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The efficiency of technologies is defined in terms of 
product kinetics, energy intensity, and quality. The kinetic 
parameter of drying is the intensity of dehydration, the rate 
of drying, which is expressed in kg/s of removed moisture. 
Energy intensity is characterized by the amount of energy 

1. Introduction

Principal stages in the technological process of plant raw 
materials processing are the processes of heat processing, 
evaporation, and drying.
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Представлено результати дослідження інно-
ваційного встаткування для комплексної пере-
робки харчової сировини, що дозволить реалізува-
ти локальний енергетичний вплив безпосередньо 
на частинки дисперсного матеріалу, пригранич-
ний шар, вологу, що втримується в розчині або 
капілярах продукту.

Проведено аналіз способів обробки харчо-
вої сировини, виявлені достоїнства й недоліки. 
Виявлено, що якість продукту, енерговитрати й 
вартість в основному визначаються на етапах 
термічної обробки, сушіння. 

Проведено дослідження інноваційного встат-
кування на базі ротаційних термосифонів для 
випарювання харчових неньютонівських рідин. 
Розроблено експериментальний стенд і мето-
дику досліджень гідродинаміки руху конденса-
ту в конденсаторах ротаційних термосифонів 
різних конструкцій. Експериментальний стенд 
являє собою модель апарата з ротаційним тер-
мосифоном, виконану зі скла. У результаті 
досліджень визначена частота обертання, при 
якій наступить запирання конденсату відцен-
тровою силою для розгалуженого конденсато-
ра. Представлено результати по візуалізації 
руху пари-конденсату.

Проведено дослідження інноваційного встат-
кування для випарювання харчових неньюто-
нівських рідин в умовах НВЧ випромінювання. 
Експерименти проводилися на харчових продук-
тах і на модельних системах. Визначено ступінь 
підвищення концентрації неводних компонентів. 
Швидкість випарювання в умовах НВЧ випромі-
нювання практично постійна.

Проведено дослідження інноваційного встат-
кування для сушіння слайсів із фруктів і овочів 
в умовах ІЧ випромінювання. Розроблено екс-
периментальний стенд і методику досліджень. 
Запропоновано структуру рівняння для розра-
хунку коефіцієнта масовіддачі. База експеримен-
тальних даних узагальнена в рівнянні в числах 
подібності. Рівняння дозволяє розраховувати кое-
фіцієнт масовіддачі з помилкою в межах  15%. 
Визначено вплив потужності ІЧ випромінюван-
ня на кінетику процесу сушіння фруктових і ово-
чевих слайсів. Проведено порівняння експеримен-
тальних даних по сушінню слайсів в умовах НВЧ 
і ІЧ випромінювання

Ключові слова: ротаційні термосифони, інф-
рачервоне сушіння, мікрохвильове випарювання, 
фруктові, овочеві слайси, моделювання процесів
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per a kg of removed moisture (MJ/kg). Correct assessment 
of these parameters is a serious task as the process of plant 
raw materials drying is a multifactorial dependence.

At food enterprises, the drying of plant raw materials is 
carried out by hot air or smoke gases at convective drying 
plants. The efficiency of convective dryers is 40 %. Energy 
costs of convective dryers reach 8 MJ/kg of removed mois-
ture, which is almost three times larger than the physically 
required minimum. The content of carcinogens in a drying 
agent and a product is not controlled. 

Energy costs for heat treatment, evaporation range from 
2.8×106 kJ per 1 t of evaporated water (a one-stage process) 
to 0,85×105 kJ per 1 t (a multi-stage process). Fluids of the 
non-Newtonian group form in most cases in the process of 
evaporation. High energy costs related to their treatment 
necessitate finding new effective techniques and equipment.

The issue of improving quality of the finished product, 
energy intensity, environmental-friendliness of produc-
tion [1–3], is a relevant task for food producers.

