energy and heat generation. Control of 
such energy complexes is usually carried out by automatic 
systems for which proper tools and optimum controllers are 
needed. The present paper deals with simulation of interac-
tion of such controllers.

Keywords: micro-energy complex, turbine plant, power 
plant, control system simulation model, optimum controller.
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We developed a new design of an air solar collector made 
in the form of an inseparable power unit, which includes  
a frame with heat-insulated walls, single glazing and a selec-
tive surface on its bottom. We defined a number of generali
zing dependences for the determination of thermal efficiency 
of an air solar collector, namely, an influence of the mass air 
flow qa on a temperature difference of the heat-transfer agent 
to and insulation E, on heat productivity q and the efficien-
cy  η of the solar collector.

Based on the experimental data, we obtained linear 
regression dependencies of the average daily ambient tem-
perature teat on energy illumination E and the average tem-
perature of the heat-transfer agent carrier taat of the average 
daily ambient temperature teat. We verified the adequacy of 
the results of theoretical and experimental studies.

We established that we achieve the maximum values of 
the efficiency of the solar collector η – from 65 to 80.6 % 
at a temperature of the outlet flow of the heat-transfer 
agent to from 30 to 60 °C and mass air flow, qa from 170  
to 190 m3/h.

We determined that an increase in the level of insulation E  
from 100 to 1,000 W/m2 makes it possible to increase heating 
productivity of the collector q from 320 to 1,260 W and the 
temperature of the heat-transfer agent at the collector outlet to  
from 10 to 60 °C.

We can use the obtained results in development and im-
provement of technical means for drying fruits, for improve-
ment of technological and energy efficiency of the process.

Keywords: air solar collector, transparent coating, ab-
sorber, solar energy, temperature, heat exchange, heat loss.
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The compression heat-using refrigerating machines ope
rating in the Chistiakov-Plotnikov cycle use recycled waste 
heat of power machines as primary energy for producing 
cold of various temperature potentials thus saving fuel 
and energy resources. Development and improvement of 
machines is associated with the use of new working fluids.  
A selecting method of working fluids for a machine with  
a block «turbine-compressor» was proposed from the stand-
points of such fundamental characteristics as energy saving 
and environmental safety. Mutual influence of properties 
of R134a, R290, R401a, R410a, R407a, R507, R600, R717 
working fluids and design values of the block «turbine-com-
pressor» in the given temperature regime of the thermo-

dynamic cycle were studied with observance of equality of 
turbine and compressor powers. Design values of the full-size 
block «turbine-compressor» sample and the results of its 
experimental studies with the use of previous working fluids 
were used for the study.

The method of selection of the working fluids for the 
cold supply system of a particular consumer (a fruit storage) 
equipped with a small power machine was demonstrated on 
a particular example for a given temperature regime of cold 
production and the design values of the block. Introduction 
of the dimensionless equilibrium criterion in the analysis 
has made it possible to establish and evaluate dependence of 
the block design values on thermodynamic properties of the 
working fluids and conditions of its work and the field of ra-
tional application of any working fluids for a particular block 
design. The compression heat-using refrigerating machine is 
capable of efficient cold production with the studied working 
fluids in the trigeneration system of a small power machine.

Keywords: heat-using refrigerating machine, block «tur-
bine-compressor», working fluids, thermodynamic properties.
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We have investigated the influence of structural and 
technological elements on the basic parameters, reliability 
indicators, and the dynamics of operation of thermoelectric 
cooling devices under various current modes within the 
operating range of temperature differences. We analyzed 
the ratios of correlation between the time required to enter  
a stationary mode and relative intensity of failures in a cooler, 
and energy indicators, thermoelectric parameters of thermo-
elements, structural and technological indicators.

An analysis of the time required to enter a stationary 
mode was performed for different modes of operation from 
the maximum cooling capacity to the minimum failure rate. 
It is shown that in order to reduce the time required for  
a cooler to enter a stationary mode, at the predefined geo
metry of thermoelements and temperature difference, it is 
necessary to employ the mode of maximum cooling capacity.

