Ne 4 (119) Bibpauii 8 mexHiui

Zozulyak I.
Ph.D. in Engineering, Senior
Lecturer

Vinnytsia National Agrarian
University

3o3ynsk LA,

K.T.H., CT. BUKnagad

BiHHUUbKUU HayioHanbHUU
azpapHull yHisepcumem

Problem statement.

object of storage and further

Grain mass as an
processing is
characterized by significant structural heterogeneity
and dynamic variability of its properties over time.
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SUBSTITUTION OF
TECHNOLOGICAL PARAMETERS
OF INFRARED VIBRATION
DRYING

The search for resource-efficient and environmentally friendly
technologies and technical solutions in the field of food production
should be carried out by creating and improving new analytical
approaches and constructive solutions, which will contribute to the
development of the industry not only within the state, but also at the
international level. Rational use of production capacities of processing
enterprises is traditionally accompanied by a high level of their
mechanization.

Drying is one of the most common technological processes
in the processing and food industry, in particular during the
preservation of raw materials. Further development of drying
technologies is aimed at reducing energy consumption in the process
of moisture removal, improving the quality of finished products,
creating highly efficient universal equipment and ensuring
environmental safety of drying production.

When studying various physical phenomena in the process
of vibration drying, two research methods are used, which allow
obtaining quantitative patterns. The first method uses experimental
research of specific properties of a single phenomenon, the second -
proceeds from the theoretical study of this problem. The advantage of
the experimental research method is the reliability of the results
obtained.

The paper analyzes literary sources and substantiates the
need and possibility of creating new designs of dryers using infrared
effects on the product and vibrational oscillations of the working
container to intensify the drying process. The proposed design
solution of an experimental laboratory drying plant for drying granular
and granular materials in a vibrating fluidized bed allows identifying
patterns of changes in the parameters of the drying process, obtaining
data for process optimization and for developing a methodology for
engineering calculation of devices for infrared drying in a fluidized bed.

Keywords: grain, drying, convective drying, vibratory dryer,
vibration, vibrating fluidized bed.

processes, as well as the preservation of quality
indicators during storage. Exceeding the permissible
moisture content leads to the activation of
microbiological ~ processes,  self-heating and

Such features are due to the course of various
physical, physicochemical and biological processes
that occur in individual components of the grain mass
and affect its general condition.

One of the determining parameters that forms
the physicochemical properties of grain is its moisture
content. It is the moisture content that largely
determines the temperature regime of the grain mass,
the degree of its freshness, the intensity of respiratory
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deterioration of the consumer and technological
properties of grain.

In this regard, the grain drying process has
acquired special importance as one of the key
technological operations aimed not only at ensuring its
reliable storage, but also at improving the quality and
stability of the properties of grain products.

The technological process of grain drying is
focused both on achieving the desired end results —
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obtaining the required amount of grain with high
quality indicators and compliance with environmental
requirements — and on the rational use of all types of
resources, in particular material and energy, which is
an important factor in increasing the economic
efficiency of production [1].

The results of numerous scientific studies
indicate that the use of vibration is an effective means
of significantly intensifying the drying process.
Vibration contributes to improving heat and mass
transfer, uniform distribution of the material in the
working space of the dryer and reducing internal and
external diffusion resistances, which has a positive
effect on the duration and efficiency of the process.

In this regard, there is a need for further
deepening scientific research aimed at creating and
substantiating rational design and technological
parameters, as well as optimal operating modes of
vibration drying units. Of particular relevance is the
determination of such drying conditions under which
maximum intensification of the process is achieved
while maintaining the quality indicators of the product.

Thus, the search for effective ways to
increase the intensity of drying without deteriorating
the physicochemical and consumer properties of the
material is an important and relevant direction of
modern scientific research in the field of drying
technologies [2].

Analysis of recent research and
publications. The grain drying process is aimed at
achieving two main goals: reducing the moisture
content of the grain mass to a level below the critical
level, which ensures its reliable and long-term
storage, as well as improving the quality indicators
of the grain. Comprehensive scientific research in
this area, together with the practical experience of
leading manufacturers of technological equipment,
has confirmed the effectiveness and feasibility of
applying vibration to the grain mass during the
drying process.

