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DEVICES FOR NON-HOMOGENEOUS MODE OF FLUIDIZATION

An increase in the intensity of diffusion-controlled processes during granulation is provided by apparatuses with non-
homogeneous fluidization, the hydrodynamics of which significantly depends on the structural features of the
granulator chamber and the gas distributing device (GDD). The main problem is the formation of stagnant zones on
the working surface of GDD, which, when supplying a coolant with temperature that exceeds the melting point of
granules, leads to the melting of solids and the termination of the process.

In this work, the simulation of hydrodynamics in the granulator chamber was carried out using SolidWorks 2022 SP2
for 4 types of gas distribution devices (GDD) of different configurations with different values of the cross-section
coefficient of GDD.

The analysis of the simulation results shows that the most significant influence on the hydrodynamic activity index
near the surface of GDD i, has the cross-section coefficient of GDD ¢, since even an insignificant increase in the
value of ¢ from 3.0 to 3.5% leads to a significant decrease in the hydrodynamic activity index iy, by at least 1.4 times
for all considered types of GDD. The simulation of hydrodynamics was carried out without taking into account the
presence of solid granular material in the granulator chamber and near the surface of GDD plate.
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Formulation of the problem. The intensification of transfer processes during the dehydration and granulation
of liquid multicomponent systems containing components of mineral and organic origin using the fluidization
technique significantly depends on the method of interaction of the gas coolant and the granular material. In general,
the interaction between the gas coolant and the granular material depends significantly on the design of the gas
distribution devices (GDD). However, when supplying a coolant with a temperature exceeding the melting point
temperature of thermolabile components, there is a risk of the formation of material melting zones in the presence of
stagnant zones on the surface of the gas distribution device (GDD), therefore, the study of methods of supplying the
gas coolant through the gas distribution device (GDD) to the fluidized bed during dehydration and granulation
processes is relevant.

Analysis of previous studies. A general scientific problem is to ensure a stable granulation process in a fluidized
bed with intensive three-dimensional movement with mixing of solid particles at speeds close to the pneumatic
transport mode. In the literature, the main attention is paid to the gushing mode of fluidization with a large opening
angle of the granulator chamber (ProCell technology) [1], application of Wurster technology with directed upward
movement of the material through the central part of the granulator chamber [2-4] and vortex granulators [5].
However, the application of the proposed technological solutions limits the contact surface of solid particles with the
solution in the irrigation zone, also the method of supplying the liquid phase is possible only when using homogeneous
systems and makes it impossible to use heterogeneous suspensions. The main disadvantage of hydrodynamic modes
when applying the fluidization technologies described in works [1-5] is the absence of a pulsating mode of
fluidization, in which the relative velocity is higher and, accordingly, the thickness of the diffusion layer on the surface
of the granular material is lower, which increases the efficiency of mass transfer process.
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In work [6] a perforated plate with round holes and vertical partitions along the device is used as a gas distributing
device (GDD). Vertical partitions divide the apparatus into several zones: zone of material loading, irrigation zone,
drying zone and material unloading zone. The rectangular profile of the intersection of the zone between the partitions
provokes the emergence of stagnant zones and clogging of the gas distributing device (GDD) at the junctions with the
partitions. Another disadvantage is the longitudinal movement of the material. To adjust the moisture content of the
final product, it is necessary to change the height of the partition, which complicates the process and requires a
complete stop of the apparatus.

At work [7] for the production of nanoagglomerates, a stirrer and vibrating supports are used for mixing.
Experimental studies have shown that the use of mechanical mixing of the lower bed of solid material and vibrational
mixing of the entire material allows granulation using fluidization in systems with small porosity, namely 0.7+0.8.
The design has moving parts that update the contact surface of the phases and move the medium along the height of
the device. Considering the characteristics of the starting material, low reliability of the equipment is obvious for
granulation due to high wear and tear of moving parts and seals, as well as the risk of contamination of the material
with grease.