2. Literature review and problem statement

Heat treatment of various dispersed products and 
non-Newtonian liquids (NNL) employs heat exchangers 
with rotating surfaces, which include rotary heat exchangers 
and plants based on rotating thermal tubes (TTs) or rotating 
thermosyphons (RTS). Such structures make it possible to 
disrupt a border heat layer, which leads to the process inten-
sification, decreases energy costs, and reduces fast burning 
of a product to the heating surface. 

In order to properly design equipment of this class, it is 
necessary to take into consideration the external problem 
on calculating hydrodynamic conditions and heat-mass ex-
change when the heating surface is flown over with a liquid or 
air-dispersed flow, as well as the internal problem that takes 
into consideration the hydrodynamics of condensate move-
ment inside the channels of the heating surface or condenser.

Papers [4, 5] address the external problem only. The inter-
nal problem was not solved by the authors. This might be due 
to that rotary heat exchangers are circulating; steam supply 
and condensate removal is organized at high pressures of the 
heat carrier (0.3...0.5 MPa) that provides for a stable internal 
heat exchange regardless of the rotation frequency. However, 
as regards rotational heat exchangers, sealing a connection 
node between the rotating rotor and a fixed steam pipe line 
and condensate line is technically challenging; and additional 
devices are needed to generate and supply steam.

Heat exchangers with TTs, RTSs have proven their ad-
vantages over conventional heat exchangers in many areas, 
such as waste heat disposal, waste treatment, alternative 
energy generation [8]. The development of modern technol-
ogies makes it possible to implement TTs and RTSs in the 
food industry. From a reliability point of view, these devices 
are more efficient because they are autonomous structures. 

For devices with rotating TT, the internal problem is 
solved in [6, 7], but it cannot be applied for RTS.

Paper [9] addresses the use of RTS for food technology 
devices. The internal and external problems on heat ex-
change for RTS have been simulated. The heat transmission 
crisis at RTS has been studied. A model has been obtained 
to determine the critical Froude number. However, issues 
about the experimental confirmation of the received model 
remained unresolved. 

It is advisable to conduct a study on the visualization of 
hydrodynamics of condensate movement in the condensers 
of RTS of various structures, experimental confirmation of 
the developed model [9].

Microwave evaporating plants (MEPs) are used for food 
NNLs. Such designs effectively solve the problems associat-
ed with heat transmission in condensed solutions [10], but 
their production cannot be referred to as industrial while, up 
to now, generally recognized scientific theories and design 
techniques for such devices have not yet been devised. 

Paper [10] reports results from an experimental study 
into the process of evaporating juice at MEP. It was shown 
that selective energy supply technologies are an effective 
tool for improving evaporating devices for juice concentra-
tion. However, issues related to the degree of concentration 
for various solutions (apple juice, milk, tomato paste) re-
mained unresolved.

A study on the degree of concentration of solutions at 
MEP is appropriate. 

There are technical solutions for drying wet materials 
using, as a source of energy supply, IR radiation [11–14]; 
such dryers provide for a high heat exchange coefficient, re-
ducing the insemination of the product by microorganisms.

Authors of study [12] conducted a comparative analysis 
of the kinetics of drying, qualitative indicators for shitake 
mushrooms, dried with hot air drying, IR drying and in-
termittent drying with hot air using ultra-high-frequency 
(UHF) radiation. Intermittent UHF drying resulted in a 
significant reduction in drying time and higher drying speed 
compared with other methods. However, the cited work 
failed to address issued related to the mathematical model 
that describe the drying kinetics.

Article [13] examined the effect of combined IR vacuum 
drying on the drying kinetics, moisture diffusion factor, and 
the kinetics of color change in lemon slices. A model has been 
developed in the form of a regression equation, taking into 
consideration a change in the color of the product. 