The quantitative analysis showed that at the predefined 
geometry of thermoelements branches the time required to 
enter a stationary working mode does not depend on the 

number of thermoelements in a thermoelectric cooler. At  
a difference of temperatures close to the maximum value, 
the time required to enter a stationary working mode differs 
slightly for all modes of operation. Comparative analysis of 
the basic parameters of reliability indicators and dynamical 
characteristics makes it possible to find compromise solu-
tions when constructing thermoelectric devices taking into 
consideration the weight of each of the constraints.

From a practical point of view, the results obtained suggest 
that increasing the cooling rate does not require changes to 
the existing technology for making thermoelectric coolers. 
Control over performance speed during transition from one 
stationary state to another state is executed through the selec-
tion of current modes in the operation of a thermoelectric de-
vice. In this case, there is a possibility to choose the conditions 
under which reliability indicators match the permissible limit. 

Keywords: thermoelectric cooler, geometry of thermo-
elements, time required to enter a stationary mode, reliability 
indicators.
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Various design heat pipes had been developed in pre
vious research to enhance thermal performance. In this 
study, tapering heat pipe is developed. The method used 
true experimental to observe temperature distribution in the 
heat pipe. Geometric design is set as the ratio of diameter 
evaporator (d) and condenser (D) which are d/D = 1/1, 1/2, 
1/3 and 1/4. Heat source (Q) is varied by using DC power 
supply of 25, 30, 35, 40, 45 and 50 Watt. The temperature 
was measured by using k-type thermocouple with NI-9211 
and c-DAQ 9271 module. Wick heat pipe is set as screen 
mesh with 56.5 µm wire diameter with one single layer. Wick 
screen mesh material used is stainless steel with 40 W/(m⋅K) 
thermal conductivity on layer shape. Thermal resistance 
decrease, high evaporation time, and stable temperature 
distribution are indicator performance to determine the best 
thermal performance. Based on the results, it can be denoted 
that d/D and Q affected to thermal performance difference. 
Both of d/D and Q increased, thermal performance increases. 
The tapering heat pipe with d/D = 1/4 and Q = 50 Watt pro-
vide the better thermal performance.

Keywords: Tapering Heat Pipe, Thermal Performance, 
Evaporator to Condenser Diameter Ratio, Heat Source.
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The experimental studies of the influence of the degree 
of masonry development (geometry) and aerodynamics of 
the combustion chambers (circuits of combustion products 
removal) on the energy-technological indicators of the pro-
cesses in the system gas-solid (in combustion chambers) were 
carried out. 

The experimental research into the influence of geometry 
and aerodynamics of the combustion chamber on the ener-
gy-technological indicators in the system gas – solid body 
was conducted at the industrial large-scale fire bench. 

It was shown that a decrease in the height of the working 
space of the combustion chamber, equipped with flat flame 
burners, affects the use of fuel due to heat exchange inten-
sification, including direct convection. The dependence is 
caused by a decrease in heat losses with flue gases and due to 
a decrease in losses through the masonry.

It was established that at the height of the working space 
of 800÷1,000 mm of the combustion furnace, fuel consump-
tion decreases by 20÷30 %. 

The design of the combustion space of the furnace of 
continuous operation mode was developed. The distinctive 
feature of the furnace of the developed design is the elimi-
nation of discreteness and implementation of the stable con-
tinuous operation mode of the heating unit. The longitudinal 
channels were made on the lateral surfaces of the cars and 
the furnace along the entire length of the latter, which makes 
it possible to implement the continuous removal of combus-
tion products from the combustion space through canalized 
hearth of the cars into the longitudinal lateral channels, made 
in the walls of the furnace. Additional aerodynamic compac-
tion of the working space of the furnace is ensured at any 
speed of the motion of the cars.

