
58

Eastern-European Journal of Enterprise Technologies ISSN 1729-3774  5/5 ( 83 ) 2016

THE STUDY OF THERMAL FIELD OF AN OBJECT 
REPRESENTED IN THE BASIS OF GREEN 
FUNCTIONS (p. 4-11)

Georgіy Kulinchenko, Evgen Mozok

Existing means of thermal field modeling for the construc-
tion of the real time spatial distribution of the field were ana-
lyzed. The expediency of using the method of integral trans-
formations for solving heat conduction problems was shown.

Based on the comparison of methods of thermal fields 
construction method of integral transformations in the basis 
of the Green’s functions was chosen. Construction of Green’s 
functions for the use in the experimental facility is performed 
by the method of Laplace integral transforms.

Software, generated based on the use of Matlab environ-
ment, allows to adjust the visualized field pattern by actual 
measured temperature values. Temperature point values of 
the experimental facility field were measured by NAT ther-
mocouples, that are connected to a PC through OWEN 
150UM controller interface, which makes it possible not only 
to form an array of measured values of the temperature, but 
also to adjust the time-varying boundary conditions of the 
calculated heat equation.

The main purpose of the research is to assess the perfor-
mance of the developed algorithms to reduce the field frame 
modeling time, which would allow to use the resulting pat-
tern of the thermal field distribution in the industrial thermal 
facilities control process.

The advantage of the thermal field constructing algo-
rithm in the basis of the Green’s function is the ability of the 
independent calculation of all points of the investigated area, 
allowing in the future to speed up the computation by apply-
ing high-performance computing.

Keywords: thermal field, heat conduction equation, 
Green function, method of integral transform, Laplace trans-
form, boundary conditions, visualization system.
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OPTIMIZATION OF THE PROCEDURE OF 
THERMAL FLAW DETECTION OF THE HONEYCOMB 
CONSTRUCTIONS BY IMPROVING THE ACCURACY 
OF INTERFERENCE FUNCTION (p. 12-18)

Volodymyr Storozhenko,  
Aleksandr Myagkiy, Roman Orel

The thermophysical model of the honeycomb construc-
tions was explored. The given model considers the interfer-
ences, which appear on the OC surface, and those caused by 
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the inhomogeneity of internal structure (by the “adhesion 
failure” flaw). The process of thermal flaw detection of 
honeycomb constructions was analyzed on its basis. As a 
result of the TFD analysis, a number of characteristic inter-
ferences, which complicate its industrial application, were 
revealed. The methods of decreasing interferences, charac-
teristic for the honeycomb constructions, by optimization 
of the TFD procedure by the value of criterion ∆Тdef/∆U 
were proposed.

Since the interferences, caused by inhomogeneous struc-
ture of the control object, cannot be removed by optimiza-
tion of the TFD procedure, the method of processing the 
obtained results by the algorithm of differential filtration 
was proposed.

As a result of applying proposed methods, we achieved a 
decrease in the interference level, connected with the hetero-
geneity of heating, to 0,7 °C (instead of 1,4 °C), a decrease in 
the interference, caused by the inhomogeneity of radiation 
capacity, to 0,6 °C (instead of 2 °C) and a decrease in tem-
perature contrast, caused by the inhomogeneity of the glue 
layer, to 0,2 °C (instead of 1,2 °C). Owing to this, sensitivity 
of the thermal flaw detection to the identification of flaws, 
caused by inhomogeneity, increased: internal – to threshold 
dimension of a flaw from 6 mm to 3 mm, and reliability of 
their detection increased by 17–20 %.

Keywords: honeycomb construction, thermal flaw detec-
tion, radiating capacity, adhesion failure.
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RESEARCH RESULTS PROVING THE DEPENDENCE 
OF THE COPPER CONCENTRATE AMOUNT 
RECOVERED FROM BASALT RAW MATERIAL ON 
THE ELECTRIC SEPARATOR FIELD INTENSITY  
(p. 19-24)

Vladimir Naduty, Zinovii Malanchuk, 
Yevhenii Malanchuk, Valerii Korniyenko

The study proves the efficiency of using electric separa-
tion for extracting the copper concentrate from a crushed 
mass of basalt, lava-breccia, and tuff after their preliminary 
magnetic separation. We have determined the preferred 
particle-size classes (–1.0 +0.63 mm) in the processes of pre-
paring the ore and classifying the components of the basaltic 
rock mass (from –0.25 +0.05 mm to –1.0 +0.63 mm) before 
electric separation; the copper concentrate outputs have 
been specified for basalt, tuff, and lava-breccia with regard to 
the electric field voltage for different particle-size fractions 
in the initial product.

