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Abstract

The paper studies the possibility of environmentally friendly drying of fine materials in a
contact dryer with a fast-rotating rotor. An equation for calculating a rotary dryer is given. The
possibility of organizing wear-free drying during continuous operation of the device is shown.
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Introduction

Most modern dryers operate on a convective drying method and use heated air mixed with fuel
combustion products as a drying agent. This method is very energy-intensive, long in relation
to the drying time and consists of several stages, using expensive and metal-intensive drying
units [1-4]. Energy costs due to the need to heat the drying agent and transport it increase many
times, so the efficiency of these installations does not exceed 50-60%. In addition, due to the
use of fuel combustion products in drying, the quality of the final product is significantly
reduced [5-9].

The Main Part

If it is necessary to dry wet fine materials with particle sizes of 0.5-50 microns, the use of
convective dryers is not always effective. The reason for this is that some of the product is
carried away by waste gases and pollutes the environment [10-17]. As a result, it becomes
necessary to purify secondary air with fine material particles, which requires rather
cumbersome equipment for dust collection and several stages of purification. Convective
drying is particularly undesirable for low-tonnage industries with a wide range of products, in
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some cases having environmentally harmful components, the loss of which affects the
environmental situation, especially when drying toxic materials [18-26]. These industries
include a number of "small" chemical and dye companies, which require a fairly frequent
change of assortment and, consequently, a more thorough cleaning of equipment from the
previous product.

In such cases, it is necessary to use non-entrainment dryers of the contact type, for example,
rotary drum machines. In the drying units developed by us, the principle of contact drying is
applied, which allows you to dry an environmentally friendly product in a short period of time
and preserve its marketable qualities. And drying units that use this method are characterized
by small dimensions, mobility, high productivity and a certain degree of versatility [27-34].
This type of dryer has been developed in a number of countries, but as far as we know, it is
not widely used in the industry. These drying units can be used in the food, chemical and
pharmaceutical industries for drying various fine materials. The mobile drying units developed
by us, in comparison with the drying equipment currently used, will provide high drying
performance with minimal energy consumption, as well as high throughput of the dried
material with small dimensions. The design and operating principle of the proposed dryer is
shown in Fig.1. Drying in the contact apparatus under study occurs in a thin mixed layer, which
Is formed in the gap between the blades and the heated drum wall under the action of
centrifugal force generated by the fast-rotating rotor [35-42]. We considered it expedient to
study the drying process of aggressive, environmentally harmful fine materials in this type of
apparatus, since it became necessary to use them in production. Studies were carried out with
a number of fine materials (less than 20 microns) - for deep drying (up to 0.01%) of phenylone
C2 (pressed powders), for drying high-humidity activated carbon paste and other fine materials
[41-46].
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1. Diagram of the experimental setup: 1-housing; 2-rotor; 3-blades; 4-screw feeder; 5-
secondary steam connection; 6 — discharge threshold; 7-discharge connection.

