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ANNOTATION

Vyshnevskyi V.M. Energy-efficient chamber dryer with combined heating of the 

coolant. – Qualifying scientific work on manuscript rights.

Dissertation for obtaining the scientific degree of Doctor of Philosophy in 

specialty 144 - Thermal Power Engineering. – Institute of Engineering Thermophysics 

of the National Academy of Sciences of Ukraine, Kyiv, 2023.

The dissertation work is devoted to increasing the energy efficiency of a dryer 

with combined heating and full coolant recirculation.

The main parameters are the temperature of the coolant, the speed of the coolant 

and the humidity of the drying agent, as well as the direction of material blowing in the 

tunnel dryers.

Chamber dryers are widely used in the processing of vegetables and fruits in 

Ukraine, the USA, China, France, etc. countries They are intended for drying lump 

(artificial) products (bread, chopped vegetables and fruits, etc.). A chamber dryer is a 

combination of one or more dryer cabinets in a sequential arrangement. In a 2-zone 

chamber dryer, it is possible to dry large volumes of raw materials that consume less 

energy compared to the power that each drying cabinet has during its separate operation. 

But the high energy costs for the process of drying materials with high fuel prices 

encourage us to solve the problem of increasing energy efficiency when creating new 

chamber dryers using electronic heaters of the coolant.

The Institute of Engineering Thermophysics of the National Academy of Sciences 

of Ukraine proposed to use steam heat generators in the operation of a multi-zone tunnel 

dryer, which, in comparison with organic fuel heat generators, makes it possible to save 

heat consumption by 1.7-2.3 times compared to existing analogues. Energy 

consumption of heat in the tunnel dryer is 3800 kJ/kg of evaporated moisture.

In order to reduce energy costs, solar tunnel dryers with an increase in the heat 

exchange surface due to the maximum separation of pallets with raw materials at 
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different angles have become widespread. Due to the influence of solar energy, the 

The main direction of the development of drying plant materials is the 

combination of existing technologies with renewable energy sources, in particular the 

use of solar energy, heat pumps, as well as microwave, infrared and sublimation drying.

Combined drying technology is the combination of two or more different drying 

processes that can provide a synergistic effect, resulting in reduced energy requirements 

and reduced drying time while maintaining most of the quality characteristics, such as 

taste, nutrients, color, aroma, texture, etc.

Different methods of combined drying are considered, such as: solar-infrared, 

convective-infrared, infrared-microwave, convective-microwave and multifunctional, 

which combines microwave-sublimation drying under vacuum. Comparison of 

combined methods significantly reduces the duration of drying and reduces energy 

consumption, which can be used in the design of tunnel energy-efficient dryers.

The content of the dissertation research is presented in four chapters, in which the 

main results of the work are presented and substantiated.

The introduction substantiates the relevance of the chosen research topic, 

formulates the goal and task of the research, outlines the scientific novelty and practical 

significance of the obtained results. Data on the approval of the dissertation results and 

a list of publications are provided. In the first chapter, an analysis of literary sources of 

modern drying units with combined heating of the coolant is carried out, which shows 

that to increase the energy efficiency of drying units, a combination of convection and 

infrared radiation, microwaves and infrared radiation, solar energy and infrared 

radiation is used. Such installations are of the laboratory type. There are no drying units 

in the world that use thick-film heating elements with a combination of infrared 

radiation to increase energy efficiency. Therefore, it is necessary to develop an energy-

efficient chamber dryer with combined heating of an industrial-type coolant for its wide 

use in farms with a load of 120 kg of raw materials.
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The second chapter presents methods for conducting and processing the results of 

experimental studies, a description of the devices and installations selected for 

conducting experimental studies of the drying kinetics of colloidal capillary-porous 

materials is given, and the error of the studies is given.

In the third chapter, an experimental stand for researching the processes of 

convective drying of colloidal capillary-porous materials by installing infrared lamps in 

the drying chamber is improved. In order to check the performance of the improved 

stand, studies were conducted on the kinetics of the process of drying white cabbage 

using a combination of convection and infrared radiation. To determine the quality of 

the dried material, the coefficient of swelling and recovery of white cabbage from the 

drying regimes was obtained. To test the stand, studies of the kinetics of the drying 

process of amylopectin corn were carried out. The similarities of amylopectin corn 

depending on the temperature conditions of drying were determined. Heat and mass 

transfer processes during drying of colloidal capillary-porous materials were studied.

