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The methods to improve the thermal test equipment and 
determine the efficiency of solar collectors are proposed. To 
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The goal of present study is to improve a method for de-
termining a residual technical resource and expected life cycle 
of power transformer of the traction substations of electrified 
railroads under operating conditions with the influence of differ-
ent factors. Solving this task makes it possible to use technical 
resource of the transformer in full, to decrease economic costs 
and labor expenses. It was established that even after a norma-
tive period of operation a substantial part of power transformers 
at the traction substations of railroads retains working ability 
under conditions of compliance with permissible load regimes, 
timely conducting of tests, diagnosis and maintenance.

We improved a method for determining a technical re-
source of power transformer by introducing the rate of change 
in the relative wear of insulation. The essence of improvement 
consists in the comprehensive account of the content of indica-
tors of humidity in a solid insulation, the content of acids and 
oxygen in the oil, rate of an increase in their concentration in 
the calculation of technical resource and the remained time of 
operation of the transformer. The given method allowed us to 
increase the accuracy of calculation of the residual resource of 
a transformer by 10…12 %, which enables effective planning of 
the substantiated periodicity and the volumes of operations on 
the restoration of technical resource over entire life cycle.

Keywords: transformer, maintenance, life cycle, rate of rela-
tive wear of insulation.
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improve the performance specifications of such equipment, it is 
proposed to use highly sensitive semiconductor sensors. Based 
on experimental studies, planar transistors are chosen and sen-
sors that can be used in temperature channels of devices for 
solar system studies are designed. Series connection of several 
transistor diodes enables an increase in sensitivity while reduc-
ing technological variations and simplifying secondary devices.

The experimental studies have shown that the maximum 
temperature characteristics variation of the nine studied 
sensors does not exceed ±0.06 °С throughout the measuring 
range of 0 °С to +80 °С.

The structure of a digital temperature difference meter with 
the studied sensors is designed. The temperature difference meter 
circuit is based on two current-to-voltage converters, in the feed-
back of which temperature sensors are enabled. By using a single 
reference voltage source, the same currents will flow through the 
sensors. The output signals of both converters are equal to voltage 
drops on the sensors and are fed to the differential inputs of the 
ADC, which provides a source code proportional to the measured 
temperature difference. The meter calibration at any temperature 
in the measuring range while ensuring the temperature uniformity 
of both sensors is proposed. After calibration, the estimated error 
value of the temperature difference meter does not exceed ±0.1 °С 
throughout the measuring range.

The calibration method of precision digital thermometers 
with the designed sensors in two temperature points is pro-
posed. At 0 °С, the thermometer additive error is determined, 
which is later used as a correction to all measuring results. 
The multiplier factor value is expedient to determine near the 
maximum measured temperature as the ratio of the nominal 
and the resulting values of the code that matches the calibra-
tion temperature. A method for adjusting a nonlinear error 
component in the whole measuring range is developed. It is 
based on determining the parameters of sensors approximat-
ing dependencies using experimental data. The logarithmic 
approximation temperature dependence of semiconductor 
sensors, whose value is equal to zero at both calibration tem-
perature values is proposed. It is shown that this approxima-
tion dependence can be easily implemented in the modern 
microcontrollers base. After calibration, the acceptable error 
limit of digital thermometers in the measuring range from 
0 °С to 100 °С does not exceed ±0.1 °С.

Keywords: solar collector, semiconductor temperature con-
verter, temperature difference meter, thermometer calibration.
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The experimental and research space heating system with 
a fan storage heater was introduced. The system contains a set 
of measurement tools, which allows studying the temperature 
distribution at several room points simultaneously. Temperature 
recording has begun since the heating season 2014–2015 and it is 
continued up to date.

Temperature measurement error in the range of 10...25 °C 
accounts for 6.8...2.8 %, respectively. The greatest errors in stud-
ies are from temperature sensors and the controller-logger unit, 
which records temperature values.

The regulation of the storage heater is performed using the 
values from two temperature sensors located in the same plane 
but at different heights. Depending on the temperature readings 
of the sensors, the storage heater fan was switched on and off.

