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ABSTRACT

An important technological operation that ensures the formation
of high-quality seed material is drying. This technological
operation must have precise temperature modes of operation. It is
also necessary to take into account the peculiarities of
agricultural material. During post-harvest processing, the
deviation from the set parameters leads to a decrease in the
quality of raw materials. A set of studies is systematized to find
ways to develop energy-saving drying methods. These studies
were carried out by the Department of Agricultural Engineering
named after Professor H. A. Hylis. Means that intensify the drying
process are proposed. They are based on taking into account the
properties of the seed material. This material is heat treated. The
proposed design of a rotary dryer for loose agricultural seed
materials with a spiral perforated surface of the drying chamber.
Mathematical modeling of heat and mass transfer processes was
performed to optimize the parameters of the drying unit. The seed
material is dried on a spiral surface and mixed. The drying
process will be represented by a sectional cascade type scheme
with cross movement of the drying agent and seed material. The
mathematical description of heat and mass transfer processes is
presented by the microkinetic method. Its essence is the solution of
the interaction model of flows of dispersed material and drying
agent. The material is mixed within the sections. The kinetic
regularities of a group of particles are characterized by the
average value of temperature and humidity by volume. The results
of the simulation, carried out in the form of a numerical
experiment, are presented in graphic form.
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AHOTAIIA

3-nomigic sascausux mexHoI0IUHUX Onepayil, sIKi 3a0e3neuyioms
Gopmysants AKICHO20 HACIHHEGO2O Mamepiany € cywinHA. L[
mexHono2iyHa  onepayis nompedye MOYHO20 OOMPUMAHHA
MmeMnepamypHux — pexcumie 3  ypaxyeamHam — ocobaugocmel
POCIuHHO20 Mamepiany. Bioxunenns 6i0 pesicuMHux napamempie
CHPUYUHAE 3HUNCEHHs SKOCMI POCIUHHOI CUposuHu nio uac
nicaazoupanbHoeo 0opodenns. Cucmemamuso8anHo O0CHI0NCEHHS
Wo0o NOWYKY WLISAXIE POpMY8aHHs eHepeo3bepicarouux mMemooie
CYWIiHHA, AKI GUKOHAHI Kageoporw aspapHoi iHdceHepii imeHi
npogpecopa I'. A. Xatinica JIHTY. 3anpononosano 3acobu, sxi
iHmeHcugiKyroms npoyec CywinHs i IDYHMYIOMbC HA 8PAX)Y8AHHI
eracmueocmell  HACIHHEBO20 — mamepiany, WO  HIOOAEMbCA
cywinnio. 3anponoHoeana KOHCMPYKYis pomayiuHoi cyuapku
CUNKUX  CIIbCbKO2OCNOOAPCHKUX — HACIHHEBUX — Mamepianie 3
cnipanenodionow nepphoposanord NoBepxHeI0 CYuUIbHoL Kamepu.
3 memoio onmumizayii napamempie cyuwuibHoi Kamepu UKOHAHO
MamemamuyHe MOOEN08AHHA MEeNnIOMACOOOMIHHUX Npoyecis.
Ilpoyec cywinns pociunnozo mamepiany Ha CRipanbHill NOGEPXHI,
wo obepmacmvcs, 6 PYXOMOMY WAPi NPeOCMABIEHO CXEMOH
CeKYIIHO20 KACKAOHO20 MUNY 3 NePexpecHuUM PyXom CYUUTbHO2O
azenma ma HACIHHEBO20 Mmamepiany. Mamemamuunui onuc
npoyecie menio- ma MaconepeHocy GUKOHAHO MIKPOKIHemMUYHUM
MemoOoM, CYMHICMb SKO20 NOA2AE€ 8 MOOENO8AHHI 83AEMOOIT
NOMOKI8 NepemMiuly8anHa OUCHEePCHO20 Mamepianry 6 Mexicax
oouiei cexyii ma eugedenHs cywuibHo2o azenma. Kinemuuni
3AKOHOMIpHOCIMI ~ 2PYNU  YACMUHOK  POCIUHHO20 — Mamepiany
XapakmepuzyiomovCcs CepeoHiM 3HAYEHHS meMnepamypu mda
gonoeocmi 3a 00 ’emom. Pezynomamu moodeniosanis, nposeoenozo
Vv hopmi yucnosoeo excnepumenmy, npeocmasneni y epagiunii

dopmi.
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INTRODUCTION AND PROBLEM
STATEMENT

Drying is the most energy-intensive and
responsible component of the post-harvest
processing of crop products. Storing the harvest of
various agricultural crops without control and
reducing its moisture content to the standard value
is impossible. At the same time, the grain drying
process must occur in compliance with
technological requirements and without loss of
quality characteristics of the agricultural material.
That is why the components of the economic
effect from the production of crop products are,
first of all, the use of energy-efficient methods,
namely, the energy-saving approach to the
formation of post-harvest processing and drying
technology.