The fourth chapter presents the developed energy-efficient chamber dryer with 

combined heat carrier heating and the thick film heating elements used in it. The drying 

kinetics of potatoes, pumpkins, apples, and foam rubber were studied. Comparisons 

were made of two methods of drying apples in a chamber dryer, convective and 

combined. Calculations of heat consumption for evaporation of 1 kg of moisture 

depending on the temperature of the spent drying agent were carried out. The obtained 

energy consumption for the entire process, which is 4742 kJ/kg of evaporated moisture, 

corresponds to the effective indicators of this type of chamber dryers.

In the general conclusions, the author presents the scientific and practical results 

of the dissertation research.

The scientific novelty of the obtained results is as follows:

- for the first time, the kinetics of the drying process of white cabbage on a 

convective-drying stand with installed combined heating of the coolant was 

investigated, which showed a decrease in the duration of drying and an increase in the 

quality of the material;
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- for the first time, the optimal temperature of dehydration of amylopectin corn 

was established, which showed the uniformity of heating of the material, which 

positively affects the quality of the obtained product;

- for the first time, experimental studies were carried out on the similarity of 

amylopectin corn depending on the parameters of the drying regime;

- relative coefficients and drying coefficients are calculated from generalized 

drying curves and drying speed, formulas for the duration of the process are obtained, 

the error between the experimental and the calculated does not exceed 5%;

- the dependence of Rebinder's number (drying optimization criterion) was 

investigated, which showed the nature of changes in energy consumption for moisture 

evaporation in the drying process;

- for the first time, the influence of thick-film heating elements on the energy 

efficiency of a dryer with combined heat carrier heating was investigated;

- the heat consumption for the evaporation of 1 kg of moisture was investigated, 

depending on the temperature of the spent drying agent.

Practical significance of the obtained results:

- as a result of experimental and theoretical research, an experimental convective 

drying stand with combined heating of the coolant was modernized;

- developed drying modes in an energy-efficient chamber dryer with combined 

heat carrier heating;

- an energy-efficient chamber dryer with combined heat carrier heating was 

developed, for which a passport was obtained;

- an energy-efficient chamber dryer with combined heating of the coolant was 

developed and implemented at the Evriday Food enterprise, which was confirmed by 

the act of implementation;

The practical significance of the results of the dissertation was confirmed by the 

application for a patent of Ukraine for the invention. No. a202008082 dated 12/17/2020
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Keywords: energy-efficient methods of drying, heat and mass transfer, 

thermophysical properties, thick-film heating elements, infrared radiation, combined 

drying.

LIST OF PUBLICATIONS

Scientific papers, in which the main scientific results of the thesis are 

published:

1. Snezhkin, Y.F., Pazyuk, V.M., Petrova, Zh.O. & Vyshnevskyi, V.M. (2019). 

Development of energy-efficient seed regimes of grain crops. Scientific works, 

83(2), 121-127. doi:10/15673/swonaft.v2i83.1515 [Professional edition]

(Contribution of the acquirer: conducting experimental studies, processing and 

analysis of experimental data).

2.  Zh.O. Petrova., K.S. Slobodianiuk., K.M. Samoilenko. & V.M. Vishnevsky. (2020). 

Universal modes of technological processing of colloid capillary-porous materials 

by convective drying method. Energy and automation, 6, 15-27. doi:10. 

31548/energiya2020.06.015 [Professional edition, Google scholar] (Contribution of 

the acquirer: conducting experimental studies, processing and analysis of 

experimental data).

3.  Zhanna Petrova, Kateryna Samoilenko. & Vitaly Vishnevsky. (2020). Process of 

Heat and Mass Transfer during Drying of Red Beetroot. Energy Engineering and 

Control Systems, 6(2), 81-87. doi:10.23939/jeecs2020.02.081 [Professional edition] 

(Contribution of the acquirer: conducting experimental studies, processing and 

analysis of experimental data).