During the research, the temperature change at different 
heights of the space depending on the fan mode was studied. The 
study found that when a fan is on, this leads to the formation of 
overheating zone. This fact negatively affects the comfortable 
conditions for people inside that space and results in overspend-
ing of thermal energy stored by a storage heater.

The study also showed that the lower the set room tempera-
ture, the lower the temperature gradient (along the height) and 
the duration of overheating periods. This fact creates favorable 
conditions for the construction of the algorithm for the storage 
heater automation system that would allow avoiding overheating.

Keywords: storage heating, storage heater, fan storage 
heater, dynamic storage heater, room temperature.
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To date, thermal rectors with submersible combustion de-
vices with efficiency of more than 100 % relative to the lowest 
heat of combustion are known. This method of heating is more 
universal and energy efficient due to the absence of heat losses in 
transportation and maximum utilization of the carrier heat. This 
opens up broad prospects for the use of these energotechnologi-
cal facilities in residential gas heating systems.

This work has studied the effect of electromagnetic fields 
having intensity gradient in the direction of motion of the 
contacting phases on the process of mass transfer between 
counter-current-moving gas and liquid phases. It was shown 
that the optimal method of intensification of heat and mass 
transfer in the submerged combustion devices is oscillation 
of the contacting phases under action of an electric spark dis-
charge. Design solutions were proposed for intensifying the 
heat and mass transfer process and increasing the energy ef-
ficiency of operation of thermal reactors with the submersible 
combustion devices.

To evaluate the effect of magnetic and electric fields 
upon their application, it was proposed to use the developed 
vibrofrequency measuring transducer with a cylindrical-type 
resonator. Application of such control method makes it pos-
sible to measure total frequency-modular oscillations of the 
contacting phases. In this case, there is no need to control 
characteristics of magnetic and electric fields and assess their 
individual effects on the intensity of oscillations in the con-
tacting gas-liquid phases.

Keywords: intensification of heat and mass exchange pro-
cesses, magnetic and electric field, cylindrical resonator, induc-
tion receiver.
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A relevant issue today is the principle of energy efficiency and 
rational use of energy resources. At present, solar heating systems 
with conventional solar collectors are quite expensive. Given this, 
we designed and patented a solar roofing, which combines the 
functions of a solar collector and a metal corrugated part of the 
pitched roof. The feature of solar roofing is that its heat absorber is 
made of the corrugated roofing material of the building. This makes 
it possible to significantly reduce the cost of the solar system, im-
prove its strength and simplify the design.

Comprehensive solution of the issues of fixing solar collec-
tors directly to the elements of the roof has broad prospects be-
cause, in this case, the possibility of replacing a part of the roof 
with them can be implemented. This eliminates additional load 
on the carrying structures and reduces the cost of solar heating 
in general. We developed a mathematical model of the work of 
a solar roofing in the heating system, which is a dependence 
of calculation of heating temperature of the heat carrier in the 
tank-accumulator on intensity of the heat flow and period of 
radiation. It was established that at changing incident angles 
of the heat flow from 90º to 30º, effectiveness of solar roofing 
reduces insignificantly compared with the flat solar collectors.

We improved dependences of change in the efficiency of solar 
heating systems using a solar roofing on the direction and veloc-
ity of the air flow. It is established that energy efficiency of a solar 
roofing is larger affected by velocity of air flow, while its direction 
is less important. 

Keywords: solar roofing, heat supply system, energy effi-
ciency, solar system, solar collector, solar energy.
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The problem of convective heat transfer in the initial 
section of a pipe with a corrugated section was considered 
at transient Reynolds numbers. Influence on the intensity 
of heat exchange and the magnitude of hydraulic resistance 
of geometric parameters (wavelength and amplitude) of the 
corrugated insert, variability of the thermophysical proper-
ties of the heat carrier and the direction of the heat flow was 
estimated. Threshold value of the corrugation wavelength 
(L/R0>0.6) was determined for the Reynolds number range 
under consideration for which there was a significant growth 
of heat exchange. Influence of the gradient of the dynamic 
viscosity coefficient on flow stability and intensification of 
heat exchange in internal flows was demonstrated. Influence 
of Reynolds and Prandtl numbers on local heat transfer, hy-
draulic resistance and flow structure was determined. It was 
established that the use of corrugated surfaces is ineffective 
at Reynolds numbers less than 2000. It was shown that heat 
exchange in a pipe can be raised to 30 % with an increase in 
hydraulic resistance of 1.05 times in the range of Reynolds 
numbers 2·103...1.4·104 with the use of a nonencumbering 
corrugation.