By the authors [8] the design with inclined planes that form a plate of triangular section with a central hole for
irrigation is presented. The plate is fixed on hinges, which allows it to move under the pressure of the liquefying agent
and reduce stagnant zones, but makes it impossible to mix the material (volumatric mixing) due to the absence of
pulsation devices. Pulsations are performed in the form of a change in air pressure, which makes it difficult to regulate
the process and requires continuous control of the process to minimize the risk of lying down the fluidized bed.

The processes of heat and mass transfer in a fluidized bed during the formation of large gas bubbles were
considered in detail in the work [9]. The attempts to increase the effectiveness of diffusion-controlled processes during
spray granulation in a fluidized bed are considered in the work [10]. In this paper is proposed the method for improving
fluidization of nanoparticles by combining vibration and mixing. At the same time, the quality of fluidization improves
significantly, the system enters a fluidized state at a gas velocity that is significantly lower than under normal
conditions.

According to the results of studies of the phenomenon of segregation and distribution of the formed agglomerates,
which lead to the formation of stagnation zones in the apparatus, in order to reduce the risk of formation of stagnation
zones on the working surfaces of gas distributing device (GDD), it is proposed to apply vibrations to the entire
apparatus. This leads to an increase in energy consumption and negatively affects the mechanical properties of the
room where the industrial equipment is located [10].

Thus, an unsolved part of the scientific problem is the formation of stagnant zones on the working surfaces of
gas distribution devices, which in published works propose to be eliminated only with the use of additional elements
that require additional energy consumption and reduce the reliability and durability of the equipment without
intermediate maintenance of its structural components.

The purpose of the article is the analysis and systematization of data on the effect of the gas distributing device
(GDD) design on the granulation process in the conditions of the jet-pulsating mode of fluidization to ensure a high-
quality of hydrodynamics mode.

Presentation of the main material. Increasing the efficiency of processes in the production of granulated humic
organic-mineral fertilizers can be achieved by applying the fluidized bed technique [11-20]. By the authors [20-30] it
is theoretically substantiated and experimentally proven that the intensification of heat and mass transfer processes
during the granulation of liquid systems can be achieved by implementing the jet-pulsating mode of fluidization in
the self-oscillating mode [20-30] without the use of any mechanical pulsators.

A feature of granulation processes in a fluidized bed is the provision of the necessary phase contact surface for
stable kinetics, which determines the height of bed the granular solid particles in the apparatus.

Thus, the mass productivity of the device based on evaporated moisture will be determined as:

M = BAP,

mass transfereF mass transfere (1)
where f — is the mass transfer coefficient, kg/(m?s); Fiuass sransfere — 18 the surface of the granular material in the
fluidized bed, m?; AP’ — is the partial pressure difference between the moistened surface of the solid granule

mass transfere

and the gas coolant, Pa:

* *

APmass trans[ere = APS(UH)‘H”OH State - apparatus (2)
where AP, . . —I1spressure of saturation state of gas, Pa; P — is the work pressure in apparatus, Pa.
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Then the required surface of the particles in the fluidized bed from equation (1) will be determined as:

M
F mass transfere = *
ﬁ APmasx transfere (3 )
On the other hand, the total surface of the fluidized bed in the apparatus can be calculated using the expression:
F _ 6APbed Sapparatm
mass transfere (4)
Dep solids g

where AP.q — is the hydraulic resistance of the fluidized bed of granular solid material in the apparatus, Pa;
Sapparams — 18 the cross-sectional area of the apparatus in zone of the gas distributing device (GDD), m»; D, — is the
equivalent diameter of the particles in fluidized bed, m; g — acceleration of gravity, m/s?; psosas — is the density of solid
particles, kg/m?.

The hydraulic resistance of the fluidized bed is determined by the expression:

AB)ed :HO(l_g())psoliakg (5)

where Hy — is the height of the stationary bed of solid particles, m; & — is the porosity of the fixed bed of solid
particles (go=0.4).

