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This paper reports the improved
model design of an auger thermo-ra-
diation dryer for drying plant-deri-
ved pomace under a low-temperature
mode (35...80 °C) to the resulting mois-
ture content at the level of 8...13 % of
solids. The dryer has an adjustable speed
of auger rotation (3...4min""), of air-
Slow (0.05...0.09 m/s), and is characteri-
zed by the uniform distribution of heat
Slux. It is equipped with an energy-sav-
ing two-circuit complex that utilizes sec-
ondary energy to heat primary air from
21.1°Cto 28.9 °C. The use of Peltier ele-
ments, installed at the heating techni-
cal surface of the dryer’s auger, makes it
possible to convert thermal energy into
a low-voltage supply voltage for the auto-
nomous supercharger and exhaust fans.

The duration of pomace drying in the
model structure of the auger thermo-ra-
diation dryer has been determined, in
particular tomato pomace, with an ini-
tial content of 75 % of solids, which is
107 min. For apple pomace whose start-
ing content of solids is 65 %, it is 98 min.
For comparison, the duration of the con-
vective drying of tomato pomace (75 %
of solids) is 120 minutes. The drying was
carried out at a temperature of 60°C
to the resulting moisture content of
10...12 % of solids. Organoleptic eva-
luation on the example of tomato pomace
confirms the effectiveness of structural
solutions in the auger dryer compared to
the convective technique.

The results reported in this study
could create conditions for the further
design and implementation of the pro-
posed structure of thermo-radiation dryer
Jfor drying plant-derived pomace involv-
ing an altered heat supply technique and
the utilization of secondary energy. The
designed structure of the device makes
it possible to process and preserve the
quality properties of plant-derived po-
mace, allowing the use of this product for
a wide range of foodstuffs

Keywords: auger thermo-radiation
dryer, plant-derived pomace, drying
kinetics, temperature field
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1. Introduction

substances such as vitamins, trace elements, whose con-

Plant raw materials are a natural source of various physico-
chemical elements while processing them involves the pro-
duction of secondary raw materials. A large proportion of
secondary raw materials (peels, pits, etc.) with a variety of

tent of solids is 5..45 %, is reduced by the duration of raw
material processing, storage, and further sales in general.
Processing the pomace could bring down the level of waste
and would make it possible to obtain semi-finished products
of varying degrees of readiness, followed by their use in the




form of natural functional-physiological fillers for many food
products [1]. Minimizing the secondary natural raw mate-
rials while implementing innovative structural-technological
solutions could ensure the preservation of natural sources
from the moment of harvesting to making various health
products for daily consumption [2]. Obtaining high-quality
dried pomace of plant origin during drying would reduce
the volume of raw materials, transportation and storage
costs, and create high recovery capacity. Dried plant-derived
pomace could be used as finished and pre-blended products
for various functional and physiological purposes to form
healthy diets, including fast foodstuffs, etc.

A relevant task for the processing industry is the deve-
lopment and implementation of innovative ways to design
fundamentally new and improve existing heat and mass
exchange equipment while applying modern engineering and
technological solutions. That specifically includes designing
an auger thermo-radiation dryer for drying plant-derived
pomace to the required solids content for further technolo-
gical solutions. Intensifying and implementing high-quality
heat and mass exchange process while using modern automa-
tion tools, low-inertial infrared heaters, energy-saving com-
plexes for the conversion of secondary energy, etc., would,
in turn, ensure the competitiveness of the hardware and
technological process. That creates conditions for obtaining
high-quality dried semi-finished products of the high degree
of readiness in the form of plant-derived pomace to introduce
it into food and pharmaceutical technologies to produce multi-
functional health foodstuffs.

