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Abstract — The article is devoted to theoretical studies of
defecate distribution over the soil surface by a centrifugal working
tool. Defecate has physical and mechanical properties which are
similar to those of mineral fertilizers. Therefore, for its
distribution, fertilizer spreaders with centrifugal working
elements are used. However, without structural changes, their use
is limited due to increasing defecate weight fed to the working tool
(12-60 kg/s). It is necessary to determine parameters of the
working tool for defecate distribution. To solve this problem, a
method for calculating defecate distribution over the soil surface
has been developed. The method is implemented in the form of a
computer program used to study the nature of defecate
distribution depending on the following variables: defecate
particle size; a blade installation angle on the disk surface; blade
lengths; disk conicity; disc installation height above the soil
surface; disc rotation speed; distance between disks (for a two-disc
spreader) and feed zone parameters (location, shape, material
entry unevenness).

Keywords— Defecate; centrifugal working tool; mathematical
simulation.

L INTRODUCTION

Physical phenomena occurring in the flow of particles of the
spread material with different particle sizes and aerodynamic
characteristics are understudied. This is due to the complex
nature of interaction of individual particles of irregular shape, a
working tool and the air medium which is difficult to describe
using mathematical methods [1, 2].

However, the nature of interaction can be identified by
adopting some assumptions when considering conditions for
interaction of particles, working tool and the environment.

The workflow of a centrifugal device involves several
phases: material feed to the centrifugal disk; movement of
particles along the blades; free flight of particles in the air
followed by their contact with the soil surface; landing of
particles and their distribution over the field surface [1, 3].

All these phases are closely interrelated, moreover, in each
of them there are a large number of factors that directly or
indirectly influence the nature of material distribution over the
soil surface. It is very difficult to take into account the influence
of these factors. Therefore, researchers are forced to make
assumptions.
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Analysis of previous theoretical studies [4-12] identified
that the authors make the following assumptions:

o when feeding fertilizers to the disk through the tube line,
all particles fall into one point corresponding to the
center of the tube line;

o with a sufficiently extensive fertilizer feed to the disc,
calculations are carried out for the extreme points of the
feed zone;

e averaged values characterizing physicomechanical and
granulometric properties of the spread material are taken
into account (it is assumed that all particles are
homogeneous).

The assumptions affect calculation accuracy. They can be
used for materials which are equal by their granulometric
composition and physicomechanical properties. The material is
fed to the disk through a small diameter pipeline. This is
possible only when small doses of fertilizers are introduced into
the soil. For defecate which differs in various granulometric
composition and is introduced in large doses, it is hardly
applicable.

We attempted to simulate the defecate distribution process
involving material feed to the working tool of the spreader and
material spreading over the soil surface.

II. METHOD

The zone of the material feed to the working tool is broken
by a grid along the axes of the coordinate system. It is beleived
that particles of different weight fall into each grid node in
proportions corresponding to the particle size distribution of the
material. By varying uniformity of the grid, one can take into
account the uneven flow of particles in the feed zone. Thus, it
creates an array of possible options for particles to fall into the
working tool.

To study forces acting on a particle which fell on a
centrifugal working tool and determine its relative movement
speed, let us introduce a moving coordinate system XOY,
rigidly connected with the disk, in a plane passing through the
base of the blade and parallel disc radius starting in its center.
The axis of rotation is denoted by Z, and the rotation itself is
counterclockwise (Fig. 1).
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Fig. 1. Forces acting on the particle moving along the blade

The following forces act on a particle fallen on a disk [13—
15]:

1. Gravity force mg. The projection of this force on the X
axis will be equal to mgcosy. This force creates the force
of friction of the particle on the disc surface of the disk.

2. Centrifugal force mre? acting in the radial direction. If
the blade is located at angle o, to the radial direction, the
centrifugal force can be divided into two components.
The component acting in the blade direction is equal
mxw?cosy. The component which is perpendicular to the
blade plane is mw?Lytgocosy. These components
participate in creation of the friction force acting in the
blade direction from its edge to the disc center.
Component mxm?cosy gravity force projection create
the force of friction the disc surface.

Fu2 = fN: = f(mgcosy + me’ cosy - x -siny) (1)

where f— coefficient of material friction on the disc surface;
N» — normal response of the disc surface, N;

y - disc conicity, rad; o — angular disc rotation speed, rad™';
X — current point coordinate X, m.

