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Abstract 

At present, methods for drying dispersed materials in variable modes have been widely used, 

when not only the temperature and speed of the drying agent change over time, but also the 

state of the material layer undergoes changes due to controlled hydrodynamics in the working 

volume of the drying plant. Variable modes are used for drying in oscillating modes with 

stepped hydrodynamic and temperature modes, as well as for drying in an isothermal cycle. If 

oscillating drying with alternating zones of heating and cooling of the material and drying of 

the material in step modes is primarily aimed at maintaining the quality of the target product, 

then isothermal drying consists in preheating the material to the maximum allowable 

temperature during subsequent drying without reducing it during the entire process with 

maximum dehumidification rate.  
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Introduction 

 Reducing heat and energy costs in drying processes with variable heat supply is achieved due 

to the maximum heat recovery of both the spent drying agent and the heat recovery of the dried 

material in closed thermodynamic cycles for the drying agent, including using heat pump 

technologies [1,2,3]. 

Drying is a mass transfer process consisting of the removal of water or another solvent by 

evaporation from a solid, semi-solid or liquid. This process is often used as a final production 

step before selling or packaging products. To be considered "dried", the final product must be 

solid, in the form of a continuous sheet (e.g., paper), long pieces (e.g., wood), particles (e.g., 

cereal grains or corn flakes) or powder (e.g., sand, salt, washing powder, milk powder). A 

source of heat and an agent to remove the vapor produced by the process are often involved. In 

bioproducts like food, grains, and pharmaceuticals like vaccines, the solvent to be removed is 

almost invariably water. Desiccation may be synonymous with drying or considered an extreme 

form of drying [4-9]. 

In the most common case, a gas stream, e.g., air, applies the heat by convection and carries 

away the vapor as humidity. Other possibilities are vacuum drying, where heat is supplied by 

conduction or radiation (or microwaves), while the vapor thus produced is removed by the 
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vacuum system. Another indirect technique is drum drying (used, for instance, for 

manufacturing potato flakes), where a heated surface is used to provide the energy, and 

aspirators draw the vapor outside the room. In contrast, the mechanical extraction of the solvent, 

e.g., water, by filtration or centrifugation, is not considered "drying" but rather "draining". 

The quality of the finished product and the intensity of drying are greatly influenced by the 

special preparation of the material (crushing, loosening, heating, the introduction of special 

additives into the material being dried, etc.). 

The well-known method of increasing the drying process intensity is the material pre-heating 

[10-17]. The effectiveness of this technological method is based on the fact that the increase of 

material average temperature before drying increases the internal mass-transfer coefficient, and 

it determines the overall process duration. However, grounded recommendations concerning 

the choice of conditions of drying material pre-heating on the base of energy input analysis are 

absent in the literature. It is obviously, that the increase of material average temperature outside 

reduces duration of the next drying process, but, on the other hand, requires longer heating 

duration and therefore more total energy input for the entire drying process. That’s why the 

goal of our research is the definition of pre-heating rational conditions under conductive heat 

transfer to the material in order to reduce overall energy input for the drying process. There is 

practical interest to research the possibility of additional increase of power efficiency through 

the use of wet material pre-heating. It is necessary to obtain the analytical model which relates 

the total duration of the drying process with parameters of the material pre-heating [18-26]. 

Before feeding fibrous materials for drying, it is desirable to loosen. Preliminary heating of the 

material in a stream of exhaust gases or in a special installation allows intensifying drying 

without the occurrence of unacceptable stresses in the material, leading to cracking; in addition, 

the thermal efficiency of the dryer is increased. To intensify drying and directly obtain a product 

in a commercial form, sometimes special additives are introduced into the material, for 

example, the introduction of a small amount of surfactants (up to 1%) into capillary-porous 

bodies accelerates the drying process. When surfactants are added to pastes, they acquire good 

fluidity, which makes it possible to dry such pastes by spraying [25-29]. 

Adding a blowing agent to a polymer solution makes it possible to obtain a finished product in 

the form of hollow balls with a bulk density of not more than 0.1 g/cm3. Increased acidity of 

the material impairs drying, because. In this case, moisture is more difficult to remove, and the 

product is sticky. Therefore, the neutralization of excess H+ ions improves the drying process. 

For example, the process of dehydration and drying of a solution of potassium chloride and 

extraction phosphoric acid with an excess of ions to obtain potassium metaphosphate proceeds 

satisfactorily in the presence of a small amount of calcium salts, etc. When drying poorly 

flowing materials or pastes, an additive to them of the dried product is used. For mixing, it is 

most rational to use feather twin-shaft augers [30-33]. 

In some cases, drying is associated with very great difficulties - the material does not release 

moisture well or stick together. In this case, it is sometimes advisable to change the process 

preceding drying. So, when drying urea-formaldehyde polymers (adhesives), an insoluble 

product was obtained or no free-flowing powder was formed at all. It turned out that depending 

on the degree of polycondensation of the initial monomers, the type of moisture bond with the 

material also changes. Therefore, in order to carry out drying to obtain a high-quality polymer, 
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it was necessary to reorganize the previous process of polycondensation of urea molecules with 

formaldehyde so that the polymer gave off moisture more easily. A well-soluble powdered 

product was obtained at a spraying plant at an initial gas temperature of 200 - 250 °C and a 

final temperature of 75 - 78 °C. 
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