The use of vibration during drying provides
a number of significant advantages. In particular,
intensive mixing of material particles contributes to
the equalization of the temperature field throughout
the volume of the drying apparatus, which prevents
local overheating of the grain. Constant renewal of
the heat and moisture exchange surface provides
more intensive moisture removal and a reduction in
the duration of the drying process. As a result, an
increase in uniformity and overall quality of drying is
achieved.

In addition, the vibration mode of operation
of dryers allows you to reduce the coolant supply
rate and reduce specific energy consumption,
which is an important factor in increasing the energy
efficiency of the technological process. A significant
advantage is also the possibility of combining
several technological operations within one
continuous process, in particular, transportation
and drying, granulation and drying, shell formation
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and drying, fractionation and drying [3].

The purpose of the research is to increase
the efficiency of the drying process by scientifically
substantiating the design and technological
parameters of the vibration dryer.

Presentation of the main material. One of
the promising methods of drying bulk materials is
drying in a vibro-fluidized (pseudo-fluidized) layer,
the implementation of which is possible using
vibration dryers of various design types. This
method of drying provides intensive heat and mass
exchange between the coolant and the material. At
the same time, given the significant duration of
drying of certain types of materials, the most
appropriate are drying units based on vibration
conveyors. Their use allows, in comparison with
other types of dryers, to significantly increase the
time of residence of the material within one unit and
to ensure a more uniform drying process.

Despite the obvious advantages of
vibration infrared drying units, the choice of a
rational fluidization mode requires experimental
confirmation. For this purpose, a series of
comparative experiments were conducted on a
laboratory batch plant, the schematic diagram of
which is shown in Figure 1.

The laboratory plant consists of the following
main components: a drying chamber 1 with a
perforated tray that performs the function of a gas
distribution grid 11; infrared emitters 2; a fan 3; a
vibration drive 4; as well as a complex of control and
measuring equipment for recording process
parameters. The drying chamber 1 is connected to a
cylindrical pipe 5, which is driven into oscillatory
motion in a vertical plane by a vibration drive 4 through
a system of rods 6. The design of the plant provides
for the possibility of adjusting the amplitude of
oscillations in the range from 0 to 10 mm.

The vibration frequency of the vibration
drive was changed using a thyristor voltage
regulator and a laboratory autotransformer
(LATRA) 14 in the range from 0 to 50 Hz, which
corresponds to 0—3000 rpm.

A cylindrical drying chamber with a
diameter of 100 mm is equipped with a viewing
window made of heat-resistant glass, which allows
you to visually observe the drying process. The
material under study is loaded directly into the
chamber, which is fixed to the nozzle 5 using a
clamp 7. The nozzle is mounted on a frame using
vibration mounts 8 and connected to an air duct 9,
through which air from the fan 3 is supplied to the
drying chamber using a flexible connecting sleeve
10.
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Fig. 1. Schematic diagram of an
experimental laboratory drying unit: 1 drying
chamber; 2 - infrared emitter; 3 - fan; 4 -
vibration drive; 5 - cylindrical pipe; 6 - vibration
drive rod; 7 - clamp; 8 - vibration mounts; 9 - air
duct; 10 connecting sleeve; 11 gas
distribution grille; 12 - regulating damper; 13 -
diaphragm; 14 - LATR; 15 - anemometer holder;
16 - ruler; 17 - anemometer; 18 - thermocouple;
19 micromanometer; 20 differential
micromanometer.

Due to the combined action of the vibration
drive 4 and the air flow created by the fan 3, a state
of fluidization of the product layer is formed in the
drying chamber. This provides a significant
intensification of the drying process, improvement
of heat and mass transfer conditions, as well as
uniform heating of the material throughout the
volume of the drying chamber. Heating of the
studied product was carried out by irradiation with
infrared emitters 2 with a fixed power of 100, 200
and 300 W.