The undertaken tests have revealed a linear dependence 
of the native copper output on the electric field voltage of 
the separator, which must be taken into account while devel-
oping the technological scheme of extracting native copper 
from basaltic raw materials.

We have proved that all the three components of the 
basaltic raw material (basalt, lava-breccia, and tuff) contain 
some percentage of copper that is of commercial interest. 
To extract substantial amounts of copper, it is essential to 
have a specific particle-size composition of the basaltic raw 
material before feeding it into the electric separator (basalt – 
10.370 %, lava-breccia – 5.741 %, and tuff – 4.074 %; thereby, 
the particle size class of the feedstock is –1.0 +0.63 mm, and 
the electric field voltage is 30 kW).

The obtained findings help develop the basic require-
ments for industrial tests. It is expedient to carry out more 
field tests and to create an industrial site for a complex 
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processing of basalt raw materials. The completed study is 
a necessary element of developing a non-waste technology 
of processing the basalts of the Rafalovsky basalt quarry in 
Ukraine. In addition to native copper, these deposits contain 
such useful components as iron, titanium, manganese, and 
a silicate part. While extracting strategically valuable raw 
materials, the ecological situation in the region is improved 
due to the processing of industrial wastes such as tuff and 
lava-breccia.

Keywords: native copper, titanomagnetite, electrical 
separation, lava-breccia, basalt, tuff, copper concentrate.
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INVESTIGATION OF THE OXIDE PHASE 
CONVECTIVE HOMOGENIZATION WHILE 
VACUUM-ARC WITH HOLLOW CATHODE 
REMELTING OF STEEL (p. 25-32)

Oksana Andreeva, Boris Borts,  
Andrii Kostikov, Victor Tkachenko

Discussion of the requirements for the placement of ZrO2 
powder in the cathode, which must be taken into account 
in the production of ODS steel by vacuum-arc remelting in 
order to provide the high level of homogenization of the ox-

ide particle is presented. The description of the experimental 
setup and the cathode structure for vacuum-arc remelting of 
steel, alloyed with oxide nano-powder is given. The role of 
convective processes in the homogenization of nano-particles 
in the production of ODS steel is highlighted. The convec-
tive flow of liquid metal captures ZrO2 powder particles and 
carries them throughout its volume. 

The use of the elementary cylindrical convective cell with 
mixed boundary conditions is proposed for the description 
of homogenization of the oxide particles. The structure and 
spatial distribution of the convective mass transfer in the cy-
lindrical convective cell with the cosinusoidal bottom profile 
are provided. 

Spatial distribution of convective flow in the cell is 
described by the Stokes lines, which are concentrically ar-
ranged smooth closed lines, which indicates the formation of 
convective flow in the form of a single vortex in the cell with 
mixed boundary conditions. Near the bottom, the Stokes 
lines reflect the curved cosine bottom profile. Criteria of 
vacuum-arc melting and convective mixing of ZrO2 nano-
particles are formulated. 

Drops of the liquid material of the cathode with ZrO2 

nano-particles penetrate to the central vertical flow of the con-
vective cell. Then, near the wall of the crystallizer, the particles 
are subjected to vertical forces: Archimedes force (always di-
rected in vertical direction, i.e. upwards); gravity force (always 
directed downwards); friction force (Stokes force) (directed 
along the liquid velocity vector) on these particles. 

The Archimedes force depends on the volume, i.e. size, of 
the particle. Thus, the less the nano-particle size, the lower the 
buoyancy force. The criterion of overcoming the Archimedes 
force allows determining the sizes of the particle at which their 
uniform distribution in the cell volume is possible. 

Criteria of convective homogenization ZrO2 nanopar-
ticles are the following:

– droplets of cathode material penetrate into the cylin-
drical convective cell on a circular line which corresponds to 
the inner circumference of the hollow cathode;

– drops of the cathode material penetrate to a depth of 
convective cells, consistent with its half-height;

– ZrO2 particles with sizes less than 90 nm will be stored 
for a long time in the melt, and homogenized in volume of the 
melt as a result of convective mass transport.