Paper [14] explored the IR drying of garlic slices in a 
thin layer at varying supplied power, radiation intensity and 
airflow speed. The results showed an increase in the rate of 
drying with a decrease in air flow speed and an increase in 
the intensity of IR radiation. A third-order polynomial equa-
tion was derived, relating the effective moisture diffusion 
factor and moisture content.

Papers [12‒14] did not tackle issues related to drying the 
slices of apples, beets, potatoes, onions, carrots, pumpkins. 
In addition, the studies involving modeling [13, 14] applied 
regression models, polynomial equations. Application of such 
models does not make it possible to analyze the physical 
essence of the process, while experimental modeling necessi-
tates taking into consideration a large number of parameters. 

It is advisable to conduct a study into the kinetics of IR 
drying of slices of apples, beets, potatoes, onions, carrots, 
pumpkins. By analogy to [12], it is proposed to compare 
the results from IR and UHF drying of slices. In addition, 
it is necessary to develop a model, in similarity numbers, 
to calculate a mass transfer coefficient in the process of IR 
drying of slices.

3. The aim and objectives of the study

The aim of this work is to study the operation of in-
novative equipment for integrated processing of food raw 
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materials, which would make it possible to implement a 
local energy impact directly on the particles of a dispersed 
material, the border layer, moisture contained in a solution 
or capillaries of the product. The result to be expected could 
improve products quality, as well as energy efficiency of 
production.

To accomplish the aim, the following tasks have been set:
‒ to perform experimental simulation of condensate 

movement inside an RTS; 
‒ to conduct experimental study into the IR drying of 

fruit and vegetable slices, to summarize the data in the form 
of a model in similarity numbers; 

‒ to compare experimental data on the IR and UHF dry-
ing of fruit and vegetable slices; 

‒ to determine the degree to which the concentration of 
non-water components in MEP is increased.

4. Materials and methods to study the operation of 
innovative equipment for integrated processing of food 

raw materials 

4. 1. Simulation of condensate movement inside a ro-
tating thermosyphon

The hydrodynamics of condensate flow inside the RTS 
branched condenser, given in [9], depends on the angle of 
inclination, rotation frequency of the RTS condenser. An-
alytical methods were used to define the function of the 
critical Froude number (Fr) for the RTS branched condenser. 
The aim is to experimentally confirm the analytical data 
obtained. To model the condensate movement inside an 
RTS condenser with various structural execution, we have 
designed an experimental bench (Fig. 1), which represents 
a model of the device with RTS made of glass. Ethyl alcohol 
was used as the RTS working body (volumetric share is 
96 %, volume is 200 ml).

Fig. 1. Experimental bench to study the hydrodynamics of 
condensate movement inside the RTS condenser: 	

1 ‒ RTS vaporizer, 2 ‒ RTS condenser, 3 ‒ pressure gauge, 	
4 ‒ hinge, 5 ‒ refueling valve, 6 ‒ thermostat, 7 ‒ regulator, 	

8 ‒ fan, 9 ‒ fluoroplastic bearing, 10 ‒ drive, 	
11 ‒ wedge-belt transmission

During experiments, we changed the RTS inclination 
angle g=20...90°, the RTS rotation frequency, n=0...2 s–1, the 
vapor pressure inside the RTS, Рabs=0.1 MPa. We also re-
placed the RTS condenser from a branched to an auger one.

The use of an auger condenser provides for a series of 
advantages such as the stability of operation regardless of 
rotation frequency, stirring, mixing, transportation. The 
inclination angle and the direction of RTS rotation will 

determine the conditions for the return of condensate to the 
vaporizer. A series of experiments have been carried out to 
model the internal problem.

The research procedure is as follows. Air from the RTS 
was pumped out with a vacuum pump. We set a certain 
angle of the RTS inclination, the frequency of rotation. The 
thermostat regulator was used to set the voltage needed to 
maintain a stable boiling of the working body at a predefined 
pressure. We took photographs and recorded videos.

