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ABSTRACT

Modern theoretical researches on the mechanical and technological processes for agricultural industry
can be summarized by analytical methods, which lead to the compilation of complex systems of differential
equations with boundary and initial conditions. These systems practically cannot be solved by traditional
methods, so there is a necessity in their numerical solution via computer modeling. The molecular dynamics
method and discrete element method, both of them based on the conception of a discrete structure of a
substance, are the most interesting ones among all existing modern computer modeling methods for the
mechanical and technological processes of agricultural industry. The purpose of these researches is to carry
out the numerical modeling for some mechanical and technological processes for agricultural industry using
the Star CCM+ computer software. There have been provided the results of the numerical modeling in the
Star CCM+ computer software of the following mechanical and technological processes: mixing of
components in a stream-type mixer-feeder, distribution of the straw underlay by the rotor spreader for the
non-leash cow maintenance, formation of the pseudo-liquefied seed layer in the hydro-pneumatic seeding
machine’s intake chamber, transferring of the oil crops seeding material with the air stream power,
functioning of the photoelectric seed separators executing mechanism, technological process of the seed
separation on an inclined vibrating surface. The given results point about the wide area of implementation of
the numerical modeling for theoretical researches of mechanical and technological processes for
agronomical manufacturing industry.

PE3IOME

CyyacHi meopemudyHi OOCIOXKEeHHSI MexaHIYHUX | MexHO02iYHUX MPOUECi8 CinbCbK020Cno0apChKoi
0b6pobHOI npomucioeocmi MoxHa nidsecmu 00 aHanimuyHux memodie, wWo npu3eodume 00 CKrnadaHHS
ckrnadHux cucmem OugbepeHuyianbHUX pieHsIHb 3 2paHUYHUMU ma foYyamkosumu ymoeamu. Lli cucmemu
npakmu4yHo He MOXymb 6ymu eupilieHi mpaduuiiHumu memodamu, momMmy 8 iX HucerlbHOMY 6UpPIUUEeHHI
HeobxiOHe suKopuUCMaHHS KOMIM'tomepHo20 ModesntogaHHS. Memod monekynspHoi QuHamiku ma memod
OuckpemHux enemMeHmig, obudsa 3 AKUX 6a3yrombcsi Ha KOHUenuii QUCKpemHOoI cmpykmypu pedyoeuHU, €
Halbinbw yikasumu ceped ycix iCHyto4YUX CydacHux memodie KOMI'IomepHO20 MOOEe8aHHs MexaHidYHUX
ma mexHOorsI02iYHUX MPOYECI8 CiflbCbKko2ocrnodapchbkoi 06pobHOI npomuciosocmi. Memoro yux docrnidxeHb €
poBedeHHsT 4YUCEIbHO20 MOJOes8aHHsT OesKUX MexaHiyHUX ma MEeXHOMOo2iYHUX rpoyecie  Ons
CiflbCbK0o20cn00apChKOi MpomMuciogocmi 3a AornoMo20t0 rnpospamMHo20 3abesnedeHHs1 Star CCM+. HagedeHi
pe3ynbmamu 4ucesibHO20 MoOeso8aHHs 8 KoMmn'tomepHil npozpami Star CCM+ HacmynHuUx MexaHiYHUX ma
MmexHOJsI02iYHUX rnpouecie Onsi agpapHOi MPOMUCIO80CMI: 3Milly8aHHSI KOMIMOHEHMI8 y 3miwysadi-ghioepi
rnomokogoeo murly, po3nodisl conomMucmoi nidcminku pPomopHUM po3kudadyeMm Ol MexHOM02iYHO20
obcnyzosyeaHHs 6e3rpug’a3Hux Kopis, hopMyeaHHs wapy ncesdo3pidKeHo20 HacCiHHS 8 eifpaesniyHo-
rHe8MamuyHil 8rycKkHili Kamepi MOCi8HOI MawUuHU, mpaHcriopmyeaHHs1 OCiBHO20 Mamepiany OnitHUX
Kynbmyp  oe8impsiHUM — MOMOKOM,  (QQYHKUIOHY8aHHSI ~ MeXxaHisaMy  homoeneKmpuy4yHux  HaciHHegux
cenapamopie, mexHosio2iyHuUll npouyec cenapauil HaciHHS Ha HaxuneHil eibpauiltiHiti noeepxHi. [aHi
pesynbmamu cegidyamb PO WUPOKy obracmb 3acmocy8aHHs yughposo2o MoOestoeaHHs  0nisi
meopemuyHux  O0OCMiOXeHb  MexaHiHHUX ma  MEexHOMOo2iYHUX  pouecie  CinbCbKo20CrnodapChKoi
npomucoeocmi.
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INTRODUCTION

