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The object of research is the effect of thermohydraulic ir-
reversibility of energy processes in the cycle of a refrigeration 
machine using an ozone-safe non-azeotropic mixture as a re-
frigerant on its energy efficiency. One of the most problematic 
places during the development and design of such refrigeration 
machines is that, due to the peculiarities of the thermodynamic 
properties associated with the different chemical composition of 
the components, non-azeotropic mixtures are characterized by 
differences in the equilibrium concentrations of the components 
in the liquid and vapor phases. This property of non-azeotropic 
mixtures presents a certain difficulty for their effective applica-
tion in refrigeration machines and heat pumps. During the study, 
modern methods of analysis and synthesis of thermodynamic 
systems are used, based on the application of the theoretical 
apparatus of technical thermodynamics, thermoeconomics, the 
theory of heat and mass transfer, as well as elements of the 
theory of systems engineering. The issue of assessing the energy 
efficiency of the cycles of refrigeration units operating on a non-
azeotropic mixture of refrigerants is considered, taking into ac-
count the variability of the composition of the components of the 
mixture. A method has been developed for the formation of the 
composition of a multicomponent mixture, taking into account 
the influence of the non-isobarity of processes in the hydraulic 
circuit of the refrigerant circulation on the energy efficiency of 
the refrigeration machine. Based on a numerical experiment, the 
influence of changes in the concentrations of the components 
of the mixture R32, R125, R134a on the non-isothermal phase 
transition in the evaporator and condenser, as well as on pressure 
losses in the hydraulic circuit elements of an autonomous air 
conditioner, is established. The effect of friction at a temperature 
level below ambient temperature on the exergy efficiency of the 
refrigeration machine is analyzed. An advanced exergy analysis 
of the refrigeration cycle with a non-azeotropic mixture is carried 
out, as a result of which the avoidable and unavoidable, as well 
as the endogenous and exogenous components of the destruction 
of exergy in the elements are determined. The proposed method, 
due to its visibility, can significantly simplify the finding of the 
thermodynamic parameters of the refrigerant at the nodal points 
of the refrigeration machine cycle during numerical simulation.

Keywords: exergy analysis, non-azeotropic mixture, non-
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The object of research is palygorskite – a natural clay mineral 
with a layered ribbon structure. It is characterized by high spe-
cific surface area, secondary porosity and sorption capacity for 
metal cations. However, due to the negative charge of the surface, 
palygorskite is inefficient when cleaning water from pollution 
that is in anionic form, in particular, from arsenic compounds.  
A significant drawback of the use of dispersed aluminosilicates as 
sorbents is the difficulty of their separation from the liquid phase 
after the process of sorption purification. Therefore, to increase 
the sorption properties of palygorskite by pollutants in the water 
in the form of anions, the authors used the method of modifying 
its surface with iron-containing compounds, including treating 
the prepared palygorskite with iron salts (III) in a weakly alka-
line medium. Physical and chemical methods are used to study 
the structure of modified and initial samples of palygorskite, in 
particular, the method of infrared spectroscopy (IR spectrosco-
py) and the method of low-temperature nitrogen adsorption-de-
sorption. The results indicate that the surface of the palygorskite 
is coated with iron compounds (III), which led to an increase in 
the specific surface area from 213 m2/g to 275 m2/g and a pore 
size from 1.9 nm to 2.25 nm. The obtained samples differ from 

the original mineral by increased sorption capacity with respect 
to arsenic compounds (V). The maximum sorption of arsenic by 
the modified sample is 7.8 mg/g, which is significantly higher 
than that for natural palygorskite – 0.2 mg/g. It has been shown 
that arsenic is removed by iron-containing silicate rather quickly 
and does not depend on the pH value of the aqueous medium in 
the range 3–8. This is due to the fact that when processing the 
surface of palygorskite by iron oxyhydroxides the latter acquires 
an increased reactivity by increasing the number of active sorp-
tion centers.

Keywords: arsenic sorption, water purification, iron oxy
hydroxides, clay minerals, surface changes.
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The object of research is the efficiency of cleaning of flue 
gases in group cyclones of CN-15 type with a diameter of 0.7 m 
steam boiler KE 10-14-285 when burning sunflower husk at an 
oil and fat plant. One of the biggest problems of different sun-
flower husk combustion technologies in boiler units at oil and 
fat plants is the low efficiency of trapping in typical cyclones of 
sunflower husk ash due to the considerable dispersion of ash and 
other factors.