It was found that energy-technological efficiency at the 
arch heating of the combustion units with flat flame burners 
and combustion products removal under the workpiece (lower 
smoke removal) is on average by 1.3 times higher than at use 
of the circuit of products removal above the workpiece (lateral 
smoke removal), which is used in currently operating furnaces.

The design was developed and the tunnel furnace was put 
into operation. It was for chemical and thermal treatment 
of metallic and non-metallic materials and products during 
their heating by the assigned schedule. 

Keywords: combustion chamber, aerodynamics, flat flame 
burner, tunnel furnace, temperature of combustion products.

References

1.	 Kapustin, V. M., Rudin, M. G., Kudinov, A. M. (2012). Os-
novy proektirovaniya neftepererabatyvayushchih i neftekhi-
micheskih predpriyatiy. Moscow: Himiya, 440.

2.	 Eynard, J., Grieu, S., Polit, M. (2011). Modular approach 
for modeling a multi-energy district boiler. Applied Ma
thematical Modelling, 35 (8), 3926–3957. doi: https:// 
doi.org/10.1016/j.apm.2011.02.006 

3.	 Reddy, A., Kreider, J. F., Curtiss, P. S., Rabl, A. (2016). 
Heating and Cooling of Buildings: Principles and Practice of 
Energy Efficient Design. CRC Press, 862.

4.	 Muhutdinov, A. R., Vahidova, Z. R., Efimov, M. G. (2014). 
Modelirovanie processa goreniya tverdogo topliva v topoch-
nom ustroystve. Vestnik Kazanskogo tekhnologicheskogo 
universiteta, 17 (20), 114–116.

5.	 Raba al, M., Fernandes, U., Costa, M. (2013). Combustion 
and emission characteristics of a domestic boiler fired with 
pellets of pine, industrial wood wastes and peach stones. 
Renewable Energy, 51, 220–226. doi: https://doi.org/ 
10.1016/j.renene.2012.09.020 

6.	 Iguchi, M., Ilegbusi, O. J. (2010). The Coanda Effect. Mo
deling Multiphase Materials Processes, 41–88. doi: https://
doi.org/10.1007/978-1-4419-7479-2_3 

7.	 Nikolsky, V., Yariz, V., Reshetnyak, I. (2017). Improvement of 
energy efficiency in the operation of a thermal reactor with 
submerged combustion apparatus through the cyclic input 
of energy. Eastern-European Journal of Enterprise Tech-
nologies, 2 (8 (86)), 39–44. doi: https://doi.org/10.15587/ 
1729-4061.2017.97914 

8.	 Nikolsky, V., Oliynyk, O., Ved, V., Svietkina, О., Pugach, А., 
Shvachka, A. (2018). Design and study of the energyefficient 
unified apparatuses for energytechnological manufactu
ring. Eastern-European Journal of Enterprise Technolo-
gies, 3 (8 (93)), 59–65. doi: https://doi.org/10.15587/ 
1729-4061.2018.132572

93

Abstract and References. Energy-saving technologies and equipment



9.	 Nikolsky, V., Oliynyk, O., Shvachka, A., Nachovnyy, I. (2017). 
Thermal treatment of concentrated liquid toxic waste and 
automatic control of process efficiency. Eastern-European 
Journal of Enterprise Technologies, 5 (10 (89)), 26–31.  
doi: https://doi.org/10.15587/1729-4061.2017.111846 

10.	 Li, L., Peng, X. F., Liu, T. (2006). Combustion and cooling 
performance in an aero-engine annular combustor. Applied 
Thermal Engineering, 26 (16), 1771–1779. doi: https:// 
doi.org/10.1016/j.applthermaleng.2005.11.023 

11.	 Askarova, A. S., Bekmukhamet, A., Bolegenova, S. A., Beke
tayeva, M. T., Maximov, Yu. V. Ospanova, Sh. S., Gabitova, Z. K.  
(2014). Investigation of turbulence characteristics of burning 
process of the solid fuel in BKZ 420 combustion chamber. 
WSEAS Transactions on Heat and Mass Transfer, 9, 39–50.