Keywords: reactor’s steel, oxide powder, hollow cathode, 
vacuum-arc remelting, convective cell, mixed boundary con-
ditions, mass transfer, homogenization.
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RESEARCH OF THE MECHANISM OF FORMATION 
AND PROPERTIES OF TRIPOLYPHOSPHATE 
COATING ON THE STEEL BASIS (p. 33-39)

Оlena Vlasova, Vadym Kovalenko,  
Valerii Kotok, Sergey Vlasov

The mechanism, protective properties, microstructure, 
phase composition of coats on steel have been investigated. 
According to the developed method, the coats were de-
posited potentiodynamically and potentiostatically in an 
aqueous solution of sodium tripolyphosphate. Based on the 
results of electrochemical studies, it has been established, 
that on potentiodynamic curves, characterizing the cor-
rosion behavior of low-carbon steel in an aqueous sodium 
TPP solution, up to three passivation plateaus can be ob-
served. The multi-stage formation mechanism of tripoly-
phosphate coat has been proposed. The mechanism includes 
three stages: at the start the adsorptive film is formed, that 
afterwards is modified two times, accompanied by a change 
of properties and composition. By using the methods of op-
tical and scanning electron microscopy, X-ray diffraction, it 
has been established that the coat formed in an aqueous Na 
TPP solution by the potentiodynamic method under condi-
tions of complete passivation, is composed of two layers: 
first – thin, compact layer, that contains a crystalline phase 
of phosphate nature, and second – thick hydrophilic layer, 
capable of drying. Such coat possesses the best protective 
properties in 0.1 N Na2SO4 solution, that models conditions 
of atmospheric corrosion.

The nature of the electrochemical formation mechanism 
of tripolyphosphate coats and features of their structural and 
phase composition have been established. 

The further studies will be directed at the development of 
effective deposition methods of tripolyphosphate coats with 
estimated set of properties for the protection of metal goods 
from atmospheric and high-temperature gas corrosion.

Keywords: sodium tripolyphosphate, anodic curve, pas-
sivation coat, protective properties, formation mechanism.
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INFLUENCE OF THE RATIO OF OXIDES AND 
TEMPERATURE ON THE STRUCTURE FORMATION 
OF ALKALINE HYDRO-ALUMINOSILICATES  
(p. 40-48)

Pavlo Kryvenko, Volodymyr Kyrychok, Sergii Guzii

In the course of optimization of compositions of alka-
line hydro-aluminosilicates of general structural formula – 
(0,7÷1Na2O+0÷0,3K2O)·Al2O3·(2÷7)SiO2·nH2O, it is estab-
lished that the phase composition of artificial stone depends 
more on the ratio of basic oxides; the temperature of harden-
ing in the range of 20÷80 °С increases the speed of structure 
formation of zeolite-like phases.

A determining factor of influence on the type of hydrated 
new formations is the ratio of SiO2/Al2O3; its increase leads 
to the creation of zeolite-like phases with high content of 
silica in its composition. At hardening of alkaline hydro-
aluminosilicate of the given structural forms under standard 
conditions of hardening, providing for a high degree of crys-
tallinity of structure, optimal is the ratio SiO2/Al2O3=4÷5.

Introduction of potassium ions into the composition 
of hydro-aluminosilicate contributes to obtaining potas-
sium and sodium-potassium zeolite-like new formations 
and to increasing the degree of crystallinity of the indi-
cated phases. To accelerate the structure formation of al-
kaline hydro-aluminosilicate under standard conditions of 
hardening, it is necessary to introduce potassium oxide at  
K2O/R2O=0,15÷0,3.

With an increase in the temperature of hardening of 
alkaline hydro-aluminosilicate from 20 to 80°, the phase com-
position of artificial stone remains practically unchanged; 
however, this leads to an increase in the velocity of structure 
formation and the degree of crystallinity of artificial stone.

As a result of optimization, we determined optimum 
structural formula of hydro-aluminosilicate (0,8Na2O+ 
+0,2K2O)·Al2O3·4,5SiO2·nH2O, which makes it possible 
under standard conditions of hardening to obtain water-re-
sistant artificial stone by the synthesis in the composition of 
hydrated new formations of zeolite-like minerals of the type 
of zeolite Na–A; sodium and potassium heulandite, as well as 
sodium potassium phillipsite.

