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ABSTRACT

It is shown that the main factors providing the processes of drying agricultural raw materials are
thermophysical properties and dimensions, the shape and condition of the outer surface, the interval
of changes in the moisture content of the material during the drying process, etc. The internal
structure of the material has the strongest effect on the drying process. For dispersed materials with
particles with a diameter of more than 2 mm and a critical pore radius of less than 2 nm, the duration
of convective drying is more than 1 h, while for dispersed materials with a critical pore radius of more
than 100 nm (all other things being equal) it is within 0.5 - 3 p.
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INTRODUCTION

The main goal of the food industry is to supply the Vegetables and fruits should be present in the
population with high-quality natural food [13] human diet all year round, as an irreplaceable source
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of vitamins, organic acids, minerals, necessary for the
full life of people. Therefore, storage and processing
of plant materials with the preservation of all their
nutritional properties is the main task of the food and
processing industry.

The powder method is the most promising, efficient
and compact method for long-term storage without
loss and transportation of plant raw materials [4-6].

The existing methods for producing food powders
are cumbersome in hardware, energy-intensive, and
time-consuming; therefore, the problem of creating
new highly efficient technologies for processing
plant raw materials is an urgent task for the food
industry.

The purpose of the work is to study the process of
drying agricultural raw materials and ensure the
duration of their storage.

Research objects. Agricultural raw materials, drying
processes, storage duration, chemical composition,
quality indicators.

Research methods. chemical

physicochemical, biological

Physical,

When classifying materials as objects of drying, one
cannot proceed only from the assessment of the
behavior of the material in that other (even typical,
and even less typical) drying apparatus. The
classification should reflect the results of a
comprehensive analysis of the material as an object
of drying and include no more than three four
generalized indicators, of which one (dominant)
determines the class (group) of the material
according to this classification, and the rest - a

subgroup and category [7-9].

On the basis of the proposed classification, it is
possible to carry out the transition from statics to the
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kinetics of drying, using the principle of
corresponding states. Knowing the kinetics of drying
of characteristic representatives of each group under
conditions close to optimal, as well as the rate of
moisture removal from the pores of different groups,
it is possible to calculate and build by the material
belonging to this other group and the characteristics
of the pore space (distribution of pores by diameters,
pore volume of different diameters) the curve of the
kinetics of drying this material in conditions close to
optimal, and choose a rational type of apparatus, as
well as an active hydrodynamic regime.

As you know, drying is a very complex technological
process that depends on a large number of factors,
knowledge of which is essential for the analysis and
calculation of the process [10-11]. In all cases, drying
removes (in the form of vapor or liquid) a highly
volatile component (water, organic solvent).

The moisture content of the body U is the ratio of the
mass of moisture W contained in the body to the
mass of the dry body G

U=WIG (1)

When describing practical issues of drying, they
usually use the concept of body moisture w

(2)

w
0) =
W+G

relations (1) and (2) it follows

U
w=— 3
1+U ( )
At low values of the moisture content (U << 1), the
value (1 + U) in (3) is almost equal to unity, and the
moisture content of the body is almost the same as

its moisture content.

In the process of drying, a wet body tends to a state
of equilibrium with the environment, therefore, the
moisture content of the body U and its temperature
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T depend on time T and on the coordinates of the
point of the body x1, x2, X3

U = U(xq,%2X3,T) (4)
T =T(x,%2%3,7) ©)

The dependence of temperature on time can be
ignored, the body temperature becomes equilibrium
much faster, moisture content. Dependences (4) and
(5) describe the dynamics of drying and heating of
the body. The change in time of the average volume
of the body moisture-containing U and temperatures
T characterizes the kinetics of drying and heating
processes.

U(7)

-1 C
I

T(7)
J..”U (X1s Xa, X3, 7)dX,AX,AX,
v

IIIT(XP Xy, X3, 7)dX dX, 00X,
v

The rate of drying is determined by the rate of drying,
which decreases as equilibrium is approached and
usually tends to zero. The intensity of drying depends
on a number of factors that indicate the complexity
of the actual drying process, especially in production
conditions, and the difficulty of obtaining an

adequate mathematical description for it. The factors
that determine the dried material as a drying object
have the greatest influence on the drying process.
They characterize the resistance of the material to
the transfer of moisture inside it and from its surface
into the environment, the strength of the connection
between moisture and the material, the ability of the
material to perceive the heat supplied to it.