The estimation was made by the use of the developed ana-
lytical models and computer technology CFD – Computational 
Fluid Dynamic of the Certified SolidWorks-2009 computer pro-
gram on the settlement complex (KPI).

The calculated and experimental data on the estimation of 
the efficiency of flue gas cleaning in cyclones of the steam boiler 
«KE 10-14-285» (Ukraine) during the combustion of sunflower 
husk at the Vinnytsia Oil and Fat Plant (Ukraine) is given. The 
possibility of significant reduction of ash removal into the air 
during reconstruction according to of new technology of group 
cyclones type CN-15 (Ukraine) is shown. Using computer and 
analytical calculations, the possibility of increasing the overall 
efficiency of flue gas cleaning from ash during combustion in  
boilers of dream husk is substantiated to 90 % instead of 45…55 %.

In the course of the study, the technology of creating high-
intensity cyclone cyclones at flow stage with flow of various 
turbulizers was used at the stepped inlet section. Thanks to 
this technology, it is possible to reduce the ash removal from 
cyclone by more than three times compared to similar indicators 
in typical cyclones prior to their modernization. This makes it 
possible to satisfy the sanitary standards of the European Union 
and Ukraine with minimal capital expenditure. This result is 
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achieved due to a number of features – in particular, a sharp 
increase in the ripple component of the flow rate.

Keywords: cyclone of steam boiler «KE 10-14-285», turbu-
lence intensity, turbulence generator, cut-off diameter.
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The object of research is the technology of custard gin-
gerbread from a mixture of rye and wheat flour using the food 
additive «Magnetofood». To improve the technology and to 
obtain high-quality products with a long term preservation of 
freshness, various technological methods are used, including 
the introduction of food additives that enhance complex ac-
tion. Promising improvers of food systems (in particular, flour 
confectionery masses) are nano-additives that have a wide 
range of functional and technological properties, due to the 
specificity of their physico-chemical characteristics due to the 
nanoscale size and quantum mechanical effects. In order to 
study the influence of «Magnetofood» food additive on the 
functional, technological, physicochemical and structural-me-
chanical properties of flour, dough and quality indices of custard 
gingerbread, model dough of «Magnetofood» food additive 
was introduced into the prescription mixture in the form of  
a fat suspension in the «kneading the dough» stage. It is es-
tablished that the introduction of the additive «Magnetofood» 
in the amount of 0.10 %; 0.15 %; 0.20 % by weight of the pre-
scription mixture compared to the control in samples of rye- 
wheat flour:

– increases: water-binding ability – by (2 ± 1) %; fat-
holding capacity – by (8.8 ± 0.8) %; swelling capacity – by 
(1.56 ± 0.02) cm3/g; water absorption capacity – by (6.6 ± 0.2) %; 
water retention capacity – by (15.0 ± 0.9) %; dough stability –  
at (0.7 ± 0.1)⋅60 s;

– reduces the time of formation of the dough by (1.6 ± 0.2)⋅60 s 
and the degree of vacuum of the dough – by (23 ± 2) units of the 
farinograph;

– in samples of gingerbread dough increases humidity by 
(1.3 ± 0.2) %;

– reduces the dough density by (0.7 ± 0.1) g/cm3;
– increases plastic viscosity by (2.2 ± 0.4) kPa⋅s compared  

to control;
– in samples of finished products increases the output 

by (4.3 ± 0.5) %, humidity by (2.4 ± 0.1) %, and wetting by 
(20 ± 2) %; improves fluidity on (0.5 ± 0.2) points; reduces crum-
bling by (1.0 ± 0.2) %.

Compared to similar well-known food system improvers, 
nanoobjects, which include nanopowder based on iron oxides 
Fe3O4 («Magnetofood»), exhibit antioxidant, bacteriostatic, 
sorption, emulsifying, structure-forming, moisture-and fat-re-
taining properties. This ensures the possibility of obtaining high 
values of the studied parameters.

Keywords: «Magnetofood» dietary additive, custard ginger-
bread, rye-flour, rye-wheat dough, quality indicators.

References

1.	 Panov, D. P. (2007). Obogaschenie produktov pitaniya massovo-
go potrebleniya. Pischevyie ingredientyi, syire i dobavki, 1, 30–31.