Keywords: alkaline hydro-aluminosilicate, ratio of basic 
oxides, temperature of hardening, phase composition, struc-
ture formation.
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EFFECT OF MULTIPHASE STRUCTURE OF PLASMA 
COATINGS ON THEIR ELASTIC AND STRENGTH 
PROPERTIES (p. 49-57)

Viacheslav Kopylov

We examined physical and mechanical  characteristics 
of multiphase plasma coatings of lamellar structure, which 

include nanocomponents based on silicon dioxide. Elastic 
and strength properties of composite materials are explored, 
connected with peculiarities of the formation of structure 
and composition of coatings at plasma spraying, based on the 
proposed calculation-experimental technique, as well as with 
using results of measurements of internal friction and testing 
of compositions for the three-point bend. The work presents 
results of evaluation of the parameters of crack resistance 
and character of destruction of composite materials, based on 
examination of energy balance of the system “base – plasma 
coating” at the moment of crack initiation at exfoliation 
and cracking of coatings. We obtained values of intensity 
of stresses K1c of different systems and for the appropriate 
regions – in the grain body, on the border between the par-
ticles, in the area of interphase zone. The parameters of crack 
resistance (G1c, K1c) are calculated of the coating itself at its 
exfoliation and/or destruction.

We applied the corresponding techniques for determin-
ing cohesive strength for some cases of the crack propaga-
tion in the coating of dispersed structure depending on the 
composition of coating and ratio of modules of elasticity of 
the components of the given composition. The parameters 
of crack resistance are compared to physical and mechanical 
characteristics of plasma coatings – their adhesive and cohe-
sive strength. The values of intensity of the released energy 
and coefficients of intensity of stresses at exfoliation or crack-
ing are compared to such properties as adhesive and cohesive 
strength of the considered coatings. 

Keywords: plasma coating, modulus of elasticity, internal 
friction, crack resistance, strength, multiphase structure. 

References

1.	 Barvinok, V. A., Bogdanovich, V. A. (2012). Physical and 
mathematical modeling of processes of formation mesostruc-
ture-ordered plasma coatings. Journal technical physics,  
82 (2), 105–112.

2.	 Morks, M. F., Tsunekawa, Y., Okumiya, M., Shoeib, M. A.  
(2003). Splat Microstructure of Plasma Sprayed Cast 
Iron With Different Chamber Pressures. Journal of Ther-
mal Spray Technology, 12 (2), 282–289. doi: 10.1361/ 
105996303770348393 

3.	 Li, C.-J., Wang, W.-Z., He, Y. (2004). Dependency of fracture 
toughness of plasma sprayed Al2O3 coatings on lamellar 
structure. Journal of Thermal Spray Technology, 13 (3), 
425–431. doi: 10.1361/10599630419364 

4.	 Tillmann, W., Nebel, J. (2010). Analysis of the Mechanical 
Properties of an Arc Sprayed WC-FeCSiMn Coating: Com-
pression, Bending, and Tension Behavior. Journal of Thermal 
Spray Technology, 20 (1-2), 317–327. doi: 10.1007/s11666-
010-9567-z 

5.	 Kopylov, V. I., Antonenko, D. A. (2014). Physical-mechan-
ical properties and internal friction of multiphase materials 
with plasma coatings. Engineering problems, 2, 72–89.

6.	 Li, H., Khor, K. A., Cheang, P. (2002). Young’s modulus and 
fracture toughness determination of high velocity oxy-fuel-
sprayed bioceramic coatings. Surface and Coatings Technol-
ogy, 155, 21–32. doi: 10.1016/s0257-8972(02)00026-9 

7.	 Brantner, H. P., Pippan, R., Prantl, W. (2003). Local and 
Global Fracture Toughness of a Flame Sprayed Molybde-
num Coating. Journal of Thermal Spray Technology, 12 (4), 
560–571. doi: 10.1361/105996303772082314 

8.	 Golovin, J. I. (2008). Nanoindentation and mechanical prop-
erties of solid bodies in submicrometer, thin surface layers 
and films (Review). Solid state Physics, 50 (12), 2113–2142.



64

Eastern-European Journal of Enterprise Technologies ISSN 1729-3774  5/5 ( 83 ) 2016

9.	 Bashta, A. V. (2012). Mechanical strength of the surface 
layers of the structural ceramics. Visnyk of NTU “HTU”,  
48 (954), 15–24.