After substituting the expression (5) into equation (4) and solving it with relative to Hy obtain:

H Fma.\'x transfere™ e
‘ 6Sappamtus (1 - 80) )

In work [28] it was established that during experiments on dehydration and granulation of multicomponent liquid
systems with a solids content of 40% (wt.) the height of the stationary bed of solid granular material
Ho=0.320 mm. The ratio of the gas jet height in the right slit of gas distributing device (GDD) z,to the stationary bed
height Hy is:

212033 )
HO

That is, at a height of 0.33 H, according to the theory of the movement of a continuous medium through a layer
of granular material, a gas bubble will form in the middle of the fluidized bed [28].

In the works [20-30] the principles of the interaction of the gaseous coolant and solid granular material in the
fluidized bed apparatus are formulated, which are aimed at increasing the efficiency of transfer processes during the
dehydration and granulation of multicomponent heterogeneous liquid systems with the production of granulated
organic-mineral fertilizers with specified properties when using non-homogeneous jet-pulsating fluidization in the
self-oscillating mode.

In the dissertation [27] the peculiarity of this hydrodynamic mode is substantiated, which consists in the fact that
the liquefaction agent is supplied into the granulator chamber equipped with a gas distribution device (GDD) of slot
type 2 (in the lower part) through two slits — points p and k, Fig. 1, in the horizontal (m,) and vertical (m>) directions
respectively.

The distance between the slits 7 is determined by the horizontal range of the gas jet /.-, and the shape of the
working surface of the gas distributing device (GDD) plate must correspond to its configuration. This necessitates the
location of the second slit (point &) at a height A relative to the first slit (point p). At the point £, the two jets merge in
the self-oscillating mode, which leads to the formation of a combined jet with the height of the breakdown height z/.
Conventional planes drawn through points p and k divide the device camera into three zones of equal width A/3.

To implement this principle by the authors [20-30] for the first time the supplying of a liquefying agent (heat
carrier) in mutually perpendicular planes was proposed, Fig. 1. In the left slit, the flow m, is supplied perpendicular
to the vector of action of gravity force, the jet in the right slit m, is supplied almost opposite to the vector of action of
gravity. Thus, jet m; ensures the movement of solid granular material in the mode of pneumatic transport along the
working surface of the gas distributing device (GDD) plate, and jet m» — the local gushing mode of fluidization. The
kinetic energy of jet m; must be sufficient so that at point & it merges with jet m, to form at a height A+zra gas bubble
of intense filling, which is necessary to move a significant volume of solid granular material beyond the initial bed
height H, [23-28].

Previous studies [15-24] it was established that the height of the stationary bed of solid material Hy = 0.32 m
(determined experimentally during granulation under mass transfer conditions) is three times greater than the
breakdown height of the gas jet z/Ho<0.33. Therefore, a gas bubble begins to form cyclically at the top of the torch,
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which, upon exiting the bed of solid material, causes an inertial pulsating emission of granular material into the space
above the initial bed of solid material of zones /I and /II. After contact with the guiding insert 3, the solid particles
move to zone 7, after which they quickly return to the initial volume of the bed of solid material — this is the end of

the cycle.
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1 — granulator chamber, 2 — slit type GDD; 3 — guiding insert; 4 — mechanical disperser;
5 — zone of slowly moving granules

Fig. 1 — Model of phase interaction in non-homogeneous jet-pulsating mode of fluidization

In the case when the energy of the horizontal jet at a point p, Fig. 1, moving over the working surface of the gas
distributing device (GDD) will not be enough — a stagnation zone is formed in zone D, which has an extremely
negative effect on the reliability of the apparatus and, accordingly, on the kinetics of the granulation process. In this
regard, it is proposed to determine the quality of hydrodynamics during non-homogeneous fluidization by the value
of the porosity in the zone D — ¢p > [ep] = 0.85 and the length of the low-motion zone of the material on the gas
distributing device (GDD) surface (6 — 0).