3. The Coriolis force— 2mwxcosy where x - speed of the
particle movement, m/s. The direction of this force is
perpendicular to the direction of relative speed and is
oriented in the direction which is opposite to the rotation
direction. This force and the centrifugal force cause the
force of normal blade N1 response which creates friction
of the particle on the blade surface which is equal to

Fm=1N, = f(Zmo) -X-cosy +mo’L tga, cosy)s 2)

where Ly — blade length, m.

The friction coefficient f'is assumed to be the same for blade
and disc surfaces.

4. Inertia force P=mX, where X is acceleration of the
particle moving along the blade of the working tool,

m/s%.
vt N1
Fel | -mw’Lytgoucosy
Ols
MWX COSY
L >
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Let us project all the forces acting on the particle on the X
axis. According to the equilibrium condition, the sum of
projections of all forces is euqal to zero.

mgsin y —mo’ cos”y-r-cosa, +F _ +F +P=0  (3)

where r — current point radius, m.

Assume that rcoso=x equation of particle movement along
the blade can be written as

mX =mo’cos’y-x—F_, —mgsiny—F_ - @

Having inserted equations (1 and 2) in equation (4), we will
have a differential equation describing particle movement in the
blade direction

m¥ =ma’ cos’ y-x— f(mgcosy +ma’ cosy-x-siny)—

—mgsiny—f(2mo)5<cosy+m(ozLytgocg cosy). %)

This equation includes such variable values as conicity, a
blade installation angle, a disk angular velocity, a blade length
(disk diameter), a friction coefficient.

Having transformed the equation and reduced by mass m,
we have

¥ =’ cosy(cosy— fsiny)x—2fwicosy—
. ) (©)
—g(sm;/+fcosy)—fa) Liga, cosy

Assuming the relative initial velocity of the point along the
X axis to be zero, which is typical of the vertical material feed,
we can have a standard solution of equation (6)

x(t): Cleglt _C2eQZt N g(siny+f-cosy)+ fo’Litgow cosy

o’ cosy(cosy—fsiny)
(7
Visi = Ciue®™t — Cane™® R (3

where C;, C, — arbitrary constants; Q;, , — rots of the
characteristic equation.

Q2= —fcocosyio)\/f2 cos’ y+cosy(cosy—fsiny), (9)

g(siny +f cosy)+ f(x)zLy tgoucosy
cozcosy(cosy —fsiny) (10)

>

Xo—

C1,2=Q1,2

Zm\/fz cos’ v +cosy(cosy—fsiny)

where X — initial relative coordinate of the point, m.

having calculated relative velocity of the particle movement
for the blade end, it is possible to determine the particle fall
speed taking into account the blade angle

2 .
Ve \/[ oL, j iV 2wL.V,, -sin(a:— o) Can
cosa cosa

where o, — angle of material adhesion to the blade end, rad.

To determine distribution of particles over the soil surface,
we introduced a fixed XaOYa coordinate system which is
parallel to the field surface starting in the disc center. The axis
OYa is directed tangentially to the trajectory of the centrifugal
spreade.r The axis OXa is perpendicular to the axis OYa.

To determine absolute point coordinates for particles falling
from the disc, we associate them with relative coordinates. Let
us study the projection of the relative coordinate system on the
absolute one for the moment when particles interact with the
disk blade (Fig. 2).

Figure 2 shows that
y rel

= 4 x.t
Va cos x-tgf W)

2 N
- \/( oL, J Ve 20LV,, sin(@—a) )

CcoS CoS
At tg B=t we have
V.=Vl +11+x, . (13)

It follows that

L_Xa-ya + \/xalya2 —(xa>~(-L, tga P)-(ya2—(-Ly tgarr ) - (14)
xa2 - (—Ly tgoc/)z

Let us determine the point coordinate in the absolute
coordinate system after At over which the disc turns through

angle B. Given that %zXO cosy — projection of the relative

coordinate of the particle on XaOYa, we have

a
X, COSY =C:—SB+ymth, (15)
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Fig. 2. Connection of absolute and relative coordinates of the particle in
the loading zone

or
X, co8y = akd +yatgf - (16)
cos 3
Consequently, the point coordinate in the relative
coordinate system is equal to
2
Xay/1°+1 —Ly tgout
Xo = VT v (17)

cosy

Thus, absolute coordinates of particles falling on the disk
can be determined by their initial relative coordinates x0 which
are sued to determine absolute coordinates of the points of
particles falling from the disk.

