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Abstract; The article provides an analysis of the raw materials of construction materials in the
drying stages of the processing in rotary drum dryers and taking into account the amount of
convective heat passing through the metal parts of the drum during drying.

Keywords: Drum drying, disperse material, contact heat, glass raw material.

The intensive development of the construction industry in our country is accompanied by a sharp
increase in demand for glass products, as well as the demand for its quality. As a result, it leads to
increased competition among manufacturers and modernization of production processes. One way
to reduce product cost is to optimize energy-intensive processes. One of such processes in the glass
industry is the processing of raw materials in drying drums. A large amount of energy is used to
evaporate the liquid in the raw material. Therefore, the analysis of the operating modes of the
existing drying drums, increasing the energy efficiency of the apparatus by selecting the optimal
modes of the drying process is an urgent task.

The analysis of theoretical descriptions of heat and metabolic processes and methods of research of
drying processes allowed to develop the basics of laboratory equipment, proposals for the
intensification and management of processes. Research on heat and metabolic processes in drying
drums allows to fully cover various aspects of changes in the characteristics and kinetics of drying
taking place in the apparatus. To create a mathematical model of this process, the temperature rise
of the material in the drying stages, the evaporation cycles of unbound free and bound moisture, the
equilibrium of the drying agent with the wet material, the heat received from the heating air from
the structural elements of the drum must take into account the additional heat transferred to the
material and the mixing of the drying agent material. To do this, the process must be considered
separately at each stage of drying. In the first stage of drying, the drying agent is saturated on the
surface of the material, and the evaporation of moisture from the surface of the material takes place
according to the laws of transition of the free liquid to the vapor state. In this case, the speed of the
drying process is determined by the amount of heat passed from the heat-drying agent by
convection to the wet material. the evaporation of moisture from the surface of the material takes
place according to the laws of transition of the free liquid to the vapor state. In this case, the speed
of the drying process is determined by the amount of heat passed from the heat-drying agent by
convection to the wet material. the evaporation of moisture from the surface of the material takes
place according to the laws of transition of the free liquid to the vapor state. In this case, the speed
of the drying process is determined by the amount of heat passed from the heat-drying agent by
convection to the wet material.

Object and method of research.

It is known that there are two types of heat exchange in a drum dryer - contact and convective
methods. However, a large amount of heat transferred to the dried material is carried out by
convective heat exchange. The amount of heat transferred by convective method to the material to
be dried in a drum dryer is up to 20 times higher than the amount of heat transferred by the contact
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method. The intensity of convective heat transfer in a drum dryer, in turn, is directly related to the
opening of the particle surface. The more the material spreads across the drum surface, the larger
the surface area of the open particles for convective heat exchange. Summarizing the above, we see
that the drying efficiency of mineral fertilizers in a drum dryer depends significantly on the
uniformity and surface of the curtain of dried material falling from the nozzles of the inner drum
devices. Ensuring that the surface of the particles is scattered along the drum section is the main
purpose of the drum internal devices (nozzles) [2]. Based on the above, in order to intensify the
drying process of superphosphate fertilizer and increase the heat exchange surfaces, a design
scheme of the nozzle forming the heat exchange surfaces was developed and a laboratory version
of the dryer was created [6]. Figure 1 shows an overview of the experimental device. Based on the
above, in order to intensify the drying process of superphosphate fertilizer and increase the heat
exchange surfaces, a design scheme of the nozzle forming the heat exchange surfaces was
developed and a laboratory version of the dryer was created [6]. Figure 1 shows an overview of the
experimental device. Based on the above, in order to intensify the drying process of superphosphate
fertilizer and increase the heat exchange surfaces, a design scheme of the nozzle forming the heat
exchange surfaces was developed and a laboratory version of the dryer was created [6]. Figure 1
shows an overview of the experimental device.

Figure 1. Schematic of an experimental device.

1-dryer body; 2- floor; 3-fan; 4-calorifier; 5-nozzle;v6-electric motor; 7-reducer; 8- base rollers;
9-product bunker;v10-electronic pressure gauge, 11-anemometer; 12-electron thermometer;
13-LATR; 14-chimney pipe; 15- product unloading bunker.

Studies were performed on an experimental device (Fig. 1) to verify the adequacy of the proposed
model with a real drying process. The results obtained showed that the proposed mathematical
model was consistent with the experimental results.

