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Abstract: Convective drying refers to one of the energy-intensive processes used
in chemical, woodworking, food and other industries. Therefore, in modern conditions,
when there is a growing shortage and an increase in energy tariffs, it is important to
develop and apply new effective methods of drying wet materials in industrial
production, create high-performance drying equipment, improve the operation of
existing dryers, which will contribute to the rational use of natural resources, reduce the
cost of finished products and increase the competitiveness of production. Root crops
are plants in which nutrients are concentrated in tubers or roots. Jerusalem artichoke
refers to sugar-containing tubers, and beets, carrots, turnips, turnips, rutabagas,
parsnips and couscous belong to root crops. These products are widely used for human
and animal nutrition. Long-term storage of root crops in raw form requires large energy
costs to maintain optimal temperature, humidity, gas composition in the storage and
some other parameters. Even when maintaining optimal storage parameters, part of the
crop spoils, and the other part loses its biologically active substances due to the natural
processes of vital activity occurring in root crops. There are quite a few ways to store
root crops. The high content of water and carbohydrates in root crops makes it difficult
to preserve them. The cells of roots and tubers breathe during storage; enzymatic
processes do not stop in them. With an increase in temperature and humidity of the air,
the intensity of respiration increases, the loss of organic substances and vitamins
increases.

Keywords: root crop, heating, temperature, tuber, drying agent, heat transfer,
heat exchange, drying.

INTRODUCTION. Vegetable raw materials, which include root crops, have a
colloidal, capillary - porous structure, with fragments of high-molecular carbohydrates,
protein substances, lipids, vitamins, macro - and microelements. Preparation of
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vegetables for drying and the process of traditional dehydration of the product itself can
lead to a significant loss of biologically active substances. In this regard, the task of
improving the method of drying vegetables with maximum preservation of
physiologically valuable raw materials is very relevant.

Convective drying is the most common method of dehydration of vegetable raw
materials in order to extend its shelf life. The convective drying method in the traditional
version provides for the transfer of heat to the dried raw materials using hot air. During
the transfer of thermal energy, moisture is released from the raw material, which is
carried away from the installation by a drying agent.

Summarizing the literature data and experimental studies on the assessment of
the thermal conductivity of vegetables, S.A. llenia was able to determine the thermal
conductivity coefficients of a number of vegetables [5]. To date, the range of
applications of carrots, beets and jerusalem artichoke is so large that it is difficult to
single out all their positive qualities as fodder crops for animals and poultry, food for
humans, raw materials for a wide range of food and medicines and technical products.

MATERIAL AND METHODS. The heating time constant is one of the important
parameters of rootstock, which is used to determine the heating rate and select the
effective IR control modes. This value is one of the determinants of the rootstock
heating rate. The physical meaning of the heating time constant is explained by the
following definition. The heating time constant is the time during which the excess
temperature of the root crop would reach a steady-state value if there were no heat
transfer to the environment. Since the drying process takes place in a closed chamber
and there is practically no heat loss to the environment, the heating time constant
becomes decisive for the selection of the infrared energy supply mode. The heating
time constant is a characteristic;

T = o ®

here C - heat capacity of the product, J/°C; Qnp - heat output of the product, J/°C-s.

In the presence of heat transfer for a time equal to the heating time constant, the
excess temperature of the product reaches a value equal to 0,632 of the steady state [1].
The heat capacity of the material depends on the heat capacity of dry matter and water.
The specific heat capacity of dry matter of plant raw materials lies in the range of 0,733-
1,55 J/(kg-°C). Due to the fact that the heat capacity of water C = 4,1868-103 J/(kg-°C)
is much higher than the heat capacity of dry matter, the heat capacity of root crops
during drying decreases. The heat capacity of wet materials will be determined from the
expression:
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where Cps. and Cy_ 4 is the heat capacity of dry matter and water respectively,
J/(kg-°C); w and U are the moisture content and moisture content of the material
respectively, %. Equation (2) indicates the linear nature of the dependence of heat
capacity on moisture and moisture content of the material. As the temperature of the
material increases, the heat capacity increases. Equation (1) can be represented in the
following form

T,=-—=—F (3)

where ¢ — is the specific heat capacity of root crops, J/kg-C; M is the mass of root
crops, kg; a is the heat transfer coefficient of root crops, J/m--C-c?; F is the area of the
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outer surface of the product, m2. Similarity theory states that all physical processes can
be described by a combination of certain dimensionless quantities (criteria) and
indicates methods for finding these criteria.