Keywords: corrugated pipe, inlet pipe section, heat transfer 
intensification, hydraulic resistance, vortex structure.
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thermal oilseed meat treatment has been proposed. The pecu-
liarity of this technique is that the set values of the mean and 
mean-square oilseed meat moisture were taken as the criteria 
for the validity of the calculated data.

A mathematical model of hydrodynamics of motion of the 
oilseed meat particles in the cooker vat was developed as a 
single process of motion of the oilseed meat fluxes along the 
horizontal concentric circles and along the vertical (merid-
ian) ones traversing the vat axis. The basis of the model is 
the differential equation of particle motion along the blade 
rotating around the axis over the heated bottom of the cooker 
vat. The equation takes into account the design features of 
the stirrer, speed of blade rotation, length of the blades and 
physical characteristics of the oilseed meat expressed in terms 
of friction coefficients. Solution of the equation makes it pos-
sible to determine velocity of the particle in the direction of 
the blade and the circumferential velocity, the time of motion 
along the blade. This is the initial data for the axial movement 
of the oilseed meat. The time of passage of the oilseed meat 
along the agitator blade makes it possible to justify conditions 
of conductive heat exchange. The time of passage along the 
vat axis makes it possible to justify the conditions of convec-
tive heat exchange.

A discrete model of the moving contact layer of the oilseed 
meat at the hot surface of the vat bottom was developed. Mois-
ture content of the oilseed meat was described by a matrix in 
which the number of rows is equal to the number of elementary 
layers and the number of columns is equal to the number of 
elementary time intervals. The mass of the dry oilseed meat 
substance is determined by the row vector of the matter mass 
in the thick layer.

Thermal balance of conductive and convective heat and 
mass transfer of the oilseed meat drying process has been 
compiled taking into account the heat spent for removal of the 
bound moisture from the solid phase which will ensure more 
accurate calculation of the technological conditions of cooking.

Keywords: cooking model, stirring hydrodynamics, conduc-
tive and convective drying, multi-vat cooker.
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We proposed a generalized procedure of convective fruit 
drying, which takes into account comprehensive combination of 
thermal-physical and physical-chemical properties of fruit with 
their kinematic heat and mass exchange characteristics. 

We developed a mathematical model of heat, moisture and 
mass exchange for convective fruit drying, which considers 
moisture-yielding velocity of the dried material in the opera-
tion zone of the heat carrier under conditions of diffusion pro-
cess of moisture transfer in the dried material. The given model 
allows us to determine heat and mass exchange characteristics 
and intensity of the drying process.

We proposed the systems of differential equations of 
heat and moisture transfer in the process of convective fruit 
drying for parabolic and uniformed original distribution of 
temperature and moisture content. As a result of the solution 
of a system of differential equations, we obtained appropri-
ate dependences to determine the energy of bound moisture, 
moisture content on the surface and in the center of the mate-
rial, difference of moisture content between the surface and 
central layers, as well as critical moisture content. 

The obtained results may be used when predicting the heat 
and mass exchange processes, for improvement of technology 
and equipment for fruit drying in the solar dryer, for increasing 
technological and energy efficiency of the process.

Keywords: solar energy, solar fruit dryer, diffusion, moisture 
content, heat and mass transfer, intensification, convective drying.
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was carried out using a low-molecular polymer and applying an 
AR coating, which represents spatial-crosslinked condensation 
structures of organosilicon gel – xerogel of polyorganosiloxane. 
This will make it possible to create a multifunctional organic 
multitexture for the frontal surface of a solar cell using hybrid 
technologies for obtaining PS, with a reduced cost of production, 
relatively large efficiency and simple technological process of the 
synthesis, which can be applied over large areas. Parameters of 
the multifunctional organic multitextures, which were created at 
the macro surfaces of substrates for SC, were explored using the 
method of mass spectrometry.

