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Annotation: This article analyzes existing grain drying technologies. The main 

requirements for dryers used in foreign and domestic conditions include high efficiency, 

environmental friendliness, energy efficiency and versatility. Dryers are classified according to 

heat supply methods, air pressure, operating mode, types of drying agents, and design 

features. Drying methods in various layers, including dense layer, moving layer and suspended 

layer, are considered. The advantages and disadvantages of combined, microwave and 

convective drying methods are also studied, and the effectiveness of using microwave energy 

in drying rice is emphasized. 
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Different grain dryers are being used in our country and abroad. The design of these 

dryers should ensure uniform heating and drying of the product, while controlling the 

temperature and humidity of the grains. 

Today, the main requirements for grain dryers are high productivity, environmental 

friendliness, heat and electricity saving, low metal consumption, and the creation and 

production of universal devices that can dry various crops and materials are a priority. 

One of the main characteristics of drying devices is the state of the grain layer during 

the drying process. The basic laws of the drying process in the grain layer depend on this 

parameter. 

Drying of grain in a dense layer is characterized by the fact that the grains are in 

constant contact with each other and the grain movement speed is zero and the heat flow 

rate of the grains is much lower than the rate of rise. 

Modern dryers for drying grain in a solid layer are batch devices. Such installations have 

a simple design. However, due to a number of significant disadvantages (uneven heating of 

the grain layer, low efficiency, high fuel and electricity consumption, lack of current), these 

devices are not widely used. Installations of this type are still widespread in small farms in 

some foreign countries. This is due to the fact that in most foreign grain-growing countries, 

harvesting is carried out at humidity levels close to standard conditions. 
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Drying of grain in a gravitational moving bed is widespread. It is characterized by a grain 

bed movement speed of no more than 3...5 mm/s, and a heat flow rate less than the grain 

rise rate. Such drying devices are widespread both in our country and abroad . 

In shaft grain dryers - with shutters, columns, boxes (Fig. 1) - grain moving in a dense 

layer from top to bottom is dried by a heated coolant supplied in the transverse direction. 

The movement of grain in the shaft occurs under the influence of gravity , the speed of 

movement is determined by the throughput of the outlet device. The main parameters of 

shaft-type grain dryers: cooling temperature 70 - 150 °C, moisture loss per pass 6 - 12%, 

moisture removal from 1 m 3  of the shaft from 30 to 45 kg / h. 

 
Figure 1. Moving using a column dryer 

drying grain in layers 

 There is a known method of drying grain in a "fountain" bed . This method is used in air 

fountain dryers (Figure 2) and grain bed devices (Figure 3). 

 
Figure 2. Aerofountain dryer diagram 
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The drying chamber of the VTI system's aerofountain dryer has the shape of a truncated 

cone , with its large base facing upwards. The cooling liquid and wet grain are fed from below, 

through the neck of the cone. 

the neck of the cone is greater and less than the grain velocity in the wide part, an 

upward grain flow is formed in the central part, and a downward grain flow is formed near 

the walls (non-axial grain movement). During drying, the weight of individual grains 

decreases, they are lifted up by the air flow, they are carried outside the cone and fall into a 

cyclone, where they are separated from the air flow. The main disadvantage of air-jet dryers 

is the unevenness of drying. 

 
Figure 3. Schematic diagram of a dryer with a fluid state of grain 

occurs uniformly in grain bed dryers (Fig. 3). In such dryers, wet grain is fed to a sieve, to 

which air pressure is supplied by a fan. With an increase in the air flow rate, the properties of 

the grain bed change significantly. Up to certain limits of increasing the air speed, the grain 

bed becomes dense and immobile. With a further increase in the speed, the resistance of the 

bed changes according to the law of force and is approximately 0.7 - 0.8% of the grain weight, 

the bed swells, its volume and height increase slightly, and when the weight of individual 

grains is balanced by their lifting force, the pressure of the grains on each other disappears 

and the bed passes into a liquid state, resembling a low-viscosity liquid by its properties. In a 

liquefied (boiling) bed, gradual movement and mixing of the grains occurs; dried, lighter 

grains, moving from the bed to the top and removed from the dryer. When drying grain in a 

fluidized bed, a good environment is created for heat and mass transfer, which significantly 

speeds up the process. 

Drying of grains in a suspended bed is determined by the fact that the speed of the heat 

flow is much higher than the speed of the rising grains. Depending on the size and density of 

the particles of the dried material, it is maintained in the range of 10-30 m/s. 