The temperature inside the product
particles was measured using chromel-copel
thermocouples 18 with a wire diameter of 0.2 mm,
which allowed obtaining reliable data on the
temperature fields in the volume of the material. To
determine the pressure losses in the drying
chamber  and in the  material layer,
micromanometers 20 were used. The flow rate of
the drying agent was controlled by an anemometer
17 of the ASO-3

The method of conducting experimental
studies of the drying process provided for
preliminary adjustment of the installation to a given
operating mode. Before starting the experiments,
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the infrared emitters were warmed up to the
operating state, the required air supply speed was
set and the vibration parameters were set.
Achieving a stable mode was determined by the
stability of the main technological parameters. “Hot”
thermocouple junctions located at points with
different relative coordinates were introduced into
the samples of the studied material.

Experimental experiments on drying were
carried out in the following sequence. The prepared
material was pre-weighed, loaded into the drying
chamber and the height of the stationary layer was
determined. During the drying  process,
measurements were made of the air supply speed,
the height of the fluidized bed, the pressure under
and above the product layer, the air temperature
before and after the layer, the temperature of
individual material particles in the central part and
near the surface, the parameters of the vibration
effect, and the air flow rate.

The duration of the treatment was recorded
with a stopwatch and additionally controlled using a
diagram tape of a high-speed potentiometer KSP-
4. The operating air speed in the drying chamber
was selected from the condition of ensuring uniform
fluidization of the wet product throughout the
volume of the layer. After the specified time interval,
the installation was turned off, and the entire
sample of material was unloaded from the chamber
into boxes with a predetermined mass for further
determination of humidity.

The following experiments were carried out
with other values of the drying duration while all
other process parameters remained unchanged. To
increase the reliability of the results obtained, each
experiment was repeated at least 3-5 times, after
which the results were averaged. Separate series
of experiments were performed without stopping
the drying process, with periodic sampling of the
material at given intervals.

The obtained experimental data were
systematized and summarized in tabular form.
Based on these data, graphical dependencies were
constructed, their mathematical processing was
performed in order to establish patterns and
relationships between the studied parameters, and
the absolute and relative errors of the conducted
experimental studies were also determined.

The main tasks of experimental research
on a laboratory drying unit were:
determination of the hydrodynamic
characteristics of the studied material;
establishment of regularities in the
drying process of bulk materials;
obtaining data necessary
optimization of the technological process;
obtaining initial information for the
development of a methodology for engineering
calculation of devices for infrared drying in a
fluidized bed.

for
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To determine the optimal parameters of the
vibration dryer, a series of experiments were
conducted in which the influence of the degree of
loading of the container on the kinetics of drying
sunflower seeds was studied. The experiments
were performed at a loading of 67%, 50% and 33%
of the container volume, with an air velocity of 1.2
m/s, initial raw material humidity W = 19%, a
distance from the infrared emitter to the product
layer of 40 mm and a heat flux density of the emitter
of 5 and 3.64 kW/m?2,

Analysis of the experimental results
showed that with an increase in the degree of
loading of the container, the drying process is
significantly prolonged. This is explained by the fact
that a greater thickness of the material layer
increases the resistance to heat exchange, reduces
the intensity of fluidization and slows down the
penetration of heat into the deeper layers of the
product. As a result, the heating of the grain mass
occurs more slowly, and the humidity in the central
parts of the layer decreases not simultaneously with
the surface ones.

The density of the heat flux of the infrared
emitter also plays an important role in the drying
speed. An increase in the heat flux increases the
intensity of the radiation heating of the material,
which contributes to the acceleration of moisture
evaporation and reduces the total duration of
drying. It must be taken into account that an
excessive increase in the heat flux can lead to local
overheating of the surface layers of the product,
which negatively affects its quality.

Thus, optimization of the drying process in
infrared vibration dryers involves a comprehensive
approach that takes into account the relationship
between the degree of loading, heat flow intensity,
air velocity and vibration parameters. A rational
combination of these factors allows for uniform
heating of the grain mass, reducing energy costs
and increasing the efficiency of the drying process.