To evaluate the hydrodynamics, the Tagutti method was used, which allows to calculate the function of the loss
of the quality of the hydrodynamics [26-28]:

: [6]-6,)
L, =K, ([e,]-&,) +K, (TJ (8)
where K; and K> — are weighting factors (K; = 0.3 and K> = 0.7); [ep] = 0.85 — the specified value of the porosity
of the bed of solid material in the zone D; [6] = 0.01/, m; / — is the chord length of the gas distributing device (GDD)
plate, m.

Taking into account the cyclical self-oscillating nature of heterogeneous jet-pulsating mode of fluidization, it is
proposed to determine the dynamic quality index of hydrodynamics as the ratio of tyuaiy — the time in the cycle during
which the value of the quality loss function Lp < 0.1 is ensured to the total time of the pulsation cycle — Teycre [26-28]:

)
cycle

The peculiarity of the method is that the porosity of the bed of solid material was determined relative to the initial
volume of the bed of solid material absrkp, Fig. 2, by zones (/, /I and II]). It is obvious that at the velocity of the heat
carrier in the slits of gas distributing device (GDD), which provides iguqiny — 1.0, the porosity of the bed of solid
material in zones /=111 will be gimin) > emminy) > &1 = €0, Which is related to the peculiarities of the formation of gas jets
[26-28].

i _ z.qualh‘y
quality —
T
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Thus, at the first stage of the cycle, during the time 71, at the height z+A, a gas bubble is formed,
Fig. 2 b, and reaching its critical size. The second stage (t2) is the pulsating release of a significant mass of granular
material from zones /II and I into the space above the initial bed of solid material and its movement to zone /, Fig. 2
¢, one or several bubbles, until the residual height of granular material in zone /I Hyesiavaiam=<zs+A. Then there is an
intensive movement of the bed of solid material of granular material from the space above the initial bed of solid
material of zone / into the formed voids in zones /I and /I and the system returns to the initial state of equilibrium,
Fig. 2 a, with countercurrent movement of solid and gas phases (stage 3) — (t3). That is, the duration of one cycle of
pulsations is, S: Teyele = Ti+T2+13 [26-28]. This hydrodynamic mode is characterized by a non-linear change in the
height of the bed of solid material up to 1.7Hy+2.0H, in zone / and the heterogeneity of its porosity (in a fixed volume
absrkp), which in zone / remains constant & = g9 = 0.4 and in zones I/ and /I can vary cyclically from &;min) to
enmaxy=1.5€0 and from ezymin) tO &rrrmax) = 2¢o.
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Fig. 2 — Physical model of non-homogeneous jet-pulsating fluidization in self-oscillating mode

From a large number of provided experimental studies of the kinetics of the granulation process of organic-
mineral fertilizers [20-30] the results of experiments on the production of organic-mineral fertilizers from the
dehydration of aqueous solutions of sunflower ash (S.A.) and ammonium sulfate (A.S.) with admixtures of additional

//-
|
OWater “
OS.A. 50,0%
OA.S.
OB.
B Humates
0,8% 1,2% 1,0% 1,5%
a) experiments 1 and 2 (D1, D2) b) experiments 3 and 4 (D3, D4)

Fig. 3 — Composition of the composite liquid phase (wt.%)

During the experiments, a monotonous growth of the equivalent diameter was observed: experiment No.l — from
1.85 mm to 2.15 mm, experiment No.2 — from 2.46 mm to 2.9 mm, experiment No.3 — from 2.86 mm to
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3.58 mm, experiment No.4 — from 3.18 mm to 3.58 mm with an average growth rate of solid granulated material:
Ap1=0.182 mm/h, 1p»=0.243 mm/h, 1p3=0.297 mm/h, A1p4=0.301 mm/h, which indicates positive dynamic granulation
kinetics.

The temperature of the coolant at the entrance to the granulator was T;.~180°C, and the bed of solid material
temperature was maintained within 75.s = 94+96 +2°C by feeding the liquid phase into the middle of the fluidized bed
using a mechanical disperser. The temperature of the bed of solid material was determined by the physical and
chemical properties of the components contained in the working solution, in particular, ammonium sulfate.