In a rotary dryer (Fig. 4), pneumatic air enters the dried grain shaft in the dryer pipe, the 

side of which is divided into two parts by a vertical partition : the intermediate drying zone 

(right) and the final drying zone (left). The grain is stored in the upper part of the shaft 

(collector) and then enters the drying chamber. From the final drying zone, the grain is 

removed, and from the intermediate drying chamber it is sent back to the drying pipe (5-8 

times more grain is processed than is removed from the final drying chamber). Mixing with 



Международный научный журнал                                                            № 28 (100),часть 1 

«Научный импульс»                                                                                                 Декабря, 2024 

   187 
  

wet grain , it again passes through the dryer pipe and enters the shaft for storage and cooling. 

After short-term (2-5 s) heating, the grain cools for a long time. Evaporation of moisture 

occurs during short-term heating of the grain in suspension, contact moisture exchange with 

the circulating grain , and during cooling of the grain. The grain is dried after repeated cycles 

of heating and cooling with recirculation. This regime provides good environments to 

maintain the seed and nutritional quality of the grain. 

use high-capacity pneumatic-air recirculation dryers (60 t/h) . They dry grain of any 

initial moisture content in one pass, which allows them to be included in production lines 

with fully automated processes. 

 
Figure 4. Schematic diagram of a pneumatic-air circulation dryer 

in a fluidized bed and suspended state is explained by good conditions for heat and 

moisture exchange. 

Layered drying. The essence of this drying method is to create a suspended layer with 

the slow fall of the grains. The speed of the grains is reduced by the air flow supplied from the 

bottom up. To reduce the speed of the grain falling and increase the time in the drying zone, 

various structures are used - pipes, boxes, cones (Fig. 5). 

This method is used in recirculation dryers of the “Tselinnaya” type, where the falling 

layer is heated to the maximum permissible temperature in the counter-current air with the 

help of a high-temperature (350-400°C) drying agent. Since the action of the drying agent 

occurs for a short time ( 2-3 s) , the moisture loss with this method is insignificant. Therefore, 

devices equipped with such a heat supply are used for preheating the grain. 
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1-hopper, 2-cone, 3-cone retainer, 4-drying agent outlet pipe, 

5-drying agent supply pipe, 6-discharge device  

Figure 5 - Scheme of drying (heating) of grain in a falling layer 

although widespread , do not fully meet the requirements of grain drying technology. 

Thus, convective drying of a thin layer or grain in a suspended state or heating above the 

permissible temperature is far ahead of dehydration. Convective drying devices are designed 

to remove 5-6% moisture. In the practice of drying grains of various crops quickly after 

harvest, it is necessary to reduce the moisture content by 10% or more at a time. 

, and other methods, taking into account the different structure of the layer . 

From the hopper of the recirculating dryer, which dries the grain by heating it in 

suspension, the grain is sent to a pneumatic pipe , into which recirculating grain with an 

average moisture content of 14% and a temperature of 25-30 ° C is also fed. The drying pipe T 

1 = 300-400 °C, air is sent under pressure, which lifts the grain upwards. In this process, the 

recirculating and wet grain are thoroughly mixed. As a result of a sharp decrease in air 

velocity in the upper part of the chamber , the grain falls and fills the contact heat-mass 

exchange zone, and the used drying agent is sent through the suction pipe to the fan, from 

where it is discharged into the atmosphere (Fig. 6). The described drying stage is the 

convective part of the process. 
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1 - pneumatic pipe, 2 - heat-moisture exchange area, 3 - recirculation chamber, 4 - 

cooling chamber , 5 - cold air fans , 6 - drying agent fan 

 I - name grain, II - drying agent, III - recirculating grain, IV - dried grain, V - outside air, VI 

- used drying agent 

Figure 6. Schematic of a recirculating dryer that dries grain by heating it in suspension . 

In the contact heat-mass exchange zone, the grain moisture content is partially 

equalized. The freshly thrown wet grain, in direct contact , gives part of its moisture to the 

recirculating partially dried grain. In this zone, the grain temperatures are also equalized, 

since there are two grain streams coming out of the drying pipe and having different 

temperatures: the freshly thrown grain at 50 °C and the recirculating grain at 65 °C. Within 1-

2 minutes, the temperatures are equalized, and the entire grain mass has the same 

temperature (-60 °C) . At the same time, the temperature unevenness in individual grains 

disappears. From the contact heat-mass exchange zone, a large part of the grain is sent to 

recirculation, i.e., returned to the drying pipe, passing through the previous cooling zone. A 

smaller part, equal to the amount of grain newly thrown into the pipe , is removed from the 

final cooling chamber when the grain moisture content is 13-14%. 

Based on the above, it was proposed that the efficiency of rice drying could be 

significantly increased by microwave heating and creating a pseudo-boiling layer of grains .  
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