Keywords: solar cell, porous silicon, hybrid structure, sol-gel 
coating, multifunctional multitexture.

Refrences 

1.	 Luque, A. (2011). Will we exceed 50 % efficiency in photovolta-
ics? Journal of Applied Physics, 110 (3), 031301. doi: 10.1063/ 
1.3600702 

2.	 Wu, C., Crouch, C. H., Zhao, L., Carey, J. E., Younkin, R., Levin-
son, J. A. et. al. (2001). Near-unity below-band-gap absorption 
by microstructured silicon. Applied Physics Letters, 78 (13), 
1850–1852. doi: 10.1063/1.1358846 

3.	 Bundgaard, E., Krebs, F. (2007). Low band gap polymers for 
organic photovoltaics. Solar Energy Materials and Solar Cells, 
91 (11), 954–985. doi: 10.1016/j.solmat.2007.01.015 

4.	 Yerokhov, V. Y., Melnyk, I. I. (1999). Porous silicon in solar cell 
structures: a review of achievements and modern directions of 
further use. Renewable and Sustainable Energy Reviews, 3 (4), 
291–322. doi: 10.1016/s1364-0321(99)00005-2 

5.	 Eisenlohr, J., Tucher, N., Hauser, H., Graf, M., Benick, J., Bla-
si, B. et. al. (2016). Efficiency increase of crystalline silicon solar 
cells with nanoimprinted rear side gratings for enhanced light 
trapping. Solar Energy Materials and Solar Cells, 155, 288–293. 
doi: 10.1016/j.solmat.2016.06.033 

6.	 Rahman, T., Bonilla, R. S., Nawabjan, A., Wilshaw, P. R., 
Boden, S. A. (2017). Passivation of all-angle black surfaces for 
silicon solar cells. Solar Energy Materials and Solar Cells, 160, 
444–453. doi: 10.1016/j.solmat.2016.10.044 

7.	 Yerokhov, V., Ierokhova, O. (2016). Coatings of the “Black-
Silicon” type for silicone solar cells. 2016 13th International 
Conference on Modern Problems of Radio Engineering, Tele-
communications and Computer Science (TCSET). doi: 10.1109/
tcset.2016.7452066 

8.	 Won, C. W., Nersisyan, H. H., Shin, C. Y., Lee, J. H. (2009). 
Porous silicon microparticles synthesis by solid flame technique. 
Microporous and Mesoporous Materials, 126 (1-2), 166–170. 
doi: 10.1016/j.micromeso.2009.05.036 

9.	 Jemai, R., Alaya, A., Meskini, O., Nouiri, M., Mghaieth, R., 
Khirouni, K., Alaya, S. (2007). Electrical properties study of 
double porous silicon layers: Conduction mechanisms. Materials 
Science and Engineering: B, 137 (1-3), 263–267. doi: 10.1016/ 
j.mseb.2006.12.003 

10.	 Khezami, L., Bessadok Jemai, A., Alhathlool, R., Ben Rabha, M. 
(2016). Electronic quality improvement of crystalline silicon by 
stain etching-based PS nanostructures for solar cells application. 
Solar Energy, 129, 38–44. doi: 10.1016/j.solener.2016.01.034 

11.	 Amri, C., Ouertani, R., Hamdi, A., Ezzaouia, H. (2017). Effect 
of Silver-Assisted Chemical Vapor Etching on morphological 
properties and silicon solar cell performance. Materials Sci-
ence in Semiconductor Processing, 63, 176–183. doi: 10.1016/ 
j.mssp.2017.02.019 

in plastic helio dryer. Journal of Engineering Thermophysics,  
23 (4), 306–315. doi: 10.1134/s1810232814040080 

3.	 Kituu, G. M., Shitanda, D., Kanali, C. L., Mailutha, J. T., 
Njoroge, C. K., Wainaina, J. K., Silayo, V. K. (2010). Thin layer 
drying model for simulating the drying of Tilapia fish (Oreo-
chromis niloticus) in a solar tunnel dryer. Journal of Food Engi-
neering, 98 (3), 325–331. doi: 10.1016/j.jfoodeng.2010.01.009 

4.	 Janjai, S., Phusampao, C., Nilnont, W., Pankaew, P. (2014). 
Experimental performance and modeling of a greenhouse solar 
dryer for drying macadamia nuts. International Journal of Sci-
entific & Engineering Research, 5 (6), 1155–1161.