2.	 Obzor ryinka hlebobulochnyih i konditerskih izdeliy Ukrainyi 
(2012). Hlebopekarskoe i konditerskoe delo, 3, 6.

3.	 Renzyaeva, T. V., Tuboltseva, A. S., Ponkratova, E. K., Lugo
vaya, A. V., Kazantseva, A. V. (2014). Functional and technological 
properties of powdered raw materials and food additives for con-
fectionary. Tehnika i tehnologiya pischevyih proizvodstv, 4, 43–49.

4.	 Tsihanovska, I. V., Demidov, I. M., Barsova, Z. V., Pavlotska, L. F. 
(2015). Investigation of the oxidative and thermal transforma-
tions processes in the system «oil – lipids-magnetite suspen-
sion». Progresivna tehnika ta tehnologiyi harchovih virobnitstv 
restorannogo gospodarstva i torgivli, 1 (21), 353–362.

5.	 Ilyuha, N. G., Barsova, Z. V., Kovalenko, V. A., Tsihanov
skaya, I. V. (2010). Tehnologiya proizvodstva i pokazateli 
kachestva pischevoy dobavki na osnove magnetita. Eastern-
European Journal of Enterprise Technologies, 6 (10 (48)), 32–35. 
Аvailable at: http://journals.uran.ua/eejet/article/view/5847

6.	 Tsykhanovska, I., Evlash, V., Alexandrov, A., Lazarieva, T., Svid-
lo, K., Gontar, T. (2017). Design of technology for the rye-wheat 
bread «Kharkivski rodnichok» with the addition of polyfunc-
tional food additive «Magnetofооd». Eastern-European Journal 
of Enterprise Technologies, 6 (11 (90)), 48–58. doi: http:// 
doi.org/10.15587/1729-4061.2017.117279 



ABSTRACTS AND REFERENCES: FOOD PRODUCTION TECHNOLOGY

45TECHNOLOGY AUDIT AND PRODUCTION RESERVES — № 3/3(47), 2019

ISSN 2226-3780

7.	 Mingaleeva, Z., Starovoytova, O. et. al. (2007). Ispolzovanie an-
tiokislitelnyih dobavok v proizvodstve muchnyih konditerskih 
izdeliy. Hleboproduktyi, 11, 52–53.

8.	 Tamazova, S. U., Lisovoy, V. V., Pershakova, T. V., Kasimirova, M. A.  
(2016). Food supplements based on vegetable raw materials in 
the production of baked goods and pastries. Polythematic Online 
Scientific Journal of Kuban State Agrarian University, 122 (8), 
1–8. doi: http://doi.org/10.21515/1990-4665-122-076 

9.	 Roslyakov, Yu. F., Vershinina, O. L., Gonchar, V. V. (2016). Sci-
entific development for the baking and confectionery industry. 
Tehnologii pischevoy i pererabatyivayuschey promyishlennosti 
APK-produktyi zdorovogo pitaniya, 6, 1–6.

10.	 Tsitrusovyie volokna Herbacel AQ Plus – tip N: spetsifikatsii dlya 
pischevyih dobavok i retsepturyi (2013). Available at: http:// 
specin.ru/kletchatka/109.htm

11.	 Gorshunova, K. D., Semenova, P. A., Bessonov, V. V. (2012). 
The interaction of hydrocolloids and water-soluble vitamins at 
designing of the enriched foodstuff. Food industry, 11, 46–49.

12.	 Renzyaeva, T. V., Poznyakovskiy, V. M. (2009). Vodouderzhivay-
uschaya sposobnost syirya i pischevyih dobavok v proizvodstve 
muchnyih konditerskih izdeliy. Hranenie i pererabotka selhozsy-
irya, 8, 35–38.

13.	 Buldakov, A. (2008). Pischevyie dobavki: Spravochnik. Moscow: 
SPb., 280.

14.	 Martins, Z. E., Pinho, O., Ferreira, I. M. P. L. V. O. (2017). Food 
industry by-products used as functional ingredients of bakery 
products. Trends in Food Science & Technology, 67, 106–128.  
doi: http://doi.org/10.1016/j.tifs.2017.07.003 

15.	 Lai, W. T., Khong, N. M. H., Lim, S. S., Hee, Y. Y., Sim, B. I.,  
Lau, K. Y., Lai, O. M. (2017). A review: Modified agricultural 
by-products for the development and fortification of food pro
ducts and nutraceuticals. Trends in Food Science & Technology, 
59, 148–160. doi: http://doi.org/10.1016/j.tifs.2016.11.014 