Superimposition of the temperature field on the hydrodynamics of non-homogeneous jet-pulsating fluidization
in the self-oscillating mode at the third stage of the cycle during a stable granulation process with a coefficient of
granulation y>95% is shown on Fig. 4 [27, 28].

Heterogeneous

liquid phc;se 250,

= Ho

e 48 <

1 \}
150' 200 250 300
m: X,mm
@—T>120°C  ©—T=100...120°C  ©— 7=90...100°C
©— 7=80...90°C @— 7<80°C

Fig. 4 — Superposition of the temperature field on the hydrodynamics of non-homogeneous
jet-pulsating fluidization in the self-oscillating mode at the third stage of the cycle
at De < 4.0 mm (x =250 mm; y = 55 mm; z = 220 mm).

The analysis of the parameters of the temperature field shows that with such a hydrodynamic mode, the
temperature of the dispersed solid phase in zone D when a horizontal jet m; with a temperature of 180°C, Fig. 4, varies
from 179°C to 171.8°C along the working surface of GDD type 2, which significantly exceeds the melting point of
ammonium sulfate and the formation of stagnant zones on the surface of gas distributing device (GDD) will lead to
melting of the granules.

At point £, a gushing jet m, with a temperature of 174.8°C is introduced. The temperature of the combined flows
at the end of zone D, at a height of 100 mm, decreases to 128 °C, which indicates intensive heat exchange, Fig. 4, due
to the active local circulation of solid particles not only in zone D, but also in the adjacent area. The same active local
circulation of granular material in zones [/ and /Il at a bed of solid material height of
140+320 mm, in which the irrigation zone is located, is carried out at the expense of a high-temperature coolant. This
contributes to the preservation of the driving force for heat and mass exchange. And the global movement of material
from zones /7 and 11, first of all, provides effective renewal of the surface of contact of phases. At the same time,
43+45% of the mass of the bed of solid material moves beyond the initial bed of solid material into zone /, which
leads to a twofold increase in the hydrostatic pressure at point p, Fig. 4. This will lead to an instant decrease in speed
in the right slot and increases the risk of formation of stagnant zones.
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As a result, the specific load of the surface of the bed of solid material with moisture was
ar =0.6-0.7 Kg@moisure/(m?h), which is 1.5 times more than when using the usual bubbling mode —
ar=0.35 Kgmoisure/(M>h) in similar conditions [27, 28].

Thus, the success of the implementation of such an innovative process is determined by the method of introducing
the gas coolant into the device, which is implemented by the gas distributing device (GDD) design and significantly
affects the kinetics of the dehydration and granulation processes and the reliability of the device as a whole.

On Fig. 5 are given the photographs of the working plate of GDD type 2, which clearly show the limits of action
of the active jet of the coolant depending on the volume flow rate of the coolant associated with an increase in the
equivalent diameter of the granules in the bed of solid material.

Risk zone

a) Top view b) Frontal view
1 —plate; 2, 3 — grates, 4 — narrowing inserts
Fig. S — Photo of working surfaces of the GDD type 2 after granulation of organic-mineral fertilizers

The plot of the real velocities of the active jet of the right slit of GDD type 2 resembles the form of a normal
distribution. At the same time, stagnant zones may form near the side vertical walls on the surface of the gas
distributing device (GDD), which will not allow the temperature of the coolant at the entrance to rise up to 250+350°C.

Verification of these assumptions was carried out during the simulation modeling of four types of gas distributing
devices (GDD), designed to implement a non-homogeneous jet-pulsating hydrodynamics mode of fluidization: GDD
types 1 and 2 [28], as well as GDD types 3 and 4, the schematic three-dimensional image of which are shown on Fig.