On the basis of similarity theory, it is possible to simulate approximately heat and
mass transfer processes [6]. Universal equation for determining the convective heat
transfer coefficient, suitable for any method of heat input to the material, covering the
entire drying process [8]

o A
Nuzﬂ-Re”-K’“-QR-(i) (:;a] (4)

where Nu - Nussle criterion of convective heat transfer, characterizing intensity of
heat exchange processes between material and drying agent; A - constant; Re -
Reynolds criterion, characterizing hydrodynamic conditions of the process; K - modified
Guchman criterion, determining increase of heat transfer coefficient due to tribalization
of air flow by steam, formed at material surface; QR - parametric criterion determining
an increase in the heat transfer coefficient due to a decrease in the thickness of the
boundary layer with an increase in surface temperature during radiation drying; w/ok - a
parametric criterion that takes into account a decrease in the heat transfer coefficient
with a decrease in the moisture content of the material at a falling drying rate; P/Ps - a
criterion that takes into account the conditions of heat exchange and mass transfer
during vacuum drying of materials; w - moisture content of the material during the drying
rate decrease; wk - critical humidity of the material; P - ambient pressure in the
chamber, kPa; Ps - barometric pressure, kPa. Nusselt's criterion for convective heat
transfer:

Nu = T (5)

where a - is the heat transfer coefficient, W/(m?-°C); | - is the defining size of the
evaporation surface, m; A - is the thermal conductivity coefficient, W/(m-°C).
Reynolds criterion:

Re = Y24 (6)
where Vp.a. - velocity of the drying agent, m/s; v - kinematic viscosity coefficient,
m/s?;
A modified Guchman criterion:

k=22 (7)

1'-[.1_."

where Tp - is the temperature of the drying agent, °K; Tw - is the temperature of
the wet thermometer, °K.
Parametric criterion:

Q== (8)

Tp

where Tr - is the radiation temperature, °K.
In dryers for vegetable raw materials the drying process takes place at
atmospheric pressure. Then P = Ps and the criterion P/Ps = 1.
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The heat transfer coefficient characterizes the intensity of heat input, which is very
important for accelerating the drying process. The obtained value of heat transfer
coefficient refers to 1 m? of material surface - W/(cm?-°C). It is much more convenient to
use volumetric heat transfer coefficient referred to 1 m?3 of dryer volume:

a,=a- (10)
Table 1
Heating time constant for root crops
Material Moisture content | Generalized indicator | time constant T, s
w, % V/F 103, m
10 56-262
20 61-281
30 68-313
Carrots 40 0,7-2,6 74-344
50 82-378
60 89-412
70 98-452
80 118-547
10 73-316
20 81-352
30 89-387
Topinambur 40 0,7-2,6 07-422
50 105-457
60 114-492
70 122-527
80 130-562
10 52-190
20 61-222
30 69-254
Beets 40 0,7-2,6 78-286
50 86-318
60 96-350
70 104-382
80 113-414

where F - area of the material, m?; V - volume of dryer, m3. Substituting (8) into (9)

we get
_ Ny-AF
v v

(11)

For practical engineering calculations, drying speed and temperature curves
obtained experimentally are used. The mass of the product can be represented as:

M=p-V (12)
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where p - product density, kg/m?3; V - product volume, m3. Then the equation for
the heating time constant can be represented as

(13)

c g
T, =2£.
R 3

|

Denote the ratio V/F by the parameterc , then the expression for the heating time
constant is written as follows. In its essence, itc is a generalized indicator of the
geometric characteristic of the product. This indicator, as follows from the above, is
determined by the geometric dimensions of the product.

RESULTS AND DISCUSSION. Using the above methodology, it was possible to
calculate the constant heating time for root crops depending on their moisture content
and size on the example of carrots, beets and topinambur. The shape of the root
vegetables, sliced on an industrial vegetable slicer, takes the form of a rectangular
parallelepiped. The calculated data are given in Table 2, in which A, B and C are the
length, width and thickness of a single product.

Table 2
Calculated data of root crops
Linear dimensions, m V-107, m | F-10%, m | (V/F)-10%,
Type of plants m
A-103, | B-103%, m | C-103 m
m
Root 25-40 3-6 3-6 2,2-14,4 | 3,2-10,3 0,7-2,6
vegetables

On the basis of the obtained data of the constant heating time of the root crops the
heating rate values depending on the geometric characteristic and moisture content in
the products were determined (Fig. 1). The analysis of the figures shows that the
heating rate depends on the moisture content in the product and the size of the crushed
root crops. Analysis of the figures shows that the heating rate depends on the moisture
content in the product and the size of shredded root crops.
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Fig. 1,2. The heatlng rate of root crops dependlng on the geometric characteristics
and moisture content in the products
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CONCLUSION. Using the theoretical provisions of the Fourier method, the nature
of the temperature distribution is established. The proposed methods make it possible
to determine the duration of the emitters and the pause period. Consequently, the
quality characteristics of products with high biological activity in infrared drying can be
maintained by changing the duration of the emitter operation period and the pause
period.
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