4. 2. Modelling the process of evaporating liquid prod-
ucts under conditions of microwave radiation 

Analytical and physical modeling was carried out to 
study the operation of MEPs, to develop methods for cal-
culating them and optimizing them. Experimental study 
for MEP were conducted at bench [10]. Information was 
acquired at a laptop or the tablet CHUWI CW1506. The 
developed software enabled the displaying of thermograms 
on the screen, moisture removal from the chamber, as well 
as the instantaneous values of moisture removal rate (% per 
minute). Experiments were carried out using food products 
(juice, milk, tomato paste) and model systems (oak wood ‒ 
water, sand ‒ water).

4. 3. Modelling the process of infrared drying 
Analytical and physical modeling was carried out to 

study the operation of IR dryers, to develop methods for 
calculating them and optimizing them. Based on the di-
mensional analysis method, the type of a criterion equation 
was established to calculate the magnitude of mass transfer 
coefficient β for each input parameter. We have obtained 
the Sherwood (Sh) number dependence on the Burdo (Bu) 
number, the parametric complex (H), which takes into 
consideration the effect of layer thickness, and the shape 
factor (F):

Sh=A×Bun·Hm·Fk,				    (1)

where Sh – Sherwood number; Bu=N/(Wr) – Burdo number; 
H=(Hi/H0) – parametric complex;F=V/(fδ) – shape factor;
r – hidden heat of vapor formation; Hi – current magni-
tude of a layer; H0 – basic thickness of a layer; V – product 
volume;f – product surface area; δ – characteristic size; 
W – steam generating capacity.

Coefficients А, n, m, k at the variables of equation 1 can 
be determined only experimentally. A series of experimental 
studies have been carried out to determine the key parame-
ters of the design and the main nodes in the IR drying plant. 
An experimental drying unit has been set up to carry out 
physical simulation of the process of IR drying of various 
materials; its diagram is shown in Fig. 2. The bench consists 
of a fan, a drying chamber, an IR emitter. The design of 
the installation makes it possible to execute controlled and 
dosed influence on materials by IR radiation.

We studied the kinetics of drying of slices from fruits and 
vegetables. The experiments were carried out in the range 
of power of infrared radiation of 1.88...11.25 kW/m2. The 
product was cut into slices with a thickness of 0.003 m and 
with a radius of 0.025 m. The weight of the cassette load was 
50 grams. The experiments were carried out in a stationary 
layer, the mass (m) of removed moisture was measured. 
Products with different properties were selected to study 
the effect of IR radiation on food raw materials: apples, beets, 
potatoes, pumpkin, onions, carrots.
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In fruit, vegetable raw materials, the most labile com-
ponents are: β-carotene, vitamin C, polyphenols. These 
parameters were selected as product quality indicators after 
drying. 

The quality indicators of dry products were determined 
using standardized methods and procedures based on the 
following physical and chemical indicators:

‒ the mass share of moisture or dry substances ‒ by the 
method that implies drying a loosened product sample or 
a sample distributed over the absorbing surface according 
to GOST 28561-90; 

‒ the mass share of β-carotene ‒ by the column chro-
matography method according to DSTU 4305:2004; 

‒ the mass share of vitamin C ‒ by a fluorometric 
method, according to GOST 24556-89; 

‒ the mass share of polyphenols ‒ by spectrophotomet-
ric or calorimetric method, according to DSTU 4373:2005.

5. Results of studying the operation of innovative 
equipment for integrated processing of food raw materials 

5. 1. Results of experimental simulation of condensate 
movement in a rotating thermosyphon

At the RTS inclination angles of g=0…20° the conden-
sate accumulates in the lower branches of the condenser; the 
upper ones do not fill. Moreover, more condensation accumu-
lates in the tubes closest to the vaporizer (Fig. 3).