2. Literature review and problem statement

Paper [3] gives recommendations from such global orga-
nizations as the World Health Organization (WHO), Food
and Agriculture Organization (FAO), and others on the need
to consume fruits and vegetables. That could greatly mini-
mize the risk of chronic diseases and provide the necessary
support for the body with the necessary natural elements in
the context of pandemics. In addition, the daily diet based on
plant raw materials, including organic, requires the process-
ing and food industry to find innovative ways to implement
this process, which is due to the following [4]:

— the use of technical equipment that has certain struc-
tural-technological shortcomings, including high energy and
metal consumption, the lack of energy-saving complexes,
a significant percentage of processing waste, etc.;

— the development of pandemics and the alarming state of
the environment, requiring the introduction of high-quality
diets to increase the immunity of the population, including
people under extreme conditions, specifically doctors and
military personnel [5].

Study [6] analyzed the level of waste from fresh vegetables
and fruits in the EU countries from harvesting to the moment
of an offer to the consumer; it was established that almost
30 % of waste is generated during processing. Several types
of waste have been defined during the research, in particular,
the presence of household waste associated with the use of
fresh plant raw materials approaches zero, as opposed to the
share of waste during processing, which must be decreased.
The level of waste in countries is associated in most cases with
the development of the processing sector and the quality of
resource-efficient processing, including plant-derived pomace
as a natural source of the functional-physiological ingredients.

At the same time, the difficult ecological situation and the
spread of pandemics require maximum resource efficiency
from the processing sector and, from the food industry, the
production of high-quality health food of natural origin [7, 8].
However, the issues of ensuring innovative ways to achieve
resource-efficient processing of plant raw materials in con-
nection with a certain level of development of the processing
sector remain unresolved, which emphasizes the expediency
of introducing modern structural-technological solutions.
One of the options for overcoming the related difficulties
in many countries is the introduction of state programs for
the development of the processing and food sectors. That
could minimize the level of waste, in particular plant-derived
pomace, and produce natural semi-finished products for the
manufacture of functional and healthy foodstuffs. In work [9],
attention is paid to the rational processing of plant raw ma-
terials already in the first stages of processing with the use
of innovative equipment to achieve resource-efficient manu-
facturing processes with maximum preservation of the initial
properties of raw materials. That would make it possible to
produce high-quality natural ingredients for the further man-
ufacturing of «natural food», which is the subject of several
recent studies by many world scientists and is a key trend in
the food industry [10, 11].

Paper [12] summarizes the state of the food industry in
Ukraine, which could be used to form ways of modernization
of processing complexes to further ensure resource-efficient
processing of plant raw materials. However, there are un-
resolved issues related to a decrease in the level of waste in
the processing of plant raw materials during the basic heat
and mass exchange operations, in particular, concentrating
and drying. This is due to that most innovative solutions im-
plemented industrially are aimed primarily at the moderni-
zation and development of fundamentally new heat and mass
exchange equipment. Specifically, works [13—16] report ways
to constructively and technologically improve rotary evapo-
rators based on modern engineering solutions while deter-
mining only the impact of the thickness of the processed raw
materials. Papers [15, 17, 18] address the effectiveness of the
proposed structural solutions during the modernization of
evaporators with a variety of heat supply techniques. How-
ever, the issue of processing extracted plant-derived pomace
after rubbing (peels, pits, etc.) that contain a significant
number of useful natural elements is not considered. That
emphasizes the expediency of research aimed at minimizing
the level of waste at processing enterprises through the in-
troduction of innovative solutions and the development of
appropriate technological equipment.

Works [19-21] describe methods for processing secon-
dary raw materials (waste) by extraction and sonication
with the possibility of further use, in particular in the food
industry. However, there are unresolved issues related to
the complete processing of pomace. This is due to that these
procedures leave a certain amount of waste that needs fur-
ther processing or disposal. One of the ways to eliminate
these shortcomings is the use of technologies for drying
plant-derived pomace, which could create full-fledged pro-
cessing under rational modes for maximum preservation
of natural properties. Paper [22] notes the expediency of
using energy-efficient dryers for gentle heat treatment of
plant raw materials based on the use of modern flexible film
resistive electric heater of emitting type (FFREhEt) [23].
Work [24] notes the growing energy crisis, which needs the
introduction of alternative green energy; however, there is



