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Abstract

The development and implementation of energy and resource-saving types of machinery and equipment for agricultural activities
in crop fields dedicated to vegetable cultivation is gaining a leading position worldwide. "Considering that vegetable crops are
cultivated on over 58.2 million hectares globally it is a crucial task to introduce high-performance, modern technical means for
fertilizing vegetable crops and inter-row cultivation. In this regard, special attention is being paid to using compact,
low-energy-consuming technical means that allow for increasing the efficiency of fertilizer use in vegetable cultivation and
applying them to the specified depth and width. World-wide, research and development efforts are underway to develop new
scientific and technical solutions for resource-saving technical means that apply fertilizers locally and work in open conditions
for inter-row cultivation, with the aim of reducing the amount of applied fertilizers and increasing their effectiveness in
preserving the natural properties of vegetables. In this direction, particular attention is paid to developing a drill coulter design
that ensures the operation of working bodies in open conditions to reduce energy consumption during local fertilizer application
and inter-row cultivation in a single pass for onions, as well as scientifically substantiating the technological processes and
parameters they performed. This article presents the results of theoretical studies conducted on the movement of mineral
fertilizers from the metering device through the fertilizer conduit. The main factors affecting the movement of mineral fertilizers
in the fertilizer conduit are analyzed. Based on the research, graphs illustrating the change in the fertilizer exit rate from the
conduit over time are constructed. Based on the results obtained, scientifically based recommendations for uniform fertilizer
application are provided. The length of the fertilizer tube and the angles of the guide installation can be selected depending on the
speed of the fertilizer machine, the falling distance of the fertilizer, and the application rate.
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1. Introduction

Achieving high and stable yields in agriculture requires the  eral fertilizers to the soil depends on specialized technical
effective use of modern technologies and resources [2]. Inthis  equipment - fertilizer applicators. The efficiency of fertilizer
regard, mineral fertilizers play an important role in the nutri-  applicators and the even distribution of fertilizer depend
tion of cultivated crops. Timely and even application of min- largely on the design of the fertilizer conduit, which is its main
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working component, and the characteristics of fertilizer par-
ticle movement within it. The movement of fertilizer particles
in the fertilizer conduit is a complex physical process influ-
enced by the type of fertilizer, its physical properties (mois-
ture content, particle size distribution, specific gravity), the
geometric shape of the fertilizer conduit, operating speed, and
many other factors. Uneven fertilizer flow from the fertilizer
conduit or its blockage negatively affects their uniform dis-
tribution, leading to a decrease in yield. Therefore, theoreti-
cally studying the movement of mineral fertilizers in the fer-
tilizer conduit, identifying the factors affecting this process,
and substantiating optimal design parameters are crucial. [1].

2. Experimental Procedures

The uniform distribution of fertilizers at a set rate largely
depends on the regulating device and the design of the ferti-
lizer tube [3], Therefore, studying the movement of fertilizers
in the fertilizer tube is important. This is because the speed of
falling fertilizers should correspond to the speed of the ma-
chine for uniform application, and the fertilizers should reach
the soil at the set rate for uniform distribution within the norm
[4].

In the theoretical study of fertilizer movement in the ferti-
lizer tube, it is first necessary to clarify the factors influencing
the process. When studying the movement of mineral ferti-
lizer particles, we consider them as a point K [5]. Conse-
quently, we consider the movement of point K in separate
sections of the fertilizer tube AC.

First, let's consider the movement of point K in the segment
AB (Figure 1). Starting from point A, taken as the origin, we
consider that as point K moves downward under the action of
gravity G, it is subjected to air resistance (Figure 2). The
initial conditions of motion are taken as follows: t=0, y,=0,
and according to the data given in [6], we take y=1 m/s.
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Figure 1. Diagram of the movement of a mineral fertilizer particle in
a fertilizer tube.
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Figure 2. Diagram of the movement of point K in segment AB.

Using Figure 2. we construct the equation of motion of

point K in segment AB [7].
my =G - Ry (1)

where m - mass of the mineral fertilizer particle, kg; y -
acceleration of mineral fertilizer particles along the Oy axis,
m/s2 G - force of gravity, N; Ry - projection of the air re-
sistance force on the y axis, N.

The force of gravity and the air resistance force are ex-
pressed as follows [8]

G=mg 2

1
Ry = E/ugSVAZl (3)

where g - acceleration due to gravity, m/s= - drag coef-
ficient, accounting for the shape of the fertilizer, ¢ - density of
air, kg/m3S - surface area of the fertilizer, m=VA - velocity
of the fertilizer, m/s.

Considering expressions (2) and (3), we make changes to

.