L wam

Fig. 2. Kinetics of the sunflower seed
drying process at a distance from the IR emitter
to the product layer of 40 mm and a heat flux
density of the IR emitter of 5 kW/m.
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Figure 3 — Kinetics of the sunflower seed
drying process at a distance from the IR emitter to
the product layer of 40 mm and a heat flux density

of the IR emitter of 3.64 kW/m.

The initial moisture content of sunflower
seeds significantly affects the kinetics of the drying
process and determines the duration of the
treatment. To study this effect, experiments were
conducted on a vibration dryer with the following
parameters: the distance from the infrared emitter
to the product layer is 40 mm, the heat flux density
of the IR emitter is 5 kW/m?, the container loading
is 67%, 50% and 33%, the initial moisture content
of the grain is W = 19%, 23% and 25%, the air
velocity is 1.2 m/s (Fig. 4-6).

Analysis of the results showed that with a
decrease in the initial moisture content of the grain,
the drying rate increases significantly. This is
explained by the fact that a lower moisture content
in the product reduces the total mass of water that
needs to be removed, and also reduces the
intensity of the intralayer diffusion resistance. As a
result, the heat flux entering the material increases
the grain temperature more effectively, and
moisture evaporation occurs faster, which shortens
the duration of the drying process.

The loading of the container also plays an
important role in the drying speed. Increasing the
height of the grain layer with a higher loading
increases the resistance to air movement and slows
down the fluidization process. This leads to a
slowdown in the heating of the middle of the layer
and an extension of the drying time, especially for
grain with high initial moisture. On the contrary, a
smaller loading provides more uniform fluidization,
better aeration and faster moisture removal.

The density of the heat flux of the IR emitter
is the third key factor. An increase in the heat flux
contributes to a faster heating of the surface and
inner layers of the grain, which increases the rate of
moisture evaporation. However, an excessive
increase in the heat flux can cause local
overheating of the surface layers and, as a result, a
decrease in product quality, so the parameters of
the thermal effect must be selected optimally.

Thus, the analysis of the graphs (Fig. 4—6)
showed that the maximum drying rate is achieved
with a combination of low initial product moisture
content, optimal container loading and a sufficiently
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high heat flux density of the IR emitter. The rational
combination of these parameters allows you to
reduce the drying time, ensure uniform heating of
the grain mass and maintain high product quality.

t.mim

Fig. 4. Kinetics of the sunflower seed
drying process at a distance from the IR emitter to
the product layer of 40 mm, an IR emitter heat flux
density of 5 kW/m, and a container load of 67%

L, min

Fig. 5. Kinetics of the sunflower seed
drying process at adistance from the IR emitter to
the product layer of 40 mm, an IR emitter heat flux
density of 5 kW/m, and a container load of 50%

tmm

Fig. 6. Kinetics of the sunflower seed
drying process at adistance from the IR emitter to
the product layer of 40 mm, an IR emitter heat flux
density of 5 kW/m, and a container load of 33%

Conclusions. The proposed laboratory
drying plant for processing granular and granular
materials in a vibrating fluidized bed has
demonstrated high efficiency in conducting
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experimental studies. During the experiments, it
allowed:

- to establish the regularities of changes
in the technological parameters of the sunflower
seed drying process and to assess the influence of
key factors on the intensity of the process;
to obtain reliable data for optimizing
drying modes that contribute to increasing energy
efficiency and uniformity of material heating;
to form a scientifically sound basis for
developing a methodology for engineering
calculation of devices for infrared drying in a
fluidized bed.