Fig. 3. Distribution of condensate in the branched RTS 
condenser, n=0 s–1, g=20о: a ‒ schematic; b ‒ photograph

At rotational frequencies n=0.1...0.3 s–1, the condensate 
freely returns to the vaporizer, both at vertical position and 
at the tilt of the RTS. At rotation frequency 1.8 s–1 and a 
condenser’s inclination angle g=20°, condensate is locked by 
a centrifugal force in the condenser branch pipes. 

At inclination angle of the auger condenser g=37...45°,  
erformance of the empty auger increases (Fig. 4).

When the auger condenser rotates, there is an 
effective return of condensate to the vaporizer, both 
in right-hand rotation and in the left-hand direc-
tion of rotation. At right-hand rotation, condensate 
moves to the lower part of the condenser and is re-
leased into the central tube. At left-hand rotation ‒ 
condensate rises to the top of the condenser and is 
also released into the central tube, which is con-
nected to the vaporizer.

5. 2. Results of experimental study of the infrared 
drying of fruit and vegetable slices

In the installation shown in Fig. 2, we experimentally 
determined effect of the power supplied on the drying 
kinetics of apple slices. At a power of 6 kW/m2, the drying 
to a mass of 14 g was 2,150 s (Fig. 5). With a reduction 
in the power of IR radiation by 0.63 and 0.31 times, the 
process time increased by 1.28 and 2 times, respectively. 
With an increase in the supplied power of IR radiation by 
1.46 and 1.88 times, the process time decreased by 1.33 
and 1.82 times, respectively. Depending on the level of 
power supplied (Fig. 5), the time spent on drying to the  
required moisture content of 11‒15 % amounted to 
1,100...4,600 s.

At the same time, our study of energy intensity of the 
drying process (Fig. 7) has revealed that more intensive 
drying regimes require greater energy costs.

The process of drying apple slices to the moisture con-
tent of 11‒15 % (Fig. 6) at a power of 1.88 kW/m2 required 
325 kJ of energy. The process lasted for 4,600 s. At a power 
of 11.25 kW/m2, 490 kJ were spent. The duration of the pro-
cess was 1,100 s. Change in the power of IR emitters (Fig. 7) 
affected the drying speed in the range of 0.54...2.5 g/min 
of removed moisture. Constant drying rate is observed on 
average up to the moisture content of 18‒22 %.

At a power of 1.88 kW/m2, temperature (Fig. 8) did 
not exceed 58 °C even with a long-term treatment of raw 
materials.

For each product, the drying rate (Fig. 9) is constant to 
the moisture content of 20‒23 % after which the drying rate 
slows down.

Temperatures (Fig. 10) for different kinds of vegetables 
and fruits have almost the same character of growth rate.
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The constants for equation (1) are derived by the meth-
od of linearizing the power function Sh=(Bu, H, F). We 
have obtained the dependence of Sherwood’s number on 
Burdo number:

Sh=0,14·10–10 Bu1,9H–1,28F–0,0037.		 (2)

Fig. 11 shows mathematical model (2) correlated with 
experimental data.
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After testing the adequacy of the resulting model (2) and 
comparing the estimated and experimental data (Fig. 11), 
it was determined that the resulting model corresponded 
to experimental data with a difference of 15 %, which is a 

significant result of our study confirming the effectiveness 
and accuracy of the resulting equation. The range of change 
in the defining similarity numbers is 9.410–7Bu5.610-6, 
0.75Н0.3.
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5. 3. Comparison of experimental data 
on the infrared and ultra-high-frequency 
drying of fruit and vegetable slices

The reported results on the kinetics 
and energy intensity of IR drying were 
compared with experiments under condi-
tions of UHF radiation (Fig. 12). At a ra-
diation power of 6 kW/m2, we studied the 
drying kinetics of a layer of carrot, apple, 
and onion slices. Dimensions of the slices 
are: 3 mm thick, 0.025 m in radius. The 
cassette was loaded with 50 g of a product.