Modern theoretical researches on the mechanical and technological processes for agricultural industry
can be summarized by analytical methods, which lead to the compilation of complex systems of differential
equations with boundary and initial conditions (Johnson K.L., 1987). These systems practically cannot be
solved by traditional methods, so there is a necessity in their numerical solution via computer modeling.

The molecular dynamics method and discrete element method, both of them based on the conception
of a discrete structure of a substance, are the most interesting ones among all existing modern computer
modeling methods for the mechanical and technological processes for agricultural manufacturing industry.
The molecular dynamics method consists of representing the substance as an aggregation of interacting
particles — material points or solid bodies. Their movement is described by the classic mechanics equations.
During the particles movement modeling, the molecular dynamics method solves the Cauchy problem on
every step with iterative methods — performing an integration of the differential equations with determined
initial conditions. The best known software for calculations using the molecular dynamics method is: AMBER,
CHARMM, GROMACS, GROMOS and NAMD. The discrete element method can be considered as a
generalization of the finite element method. During the modeling with this method the initial locations and
velocities of particles must be pre-determined. After this, basing on these initial data of the particles
interaction physical laws, the active forces for each particle must be determined. Following this, it's possible
to consider various interaction laws; it's sufficient to have a solvable equation for their description. For each
particle, the method requires to calculate the resultant force and also to solve the Cauchy problem on the
selected time interval. The result for these calculations will be the initial data for the next step. The best
known software for the discrete elements method realization is: Chute Maven (Hustrulid Technologies Inc.),
PFC2D i PFC3D, EDEM (DEM Solutions Ltd.), GROMOS 96, ELFEN, MIMES, PASSAGE and Star CCM+.
The purpose of this research is to perform the numerical modeling for some mechanical and technological
processes for agricultural manufacturing industry in the Star CCM+ computer software.

MATERIALS AND METHODS

During the finite elements method modeling process in the Star CCM+ software the initial locations
and velocities of the particles and substance stream must be pre-determined. Then, basing on these initial
data for the contact interaction physical laws, the forces that act on each particle in each time interval, are
being calculated. For each patrticle, the resultant force is being calculated and the Cauchy problem is solved
for a given time interval. The results of this iteration are the initial data for the next step. The following models
were selected as physical models for the numerical modeling: k-e-model of the separated stream turbulence,
field of the gravity force, Van-der-Waals real gas model or the non-pressed fluid model, the discrete
elements model, the multiphase interaction model. The discrete elements method is based on the
momentum conservation law for the Lagrange multiphase stream models.

To perform the research on the particles’ movement process under the substance stream affect, it is
required to determine the mathematical apparatus that allows obtaining the trajectories, force diagrams and
slip values during the particles movement in the substance stream with the velocity gradient.

Let's begin by composing the differential equation for the movement of one particle in the dedicated
substance stream area (Gumerov N., Duraiswami R., 1998):

o .p 3V
p Pp dt -
dpsp =V_

dt P
d, — —
—=—+V,V
dt

Where Q, — particle value, m;
p, — particle density, kg/m*;

— particle movement velocity vector, m/s;

— particle displacement vector, m;

INZINS

F — vector of the resulting force applied to particles, N.