S

3 ¥ Fi57 750 A 5 5 4
a) GDD type 1 (p1=6%) b) GDD type 2 (92=4.9%) ¢) GDD type 3 (9p3=3%)
d) GDD type 4 (p1=4%)
1 —device body, 2 — right wedge; 3 — left wedge,; 4 —horizontal surface of the working plate of GDD;
5 —narrowing inserts

Fig. 6 — Designs of gas distributing devices (GDD)

Determination of the effect of the design features of GDD type 1 and GDD type 2 on the velocity of the gas
coolant on the surface of plates 4 and the right wedge 2, Fig. 6, was obtained using the software environment
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SolidWorks in planes /- along the central axis of slit 1 (0.54:), as well as //-II along the central axis of slit 2 (0.54,),
Fig.7.

The result of the simulation is the velocity graphs on the working sections ab and cd, Fig.7, GDD type 1 and
GDD type 2 with cross-section coefficients of 6% and 4.9%, respectively, which indicate that due to the installation
of tapered inserts in GDD type 2, a local speed increase of 1.8 times was achieved,Fig. 7 b, compared to GDD type
1,Fig. 7 a.

The analysis of the graphs shows that on the horizontal plate of GDD type 1, the gas velocity does not exceed 13
m/s, which is significantly less than the minimum velocity of 25 m/s,Fig. 7 a. Reducing the cross-section ratio from
6% to 4.9% in GDD type 2 made it possible to increase the gas velocity, while a fairly large zone with a speed of 27
m/s was fixed on the horizontal plate of GDD type 2. Fig. 7 b. That is, the risk of formation of stagnation zones on
the horizontal surface of the gas distributing device (GDD) plate is practically eliminated at gas velocities of more
than 25 m/s, which is confirmed by the results of the experiment,
Fig. 5 [27, 28].
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Fig. 7 — Plots of liquefying agent velocities on the working surfaces of GDD type 1 and GDD type 2
at Viec=0.03736 m>/s (SolidWorks)
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The movement of the dispersion along the working surface of the gas distributing device (GDD) in the horizontal
direction is considered as pneumatic transport, for which it is recommended that for particles with a size of 2.5 mm
and a density of 850 kg/m?, the gas speed should be twice the removal speed. We assume the first operating speed of
25 m/s, and taking into account the use of a high-temperature coolant, we increase this value to 35 m/s.

To determine the influence of the gas distributing device (GDD) design and the cross-section coefficient on the
creation of zones with speeds of at least 25 m/s and 35 m/s on the surface of the working plate, modeling in the
environment was applied SolidWorks 2022 SP2.

Simulation modeling was carried out for 4 types of gas distributing devices (GDD), Fig.6, when rarefaction —
P=4 kPa and volumetric gas flow rate V..=0.043 m%/s at different values of the coefficient of the cross-section
coefficient of gas distributing device (GDD) ¢p=3+4%

Flow simulation results for GDD type 3 and GDD type 4 in planes /-/ and //-1I, Fig. 8, given in the form of the
velocity field of the gas liquefying agent on Fig. 9 and fig. 10.

Vertical cross-section of the device
\ M S ik
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a) vertical cross-sectional plane (II-11, Fig. 8) b) horizontal cross-sectional plane (I-1, Fig. 8)

Fig. 9 — Velocity fields for GDD type 3 (P=4 kPa; V:.c=0.043 m%/s; ¢ = 3%)
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a) vertical cross-sectional plane (II-11, Fig. 8) b) horizontal cross-sectional plane (I-1, Fig. 8)
Fig. 10 — Velocity fields for GDD type 4 (P=4 kPa; V.=0.043 m%/s; ¢ = 3%)

The quality of the hydrodynamic mode on the horizontal surface of the gas distributing device (GDD) was
assessed using the index of hydrodynamic activity:

ihal :FZS/ Ftatal (10) ihaZ :F35/ Ftatal (1 1)

where F>s and F3s — the area on the working horizontal plate of gas distributing device (GDD), in which speeds,
respectively, are at least 25 m/s and 35 m/s, m?; F,. — is the total area of the horizontal working plate, m?.

In Table 1 the results of virtual research are presented in the form of the hydrodynamic activity index 741 — the
ratio of the area where the gas velocity exceeds 25 m/s to the total area of the horizontal part of the gas distributing
device (GDD) working plate. The area was measured using a dimensional grid as shown on Fig. 8 with an accuracy
of 2 mm.