12.	 Yarkova, V. S., Matyuhin, V. I. (2016). Vybor sposoba 
utilizacii tepla podtelezhechnogo prostranstva tunnel’noy 
pechi. Teplotekhnika i informatika v obrazovanii, nauke 
i  proizvodstve (TIM’2016). Ekaterinburg, 134–137.

13.	Szego, G., Dally, B., Nathan, G. (2009). Operational charac-
teristics of a parallel jet MILD combustion burner system. 
Combustion and Flame, 156 (2), 429–438. doi: https:// 
doi.org/10.1016/j.combustflame.2008.08.009 

14.	 Parente, A., Galletti, C., Tognotti, L. (2008). Effect of 
the combustion model and kinetic mechanism on the 
MILD combustion in an industrial burner fed with hyd
rogen enriched fuels. International Journal of Hydrogen  
Energy, 33 (24), 7553–7564. doi: https://doi.org/10.1016/ 
j.ijhydene.2008.09.058 

15.	 Syred, N., Giles, A., Lewis, J., Abdulsada, M., Valera Medina, A.,  
Marsh, R. et. al. (2014). Effect of inlet and outlet configura-
tions on blow-off and flashback with premixed combustion 
for methane and a high hydrogen content fuel in a generic 
swirl burner. Applied Energy, 116, 288–296. doi: https:// 
doi.org/10.1016/j.apenergy.2013.11.071 

16.	 Askarova, A. S., Bolegenova, S. A., Maksimov, V. Y., Bekmu-
hamet, A., Ospanova, S. S. (2012). Numerical Research of 
Aerodynamic Characteristics of Combustion Chamber BKZ-75  
Mining Thermal Power Station. Procedia Engineering, 42, 
1250–1259. doi: https://doi.org/10.1016/j.proeng.2012.07.517 

17.	 Bulat, G., Jones, W. P., Marquis, A. J. (2013). Large Eddy 
Simulation of an industrial gas-turbine combustion cham-
ber using the sub-grid PDF method. Proceedings of the 
Combustion Institute, 34 (2), 3155–3164. doi: https:// 
doi.org/10.1016/j.proci.2012.07.031 

18.	Oleynik, O. Yu., Taranenko, Yu. K. (2017). Vibrosterzhnevye 
chastotnye preobrazovateli temperatury. Vymiriuvalna ta 
obchysliuvalna tekhnika v tekhnolohichnykh protsesakh, 
3, 58–64.

19.	 Oliynyk, O., Taranenko, Y., Losikhin, D., Shvachka, A. (2018). 
Examining the Kalman Filter in the field of noise and inter-
ference with the non-Gaussian distribution. Eastern-Euro-
pean Journal of Enterprise Technologies, 4 (4 (94)), 36–42. 
doi: https://doi.org/10.15587/1729-4061.2018.140649

DOI: 10.15587/1729-4061.2018.144243
THE ROLE OF FATTY ACID STRUCTURE IN 
VARIOUS PURE VEGETABLE OILS ON FLAME 
CHARACTERISTICS AND STABILITY BEHAVIOR 
FOR INDUSTRIAL FURNACE (p. 65–75)

Dony Perdana
Brawijaya University, Malang, Jawa-Timur, Indonesia

Maarif Hasyim Latief University, Jawa-Timur, Indonesia
ORCID: http://orcid.org/0000-0002-7924-9452