96
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The effective diameter of the particle is one of its characteristics, which is defined as a diameter of
an equal-sized sphere. So, the equivalent particle value can be defined by the equation:
O - m-D’ @
) 6

Where D, — particle effective diameter, m.

Attempts to solve this equation system (1) are combined with certain difficulties that can be reduced to
the following:

a) the total number of forces, that affect the particle in the substance stream, are undefined, because
the processes of the particle behaviour within the stream are not fully described,;

b) strict analytical expressions for some expressions in the right part of the equation are unknown (for
example, an expression for the hydrodynamic air force).

Forces, that affect the particle during its movement in the turbulent stream, can be divided to the
following groups, based on the reasons of their emerging:

1. Forces that are caused by the external force fields affect (weight force) (Dinesh J., 2009):

Fo=Q,p,9 3)
where F_g — gravity force vector, N.

2. Forces, that are caused by the uneven balance of the pressure on the particle surface during its
movement in the substance stream.
2.1 Archimedes force (Dinesh J., 2009):

Fi=0,0,9 (4)
Where E — Archimedes force vector, N.

p. — substance density, kg/m®.
2.2. Force that is caused by the change of the pressure in the direction of the carrying stream
movement due to the acceleration (Gumerov N., Duraiswami R., 1998):

Fo=q,p %%
b dt )
d 0 - =
S =—4V,-V
d ot

Where F_ac — force, that is caused by the change of the pressure in the direction of the carrying stream

movement, N;

V, — substance movement velocity vector, m/s.

2.3. Hydrodynamic Magnus force emerges as a result of an uneven upcoming stream bypassing of
the particle. The difference between the stream velocities in different particle perimeter points, which is
bypassing, causes the static pressure differential. The reason of the uneven upcoming stream bypassing of
the particle can be either its rotating inside the stream, or its persistence in that zones where the stream has
a transverse gradient. The value of the Magnus force is proportional to the relative forward velocity and its
absolute angular velocity, i.e. (Kanehl P., 2010):

— 1 oxV
FMag = ETCD;paVaZCM _—_a, (6)
‘w xV,

Where F,\,Iag Magnus force, N; Cy — Magnus empirical coefficient; © — angular rotational velocity vector, s™.

3. The viscous resistance force, which is caused during the particle movement with some relative
velocity in the substance stream (Hamzaev H.M., 2007):

Fo = 2 a0ip,fu RV, -V, V. - V]| 0

Where F, — viscous resistance force, N; f,, (Re) — viscous resistance coefficient;
Re, — Reynolds number.
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Rea:Va'DG'pa, ®)
Ha
D¢ — hydraulic diameter, m;
To this group we can also add the Basset force, which combines the viscous and inertial impact of
the stream to the particle non-stationary movement conditions.
4. Inertial forces, which are caused by the non-stationary particle movement in the substance are:
4.1 Force, which is equivalent to the added mass impact, is presented as:

— 1 d — —

Fo =5 %0, a(va V). ©)
and expresses the uprising particle inertia during its non-stationary movement (Hamzaev H.M., 2007). A
moderate increasing of the particle mass is caused by the substance elements inertia, so that particle must
transfer an additional acceleration. This additional substance movement is equivalent to the movement of
some fictitious mass (additional mass), which moves with the same relevant velocity as the particle.

4.2. Basset force (Zhang S. and other, 2009)'
d —\ dt
jd—( v (10)

Where F; — Basset force, N;

v — kinematic viscosity, m?/s;

7—time, s.

Basset force considers an additional particle movement resistance from the stream, which is caused
by the particle relevant velocity configuration. Basset force manifests as a momentum particle movement
resistance increasing due to the increasing of its inertia.