Table 1 — Results of determining the index of hydrodynamic activity inai=F25/F ot

Type @, %
of gas distributing device 3.0 3.5 4.0
GDD type 1 0.92 0.87 0.67
GDD type 2 0.97 0.9 0.76
GDD type 3 0.96 0.89 0.8
GDD type 4 0.94 0.88 0.77

Similarly, the index of hydrodynamic activity i> was determined to determine the part of the surface on which the
velocity of the gas coolant is greater than 35 m/s at different values of the cross-section coefficient. The dependence
of the index of hydrodynamic activity on the cross-section coefficient of the slits of gas distribution device (GDD) is
shown on Fig. 11.

Conclusions. The analysis of the simulation results shows that the most significant effect is on the index of
hydrodynamic activity i has a cross-section coefficient ¢. At values of cross-section coefficient = 3% for GDD
type 2, GDD type 3 and GDD type 4 the value of the index of hydrodynamic activity is.2= 0.89+0.96.

For GDD type 1 the index of hydrodynamic activity is 2 times smaller. That is, for real conditions, the risk of
formation of stagnant zones increases.

An increase in the coefficient of the cross-section ¢ even up to 3.5% leads to a decrease in the hydrodynamic
activity index by 1.4 times for GDD type 2 and GDD type 3. For GDD type 1 and GDD type 4, the decrease is even
greater, Fig. 11.

Finally, these results will be verified experimentally during the granulation process on an experimental plant, and
can also be used in the design of a slit-type gas distributing device (GDD) for an industrial apparatus. In addition, a
decrease in the coefficient of the cross-section will lead to an increase in the hydraulic resistance of the gas distributing
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device (GDD), and accordingly, the energy consumption. It should also be taken into account that the simulation of
hydrodynamics was carried out without taking into account the presence of solid granular material in the granulator
chamber and, accordingly, near the surface of the working plate of the gas distributing device (GDD).
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§ . :. GDD type 4
& 0,4

5 GDD type 3
iy 04

= 0,2 GDD type 2

5 GDD type 1

= 0,0

3,0 3.5 4,0
Coefficient of cross-section of gas distributing device (GDD)

0O GDD type 1 = GDD type 2 = GDD type 3 u GDD type 4

Fig. 11 — Dependence of the hydrodynamic activity index on the GDD cross-section coefficient— in2=f{p)

Prospects for further research. Thus, the development of an innovative technology of the process of dehydration
and granulation in a fluidized bed is impossible without researching the hydrodynamics of flows on the working
surfaces of a gas distribution device of the slit type for the implementation of a non-homogeneous jet-pulsating mode
of fluidization. Therefore, in the future, it is planned to check the conformity of the results obtained during modeling
on a real experimental installation.
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Kopuienuxo A. M., I'aioan C. C., Eszromin I1. 10., Camentok O. B.

