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Abstract: This article presents the results of developing the
design of the device and optimizing the parameters of the
pneumatic slotted spray gun recommended for treating tubers
with working fluids. I n connection with the task, the flow rates of
the working fluid by the sprayer were determined by the
experimental design method and the speed characteristics of the
airborne droplet for treating tubers in the coulters of a potato
planter. It wasfound that the use of a device for processing tubers
during the planting process contributes to the intensification of
the cultivation of tubers while reducing financial costs and
improving the quality of processing.
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. INTRODUCTION

In recent years, the term “intensive technology” has firmly
entered the agronomic vocabulary.

Under the technology is usualy understood as a
combination of methods and means of implementing a
particular production process. Simply put, technology reflects
what, what, how, and when work is done on the cultivation of
crops and how much they cost the farm [4].

Intensive technology in relation to the production of
potatoes involves taking into account al the factors of
intensification - high-quality cultivation of soil, fertilizers,
pesticides, growth regulators, new technical means and means
of production resources on the best agrotechnical
backgrounds, providing the highest return on resources spent
with high-quality potatoes at high productivity [3].
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In connection with the stated objective of the researchisto
carry out theoretical and experimental optimization of the
design and operating characteristics of pneumatic dotted
sprayers for spraying potato tubers or tuber furrows with
protective stimulating liquids simultaneously with planting

(1. [2].

1. MATERIALSAND METHODS

The main indicator of the operation of the sprayer, which
determines the method of applying working fluids to tubers
(pickling), isthe performance of the sprayer - consumption. In
thisregard, studies have been conducted of the dependence of
the flow rate of the atomizer on the pressure and diameter of
the supply tube.

Asaresult of planning atwo-factor experiment, the optimal
parameters of the atomizer were determined. The
mathematical dependence of fluid flow on pressure and
diameter of the supply tube was obtained by conducting a
two-factor experiment [8].

According to the program and research methodology, an
experimental setup and a pneumatic slotted atomizer were
used for the experiment, the jet former of which has a
pear-shaped slotted nozzle formed by a 0.8 mm thick gasket.

For staging a two-factor experiment, a symmetric
compositiona plan of type Bk was chosen. Factors, intervals
and levels of variation are presented in table 1 [9].

Table - |: Factors, intervals, and levels of variation

Variable Coded Range of Factor levels
factors notation, x; variation, A; +1 0 -1
Diameter of
feed tube, di, X1 1 2 3 4
mm
Preszgre’ P X2 05 15 | 2| 25

1200

The levels of factors were chosen in such a way that their
optimal values, taking into account the existing limitations,
fall at the center of theinterval of variation.

Coding factors performed:
_Xi+ X
=
b )

where % _ coded value of thei-th factor; X; — natural value
of the i-th factor; Xio, — natural value of the i-th factor in the
center of the experiment plan; A; — factor variation interval.
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The matrix of the design of the experiment and the results
of the experiments are presented in table 2
Table- I1: Experiment planning matrix and experiment

results
No Natural factors Coijlildd‘;ctor Response, (gverage)
di, mm P, bar X1 X2 mi / min

1 4 25 +1 +1 239

2 2 25 -1 +1 215

3 4 15 +1 -1 248

4 2 15 -1 -1 213

5 4 2 +1 0 248

6 2 2 -1 0 219

7 3 25 0 +1 309

8 3 15 0 -1 312

9 3 2 0 0 315

The experimental setup madeit possibleto change the fluid
pressure from 1.5 to 2.5 bar. To change the diameter of the
feed tube of the atomizer, three versions of tubeswith aninner
diameter of 2, 3, 4 mm were used.

The working fluid from the tank entered the equalization
tank, by gravity under constant static pressure into the
atomizer, with the possibility of its regulation by changing its
position in height relative to the outlet of the feed tube to the
outlet nozzle of the jetting device.