a technological gap in this area, predetermining the develop-
ment of energy-efficient dryers, which is a complex structural
and technological task. Paper [25] defines the effectiveness
of the use of infrared drying of grape pomace film using
a surface temperature of 40, 45, and 50 °C, under natural
and forced convection. However, questions remain about the
formation of a film layer of raw materials and the impact of
consistency. It was found that, unlike forced convection, it is
better to use the values of airflows close to the parameters of
free convection. Work [26] describes a radiation single-drum
dryer for drying plant concentrates in the form of a film layer
on a corrugated surface; it could be adapted for the rational
processing of pomace by upgrading the smearing device.
Study [27] notes the effectiveness of the use of certain ranges
of infrared waves during the heat and mass exchange process-
ing of peach pomace compared to the treatment with hot air.
Paper [29] considers the impact of air drying of apple pomace
and the received polyphenol capacity; however, there is a dif-
ficulty in using this technology in most countries. One of the
ways to resolve it is the attempt to construct comprehensive
technological equipment for the simultaneous processing of
plant raw materials and the pomace obtained. For example,
the process of concentrating might be combined with the
possibility of further drying of concentrates and extraction in
dryers with a film application of the dried raw materials [29].

Paper [30] notes that most secondary raw materials in the
form of agricultural waste from the agro-industrial complex
and food industry could be used in the form of gel-forming
pectin substances with a purity criterion established by FAO
and EU. Works [30, 31] indicate the possibility of using dried
fractions of plant-derived pomace for the manufacture of
biocomposites for food packaging. The expediency of using
the dried fractions of olive pomace, which are rich in various
macro-and microelements and could be used as fillers in
thermoplastic matrices, has been established. The use of
manufactured olive fractions reduces the breaking strength
of the biocomposites used; in that case, the Young modulus is
not significantly affected. However, the level of automation of
the technological process of production of containers remains
undetermined, since it is in compliance with the technology
that the further quality of storage of packed products depends
until the consumption [32]. The existing dryer structures
have in most cases certain structural and technological
shortcomings due not only to production needs but also to
low resource efficiency, the lack of energy-saving complexes,
and the use of high-temperature heat sources, etc. [33, 34].
In addition, unresolved are the issues related to designing fun-
damentally new equipment or improving available machinery
for high-quality processing of plant-derived pomace. At the
same time, it is necessary to use modern heating elements, to
introduce resource-efficient complexes that utilize secondary
energy, which, in general, would ensure the quality of the
technological process at all stages of the heat treatment of
plant raw materials. One of the ways of resource efficiency is
the conversion of secondary energy for various technological
needs (for heating, the autonomy of certain nodes, obtaining
power voltage, etc.) by using Peltier elements. Works [35, 36]
describe the advantages of using Peltier elements and their
effectiveness, at the small size of their contact surfaces, to
form, in particular, low-volt power voltage. Consequently, this
approach allows them to be used in heat and mass exchange
devices for the conversion of secondary energy in accordance
with engineering and technological needs, predetermining the
expediency of research into this area.

Ensuring the full processing of plant raw materials not only
into one component (sugar, juice, etc.) but also semi-finished
products of different levels of readiness (an extract, molasses,
a concentrate, dried fractions, etc.) could make it possible to
obtain natural high-quality components. The introduction of
secondary plant raw materials in the formulation composition
of food products would make it possible not only to expand
the range of food products but also to artificially increase the
usefulness of consumption. That could replace the content of
various artificial dyes, flavors, etc., received without the use
of natural plant-derived components, which would increase
the nutritional value of products; it is relevant in a pandemic.
Paper [37] notes the effectiveness of the use of waste from
processing fruits and vegetables into natural extracts with
high antioxidant properties with the possibility of using them
in various food and pharmaceutical technologies.

Works [38-41] report studies on determining the effec-
tiveness of adding various natural fillers, in particular grape
pomace, as well as pasty concentrates, etc. on the functional
and physiological properties and nutritional value of bakery
and confectionery products. This emphasizes the prospects of
processing plant-derived pomace into semi-finished products
with a varying degree of readiness to ensure and form the
health rations of the entire population.