5.	 Manoj, M., Manivaimair, A. (2013). Simulation of solar dryer 
utilizing green house effect for cocoa bean drying. International 
Journal of Advanced Engineering Technology, IV (II), 24–27.

6.	 Holmanskiy, A. S., Tilov, A. Z., Tyuhov, I. I. (2012). Issledovanie 
kinetiki sushki rastitel’nyh pishchevyh produktov. Vestnik Ros-
siyskoy akademii sel’skohozyaystvennyh nauk, 2, 15–17.

7.	 Goyal, R. K., Kingsly, A. R. P., Manikantan, M. R., Ilyas, S. M. 
(2007). Mathematical modelling of thin layer drying kinetics 
of plum in a tunnel dryer. Journal of Food Engineering, 79 (1), 
176–180. doi: 10.1016/j.jfoodeng.2006.01.041 

8.	 Azimi, А., Tavakoli, T., Beheshti, H. K., Rahimi, A. (2012). Ex-
perimental Study on Eggplant Drying by an Indirect Solar Dryer 
and Open Sun Drying. Iranica Journal of Energy & Environment,  
3 (4), 347–353. Available at: http://www.ijee.net/Journal/ijee/
vol3/no4/9.pdf

9.	 Korobka, S. V. (2014). Pat. No. 97139 UA. Heliosusharka z 
teplovym akumulyatorom. MPK A23L3/00. No. UA 97139U; 
declareted: 26.12.2014; published: 25.02.2016, Bul. No. 4, 3.

10.	 Korobka, S., Babych, M. (2017). Substatiation of the construc-
tive-technologocal parameters of a solar fruit dryer. Eastern-
European Journal of Enterprise Technologies, 1 (8 (85)), 13–19. 
doi: 10.15587/1729-4061.2017.90299 

11.	 Babych, M., Korobka, S. (2015). Design procedure of the duration 
of drying fruit in solar installations. MOTROL. Commission of 
Motorization and Energetics in Agriculture, 17 (4), 31–37.

DOI: 10.15587/1729-4061.2017.103820
DEVELOPING THE MULTITEXTURE OF HYBRID 
STRUCTURE OF A SOLAR CELL (p. 64-71)

Valerij Yerokhov
Lviv Polytechnic National University, Lviv, Ukraine

ORCID: http://orcid.org/0000-0002-9699-7110
Here we demonstrated the prospects to create effective 

and profitable organic multitextures for the frontal surface of 
the hybrid structure of solar cells by using a sol-gel method on 
macro- or mesoporous silicon. A problem of obtaining the desired 
size and depth of a macrotexture was investigated by using the 
additions of organic origin (organic acids, ketones, alcohols) in 
etchants. In the course of the present study, we managed to ex-
perimentally determine optimal conditions for receiving macro 
porous surface macro texture of silicon substrates. Formed by 
chemical methods of treatment, the surface of a silicon substrate 
of solar cell makes it possible to attain several significant ad-
vantages, the main of which is the existence of relief, enabling 
conducting the subsequent technological stages (fabrication of 
an organic multilayer stack using the sol-gel technology), which, 
if combined, can create on the surface of a silicon substrate a high 
quality optical system to capture luminous flux. Development 
of the technological process for the synthesis of sol-gel method 



80

Eastern-European Journal of Enterprise Technologies ISSN 1729-3774	 3/8 ( 87 ) 2017

ing, Telecommunications and Computer Science, Proceedings of 
the 11th International Conference on TCSET’2012, 484–485. 