16.	 Dziki, D., R y o, R., Gawlik-Dziki, U., wieca, M. (2014). 
Current trends in the enhancement of antioxidant activity of 
wheat bread by the addition of plant materials rich in phenolic 
compounds. Trends in Food Science & Technology, 40 (1), 48–61.  
doi: http://doi.org/10.1016/j.tifs.2014.07.010 

17.	 Torres-Le n, C., Rojas, R., Contreras-Esquivel, J. C., Serna-
Cock, L., Belmares-Cerda, R. E., Aguilar, C. N. (2016). Mango 
seed: Functional and nutritional properties. Trends in Food Sci-
ence & Technology, 55, 109–117. doi: http://doi.org/10.1016/ 
j.tifs.2016.06.009 

18.	 Bharath Kumar, S., Prabhasankar, P. (2014). Low glycemic index 
ingredients and modified starches in wheat based food process-
ing: A review. Trends in Food Science & Technology, 35 (1), 32–41. 
doi: http://doi.org/10.1016/j.tifs.2013.10.007 

19.	 Ngemakwe, P. N., Le Roes-Hill, M., Jideani, V. (2014). Ad-
vances in gluten-free bread technology. Food Science and Tech-
nology International, 21 (4), 256–276. doi: http://doi.org/ 
10.1177/1082013214531425 

20.	 Bird, L. G., Pilkington, C. L., Saputra, A., Serventi, L. (2017). 
Products of chickpea processing as texture improvers in gluten-
free bread. Food Science and Technology International, 23 (8), 
690–698. doi: http://doi.org/10.1177/1082013217717802 

21.	 Garc a-Segovia, P., Pag n-Moreno, M. J., Lara, I. F., Mart nez-
Monz , J. (2017). Effect of microalgae incorporation on physi-
cochemical and textural properties in wheat bread formulation. 
Food Science and Technology International, 23 (5), 437–447.  
doi: http://doi.org/10.1177/1082013217700259 

22.	 Tsykhanovska, I., Evlash, V., Alexandrov, A., Lazarieva, T., 
Svidlo, K., Gontar, T. et. al. (2018). Substantiation of the 
mechanism of interaction between biopolymers of ryeandwheat 
flour and the nanoparticles of the magnetofооd food additive in 
order to improve moistureretaining capacity of dough. Eastern-
European Journal of Enterprise Technologies, 2 (11 (92)), 70–80.  
doi: http://doi.org/10.15587/1729-4061.2018.126358 

23.	 Tsykhanovska, I., Evlash, V., Alexandrov, A., Lazareva, T., Svid-
lo, K., Gontar, T. et. al. (2018). Investigation of the moisture-re-
taining power of rye-wheat gluten and flour with polyfunctional 
food supplement «MagnetoFооd». EUREKA: Life Sciences, 2, 
67–76. doi: http://doi.org/10.21303/2504-5695.2018.00611 

24.	 Pavlov, A. V. (1998). Sbornik retseptur muchnyih konditerskih  
i bulochnyih izdeliy dlya predpriyatiy obschestvennogo pitaniya. 
Saint Petersburg: Gidrometeoizdat, 450.

25.	 Royter, I. M., Demchuk, A. P., Drobot, V. I. (1977). Novyie 
metodyi kontrolya hlebopekarnogo proizvodstva. Kyiv: Tehni-
ka,  191.

26.	 Paschenko, L. P., Sanina, T. V., Stolyarova, L. I. et. al. (2007). 
Praktikum po tehnologii hleba, konditerskih i makaronnyih izdeliy 
(tehnologiya hlebobulochnyih izdeliy). Moscow: Kolos, 215.

27.	 DSTU 4910:2008. Virobi konditerski. Metodi viznachennya maso-
vih chastok vologi ta suhih rechovin. Vzamen GOST 5900-73; 
vved. 2009-01-01. Kyiv: Derzhspozhivstandart Ukrayini, 14.

28.	 Pivovarov, P. P., Pogozhih, M. I., Polevich, V. V. et. al. (2006). 
Metodichniy posIbnik z reologIchnih metodiv doslidzhennya siro-
vini ta harchovih produktiv, avtomatizatsiya rozrahunkiv reologich-
nih harakteristik. Kharkiv: KhSUFT, 150.

29.	 GOST 24901-2014. Pechene. Obschie tehnicheskie usloviya 
(2015). Moscow: Standartinform, 12.

30.	 Hvostenko, E. V., Solodenko, G. S. (2013). Stabilizatsiya ka
chestva zavarnyih pryanikov iz bezamiloznoy muki v protsesse 
hraneniya. Problemy formuvannya zdorovoho sposobu zhyttya  
u molodi. Odesa: ONATH, 143–144.