The above confirms the expediency of conducting scien-
tific and practical research aimed at designing the heat and
mass exchange equipment for drying plant-derived pomace.
The resulting pomace could be used in the food and pharma-
ceutical industry to produce functional food products with
therapeutic and prophylactic properties on a natural basis.
The main disadvantage of the heat and mass transfer drying
process is the energy and metal consumption of the equip-
ment due to the use of a high-temperature steam heat carrier.
One should note the minimum level of use of energy-saving
complexes associated with the complexity of resource-effi-
cient conversion of secondary energy for technological needs
in a single complex of equipment. All this greatly affects the
indicator of resource efficiency of processing enterprises in
general, although it has in most cases structural and techno-
logical shortcomings, which also affect the resulting quality of
the products received. The introduction of the above factors
during the production of high-quality dried pomace of plant
origin could ensure the production of modern heat and mass
exchange equipment with competitive properties. Therefore,
it is advisable to design an auger thermo-radiation dryer
for drying plant-derived pomace at the intensified thermo-
radiation heat supply. In this case, a proposed heater to be
used in the apparatus is a modern flexible film resistive elec-
tric heater of emitting type (FFREhEt) [23], which could
ensure a stabilized temperature mode and resource efficiency.

3. The aim and objectives of the study

The purpose of this work is to design an auger thermo-
radiation dryer for drying plant-derived pomace at the in-
tensified thermo-radiation heat supply. That could make it
possible to introduce a waste-free, resource-efficient, and
low-temperature processing of plant-derived pomace while
using innovative structural-technological solutions.

To accomplish the aim, the following tasks have been set:

— to design a model structure of a thermo-radiation dryer
for drying plant-derived pomace with a modified technique
of heat supply and the use of secondary energy;



— to investigate the uniformity of a tempera-
ture field in the designed dryer, the kinetics of the
moisture content during the thermo-radiation
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drying of plant-derived pomace, and to perform

a comparative organoleptic assessment of dried

tomato pomace. Lec

4. The study materials and methods

Fig. 1. The improved model of an auger thermo-radiation dryer

for drying plant-derived pomace: 1 — loading hopper; 2 — string dividers;

This study was carried out at the Research
Center «Newest Biotechnology and Equipment
for the Production of Foodstuffs with High Well-
ness Properties», Kharkiv State University of
Nutrition and Trade (Ukraine).

We examined and tested the drying of tomato
and apple pomace in the designed model structure
of a thermo-radiation dryer with real-time deter-
mining of the uniformity of the temperature field
and the kinetics of the process.

The moisture content of the examined samples was de-
termined using generally accepted procedures. The weight
of wet and dried materials was determined by laboratory
scales, the time of the experiment (t) was registered by
a stopwatch and characterized the duration of raw material
passage through a drum, followed by entering the container
with the dried material. The initial and resulting moisture
content of raw materials was determined by drying them in
pre-prepared cuvettes by bringing them to a constant mass.
The moisture content kinetics were calculated experimental-
ly when weighing the examined samples in the drying process
before loading, over a certain period, and after unloading.
The statistical reliability of the experimental studies was
provided by five-time repeatability when treating the data
acquired at the level of 0.95 according to Fisher-Student.
The margin of error from the experimental set-up is 0.03.

The organoleptic properties were assessed by an expert
board consisting of 5 members from the Research Center,
based on organoleptic properties (appearance, color, smell,
taste, and consistency).