10.	 Dolgov, A. N. (2004). The method of determining the elas-
tic modulus of thermal spray coatings. Powder metallurgy,  
7/8, 110–115.

11.	 Wu, D. J., Mao, W. G., Zhou, Y. C., Lu, C. (2011). Digi-
tal image correlation approach to cracking and decohe-
sion in a brittle coating/ductile substrate system. Ap-
plied Surface Science, 257 (14), 6040–6043. doi: 10.1016/ 
j.apsusc.2011.01.119 

12.	 Yamazaki, Y., Schmidt, A., Scholz, A. (2006). The deter-
mination of the delamination resistance in thermal bar-
rier coating system by four-point bending tests. Surface and 
Coatings Technology, 201 (3-4), 744–754. doi: 10.1016/ 
j.surfcoat.2005.12.023 

13.	Bao, Y. W., Zhou, Y. C., Bu, X. X., Qiu, Y. (2007). Evaluat-
ing elastic modulus and strength of hard coatings by relative 
method. Materials Science and Engineering: A, 458 (1-2), 
268–274. doi: 10.1016/j.msea.2006.12.131 

14.	Dolgov, N. A., Chihira, I. V., Stuchliak, P. D., Buketov I. B. 
(2010). Using the criterion of adhesion-cohesin runano 
during flexion to create coatings with the best combina-
tion of strength characteristics. Oil and gas industry,  
6, 41–45.

15.	Ivanchenko A. V., Dolgov, N. A., Besov, A. V., Chernyi, A. V.  
(2015). Peculiarities of adhesive-cohesive fracture plaz- 
minoguena coatings. Bulletin of the KhNTU, 3 (54),  
126–132.

16.	Yu, L., Ma, Y., Zhou, C., Xu, H. (2005). Damping efficiency 
of the coating structure. International Journal of Solids and 
Structures, 42 (11-12), 3045–3058. doi: 10.1016/j.ijsol-
str.2004.10.033 

17.	 Kopylov, V. I., Smirnov, I. V., Rybakov, S. V. (2005). Influ-
ence of composition and microstructure of oxide ceramic 

coatings on physico-mechanical properties of composite 
materials. Engineering problems, 2, 3–19.

18.	Kopylov, V. I., Varvus, I. A., Strongin, B. G. (1991). Main 
features of the formation of multi-component thermal spray 
coatings determining the physical and mechanical properties 
of the compositions during deposition. Phys.-Khim. mechan-
ics of materials, 1, 65–70.

19.	Kopylov, V. I., Revo, S. L., Smirnov, I. V., Ivanenko, E. A., 
Lozovy, F. V., Antonenko, D. A. (2010). Influence of plasma 
coatings of powders with nano-size components on the 
internal friction of iron. Nanosistemy, nanomaterials, nano-
technology, 8 (1), 209–215.

20.	Kopylov, V. I., Smirnov, I. V., Dolgov N. A. (2004). The Use 
of failure criteria to assess the strength properties of thermal 
spray coatings. Engineering problems, 4, 3–11.

21.	 Fastow, J. K. (1963).The determination of internal friction 
damping coatings. Izv. An SSSR, OTN, Mechanics and me-
chanical engineering, 3, 127–128.

22.	Hu, M. S., Evans, A. G. (1989). The cracking and decohesion 
of thin films on ductile substrates. Acta Metallurgica, 37 (3), 
917–925. doi: 10.1016/0001-6160(89)90018-7 

23.	Kopylov, V. I. (1999). Optimization of obtaining solid com-
positions based on the combination of technological and 
operational parameters of plasma spraying. Problems of 
strength, 1, 68–75.

24.	Rebinder, P. A., Shchukin, E. D., Margolis L. Y. (1964). On 
the mechanical strength of porous disperse bodies. Reports of 
as USSR, 154 (3), 695–698.

25.	 Maksimovich, G. G., Shatinsky, V. F., Kopylov, V. I. (1983). 
Physico-chemical processes in plasma spraying and the destruc-
tion of materials with coatings. Kyiv: Naukova Dumka, 264.

26.	Chernoivanov, V. I., Karakozov, E. S. (1984). Physical-
chemical processes of formation of the compounds during the 
deposition of powder materials. Statement of the problem. 
Welding production, 1, 2–5.