The design flexibility of the plant — the
ability to adjust the amplitude and frequency of
vibrations, air velocity and heat flux density of the
IR emitter — provided a comprehensive study of the
interaction of all key process factors. This allowed
not only to determine the optimal parameters for
increasing drying efficiency, but also to create a
reliable experimental base for further scaling the
technology to an industrial level, which has practical
value for the food and processing industries.
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OBIPYHTYBAHHS TEXHONMOMYHUX
MAPAMETPIB IH®PAYEPBOHOI BIEPALIHOI
CYLLAPKH

lMowyk pecypcoeghekmueHuUX ma
€KOJ102i4HO HYUCMUX MEeXHOs102ilti i MeXHIYHUX pilueHb
y cobepi 8upobHUUMEa xap4yosux MpPodyKmie Mae
3diticHrsamucs Wwinsixom CMBOPEHHS ma
B800CKOHAaNeHHs1 HO8UX aHanimuyHux rioxodie ma
KOHCMPYKMUBHUX  pileHb, WO  crpusimume
PO38UMKY 2arly3i He fiuwie 8 Mexax 0epxaeu, a U Ha
MDKHapPOOHOMY pigHi. PaujoHanbHe 8UKOPUCMAaHHS
8UPOBHUYUX rnomy»Hocmeu repepobHux
nidnpuemcme ~ mMpaduyitiHo  Cyrnpo8odXyembCsi
BUCOKUM pigHeM ix MexaHizauil.

CywinHss € O00HUM 3 HalnowupeHiuux
MeXHOII02iYHUX rpouecie y nepepobHiti ma xap4ositl
rPOMUCIO80CMI, 30Kpema 0 4ac KoHcepsauii
cuposuHu. [Modanbwuli  po38UMOK MexHosnoait
CYWIHHS CrIpSIMOBaHUU Ha 3HLXKEHHS eHepaosumpam
y npoueci sudasieHHs1 80s102uU, MiOBUWEHHST Kocmi
2o0mosor rnpodykuj, CMBOPEHHS
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8UCOKOEheKmuUBHO20 yHigepcarbHo20 0bria0HaHHS
ma 3abe3rieYeHHs1 eKoroaiyHOI 6e3rneku CywuibHo20
8upobHuumea.

lpu eusYeHHI pisHUX hiI3UYHUX A8UW Y
npouyeci 8ibpauyiliHo20 CyWiHHS 8UKOPUCMO8YHOMbCS

0sa Mmemodu OocnidxeHHs, sKi 00380rsH0Mb
ompumamu  KifnbKiCHi  3akoHoMipHocmi.  [epuwiuli
memoo suKopucmosye eKcriepumMeHmarsibHe
oocrnioKeHHs crneyugidHux eniacmusocmetl
OKpemozo seuwa, Opyauldl — euxodumb 3
meopemu4yHo20  8UBYEHHS  uiei  npobremu.
lNepesazorio eKcriepuMeHmarsibH0o20 memody
docnidxeHHsT €  JocmosipHicmb  OmMpuMaHuXx
pesynbmamis.

Y cmammi npoaHanizogaHo simepamypHi
Oxeperla ma 0bIpyHMoB8aHO HEOOXiOHiCmb |
MOX/IUBICMb ~ CMBOPEHHS ~ HOBUX  KOHCMPYKUU
CyWwapoK 3 BUKOpUCMAaHHAM  IHQhpalyep8oHO20
ernugy Ha npodykm ma eibpauyitHux KonugaHb
poboyoi emHocmi Ons  iHMeHcudgbikauii  rpouecy
CYWIHHSI. 3arporoHo8aHe KOHCMPYKMUBHE PilieHHS
eKcriepuMeHmarbHoi  1abopamopHoi  CyLWUIbHOI
ycmaHoeku  Ond  CYWIHHS  3epHUcmux ma
epaHynbo8aHuUx Mamepianie 'y  eibpauitiHomy
rnceedospidxeHomy  wapi  0o3gornsge  sussuUMU
3aKOHOMIpHOCMI  3MiHU  rlapamempie  rpouecy
CywiHHs, ompumamu daHi Or1i1 onmumisauii npoyecy
ma 0ns  pospobku memodorioeii  iHXeHepHO20
po3paxyHKy npucmpoie Ons  iHgbpayep8oHO20
CYWIHHSA y r1ceg0o3pidxxeHOMy wapi.

Knro4oei  crnoea:  3epHo, CYWIHHS,
KOHBEKMUBHE  CyWIiHHSI, 8ibpauiliHa cyulapka,
sibpauyisi, sibpaujitiHuti ncesdospidxeHul wap.
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