5. Forces that are caused by the particle mass changing (Meshchersky force) (Voronenko B.A.,
Pelenko V.V., Polyakov S.V., 2013):

— _dmp
Fu =V, pm

(11)
Where ﬂ — Meshchersky force, N; m, — particle mass, kg.

6. Summarized force of the contact interaction between particle and the chamber, which is based on
the Hertz-Mindlin spring-dashpot contact model (Komiwes V., Mege P., Meimon Y., Herrmann H., 2006):

For =B,V (12)
Where F_ ... —force of the interaction between particles and the edge, N;
Fcomact = Fn + ':I (14)

F, —normal force component, N;

Ft — tangential force component, N.
Normal force component is defined by the following equatlon

F =-K, d

Where K,, — normal coefficient of the spring component rlgldity, N/m;
4
Ky = 3 BeqfdaReq (16)

N, — normal coefficient of the dashpot component degradation, N/m;

Nn = (SKnMe )Nn damp (17)
According to the researches (Johnson K.L., 1987) tangentlal component is defined as:

=-K, d (18)

<‘Kna

& » and Cy — statistic friction coefficient between particles or a chamber wall. In the other
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case, the tangential component is defined by the following equation:
Kn d_n Cfsd_t

4
whereK; — tangential coefficient of the spring component rigidity, N/m;

K, =8G,[d,Re, (20)

N, — tangential coefficient of the dashpot component degradation, N/m;

F:

t

(19)

Nt = (5KtMeq )Nt damp (21)
Ngamp — degradation coefficient
—In (Cn rest )
Noarp = : (22)
\/rrz +In(Cn rest)
Req — equivalent radius of particles A and B, m;
1
Ry=—5—5
2,2 (23)
DA DB
Meq — equivalent mass of particles A and B, kg;
1
M =——
1,1 (24)
M A M B
E.q — equivalent Young module of particles A and B, Pa;
1
Eo = 2 42
1-v; + 1-vg (25)
E, E;
Geq — equivalent module of the particles A and B displacement, Pa;
G - 1
eq 2(2—VA)(7+VA)+2(2—VB)(7+VB) (26)
EA EB
Ma, Mg — particles A and B mass, kg;
d,, d;, — duplication coefficient for the normal and tangential direction in contact points;
Da, Dg — particles A and B effective diameters, m;
Ea, Eg — particles A and B Yung module, Pa;
Va, Vg - particles A and B Poisson coefficients;
Vi , V‘ — normal and tangential components of the particle surface relevant velocity in the contact point,
m/s.
For the interaction process between a particle and a wall the (13)-(26) are adequate, but, for the wall,
the radius is defined as Dyq = « and the mass as M4 = . As a result, expressions (23)-(24) turn into:
Req = Dp/2 (27)

Meq = M,
RESULTS

In order to demonstrate the results of the numerical modeling in the Star CCM+ software, let's
consider some mechanical and technological processes for agricultural manufacturing industry.

1. The process of the stream-type mixer-feeder operation has been theoretically researched and the
mathematical models of the constructive, technological and regime parameters impact on the quality indexes
of its operation have been developed (Shevchenko I.A., Aliyev E.B., Doruda S.O., 2013). The physical
mathematical models of the streaming feed mixing process, which is used as a base for the mobile mixer-
feeder, has been built within the Star CCM+ software (fig. 1). This physical mathematical model of the
streaming feed mixing allows defining the constructive and technological parameters for the mobile mixer-
feeder depending on the ration and physical mechanical properties of the feeding mix components with
optimal quality, quantity and energy indexes of the mixing process.
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Fig. 1 — Visualization of the mobile mixer-feeder streaming feed mixing process
and the dynamic of its homogeneity changing

2. The constructive and technological schemes of the working parts of the rotor straw underlay
spreader for the non-leash cow maintenance has been theoretically substantiated (Luts S.M., Aliyev E.B.,
2014). The presence and absence of the sealing or directional plate have been used as research objects.
The straw particles flight distance and the coefficient of the variation of their even distribution through the box

length have been picked as the evaluation criteria. The results of numerical modeling are described in picture
2.