According to various studies in the field of
theory and practice of drying, in particular the
drying of capillary-porous colloidal bodies, which
are agricultural materials, 50-60% of all energy
costs are the costs of post-harvest processing of
crop products and the process of drying them,
including (Podoliak, 1999; Dudarev, 2007;
Panasyuk, 2008; Yashchuk, 2014; Kopets, 2016).
Therefore, research aimed at finding and
justifying new methods of energy saving when
drying agricultural materials are relevant and
important tasks that would reduce the cost of the
final product.

Today, when analyzing the kinetics of the
drying process of capillary-porous colloidal
bodies, two main approaches are distinguished:
analytical and empirical studies (Didukh, 2002).

Analytical studies are based on the use of the
theory of heat and mass transfer (Bandura et al.,
2018; Shvidia, 2022). Based on this classical
method, many mathematical models of the drying
have been created (Pakowski & Mujumdar, 1987).
However, this requires the installation of many
thermophysical coefficients for various crops,
simplification and reduction of the number of
input parameters in the process of a numerical
experiment, bringing the drying surface to a
canonical form and many other assumptions that
reduce the feasibility of using such models for
agricultural production needs (Gaivas, 2010).

In turn, empirical studies of drying processes
of agricultural plant materials require specialized
equipment (Elenkov, 1988), time and additional
costs, which is not always possible in real
agricultural  conditions.  Such  results are
superficial and require clarification.

The Goal of the Study. Reducing energy
costs for agricultural production is a prerequisite
for the development of the crop production
industry. The high cost of high-quality seed
material is due to expensive post-harvest
processing processes and can only be obtained
with a balanced approach to the choice of drying
modes and methods. This is especially important
when  forming seed material.  Therefore,
developing a clear scheme for implementing high-
quality drying technology is an extremely
important task. To implement and optimize such
problems, it is advisable to construct
mathematical models and conduct numerical
experiments based on them. The implementation
of such a modeling system for the design of a
rotary seed dryer is the goal of this study.

MATERIALS AND METHODS

During the study, a review of information
resources and literature sources was performed.
The results obtained in 2010-2023 at Lutsk
National Technical University on modeling the
drying kinetics of agricultural plant materials were
also taken into account. The research was carried
out using methods of analysis, synthesis, scientific
abstraction and an integrated approach. For a
mathematical description of the drying process,
approaches were used based on classical methods
of modeling and physical and mathematical
description, using the fundamentals of the theory
of drying and heat-mass transfer.

RESULTS AND DISCUSSION

The Department of Agricultural Engineering
of Lutsk National Technical University (LNTU)
has completed a significant amount of work on the
study of drying processes of various seed
agricultural materials. The consequence of such
research is the development of dryers that
implement energy-saving drying modes, in
particular, a rotary dryer for fine seed materials
(Zabrodotska, 2012). The dryer contains a drying
chamber, a diffuser, a fan and an electric heater
(Fig. 1). The drying chamber is formed by a
casing, which is fixed to the frame. In the upper
part of the casing there is a perforated insert for
draining the drying agent, and in the lower part
there is a discharge window. At the end of the
casing there is a hole for the loading auger of the
drying chamber and one end comes out of the
casing to the outside. A receiving hopper is
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Fig. 1 — Rotary dryer:
1 —diffuser; 2 — fan; 3 — heater; 4 — casing; 5 — frame; 6 — perforated insert;
7 — unloading window; 8 — loading auger; 9 — receiving hopper; 10 — drive shaft; 11 — disk;
12 — spiral-shaped perforated surface; 13 — air boxes

attached to the auger. At the other end of the
casing there is a hole for the drive shaft, on which
a disk is fixed inside the casing. Attached to the
disk is a perforated surface, a twisted spiral with a
variable pitch, decreasing which from the center
to the periphery ensures that the space to the
horizontal axis of the drying chamber is filled
with plant material.

Width perforated surface corresponds to the
width of the drying chamber. The design of the
latter includes seals that make it impossible for the
drying agent to pass outside the material. Fan is
connected through diffuser to the lower part of
casing. Air boxes are located under the spiral
surface.