One of the important parameters that determines the speed of the process in the drying drum is the
temperature of the drying agent. During continuous drying, the temperature of the drying agent
decreases along the length of the apparatus due to the heat transfer to the material, the drum blades
and the wall.

During the evaporation of the second bound moisture of the drying, dry areas are formed on the
outer surface of the material, the relative humidity of the drying agent on the surface of the material
suddenly decreases. As a result, the surface temperature of the material increases and its value is
calculated by the equilibrium of the material to be dried with the drying agent.
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With the hot wall of the drum and the shovels, under the influence of heat of the grains of material,
dried surfaces are formed on its outer layer, and its size and thickness increase along the length of
the drum. The dried material is similar to hot-insulating materials in terms of its thermal
conductivity. As a result, the main resistance to the heat exchange process is the dried surface of
the material, where the same layer forms the surface of the heat exchange process. The processes
taking place in this zone are determined by the Lykov criterion. At small values of the Lykov
number, the liquid does not have time to rise to the surface of the particle in the inner layers of the
material, and a layer of dry material is formed on its outer surface. This layer is formed between the
heat exchange surface and the evaporation surface.

The material to be dried in the drum apparatus is sprayed from the top shovel to the bottom or
bottom of the drum, and the remaining material remains stuck in the shovels (Fig. 2). In the contact
zone, heat exchange takes place on the surface of this material and the process of building the
particle from the outer layer takes place. Until the next rotation of the drum, all the particles in this
layer are in contact with the heated elements of the drum. Since this contact time is much smaller
than the total time the material is in the drum, we use short-term contact theory to mathematically
model the process of heat exchange within the layer.

7 == J

Figure 2. Scheme of placement of the material during drying.
1 - wet material, 2 - drum wall, 3 - shovels, 4 - dry material.

In addition to the convective energy received by the particles from the heated air during the heat
exchange process in the drying drum, the amount of contact heat received by the material particles
from the metal elements of the apparatus must be taken into account. Assuming the external shape
of the particles to be dried as a straight sphere, we assume that the amount of additional heat
passing through the metal parts of the apparatus in terms of thermal conductivity to the particle is
Qk. In this case, we find the change in the value of Qk according to Fure's law from the following

equation:
A, (atM j ds T
__ oR J )
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here: A v - thermal conductivity of the material; #,, - material temperature; R - particle radius, S-

surface, T - time, G - amount of material.

To determine the temperature gradient on the surface of a spherical particle, it is necessary to know
the change in the thickness of the particle. This value is found by the differential equation of
thermal conductivity.

2
oz, _, atﬁg +££tM o
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The initial conditions of this equation are:

r =0 6ynranpa t,, =const and r>0 0ynranga ty, = f (R) and boundary
Surjace at
conditions:tMrf =1, and | - =0.
aR R=0

surface

here: R - particle radius, ,, - surface temperature of the material, ttoi - saturation temperature

of water vapor at the pressure inside the apparatus.
This equation was solved by a numerical method of solving differential equations.

When analyzing the trajectory of the material particles in the drying drum, this process can be
compared to the molecular diffusion process based on the analysis of the movements in the flow
structure. This similarity has also been noted by many researchers. Therefore, we consider the
motion of the material in the drying drum according to the diffusion model and use the equations of
molecular diffusion processes. One such parameter in the mass transfer property is the longitudinal
mixing coefficient. This coefficient is similar to the molecular diffusion coefficient. By calculating
the mass transfer and heat transfer processes similarly, we assume a longitudinal heat mixing
coefficient similar to the longitudinal mixing coefficient for the heat exchange process.

The diffusion model of heat transfer in the electromotive part of the drying agent hardware length is
as follows:

This equation gives a differential view of the variation of the drying agent temperature along the
length of the apparatus at the expense of mixing. To solve this equation, it is necessary to determine
the temperature change of the material along the length of the apparatus during drying. We
therefore use numerical methods to solve this differential equation. In doing so, we assume that the
physical properties of the material do not change over a given part. Furthermore, since the change
in temperature and humidity of the drying agent in this obtained part is small, we consider their
linear rate of change to be constant. We will go step by step the numerical method of solving the
equation. That is, the boundary conditions are given only the initial temperature at the beginning of
drying. Therefore, the temperature change at each step was compared with the experimental results.
until we reach the desired accuracy. The method of solving this numerical differential equation can
also be used when we obtain the motion of the drying agent by the ideal compression method.

Modeling of the drying process is calculated in the same step for all elements of the drum. In this
case, the value of the step depends on the length of the drum and the number of elements received.
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