MOJEJJIIOBAHHSA Ir'IAPOANHAMIKHA B I'A30PO3HOAIJIBHUX INPUCTPOSIX  JUIA
HEOJHOPIAHOTI'O IICEBJO3PLI’)KEHHS

s peanizayii mexauizmy epanyiayii opeaHo-miHeparbHux 000pue i3 NOwapogod CMpYKmyporo HeoOXIOHO
3abe3nedumu iHMEeHCUBHY YUPKYTIAYII0 3ePHUCIO20 MaAmepiany 3 NOCMYNOBUM NPOXOONMCEHHAM udepe3 8i0N08iOHI
MEXHON02IYHI 30HU anapama: 301y iIHMEHCUBHO20 MENTO00OMIHY, 30HY BUCXIOHOZ0 NOMOKY, 30HY 3POUEHHS, A 30HY
HU3XIOHO20 pYyXy — penakcayii, npu e@QexmueHiCmb npoyecy SUHAYAEMbC MONI0- | MACOOOMIHHUX RpOYecis.
Hiosuwenns inmencusHocmi Ou@y3iiiHO-KOHMPOILOBAHUX NPOYECi6 NPU SPAnYIAYIL 3a0e3neuyeEmbcs anapamax i3
HEOOHOPIOHUM NCEeBO03PIONCEHHAM, 2IOPOOUHAMIKA SIKO2O CYMMEBO 3ANEHCUMb 8I0 KOHCIPYKMUBHUX 0COONUBOCTELl
eleMeHmi6 epanyIAmopa. Kamepu panyiamopa ma 2azopo3nodiibnozo npucmpoio (I'PII). Hesupiuenorwo naykoeoio
npobemoro € ymeopens 3acmiHux 301 Ha poobouit nogepxui I PII, wo npu niosedenni menioHocis, memnepamypa
K020 Nepesulye memnepamypy nadeieHHs 2PaHyl RPU3800UmMs 00 ONIABNEHHA Mamepiary ma NPUNUHeHHs npoyecy,
momy docaiodcenns eniugy koncmpykyii I'PII na 3abe3neuenus ymos AKiCH020 He0OHOPIOH020 NCeBO03PIONCEHHS €
HAaO038UYAUHO aKMYATbHUM.

Memoro pobomu € ananiz ma cucmemamusayis OAHUX WOOO BNAUSY KOHCMPYKYIL 2A30pO3N00iNbHUX NPUCIPOiI8
(I'PII) na npoyec epanyasyii € ymogax cmpymeHedo-nyibCayilino2o percumy ncegoospiodcents 0l 3abe3neuenis
SIKICHO20 2I0POOUHAMIYHO20 PEeHNCUM).

s docsaenenns nocmagnenoi memu y 0aniii pobomi npoeodeHo MOOen08aHHs 2IOPOOUHAMIKU Y KAMePT 2PAHYIAMopa
3a oonomoeoro Solid SolidWorks 2022 SP2 0ns 4 munis 2azopo3no0iibHux npucmpoie pisHoi Kongizypayii i3 pizHumu
SHAUEHHAMU KOeqIYieHma Hueoeo nepepisy.

AHnaniz pezynbmamis MoOOEN0BAHHS NOKA3YE, WO HAUOLIbW CYMMESUTL 6NIUG HA [HOEKC 2I0POOUHAMIYHOT AKMUBHOCII
6ins pobouoi nosepxui I'PII iy, mae koegiyicnm scusoco nepepizy I'PII ¢, ockinbku Hagimv HesHayeHe 30LbuleHH s
3HauenHs ¢ 8i0 3.0 0o 3.5% npu3eo0ums 00 3HAUHO20 3HUNHCEHHA THOEKCY 2i0POOUHAMIYHOL AKMUBHOCMI Thq MIHIMYM
6 1.4 pasu onn ecix xoncmpykyiu I'PII. Oonax 3meHnuienns Koepiyienma acusozo nepepizy npu3sooums 00
niosuwenns ciopasniunozo onopy I'PII, i 8i0no6iono enepeogumpam momy HeoOXiOHO MAKOIC 8PAXO8YSAMU, U0
MOOeno8ants 2i0pOOUHAMIKU NPOBOOUNIOCH Oe3 BPAXYBAHHA HASABHOCHI MBEPO020 3ePHUCIO20 MAMepidny 6 Kamepi
epanynamopa i, 8ionogiono, 0ina nogepxui poboyoi naacmunu I'PII. Odepowcani pezyrbmamu Moxicymov Oymu
suxopucmati npu npoexmysanni I PI1 winunnozco muny 0 npomMuciogo2o anapama.

Knrwuosi cnosa: ncegdospioscenns, epauynayis, iOpOOUHAMIKA, 2a30PO03N00LNbHUL NPUCMPIl, Menio0OMiH,
MACOOOMIH, 06 €MHe Nepemily68anHs, CIMPYMEHEe80-NyIbCaYiliHe NCeBO03PIONCEHHSL.
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