Element velocity, m/s \ &
0 ! 2 | : 5 v a xR )
e . o Q=dsigs
= 2 ™ .! ~—
Modeling time t =35 s R i -
Straw spreading uniformity along the chamber & = 86-94 % ¥ y! A \\ -
; B
s

i

Ih =0,1-0,2m

L,=2,5-3m

Fig. 2 — Process visualization of the rotor straw underlay spreading with condensing and guiding plates

3. The physical and mathematical model for the formation process of the pseudo-liquefied seed layer

in the hydro-pneumatic seeding machine’s intake chamber has been developed (Boyko V.B., Aliyev E.B.,
2015; Boyko V.B., Aliyev E.B., 2015).

Picture 3 displays the results as a graphical interpretation of the dynamic of the seed spreading in the
intake chamber value.
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Fig. 3 — Visualization of the dynamic of the seed spreading

in the hydro-pneumatic seeding machine’s intake chamber value

4. As a result of theoretical researches there has been developed the physical and mathematical
model for the process of the oil crops seeding material transferring with the air stream power and presented
as visualization of this technological process, as described in picture 5 (Aliyev E.B., Yaropud V.M., 2017;

Aliyev E.B., 2017).

% T T T T T T T T
V= =0, _— iti i =
15m/s Q=0,03kg/s D,=5mm Exposition time t=15s 0008

-e-13

026

-39

Fig. 4 — Visualization of the distribution of the seed fraction along the area length,
which has been created by the air stream impact

5. Numerical modeling of the process of the milk-air mix movement in the milking machine has
allowed us to determine a relation between the vacuum pressure fluctuation value and the milk withdrawal
velocity, pulsation frequency and the working vacuum pressure value (Linnik Yu.A., Aliyev E.B., Pavlenko

S.1. 2014; Pavlenko S.1., Aliyev E.B., Linnik Yu.A., 2014).
Picture 5 describes the spreading of the 1-a liquid content along the milking machine milk hose by

the upper milk pipe.
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Fig. 5 — Spreading of the 1-a liquid content along the milking machine milk hose by the upper milk pipe

6. As a result of the working process numerical modeling for the photoelectronic seed separator
executing mechanism, which consists of the falling cylinder and the inclined vibrating roll, there has been
determined the timing diagram of the seed transportation in the separate vibration roll canal (picture 6).

Q=0.01kg/s i
n=>5rpm Ne 10 :[[Wmmmﬂmm“ﬂnﬂmm

~I=0,1s

Exposition time t =40 s 20 21 22 23 24 2526 27 28 29 30 31 3233 34 3536 3738 39 s

Fig. 6 — Timing diagram of the seed transportation in the separate vibration roll canal
of the photoelectronic seed separator

7. Through the research on the technological process for the seed separation on the inclined

vibrating plate (vibrating separator) in the Star CCM+ software it has become possible to determine the law
of its spreading depending on the mass. Picture 7 describes the visualization of this technological process.
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Fig. 7 — Visualization of the technological process of seed separation
on the inclined vibrating plate (vibrating separator)

CONCLUSIONS

In this article are given the results of the numerical modeling within the Star CCM+ computer software
for some mechanical and technological processes for agricultural manufacturing industry, as the mixing of
components in a stream-type mixer-feeder, distribution of the straw underlay by the rotor spreader for the
non-leash cow maintenance, formation of the pseudo-liquefied seed layer in the hydro-pneumatic seeding
machine’s intake chamber, transferring of the oil crops seeding material with the air stream power,
functioning of the photoelectronic seed separator’'s executing mechanism, technological process of the seed
separation on an inclined vibrating surface. These results point out the wide area of implementation of the
numerical modeling for theoretical researches on mechanical and technological processes for agricultural
manufacturing industry.
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