These parameters can be used to determine the flight
distance and coordinates of the particles on the field surface.

To calculate absolute point coordinates for particles falling
from the disk, we used Figure 3.

The point of the particle hitting the blade has angle ©.
During the particle movement along the blade t., the disc turns
around angle [ which is equal to B=o tx.

Thus, denoting the particle falling angle through ¢ =3 + ©,
we obtain absolute coordinates of the falling point

x, =L, cosg., (18)

Fig. 3. Fall of particles from the working tool

v, =L, sing. (19)

The angle between the velocity vector and the spreader
movement direction can be calculated by formula

aw:al+¢—§+aﬁ , (20)

where a; — angle between the radius and velocity vector
Vco, rad.

2 2 2
Veo? + Vi — Vor j an

o1 = arccos
2Veo Ve

Having determined the absolute coordinates of the falling
point, value and direction of the velocity vector of particles
falling from the disk, let us consider the flying distance for any
particle in the array entering the feed zone.

In this regard, let us consider the motion of the center of
mass of a single particle falling from the centrifugal working
tool with initial velocity x (0)=V_cosy; 7,(0)=V_siny, at

" co " co

distance h from the ground surface at an angle y (Fig. 4).
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Fig. 4. Scheme for calculation of the flying distance for a particle

A particle is taken as a material point of mass m moving
under two forces: weight mg and air resistance Rair, directed
tangentially to the particle trajectory in the direction opposite to
the motion and being a given function of velocity V, i.e.
Pro=mf(V).

Air resistance to particle movement at particle velocity
varying from 10 to 30 m/s is calculated by formula
mf(V)=mk,V? [14, 15].

Differential particle flight equations with initial conditions
x1(0)=0 u yn(0)=h determined by output parameters of falling
particles are standard and can be written as

mi = —mkpV? —— (22)
my = —mg — mkp——n (23)

ﬂ)'(nz -l-}'/n2

Given that V= \lxz +y2 and having reduced m in both

parts of the equations, the equations can be written as

% = —kpy/xn® +3n’ -Xn, (24)
'}'lz—g—kpﬂ)'(nz +}'/n2 - Vyn, . (25)

This system is not linear, it is solved by numerical methods
[16, 17]. The solution of this system allows us to determine the
flight distance for particles and points on the distribution zone
surface they fall into.

Fig. 5. Scheme of calculation of coordinates of particle distribution along the
field surface

Figure 5 shows that the coordinates of particles distribution
depend on the flight distance and angle o.co.

Xoist, p = Xcr Sin Olco (26)

Xoist, p = Xcr COS Ko, (27)

Wherexdisep, Vdiste,p — coordinates x and y of distribution of
the particle with the p-th sailing capacity, m; Xcr, yer — flight
distance of the particle with the p-th sailing capacity, m.

To determine the distribution of particles across the grip
width, we introduced a new coordinate system i0j and accepted
new notation.

ip=[Xdistp]

Jp=ly disp]
Coordinates of distribution and the number of particles of
different sail sizes falling into one or another square of the

absolute coordinate system (distribution zone) can be used to
determine the percentage distribution of particles of different
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fractional composition across the grip width using the following
expression

pn

100 m
P[:- =— Rp,i,j, 28
[-rvic] Ni;jzop j (28)

where RMC is the distance between the disc centers, m; Ni
is the number of particles trapped in the i-th strip of the track
width; p is the fraction number of the spread material; i, j are
the numbers of bands, respectively, along the width and length
of'the track; Rp, i, j is the number of particles of the p-th fraction
fallen into rectangle i across the track width and j along the track
length (with coordinates i-j).

III. CONCLUSION

The mathematical method was implemented in the form of
a POLET program which helps determine one-to-one
correspondence between feed and distribution zones. This fact
makes it possible to investigate the nature of the distribution
zone depending on the following variables: particle size; blade
installation angle on the disk surface; blade lengths; disk
conicity; disc installation height above the soil surface; disc
rotation speed; distances between disks (for a two-disc
spreader); feed zone parameters (location, shape, material entry
unevenness).

By varying these parameters, it is possible to determine their
influence on the nature of material distribution to reduce
unevenness.
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