These factors include the internal structure of the
material, its thermophysical properties and
dimensions, the shape and condition of the external
surface, the range of changes in the moisture
content of the material during the drying process,
etc. The internal structure of the material has the
strongest effect on the drying process. For dispersed
materials with particles with a diameter of more than
2 mm and a critical pore radius of less than 2 nm, the
duration of convective drying is more than 1 h, while
for dispersed materials with a critical pore radius of
more than 100 nm (all other things being equal) it is
within 0.5-3 p.

In the process of drying materials with very small
particles or a surface with a large number of sharp
projections with a small radius of curvature, an
additional flow of moisture appears from the
material to the drying agent. This is due to an
increase in the saturated vapor pressure above the
convex surface. According to the Thomson - Kelvin
formula [12], such an increase is noticeable for very
small radii of curvature of the surface

(r <m) and is equal to p,. - p, = p, exp[ MoK j_l
P« RT (6)

where, - respectively, the saturated vapor pressure
over the convex and flat surfaces; K is the average
curvature of the surface; K=1/R1+1/R2 are the main
radii of curvature of the interface; M is the molar
mass of the substance; a - coefficient of surface
tension; hw - raft-
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fluidity; R is the universal gas constant; T - absolute
temperature.

The parameters of the drying agent (heat carrier)
have a significant effect on the drying process:
temperature t, relative humidity (relative pressure),

MPACT FACTOR
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speed of movement relative to the material v,
pressure p.

Using a simplified mathematical model as an
example, we will consider the effect of the
parameters of the drying agent on the drying rate.
Let us assume that all the heat supplied to a spherical

particle of material goes to the evaporation of the
moisture it contains; the particle of the material is
small, and therefore the gradients of temperature
and moisture content can be neglected. The heat
balance for such a particle has the form

2 d®
ad“f(t—0)=N"—"-
a ( ) 6 Puli (7)
where
N = 8o (t-0)
P At

where o is the coefficient of heat transfer from the
coolant to the material particle; / Is the form factor; d
- r is the diameter of the material particle; p is the
density of the material, cha; ha is the heat of
vaporization; 6 - material temperature.

It follows from the equation that the drying rate
increases with a decrease in the particle size of the
material to be dried, an increase in the temperature
of the coolant and the rate of heat supply to the
material, which is characterized by the heat transfer
coefficient. It should be noted that, in tumn, also
depends on d and weaker on t. For a number of
correlations, for example, for the Fresling correlation,
the heat transfer coefficient is proportional to and.
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(8)

Then the drying speed. Henceg, it is clear that the
greatest influence on the rate of drying is exerted by
the particle size.

In fig. 12. shows the influence of the parameters of
the coolant and the size of the body on the kinetic
curve of drying (change in the volume-average
moisture content of the material over time).

In the process of conductive drying, the rate of heat
supply is determined by the power of the source, the
state and size of the heating surface, thermal
conductivity of the material, etc., which also affects
the intensity of drying. In the case of using energy
fields, the drying speed depends on their parameters
(frequency, amplitude).
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Figure: 1. The nature of the dependence of the kinetic curve of drying on the temperature of

the coolant
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Figure: 2. The nature of the dependence of the kinetic curve of drying on the relative

humidity of the coolant

The factors affecting drying include the
concentration and composition of impurities
contained in the liquid removed from the material.
Other substances change the thermophysical
properties of the liquid (viscosity, thermal
conductivity, etc.), correct the interaction of the
liquid with the surface of the solid skeleton, and
thereby affect the rate of migration of moisture from
the inner layers of the body to the periphery. In the
presence of impurities, according to Raoult's law [13],
the saturated vapor pressure over the surface of a
liquid or a body wetted by it decreases, which leads

to a reduction in the moisture flow from the surface
of the material to the drying agent.

When drying dispersed materials in a suspended
layer apparatus, the drying rate is influenced by the
interaction of material particles with each other and
with the apparatus wall. When particles hit one
another and against the walls of the apparatus, the
surface layer is torn off from them, which intensifies
drying: the higher the frequency of impacts, the
more intense the process proceeds.
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Figure: 3. The nature of the dependence of the kinetic curve of drying on the speed of the coolant

relative to the wet body
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Fig. 4. The nature of the dependence of the kinetic curve of drying on the size of the dried body

From what has been said, it can be concluded that CONCLUSION
the drying of the material should be intensified by
increasing the temperature and speed of the coolant
(within the acceptable technology limits), decreasing
its initial moisture content, crushing the material (if
allowed by technology), using energy fields, etc.
However, it must be remembered that with With the REFERENCE
intensification of the process, the economic costs of
carrying it out also increase, so there is an urgent
problem of finding economically optimal conditions

To create conditions for longterm storage of
agricultural raw materials, it is necessary to use
methods of mathematical processing and analysis of
experimental results.
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