The pouring material is loaded into the
receiving hopper, then fed by a screw into the
drying chamber onto a turn of the perforated spiral
surface. As a result of the rotation of the drying
chamber, the bulk material moves, sliding relative
to the turns of the perforated surface from tier to
tier. Having reached the outermost tier, the seed
material, brought to the required moisture content,
spills out between the boxes and is unloaded
through the unloading window onto the conveyor.

According to the «counterflow» thermal
scheme (Fig. 2), the temperature of the material
increases in the direction of material unloading,
and the temperature of the drying agent decreases
in the direction from unloading to material supply.
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Fig. 2 — Generalized diagram of the processes of changing
the parameters of the material (a) and coolant (b)

Let us represent the process of drying
material on a rotating spiral surface in a moving
layer with a diagram of a model of a multi-section
(according to the number of spiral turns) cascade
apparatus with cross-motion of the drying agent
and material (Fig. 2). A mathematical description
of the processes of heat and mass transfer is
compiled using the microkinetic method, the
essence of which is to solve the adopted model
(scheme) of the interaction of flows of complete
mixing of the solid phase (dispersed material
within one section) and complete displacement of
the gas phase (drying agent), as well as kinetic
laws for a group of particles characterized by an
average temperature and moisture content over the
volume.

The general form of the relationship between
the parameters that determine the intensity of
drying depending on a number of external
parameters of the process in the drying installation
is established based on the analysis of the heat and
material balance equations for the elementary
layer and the entire volume of the material, as
well as the equations for the kinetics of heat
transfer from the drying agent to the material:

GuCu(0-6,) = G.C.(t)-D)-rGo(uy—1u5), (1)
G (dr-d,) = Gpuy-u,), ()
a(t-0)o-S'np, dh = - G.Cedt, (3)

d= % oP(D), (4)

Py(f)=at +c, ®)

where u — moisture content, kg/kg; t — material
temperature, °C; 6 — temperature of the drying
agent, °C; r — specific heat of vapor formation,
JIKg; o — heat transfer coefficient, W/(m?-°C); C —
specific heat capacity, KJ/(kg-°C); pm — material
density, kg/m®.

Minimum consumption of fresh drying agent
G: and waste coolant temperature t, are
determined from Equations (1) and (2), taking into
account Equation (5):

0.622¢, (aty+c) =

Go(u1-12) Cp(11-12)

=d;+ (6)

rGo(11-12) +GagCrr(1) (62-61)

G.=d +VGG(Hl-u2)+GMCM(H)(92-91)
el Cp(ty-t2) ’

()

After substituting the numerical values of the
initial parameters into equation (6) and (7) ui, Uy,
6h, 0o, 11, @2, di and thermophysical properties of
flows Cm(u), Cp, we get the required values Gc¢
and t,.

The number of turns of the spiral surface n is
determined, and based on the given geometric
parameters of the dryer, the initial data of each
element of the conditional «cascade» is
calculated:

- speed of the drying agent at the entrance to
the drying chamber:

U@x = I:)IBGC ; (8)
- drying agent consumption for each cascade:
Gci = I:)I BU&X ; (9)
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- filtration rate of the drying agent in the
material layer:

v=—" (10)

- the value of the Reynolds number is
determined Re = dco/v, according to a criterion
equation of the form: Nu = A-Re"(hm/dc)P, where
NU = adelle, hm — layer height;

- the heat exchange coefficient of the drying
agent and material is determined (for fescue
seeds: A=0.72, m=0.75, p = -0.9; for red clover:
A=27,m=0.7,p=-1.24);

- the mass of material in the «cascade» layer
will be mi = Vi-pmi, where Vi — layer volume;

- the mass of completely dry substance is
Moi = mi/(l + Ui);

- contact surface of the material with the
drying agent (heat exchange surface): Fi = mig,
where o — specific surface area of the material;

- the cooling coefficient of the drying agent is
determined for each element of the «cascade»:

N ofFj
GcCp

n=1-e (11)

According to certain indicators of final
moisture content values ux, material temperature
6« (at the dryer outlet) and the temperature of the
drying agent at the inlet t; initial conditions are
determined.

Based on a simplified methodology, the
initial conditions are determined by integral
indicators, that 1is, the average volumetric
parameters of an element of the material layer at
each «cascade». The process diagram is shown in
Fig. 3.