} 1
my =mg — Eugsvf , (4)

or

. 1 _
my =mg —Eugsyz (5)

Now let's investigate the motion according to equation (5).
To simplify the problem, divide both sides of the equation by
the mass of the substance m [9]. In this case,

1 ugsy®
2 m

y=9 (6)
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For the convenience of performing operations using equal-

ity (6), we introduce notations [10], i.e. /;_gS = A?, and
m

y =V ,(t). Considering this, equality (6) takes the following
form:

VIi=g-AV? @

We determine dt from equality (7):

dv
dt—4
- AV? ®)
Then
av,
——A _— =t+/nC
Joy e ®
If we consider the equivalent _[ de ;= iénﬂ
a‘—-x° 2a a-x
[11], then expression (9) takes the following form:
L o9+ AY mc,, (10)
249 g - AV,
Jog+AV,
M= _opt g +nC (11)
\/6 - AVAB '
\/§+ AV o :CIEZAtJE' (12)
\/E - AVAB
JI+AV,, =Cge” " ® —C AV, e, (13)
AV, =(L+Ce* V%) =C Jge " —Jg, (14)
C 2At/g 1
VAB = ﬁ . 162? , (15)
A Ce™ 41
or
2Atg
e -C
Vi = ﬁ T (16)
A et c
y(0) =1, 17)

Using the initial conditions (17), we determine the value of
the constant coefficient C, in equation (16)

c :\/E—A~VA
o Jg+AY,

Substituting the obtained value of C; into expression (16),
we get the following:

Vo VI -nAv,E" 4
POOA Jge™ v+ AV, (M0 -

(18)

(19)

In the next stage of the study, we consider the movement of
fertilizers in segment BC [12]. We assume that the fertilizers
move along an inclined plane located at an angle a to the
horizontal plane (Figure 3).

=

mgcosa

Figure 3. Diagram of fertilizer movement in part BC.

Using the scheme presented in Figure 3, we formulate the
differential equation describing the movement of a particle in
segment BC [13].

m%:mgsina— fmgcosa (20)

where f - coefficient of compression. The equality (20) is also
satisfied for m=0.

Dividing both sides of the differential equation (20) by m,
we get the following:

d\é%:gsina— fg cosa (21)

Considering the initial conditions V=V,g, S=0, t=0, and
f=tgp, and integrating the differential equation (21) once, we
get the following:

sin(a — @)

Ve =V +—— gt

- cos @ g (22)
where ¢ - angle of inclination, degrees.

Considering expression (19), we rewrite expression (22) as
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follows and determine the exit velocity of particles from the
fertilizer tube [14, 15]. FromS =Vt

Vg o™ DAV, +) ,sin(@-¢)
A JgEe™" 1)+ AV, (@ -1 cosp

gt (23)

AC

In order to determine the speed of mineral fertilizer
movement in the fertilizer tube depending on time, we per-
form a numerical solution of expression (23) using the "Mi-
crosoft Excel™ program. The numerical solution of expression
(23) is performed with the following parameter values: g=9.8
m/s= e=2.7; r=0.0018 m; x=0.47; ¢=1.293 kg/m3 z=3.14;
m=0.00004 kg; VA=1 m/s; a=(60< 70< 809; p=30< te[0; 2.5]
S.

Based on the numerical solution of (23), graphs of the
change in the speed of mineral fertilizer movement in the
fertilizer tube depending on time were obtained (Figure 4).
From the graph, it is clear that with the passage of time, the
speed of mineral fertilizer movement increases according to a
curved line. Additionally, from the curved line of the graph, it
is evident that as the angle of inclination of the guide increases,
the falling speed of mineral fertilizers significantly increases.
For example, with an initial fertilizer speed of 1 m/s and a
guide inclination angle of 60< the falling speed of mineral
fertilizers increases from 1 m/s to 28.96 m/s in 2.5 seconds; at
an inclination angle of 70< the falling speed increases from 1
m/s to 33 m/s in 2.5 seconds; and at an inclination angle of 80<
the falling speed of mineral fertilizers reaches 36.49 m/sin 2.5
seconds.
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Figure 4. Graph of the change in the speed of mineral fertilizer
movement in the fertilizer tube depending on time.

3. Conclusions

In conclusion, based on the results of the conducted studies,
it becomes possible to select the geometric dimensions of the
fertilizer tube in accordance with the operating modes of the
fertilizer machine. Using the graph presented Figure 4, the
length of the fertilizer tube and the angles of the guide in-
stallation can be selected depending on the speed of the ferti-
lizer machine, the falling distance of the fertilizer, and the
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application rate.

Abbreviations

@®  Angle of Inclination, Degrees

M Mass of the Mineral Fertilizer Particle, kg

V¥ Acceleration of Mineral Fertilizer Particles Along the
Oy Axis, m/s=2

G  Force of Gravity, N

Ry Projection of the Air Resistance Force on the y Axis
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