5. Determining the effectiveness of solutions in the
improvement of an auger thermo-radiation dryer

5. 1. Design of the improved model of an auger thermo-
radiation dryer

The first step in determining the effectiveness of the adop-
ted structural and technological solutions was the improvement
of the model structure of an auger thermo-radiation dryer for
drying plant-derived pomace (Fig. 1). The operation of the
device is as follows: the pomace enters loading hopper 1 with
string dividers 2 for preliminary separation of the volume of
experimental raw materials before entering working chamber 3
of the auger thermo-radiation dryer. The body of the auger
thermo-radiation dryer is a stainless cylindrical working surface,
from the outer surface of which there is a flexible film resistive
electric heater of radiating type (FFREhEt) 4. A peculiarity
of the working organ (auger 5) of the thermo-radiation auger
dryer is the ability to heat its inner surface with heater 4. To pre-
vent the sticking of the examined samples, from the first to the
third turns of auger 5 there are additionally placed blade divi-
ders 6, which is explained by the higher initial moisture content
and, therefore, the ability to stick, which leads to uneven drying.

3 — working chamber; 4 — flexible film resistive electric heater
of emitting type; 5 — working body (auger); 6 — blade dividers; 7 — unit
for the use of spent secondary air (two-ring channel); 8 — injection fan;
9 — the internal space of the two-ring channel; 10 — exhaust fan;
11 — the outer space of the two-ring channel; 12 — thermal insulating
alluviation; 13 — Peltier elements; 14 — secondary air drainage nozzle;
15 — primary air nozzle; 16 — unloading hopper; 17 — racks; 18 — control

unit of technological parameters; 19 — reducer

The model built is provided with a unit for the use of
spent secondary air 7 (a two-ring channel) for heating and
partial drying of primary air, ensuring the intensification
of moisture absorption during the passage of the working
chamber of dryer 3. Fan 8 pumps the primary air first to
internal space 9 of the two-ring channel through nozzle 15,
followed by entering working chamber 3. Exhaust secondary
air (35...80 °C), with the help of exhaust fan 10, enters outer
space 9 of the two-ring channel and is discharged into the
environment through nozzle 14. Thus, the two-ring complex
ensures the intensification of heat exchange between air-
flows, and the additional coating of the dryer body with ther-
mal insulating alluvium 12 ensures the reduction of losses
to the environment. The auger thermo-radiation dryer has
modern means of converting secondary thermal energy into
a low-voltage power supply by Peltier elements 13 arranged
at the technical cylindrical outer surface of the heated auger 5.

Experimental raw materials, after entering the working
chamber of auger dryer 3, moves to unloading hopper 16,
undergoing the drying process (35...80 °C) to the resulting
moisture content at the level of 8...13 % of solids. The dryer is
placed on racks 17, the auger rotation is enabled by a reducer
with an adjustable speed 19; there is a control unit for tech-
nological parameters 18 (temperature, the auger speed, etc.).

5. 2. Determining the temperature field uniformity in
the designed dryer and the kinetics of the drying process

The second stage during the approbation of the designed
model structure of an auger thermo-radiation dryer for drying
plant-derived pomace was to determine the uniform distribu-
tion of the temperature field in a working chamber (without
loading raw materials). To determine the temperature field,
we randomly placed inside the working chamber of the auger
thermo-radiation dryer 10 chromel-copel thermocouples con-
nected to the «TPM-136» connected to a personal computer.
The layout of thermocouples and the window with the output
data for each thermocouple within the working space of the
auger thermo-radiation dryer are shown in Fig. 2.

Analyzing the real-time data on the temperature field, one
can conclude that the temperature field is uniform (data from
the indications of thermocouples No. 3—6 and 9—10 with an
average value of 60 °C). And, therefore, the uniformity of
heating the working space is ensured, including when dry-
ing plant-derived pomace in the proposed model structure.
Minor deviations in temperature values could be considered