The UHF drying rate lines for fruits 
and vegetables varied in the range of 
1.95...2.25 g/min of removed moisture. 
Constant drying rate is observed on 
average up to the moisture content of 
23‒28 %, after which there is a decrease 
in rate. 

The temperatures of the product 
turned out to be lower than those in ex-
periments with IR generators (Fig. 13).

Results from comparing the parameters 
of IR and UHF drying are given in Table 1.

Table 1 

Effect of product type and radiation on 
drying parameters

No. of 
entry

product

Drying rate, 
g/min

Process  
duration, s

IR UHF IR UHF

1 onion 0.8 1.8 720 300

2 carrot 1.1 2.5 540 260

3 potatoes 1.15 2.1 520 300

4 apple 1.3 2.2 490 280

5
pump-

kin
1.5 2.3 480 275

The UHF drying of fruit and vegetable slices 
at the same value of specific power requires almost 
2 times less time for the process and is character-
ized by a 2-time higher values of drying rate. 

When comparing quality indicators for 
slices obtained when using the UHF and 
IR drying (Table 2), there is no dependence 
of benefits of a separate technique. For ex-
ample, in carrots, the highest content of 
45 mg/100 g of β-carotene was determined in 
samples obtained from UHF drying; in samples 
after IR drying, the vitamin C content was 
44.7 mg/100 g.

Analysis of the data given in Table 2 reveals 
that all samples of raw materials dried using 
a convection technique are characterized by a 
lower level of values for all examined indicators 
in comparison with those dried in the IR and 
UHF dryers.
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5. 4. Results on the degree to which the concentration 
of non-water components in a microwave evaporating 
plant is increased

The degree of increase in the concentration of non-wa-
ter components in MEP (Fig 14) has been experimentally 
determined.

Approximating curves were obtained using the method 
of the smallest squares. 

When evaporating in a MEP, the degree of increase in 
the concentration (Fig. 14) of non-water components has 
the same trend for all systems and is not much different, 
especially in the initial period. The lowest intensity of steam 
formation was demonstrated by tomato paste (Fig. 14). 
The concentration of apple juice was increased by 6 times 
(Fig. 14). The main factor that determines the intensity of 
the formation of the steam phase in MEP is the power of 
electromagnetic energy generators.

6. Discussion of results of studying the operation of 
innovative equipment for integrated processing of food 

raw materials

When modeling condensate movement within an RTS, a 
large amount of condensate accumulates in the tubes closest 
to the vaporizer (Fig. 3), which is due to the separation of eth-
yl alcohol fractions, which is used as a working body. 

At rotational frequencies of n=0.1...0.3 s–1 (Fig. 3), the 
estimated Froude number, obtained using the model devel-
oped in paper [9], is Fr<1, and condensate freely returns to 
the vaporizer, both at vertical position and at the RTS in-
clination. At a rotation frequency of 1.8 s–1 and a condenser 
inclination angle of g=20° the estimated number is Fr>1, con-
densate is locked by the centrifugal force. All this confirms 
the reliability of the model developed.

When analyzing the kinetic curves of drying slices in the 
IR dryer, it was revealed that the temperatures of different 
kinds of vegetables and fruits have almost the same growth 
pattern (Fig. 10). This is because the temperature of the process 
is largely determined by the height of the product layer. The 
thickness of the layer in our experiments was 0.003 m, which 
almost negates the effect of the thermal physical properties of 
the product on the heating dynamics. 

For each product, the drying rate is constant (Fig. 9) 
to the moisture content of 20‒23 %, after which the drying 
rate slows down. This is due to the achievement of critical 
humidity, which corresponds to the onset of the removal of 
hygroscopic moisture.

Comparison of experimental data on the IR and UHF 
drying shows that the product temperatures at UHF dry-
ing (Fig. 13), at the same power supplied (6 kW/m2), were 
lower, and the rate of drying is almost twice larger (Ta-
ble 1). This is because the UHF field penetrates to a greater 
depth, initiating a barodiffusion effect, which leads to an 
increase in the rate of evaporation of water from the surface. 