19.	 Derbali, L., Ezzaouia, H. (2013). Electrical properties improve-
ment of multicrystalline silicon solar cells using a combination 
of porous silicon and vanadium oxide treatment. Applied Surface 
Science, 271, 234–239. doi: 10.1016/j.apsusc.2013.01.166 

20.	 Yerokhov, V., Ierokhova, O. (2016). Improved porous silicon-
based multifunctional materials for the solar cells antireflection 
coating. 2016 International Conference on Electronics and In-
formation Technology (EIT). doi: 10.1109/iceait.2016.7500990 

21.	 Druzhinin, A. A., Yerokhov, V. Yu., Nichkalo, S. I., Berezhan-
skyi, Y. I., Chekaylo, M. V. (2015). Texturing of the Silicon 
Substrate with Nanopores and Si Nanowires for Anti-reflecting 
surfaces of solar cells. Journal of nano-and electronic physics,  
7 (2), 02030.

22.	 Starkov, V. V., Starostina, E. A., Vyatkin, A. F., Volkov, V.  T. 
(2000). Dielectric Porous Layer Formation in Si and 
Si/Ge by Local Stain Etching. Physica Status Solidi (A), 
182 (1), 93–96. doi: 10.1002/1521-396x(200011)182:1<93::aid-
pssa93>3.0.co;2-8 

23.	 Yerokhov, V., Druzhinin, A., Ierokhova, O. (2015). Modification 
of the properties of porous silicon for solar cells by hydrogena-
tion. Eastern-European Journal of Enterprise Technologies, 
2 (5 (74)), 17–23. doi: 10.15587/1729-4061.2015.40067 

24.	 Druzhinin, A., Yerokhov, V., Nichkalo, S., Berezhanskyi, Y. 
(2016). Micro- and Nanotextured Silicon for Antireflective 
Coatings of Solar Cells. Journal of Nano Research, 39, 89–95. 
doi: 10.4028/www.scientific.net/jnanor.39.89 

12.	 Salman, K. A. (2017). Effect of surface texturing processes on the 
performance of crystalline silicon solar cell. Solar Energy, 147, 
228–231. doi: 10.1016/j.solener.2016.12.010 

13.	 Omar, K., Salman, K. A. (2017). Effects of Electrochemical Etch-
ing Time on the Performance of Porous Silicon Solar Cells on 
Crystalline n-Type (100) and (111). Journal of Nano Research, 
46, 45–56. doi: 10.4028/www.scientific.net/jnanor.46.45 

14.	 Gang, M., Lee, J.-H. (2017). Enhanced photovoltaic performance 
of polymer-filled nanoporous Si hybrid structures. Physical 
Chemistry Chemical Physics, 19 (7), 5121–5126. doi: 10.1039/
c6cp07413h 

15.	 Jia, Y., Zhang, Z., Xiao, L., Lv, R. (2016). Carbon Nanotube-
Silicon Nanowire Heterojunction Solar Cells with Gas-Depen-
dent Photovoltaic Performances and Their Application in Self-
Powered NO2 Detecting. Nanoscale Research Letters, 11 (1).  
doi: 10.1186/s11671-016-1514-6 

16.	 Coppede, N., Toccoli, T., Nardi, M. (2009). Nanohybrid material 
synthesis by supersonic beam codeposition for solar cells appli-
cations. First Int. Conference on Multifunctional, Hybrid and 
Nanomaterials. Tours, 27.

17.	 Ohishi, T., Maekawa, S., Ishikawa, T., Kamoto, D. (1997). Prepa-
ration and properties of anti-reflection/anti-static thin films for 
cathode ray tubes prepared by sol-gel method using photoir-
radiation. Journal of Sol-Gel Science and Technology, 8 (1-3), 
511–515. doi: 10.1007/bf02436891 

18.	 Druzhinin, A., Ostrovskii, I., Yerokhov, V., Khoverko, Yu., Nich-
kalo, S., Kogut, Iu. (2012). Nanowires for Antireflective Coat-
ings of Photovoltaic Cells. Modern Problems of Radio Engineer-