within the experimental error. Thermocouple 2 is installed
at the input of the exhaust fan and, by placing thermocou-
ples 2-1 and 2-2 in the outer space of the two-ring channel,
makes it possible to measure the cooling level of the secon-
dary air. In this case, thermocouple 8 is mounted on the su-
percharger fan, thermocouples 8-1 and 8-2 make it possible to
measure a change in the medium temperature in the internal
space of the two-ring channel before entering the working
chamber. Primary air passes between the FFREhEt heating
surface and the outer pipe of the two-ring channel with
insulating alluvial, thereby inducing a conductive heating
technique, allowing for an increase in the air temperature
from 21.1 °C to 28.9 °C. After confirming the uniformity of
thermal energy in the model structure of the auger thermo-
radiation dryer, we determined the kinetics of moisture con-
tent in the examined samples of tomato and apple pomace
with a mass fraction of moisture of 75 % SM and 65 % SM,
respectively. The examined samples were dried in the model
structure of the auger thermo-radiation dryer at a tempera-
ture of 60 °C, the speed of auger rotation was 3..4 min~';
that of the airflow — 0.05...0.09 m/s to the resulting moisture
content of 10..12 % SM (Fig. 3).

2-1

We have performed the comparative organoleptic as-
sessment of the dried tomato pomace obtained in the model
structure of the auger thermo-radiation dryer and at convec-
tive drying (Table 1).

Table 1
Comparative organoleptic assessment
of dried tomato pomace
Characteristic
Indicator . .
thermo-radiation convective
technique technique
Appearance Homogeneous finely-dispersed fractional mass

Taste and smell
of tomatoes

Pleasant harmonious taste

Taste and smell and smell of tomatoes

Color Red-orange, pronounced Dark-orange

The established organoleptic indicators of the
tomato pomace obtained in the model structure of the
auger thermo-radiation dryer have the pronounced
taste and smell inherent in fresh tomatoes without
a taste of burning, in contrast to convective drying.
Dried tomato pomace after the auger dryer has a bright
red-orange coloration; after the convective techni-
que — dark orange, which is explained by a higher
processing temperature, uneven heat flow, and drying
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mainly surface layers. The organoleptic evaluation
testifies to the effectiveness of the proposed structural
solutions, which makes it possible to get samples with
higher organoleptic properties.

Fig. 2. The layout of thermocouples location and the visualization
of temperature data within the working space of the auger

thermo-radiation dryer

Analyzing the kinetics of moisture content of pomace in
the model structure of the auger thermo-radiation dryer, it was
determined that the duration of drying tomato pomace whose
initial content of solids is 75 % is 107 minutes. For apple po-
mace whose starting content of solids is 65 %, it is 98 minutes;
for comparison, the kinetics of drying is given at the convec-
tive drying of tomato pomace (75 % of solids) with a process
duration of 120 minutes. The obtained data confirm the ex-
pediency of using the proposed model structure of the auger
thermo-radiation dryer for drying plant-derived pomace.

3.0 w, kg/kg
1.8\\ "
12 \\}< 1
o NN
' e N\\&
~
\

0.3
0.2

P~ T, S
[ —— .

0 15 30 45 60 75 90 105 120

Fig. 3. The kinetics of moisture content:
1 — tomato pomace and apple pomace; 2 — pomace in the
model structure of the auger thermo-radiation dryer;
3 — tomato pomace at convective drying

6. Discussion of results of drying
plant-derived pomace in the auger thermo-
radiation dryer

The auger thermo-radiation dryer for drying plant-de-
rived pomace, due to the proposed structural-technologi-
cal solutions, is characterized by a low-temperature com-
bined technique of heat supply in the range from 35 °C to
80 °C. It has an adjustable variable speed of auger rotation
of (3.4 min~") and airflow (0.05...0.09 m/s) and makes it pos-
sible to dry raw materials to the resulting moisture content of
8..13 % of solids. The dryer is characterized by the uniform
distribution of heat flow, which is confirmed by thermocouple
data (Nos. 3-6 and 9-10 with an average value of 60 °C, Fig. 2).
The device is equipped with an energy-saving unit for the use
of secondary energy for heating air from 21.1 °C to 28.9 °C (the
data acquired in real time from thermocouples 8, 8-1, and
8.2, Fig. 2). The use of Peltier elements 13, located at the
heating technical surface of auger 5 (Fig. 1), makes it possible
to convert thermal energy into a low-voltage power supply
for autonomous supercharger 8 and exhaust 10 fans. The
duration of drying tomato pomace with a starting content
of solids of 75 % is 107 min., apple pomace (65 % of solids),
is 98 min., while the duration of the comparative convective
drying of tomato pomace is 120 min. That confirms the pos-
sibility of using the proposed auger thermo-radiation dryer
for the high-quality drying of plant-derived pomace, with the
subsequent use in the food and pharmaceutical industries.