Our analysis of evaporation data in the MEP revealed that 
the lowest intensity of vaporization was demonstrated by to-
mato paste (Fig. 14). This is due to that the bonding energy 
for water in this system is higher than that of other solutions.

Compared to the results by other researchers in the field of 
TT, RTS, we conducted an experimental study by visualizing 
the process of hydrodynamics using a glass model, with the RTS 
branched structures applied (Fig. 3, 4). In contrast to [6, 7], 
we used sloped RTS at lower rotational frequencies (0...2 s–1). 

Unlike previous studies [13, 14], we have obtained data 
on the IR drying kinetics for new products and the effect 
of mode parameters on the process. The model in similarity 
numbers (2) makes it possible to analyze the physical essence 
of the process, as well as employ fewer parameters in exper-
imental modeling.

The concentration of apple juice in the MEP was in-
creased by 6 times (Fig. 14). And this is basically impossi-
ble in traditional steaming machines. 

The constraint on using the results is that the developed 
model (2) operates only in the range of change in the defining 
similarity numbers (9.4×10-7£Bu£5.6×10-6, 0.75£Н£0.3).

The shortcomings of studying the IR drying include the 
lack of confirmed data on the depth of radiation penetra-
tion into the material layer, the need to justify the rational 
thickness of the layer, the need to substantiate the optimal 
distance from an emitter.

The limitation for applying results on the IR drying is the 
lack of product movement, which significantly reduces per-

Table 2 

Effect of drying technique on slice quality parameters

Raw 
material

Indicator title

Fresh 
raw 

mate-
rial 

Con-
vection

IR UHF

Carrot

Mass share of  
moisture, %

85.7 12

Mass share of  
β-carotene, mg/100 g

8.6 41.3 44.7 45.0

Pump-
kin

Mass share of  
moisture, %

86 10.1

Mass share of  
β-carotene, mg/100 g

8 38.39 41.72 41.94

Apple

Mass share of  
moisture, %

85 10.7

Mass share of  
vitamin C, mg/100 g

11.2 22.7 26.1 24.8

Mass share of 
phenolic substances, 

mg/100 g
180 626 679 650

Onion

Mass share of  
moisture, %

86 10.1

Mass share of vitamin 
C, mg/100 g

10 20.79 24.01 21.82
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formance of the installation. It should also be noted for MEP 
that the development of specialized microwave equipment is 
necessary to implement the process on an industrial scale. To 
this end, it is worth continuing experimental research.

7. Conclusions

1. Our study on the modeling of hydrodynamics in RTS 
has shown that for an auger RTS the return of condensate 
to the vaporizer, the internal heat exchange would be most 
effective at the condenser inclination angle of 37...45°. For 
a branched condenser (Fig. 3), at the rotation frequency of 
1.8 s-1 and inclination angle g=20о, condensate is locked by a 
centrifugal force in the condenser branch pipes. The results 
obtained will be used to develop methods for calculating and 
optimizing devices based on RTS.

2. Our study of the IR drying process has demonstrated 
that the determining effect on the process is exerted by the 
power supplied and thickness of the product layer. This is 
also confirmed by the analysis of the resulting model (2). 
The exponent with Bu number (it also includes power) is 1.8, 
the inverse dependence on the parametric complex of layer 
thickness (H) exponent –1.28.

3. Comparison of data on the IR and UHF drying of fruit 
and vegetable slices shows that with the same value of spe-
cific power (6 kW/m2) the UHF drying requires 2 times less 
time for the process and is characterized by a 2-time larger 
values for drying rate (Table 1).

4. The study conducted into the evaporation of solu-
tions in MEP has demonstrated that the lowest intensity 
of vapor formation was demonstrated by tomato paste 
(Fig. 14). The concentration of apple juice was increased 
by 6 times (Fig. 14).
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