I. N. G. Wardana
Brawijaya University, Malang, Jawa-Timur, Indonesia

ORCID: http://orcid.org/0000-0003-3146-9517

Lilis Yuliati
Brawijaya University, Malang, Jawa-Timur, Indonesia

Nurkholis Hamidi
Brawijaya University, Malang, Jawa-Timur, Indonesia

This study investigates the effects of the fatty acid com-
position of various vegetable oils on the behavior of flames 
in the combustion process. The research is important for the 
substitution of fossil fuel using environmentally friendly ve
getable oil. Five oils were tested including coconut oil, palm 
kernel oil, cotton seed oil, ceiba petandra oil and jatropha 
curcas oil. The oils were burned on an open tray at various air 
speeds performing three combustion regions, i. e., premixed 
combustion at the upstream region followed by transition 
region and diffusion combustion region at the downstream. 
Flame stability was tested at an air speed of 49 cm/s, 55 cm/s, 
and 64 cm/s. The image of the flame was recorded using a 
high-speed video camera at the rate of 200 frames per second. 
The flame temperature was measured by the K-type thermo-
couple. The results show that the higher saturated fatty acid 
content makes the flame brighter and more wavelet numbers 
present at the flame front maintaining the flame stability at  
a wide range of air speeds. The saturated fatty acid has a high 
flash point which is difficult to be burned at the flame front 
and escaping to burn as diffusion flame at the downstream re-
gion. The fatty acid content also affects the flame color which 
is evident in jatropha curcas oil with mostly a premixed/blue 
flame color and producing the highest thermal energy, while 
coconut oil is mostly a diffusion flame/yellow color. The 
longer ignition delay is shown in coconut oil because of the 
high saturated fatty acid content. The higher the unsaturated 
fatty acid content makes the flame more unstable. This shows 
that the bright yellow diffusion flame color is a good source of 
radiation thermal energy for flame stability. The flame color 
and the flame stability data are very valuable for designing 
efficient and stable industrial furnace with vegetable oil. This 
study gives insight into the influence of fatty acid chemical 
structure and physical properties on the combustion charac-
teristics for thermal energy production. When high-tempera-
ture gas is needed in the industrial furnace, vegetable oil with 
unsaturated fatty acids is the choice by keeping the lower air 
speed. But when the industrial furnace with stable combus-
tion process is the goal, the oil with saturated fatty acids is the 
best for a wide range of air speeds. 

Keywords: vegetable oil, fatty acid content, combustion 
process, flame color, flame stability
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A gasifier of specific design was proposed for gasification 
of straw containing fuels. Combustion and regeneration 
zones of this gasifier have the same diameter. A mixture of 
wood and straw pellets was used as a fuel. It was established 
that when using up to 40 % or less straw pellets in the fuel 
for 360 hours of the gasifier operation, there were no deposits 
on the grate.

A study was conducted to assess the effect of content 
of straw pellets in fuel on concentration and volume of CO 
in the gas, total gas yield, amount of gas produced per kilo-
gram of fuel and duration of the proposed gasifier operation. 
The study result is represented by a one-factor equation.  
A two-factor experiment was carried out to establish the 
effect of content of straw pellets in the fuel on dynamics of 
changes in CO concentration in the gas in the course of the 
gasifier operation. A 2 kg portion of fuel was charged in each 
series of experiments, operation time and CO content in the 
gas were recorded at equal time intervals. The content of 
straw pellets in the fuel was increased from 0 % to 100 % in 
20 % increments with each charge of the gasifier with fuel.

It has been established that for efficient gasification of 
straw-containing fuel without formation of solid deposits, it 
is rationally to add no more than 40 % of straw pellets to the 
fuel. When 40 % of straw was used in the fuel, concentration 
and volume of produced CO increased by 25 %, however, the 
gas yield decreased by 5.3 % compared to the use of wood.  
Although the 100 % content of straw pellets in the fuel 
resulted in a 44.3 % increase in CO concentration in the 
generator gas and a 40 % growth of CO volume, the total gas 
yield has reduced by 7.7 %. Duration of the gasifier operation 
(at a 2 kg fuel charge) has increased by 2.8 %. The growth of 
CO content at a 100 % content of straw in fuel has indicated 
a 13–18 % increase in the calorific value of the resulting gas 
compared to a 100 % wood content.

Therefore, it is rational to use up to 100 % content of 
straw in the fuel although this requires the gasifier design pre-
venting formation of stable deposits on the working surfaces.

Keywords: gasifier, generator gas, straw pellets, concen-
tration and volume of CO, agglomeration.
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