A special feature in using the auger thermo-radiation
dryer for drying pomace of plant origin is to ensure the ef-
fective processing of plant raw materials, including pomace.
It contains, after many technological operations, a significant
number of functional and physiological ingredients, which,
at high-quality processing, could be applied in many areas
of nutrition. At the same time, the introduction of pomace
processing equipment would further increase the level of
these enterprises in the international arena, and, therefore,
competitiveness in the high-quality technological process.
Most auger dryers and machines for pomace drying are cha-
racterized by metal and energy consumption because of the
use, in most cases, of the high-temperature steam heat supply
systems, accompanied by losses of useful functional and phy-
siological ingredients of plant origin [42].

The limitation in the approbation of the designed auger
thermo-radiation dryer was the use of two varieties of po-
mace (tomato and apple) while others would have a similar
structure and differ in the initial moisture content. The dis-
advantage of this study is a certain difficulty in selecting the
rational modes of auger rotation and airflow, to maximize the
efficiency of the process, predetermining the need for an adap-
tive drying process for each raw material. This approach would
make it possible to build a generalized database on the rational
modes of thermo-radiation drying of plant-derived pomace.

Further research will be aimed at compiling a generalized
base on the thermo-radiation drying of plant-derived pomace
in the auger dryer. And a further comparison of the proposed
structural-technological solutions, previously confirmed by the
scientific and practical research on their effectiveness, when
comparing the results obtained with the industrial analogs of
dryers. A certain difficulty in comparing them will be the diffe-
rence between low-temperature and high-temperature heat and
mass exchange treatment when using different heat carriers and
design features. To simplify engineering and technological tasks,
we plan in the future to employ software for the simulation and
preliminary analysis of the effective and rational heat and mass
transfer process with subsequent technical design.

7. Conclusions

1. We have improved a model design of the auger thermo-ra-
diation dryer for drying plant-derived pomace under a low-tem-
perature mode (35...80 °C) to the resulting moisture content at
the level of 8...13 % of solids. The dryer has a variable speed of

rotation of the auger (3..4 min~!) and airflow (0.05..0.09 m/s)
and is characterized by the uniform distribution of heat flow (the
data from thermocouples No.3-6 and 9-10 with an average
value of 60 °C). The device is equipped with an energy-saving
two-ring unit for the use of secondary energy to heat the pri-
mary air from 21.1 °C to 28.9 °C (the data from thermocouples
8, 8-1, and 8-2). The use of Peltier elements 13, located at the
heating technical surface of auger 3 makes it possible to convert
thermal energy into a low-voltage power supply to autonomous
supercharger 8 and exhaust 10 fans.

2. The uniformity of the temperature field in the working
chamber of the dryer has been confirmed (thermocouples
No. 3-6 and 9—10 with an average value of 60 °C). The data
from thermocouple 8, placed at the input of the pumping fan
and additional thermocouples 8-1 and 8-2 (in the internal
space of the two-ring channel) indicate heating the fresh air
by 7.5°C by a conductive technique. We have determined
the duration of pomace drying in the model structure of
the auger thermo-radiation dryer; in particular, for tomato
pomace with an initial content of 75 % of solids, 107 minutes.
For apple pomace with a starting content of solids of 65 % —
98 min. For comparison, the duration of convective drying,
when using an example of tomato pomace (75 % of solids), is
120 minutes. The drying was carried out at a temperature of
60 °C to the resulting moisture content of 10...12 % of solids.
The effectiveness of the proposed structural solutions has
been confirmed by the results of organoleptic evaluation on
the example of tomato pomace in comparison with the con-
vective technique.
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