The device is a stationary horizontal heated drum (diameter = 180 mm, length=300 mm),
inside which there is a rotating rotor with six blades; when the rotor rotates with the blades,
the material is thrown to the periphery, where a moving mixed layer is formed in contact with
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the heated wall. Heating of the drum wall is carried out in an experimental installation due to
electric heating, and in industrial conditions the drum is heated by water vapor supplied to the
steam jacket of the drum. Drying of the material takes place in a layer, the maximum thickness
of which, and, consequently, the residence time of particles in the apparatus, is determined by
the size of the gap between the body and the blades (the layer thickness may be less). The
required heat flow was kept constant or regulated, if necessary, to maintain a constant wall
temperature by a voltage regulator [44-48]. Secondary steam with a small amount of non-
condensable gases was removed from the apparatus along its axis and condensed in the heat
exchanger, so product losses and environmental pollution were excluded. The drying kinetics
was studied in periodic and continuous processes (material samples were periodically taken).
The temperatures of the material in the layer and the inner surface of the wall were measured.
Based on experiments, Kinetic curves of changes in the humidity and temperature of the dried
material in the periodic process were obtained at different rotor speeds. Data analysis showed
that as the rotor speed increases, the drying intensity increases and the material temperature
approaches the heating surface temperature at the end of the process. The effect of the speed
on the heat transfer coefficient at different initial humidity of the material was also studied.
With an increase in the initial humidity, the heat transfer coefficient significantly increases
and reaches large values-about 500 W/m2K, but significantly decreases with a decrease in
humidity (less than 200 W/m2K). It was interesting to identify changes in the heat transfer
coefficient along the perimeter of the drum. Experiments were conducted with dry material
and local values of the heat transfer coefficient were measured with a thermistor sensor. The
heat transfer coefficient was measured at 8 points along the inner perimeter of the drum.
Experimental data showed that at low rotor speeds, the heat transfer coefficient is low, which
Is explained by poor mixing of the layer, and in the upper part of the drum there is a separation
of particles, since at these rotor speeds the centrifugal forces are small compared to
gravitational forces. Because of this, the heat transfer coefficient profile is uneven around the
drum perimeter. With a further increase in the angular velocity of the rotor, the heat transfer
coefficient increases, since the mixing of particles improves and the number of their contacts
with the hot surface increases, while the centrifugal forces also increase. As the angular
velocity of the rotor increases, the ratio of centrifugal force to gravity increases rapidly. This
leads to a uniform distribution of the material in the gap along its perimeter and, as a result, an
Increase in the contact heat exchange surface due to the use of the upper part of the drum with
an increase in the angular velocity of the rotor and to equalization of local heat transfer
coefficients. Analysis of studies on heat and mass transfer processes occurring during drying
in rotary dryers shows that based on existing studies of the drying process, it is impossible to
take into account all the characteristic features and changes in the kinetics of such a process.

A more complete model would be one that takes into account the change in the temperature of
the material in each of the drying stages, the balance between the wet material, the additional
heat input from energy dissipation due to the rapid movement of the dispersed material and
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the heated structural elements of the drum, as well as the effect of longitudinal mixing of the
dispersed material. On the basis of general ideas about drying and its laws, we have considered
the physical picture of the process by stages occurring in the drying unit, described the
developed mathematical models and presented their solutions. The development of the
mathematical model is based on the well-known laws of conservation of energy and mass of
matter, provisions from the theory of drying and the laws of equilibrium between the material
and the drying agent. Let's consider the characteristic components of the processes occurring
during drying. The period of removal of free moisture is characterized by the fact that
evaporation follows the laws of transformation of free liquid into steam. During this period,
the drying process is mainly determined by the rate of heat transfer from the heated wall to the
material being dried. One of the most important parameters determining the drying mode is
the wall temperature. In the continuous drying process, the temperature of the wall along the
length of the dryer changes due to the return of heat to the evaporation of the liquid, to the
heating of the material and the rotor blades.

The calculation of the period of removal of bound moisture differs from the calculation of the
period of removal of free moisture in that the surface temperature of the material increases, it
IS necessary to calculate using a modified relationship between the wall and the material to be
dried. As a result of thermal contact of the material with the hot walls and rotor blades, a layer
of dried material appears, the thickness of which gradually increases. And in the dried state,
the dispersed material in terms of heat-conducting properties is not so far from the properties
of thermal insulation materials. This is due to the fact that the main resistance to heat transfer
IS concentrated in the area of the material in contact with the heat-transferring surface. The
processes occurring in this zone depend significantly on the Lykov criterion. If its values are
small, the liquid will not have time to be supplied from the inner layers of the material to the
contact surface, and a layer of dry material will appear separating the contact surface and the
evaporation surface. The temperature of this layer on the contact surface is the same as the
temperature of the heated wall, and on the opposite side it is equal to the evaporation
temperature of the liquid, determined by the pressure in the drying drum.

The research results were used by us in the design and testing of a pilot plant, in particular for
fine material with a capacity of 100 kg of moisture per hour. The dimensions of the pilot plant
were 450 mm in diameter and 1500 mm in length. For Phenilon C2, the dimensions of the pilot
plant are the same as for the laboratory one.
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