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Fig. 2. Model of the experimental unit (final drying stage): 1 – support-
ing structure; 2 – shelf dryer; 3 – air heater; 4 – cyclone; 5 – blower; 
6 – hopper of AN granules; 7 – hopper of PAN granules after final 

drying; 8 – process automation switchboard

sure area is formed. Some kinetic energy of the drying agent’s 
moving flow is spent on compensating for the friction force 
that leads to its inhibition. The dispersed phase, which moves 
in this zone and is characterized by a small kinetic energy 
reserve, comes to the weighted layer. The small phase, which 
during outloading from the tilted shelf surface has insufficient 
inertia force to compensate for kinetic energy of the air flow, 
repeats the drying agent’s jet trajectory leaving the outloading 
space, picked up by it, and then moves into the separation zone 
to the outlet pipe of the drying agent from the device. The 
polydisperse system is divided into two fractions in the sep-
aration zone. Larger particles, the growing velocity of which 
is greater than the airflow velocity in the cross-section of the 
device, move down to the shelf surface. The airflow ablates 
smaller particles from the device.

In the weighted layer mode, moisture removal efficiency 
from the material is significantly increased due to the intensi-
fication of phase contact because the particles actively interact 
with the airflow both on the perforated shelf surface and in the 
outloading area. Since reducing the size of the gap between 
the end of the shelf and the wall of the device increases the 
velocity of the airflow entering the weighted layer of material 
through the outloading space, this is the main factor in intensi-
fying phase contact and, consequently, mass transfer process. 
The increase in the particles’ residence time due to their mass 
circulation in the zone above the outloading space facilitates 
the moisture transfer growth from the material particles in the 
weighted layer mode. Therefore, considering the hydrodynamic 
features of the weighted layer, in this mode, the wet material is 
dried quite effectively in periods of constant (first period) and 
falling (second period) velocity.

Since the longest duration in time describes the drying kinet-
ics in the falling velocity period, the number of shelves in the 
lower part of the dryer is selected to complete moisture removal 
according to the technological requirements.

The motion of the dispersed phase on each of the shelf cas-
cades is qualitatively the same. Some zones of its motion along 
the dryer’s cross-section, depending on the height of the shelf, 
can be of different lengths. As it moves along the dryer’s height, 
the drying agent slightly reduces its velocity due to the drag 
force along the length and local resistance. The drying agent’s 
velocity is not significantly changed but still leads to different 
dispersed phase motion modes. One can observe faster motion 
of particles along the shelf length on the upper shelf of the 
cascade, with the accumulation of less material on the walls. 
When the particles come close to the place of the drying agent’s 
injection, their velocity on the shelf begins to decrease. This 
situation is hardly noticed, but experimental studies confirm it.

Changes in the constructive parameters of the dryer’s shelf 
contacts provide the necessary hydrodynamic conditions for 
the material motion on each shelf of the cascade. When con-
structing a gravitational shelf dryer, it is required to ensure uni-
form contact of the drying agent with the dispersed material on 
each dryer shelf. Achieving such uniformity enables regulating 
the particles’ residence time on the shelves, allowing for their 
physicochemical properties. Any uneven contact of the drying 
agent with the dispersed material can lead to underheating (with 

insufficient drying) or overheating with undesirable destruction 
of particles and reducing its qualities.

Thus, the minimum required contact time of the dispersed 
material (with physicochemical properties, granulation compo-
sition and drying agent’s parameters) is provided by means of 
varying the length, installation angle or perforation degree of 
the upper shelf. The small fraction is removed from this shelf, 
i.e. it acts as a separator. The residence time of the dispersed 
material grows on the central inclined contact shelf, changing 
its constructive parameters, and, accordingly, its contact with 
the drying agent increases. It promotes more intensive removal 
of moisture. The connection between the dispersed material and 
the drying agent on the lower inclined contact shelf provides 
long residence time for the particles on the shelf to remove 
moisture from the material.

3.	 OPERATING MODES OF THE GRAVITATIONAL  
SHELF DRYER

The experimental unit of the multistage shelf dryer is shown 
in Fig. 2.
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The study results show that it is beneficial to intensify the oper-
ation of a gravitational shelf dryer. The dryer’s optimal operating 
mode is the fluidized bed. Figure 10 shows that after this mode,  
the residence time of the granules in the device increases. An 

increase in the drying time leads to the granules’ overheating and 
temperature stresses in the core. As a result, the granules’ strength 
goes down (pores appear in the granule core). And despite the 
increase in the gaps in the granule, oil retention goes down.

Fig. 11. Crystal structure of agricultural AN Fig. 12. Crystal structure of AN granule after humidification and heat 
treatment in a vortex granulator

Fig. 13. Crystal structure of AN granule after final drying in the shelf 
device in the gravitational falling layer mode

Fig. 14. Crystal structure of AN granule after final drying in the shelf 
device in the first transitional mode
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