REPORTS ON RESEARCH PROJECTS
DOI: 10.15587/2312-8372.2019.174496

INVESTIGATION OF CHARACTERISTICS OF DRAIN SYSTEMS 
OF RAPID FILTERS ON WATER TREATMENT PLANTS

page 33–35

Sorokina Kateryna, PhD, Associate Professor, Department of 
Water Supply, Sewerage and Water Treatment, O.  M.  Beketov 
National University of Urban Economy in Kharkiv, Ukraine, 
e-mail: kbsorokina@ukr.net, ORCID: http://orcid.org/0000-
0002-9086-6961

The object of research is the modern design of drainage sys-
tems of rapid filters. The drainage distribution system of rapid 
filters is their most important element, which determines the 
uniformity of filtrate collection and its quality, as well as the dis-
tribution of washing water and overall filter washing efficiency. 
An analysis of the results of the reconstruction of filter drainage 
systems at the Dnipro water treatment complex of the Kharkiv-

vodokanal utility company (Ukraine) is carried out. The analysis 
of operational indicators of the use of drainage systems of rapid 
filters carried out in the work reveals the feasibility of their use. 
Technical characteristics and operating experience shows that 
the systems made of polymer concrete are the most promising. 
Existing technologies make it possible to obtain porous poly-
mer concrete of the optimal composition both in the factory 
and directly at the facility. Silica sand is used as a filler – grains 
with a size of 0.6–1.2 mm, which have a shape close to spherical 
(rounded). Each grain is covered with a layer of polymer binder, 
when connecting the grains intergranular structural bridges 
are formed. After completion of the polymerization process,  
a material with a regular structure with an extensive network of 
pore channels is formed. The high smoothness of the channels, 
as a result of coating with a polymer film, provides low values of 
hydraulic resistance of the filter materials. Timeliness and com-
pleteness of the regeneration of the filter provides a given service 
life. Otherwise, a gradual increase in the hydraulic resistance of 
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the filter is possible, which in the future can no longer be reduced 
even by high-intensity washing through contaminants in the 
pore channels. This will lead to the need for early replacement 
of filter elements. The use of polymer-concrete drainage systems 
will make it possible to abandon the gravel layers that support, 
avoid clogging the drainage, reduce the consumption of flushing 
water and water for own needs in general, and reduce energy 
consumption.

Keywords: water purification, rapid filter, drainage system, 
porous polymer concrete, filter washing, washing water.
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The object of research is the physical and mathematical 
models designed to describe the heat and mass transfer inside the 
porous material during baking. In order to improve the quality 
and at the same time reduce energy consumption in production, 
as well as improve the technical and economic indicators of the 
operation of furnaces, the duration and safety of their operation, 
the designs of furnace units are being improved, new ones are  
being developed and their thermal conditions are being opti-
mized. One of the biggest problems is the task of replacing obso-
lete oven designs with new ones, with automatic regulation of the 
thermal regime of baking, which will ensure high quality bread 

while reducing fuel, steam, electricity and human resources. 
Since the quality of products, in particular, taste, aroma, porosity, 
gloss, appearance and other indicators of bakery products, largely 
depends on the design of the furnace unit, the thermal and hygro-
thermal conditions of the working chamber, as well as its proper 
operation. These factors affect the loss during baking, which can 
vary from 6 to 12 %, which affects the yield of bread. This paper 
presents a physical and mathematical model of the process of 
baking dough pieces in baking ovens using the example of the 
industrial oven K-BOM-25 (Ukraine) developed by the author.

A mathematical model of the process of baking bread in the 
gas channels of the baking chamber is given taking into account 
radiation-convective heat transfer, mass transfer taking into 
account the introduction of water vapor to moisten the dough 
pieces and turbulence of the multiphase flow. The dependence 
of the multiphase flow turbulence is formulated on the basis of 
the Euler equations averaged over Reynolds. This model allows 
with sufficient accuracy and detail to take into account the 
technological conditions and design features of modern conveyor 
baking ovens. And it also allows for extensive parametric studies 
of conjugate heat transfer in them with access to the final indica-
tor – the quality of finished products.

Keywords: industrial oven K-BOM, radiation-convective heat 
and mass transfer, mathematical model of bread baking process.
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