4.  Petrova, Z.O., Pazyuk, V.M., Vyshnevskyi, V.M., Grakov, D.P. & Grakov, O.P. 

(2021). Drying white cabbage on a convective drying stand. Thermal physics and 

thermal energy, 43(3), 24-28. doi:10.31472/ttpe.3.2021.3 [Professional edition] 

(Contribution of the acquirer: conducting experimental studies, processing and 

analysis of experimental data).



15

 

5. Vadim Paziuk, Vitalii Vyshnevskiy, Oleksii Tokarchuk. & Ihor Kupchuk. (2021). 

Substation of the energy efficient schedules of drying grain seeds. Bulletin of the 

Transylvania University of Brasov Series II: Forestry • Wood Industry • 

Agricultural Food Engineering, 14(63), 137-146. 

doi:10.31926/but.fwiafe.2021.14.63.2.13 [Foreign edition of SCOPUS scientometric 

database, Q4] (Contribution of the acquirer: conducting experimental research, 

processing and analysis of experimental data).

6.   Petrova, Zh.O., Slobodianiuk, K.S., Samoilenko, K.M., Vishnevsky, V.M. &

Grakov, O.P. (2022). Research of the Kinetics of the Drying Process of Combined 

Plant Materials. Scientific Works, 1(86), 69-77. doi:10.15673/ swonaft.v86i1.2406 

[Professional edition] (Contribution of the acquirer: conducting experimental 

studies, processing and analysis of experimental data).

Scientific works confirming the approbation of the materials of the thesis:

7.   Petrova, Zh., Grakov, O. & Vishnevsky, V. (2021). Overview of existing researches 

of the process of drying purple cabbage. Collection of abstracts of the 20th All-

Ukrainian scientific and practical conference of students, postgraduates and young 

scientists "Resource-energy-saving technologies and equipment" (pp. 22-24). Kyiv: 

"KPI named after Igor Sikorsky". (Contribution of the acquirer: conducting 

experimental studies, processing and analysis of experimental data).

8.  Pazyuk, V.M. & Vyshnevskyi, V.M. (2021). Study of drying kinetics of white 

cabbage. Abstracts of reports of the VIII International Scientific Conference 

"Innovative Energy Technologies". (p. 23-25). Odesa: ONAKHT. (Contribution of 

the acquirer: conducting experimental studies, processing and analysis of 

experimental data).

9.   Petrova, Z.O., Slobodyaniuk, K.S., Vyshnevskyi, V.M. & Grakov, O.P. (2022). 

Study of drying kinetics of red cabbage on a convective dryer. A collection of 

abstracts of reports XXX of the All-Ukrainian scientific and practical conference of 

students, postgraduates and young scientists "Equipment of chemical production and 



16

 

building materials enterprises". (p. 25-27). Kyiv: "KPI named after Igor Sikorsky". 

(Contribution of the acquirer: conducting experimental studies, processing and 

analysis of experimental data).

10. Petrova, Z.O., Slobodyaniuk, K.S., Vyshnevskyi, V.M. & Grakov, O.P. (2022). 

Study of drying kinetics of colloidal capillary-porous materials in a convective 

drying unit. Collection of abstracts of reports of the 19th International Scientific 

Conference "Improvement of processes and equipment of food and chemical 

industries". (pp. 14-16). Odesa: ONTU. (Contribution of the acquirer: conducting 

experimental studies, processing and analysis of experimental data).

Scientific works, which additionally represent the scientific results of the thesis:

11. Pazyuk, V.M., Rubanenko, O.O. & Vyshnevskyi, V.M. (2018). Increasing the 

energy efficiency of grain seed drying by using heat pumps. Bulletin of the 

Khmelnytskyi National University, 4(263), 251-253. ISSN 2307-5732 [Other 

edition] (Contribution of the acquirer: conducting experimental studies, processing 

and analysis of experimental data).

12. Petrova, Z.O., Pazyuk, V.M., Vyshnevskyi, V.M. & Grakov, D.P. (2021). Directions 

for increasing the efficiency of the drying process in tunnel and combined dryers. 

Collection of Scientific Papers of KhDUHT, 1(33), 109-130. [Other edition] 

(Contribution of the acquirer: conducting experimental studies, processing and 

analysis of experimental data).