Initial conditions for the dryer (n = 4) are
determined by sequentially solving the equation
for each element starting from the last (initial):

Gy Cypity

Os0 = 11— (1,- O™l K, = v (12)
IV element:
ty = t1- Ry(64-O0), Ry = G;ii?, (13)
Gy C,

Uso=Us + Rilti-12), Ri= sty (14)

e, Ko GG
630 0] (r2 94)8 ? K3 ;713-C;,,3'53. (15)
III element:
, i GOCIm
ts = l‘z—Rg, (94()_ 630)7 R3: G3'C3; (16)
P
Usp = Usg + Ry(1y-13), Ry= o o
30 T4 T IRRRTES T Go(L+ Rby(1+ Uy an
— . _ -K>Ly :ﬂp.h2
920 3 (t3 93)6 . K mz'C;nz"sZ- (18)
II element:
. : GO'C'm‘)
ty= 13- Ry (030~ brg), Ro= G, (19)
24p
. . GZ.CP (20)
= + - =
U20 U30 Rz(f3 f4)s RZ Gg(l +Rb2(l+U3)r0,
) G1°Cyh
my
| element:
, ¥ GO(Jm
le=1,~ R1(030-010), R1= GI-CPI’ (22)
" " Gl'Cp
Uex:ULDJr U20+R](t4_ ter{x)! Rl:m. (23)

The speed of material movement on a rotating
surface is determined vi = Li/zi; where z; — time of
one revolution.

The distribution of parameters of the material
and drying agent in the direction of movement is
determined by the following order.

Within the first zone in the direction of
movement of the drying agent, the following
calculation formulas will be valid (4 cascades in
the direction of movement of the material):

: GarCyrhy
0s() = [11-(1) - Ba0)e ™, Ky=——F—,  (24)
m4'cm4-é4
K ] af,
L) =0,0)+(0- 04 )™, Ky= G4~C:-h4’ (25)

10
U, () = U,H(Usp— U, Jexp [-E(osmzl-é)] y. (26)
Ly
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Fig. 3 — Calculation diagram of «cascade» dryingatn =4
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For the second zone in the direction of
movement of the drying agent (3 cascades):

0;(3) = (NH1, ()= 039) €™, y = OuLs, (27)
. fLa-L
Os0 =11 (1, 940)94(4(%), (28)
6G) =n-(t- 9'40)3'KI3L3= (29)
10
Us(») = U, + (Uso- U, Jexp . (0.36713(»)-6) | . (30)
For the third zone (2 cascades):

0,(») = 1500 +(1300=629)e™>, y = Oul,, (31)

B0 =107 - (H0)- b3 )e 2L, (32)
Oho = 109~ (1,00)- 000 (727), (33)

6 and t, °C

50

() =0:0) + (50)- r()e L, (34)
10
U, () = U,+(Uso- U, Jexp —v—2(0.3671‘2(y)— 6)|». (35)

Numerical calculation (numerical modeling)
of the parameters of a dryer with a spiral surface
in four branches was performed under initial
conditions:

G1=0.0589 kg/s; Gc = 2.4 kg/s;
U; = 0.33; t1 = 55°C; 7,0m = 1500 cm;
G2=10.046 kg/s; G, = 0.053 kg/s; U, =0,17;
61 =15°C; m =80 kg; U, =0.09; 8 <35°C;
Cyr= 2 KJ/(kg-°C); Cp=1.02 KJ/(kg-°C);
ro = 2500 KJ/kg; W = 0.01297 kg/s.

The simulation results are shown in the form
of function graphs (Fig. 4) and (Fig. 5).

u, kg/kg

0,4

0,1

¥y, m

Fig. 4 — Results of the calculation of moisture content u(y),
seed temperature 6(y) and drying agent temperature t(y)

t,°C

60
55
50
45
40
35

30
0 0,125

0,375 0,5

H(r), m

Fig. 5 — Temperature change of the drying agent by different cascades
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CONCLUSIONS

Analysis of the research results indicates that
to intensify the drying of agricultural seed
materials, it is possible to use technical means that
complement the drying process or implement the
drying features of a specific seed material. The
proposed design of the rotary dryer makes it
possible to reduce the use of energy-saving drying
methods, which is an urgent task today. In
addition, such a dryer ensures high-quality
implementation of the technological process of
post-harvest processing of seed material.

The complex of theoretical and experimental
studies carried out made it possible to describe the
process of heat and mass transfer of bulk seed
materials on the spiral surface of a rotary dryer. A
mathematical model of the process of drying seed
material has been obtained and a method for
determining a number of thermophysical
coefficients used in the process of numerical
modeling has been developed. The modeling
results indicate the feasibility of using the
proposed methodology for generating numerical
calculations for designing drying means and
justifying the parameters of rotary dryers.
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