For experiments, the position of the atomizer was set at the
“0” level (see Figure 1). The diameter of the outlet of the
feeding tube 2; 3; 4 mm. Air to the atomizer to create an
airborne droplet was supplied from the compressor through a
pressure regulator, which set the pressure to 1.5; 2; 2.5 bar.
The compressor was turned on, and the valve for supplying
liquid from the equalization tank was opened, liquid and air
entered the atomizer. At the corresponding pressure and
diameter of the feeding tube, 3 experiments were carried out.
The amount of liquid consumed in 1 minute was determined
using a measuring tank (tank).

A, 1L
j-_—D__ iw

»
L4

Stream

0

5

Fig. 1. The scheme of supplying theworking fluid to the
atomizer: 1 - measured capacity; 2 - crane; 3 - equalizing
capacity; 4 - atomizer, 5 - feeding tube
For the experiments used the matrix (table 2), which presents

the results of the experiments (average value of the results).
After mathematical processing, we obtained a regression
equation for sprayer performance.

y=315+14,67x, +1,67X, + 2,75 X, +81,68x" —4,68% @

where y — fluid flow rate, ml / min; x; - diameter of the
supply tube, mm; X2 - air pressure, bar.

We tested the hypothesis of the statistical significance of
the obtained regression coefficients by the t-student criterion.
All regression coefficients are statistically significant. We
tested the hypothesis of the adequacy of the obtained
regression equation (2) by Fisher's criterion.
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By differentiating the equation with respect to each of the
variables and equating the derivatives to zero, we obtained a
system of linear equations:

% =14,665— 2, 75x, — 2-81,662x,

Y _ 1 668—2,75x — 24,667,
%, ©)

1. RESULTSAND DISCUSSIONS

To reduce labor costs when planting potatoes, we obtained
aninvention that isintended for treating tubers or furrows for
tubers  with  protective-stimulating  working ~ fluids
simultaneously with planting.

The device comprises a tank with a working fluid, an
equalizing tank with atap, a source of compressed air with a
pressure regulator, and pneumatic nozzles, which are attached
using brackets on the internal cavities of the coulters with a
varying angle of inclination relative to the flow of tubers,
whilein the outlet of the nozzle body, turbodiffuser installed.

Tubers supplied by the planting apparatus enter the opener
cavity 8 and pass between two nozzles 4, which create
airborne droplets. For their formation, air is supplied to the
nebulizers from the compressor installation of the tractor,
which atomizes the working fluid entering the nebulizersfrom
the tank 1 through equalization tank 2 and distributor 3. The
working fluid is converted into aerosol, which is swirled
around the tubers using turbodiffusers 9. The working flow
rate the liquid is regulated by changing the diameters of the
outlet openings of the nebulizers and the air pressure from the
compressor unit (Figures 2 and 3).

Fig. 2. Technological scheme of a potato planter: 1 -
hopper; 2 - landing gear; 3 - tuber pipe, 4 - sprayer; 5 -
opener

Having solved the system of linear equations, we found the
coordinates of the extremum point of the response surface: x;
= 0.09326; x, = -0.20618.

Substituting the values of x; and x, into the original
regression equation (2), we found the values of the
optimization parameter at the extremum point of the response
surface with the free term of the canonical equation Y =
323.7 ml / min.

The angle = 1.02° of rotation of theinitial coordinate axes
of the response surface was determined before aligning with
the main axes of the figure.
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Substituting the available data, we got the response surface
equation in canonical form;

Y -32,37=-81,69X} —4,64X2 4

Since the coefficients of the canonical equation have
different signs, the response surface has the form of a
hyperbolic paraboloid, and the smallest value of the response
function is at the point with coordinates: x; = 0.09326; X, =
-0.20618.
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Fig. 3. Pneumohydraulic scheme for planting potatoes
with a potato planter with the treatment of tuberswith
protective and stimulating agents: 1 - tank; 2 - crane; 3 -
equalizing capacity; 4 - thedistributor; 5- a spray; 6 -
compressor installation; 7 - opener
We studied the response surface (Figure 4) near the optimal
factor values using two-dimensional cross sections (Figure 5).
Substituting various values of the response Y into the
canonical equation (4), we obtained a family of conjugate
isolinesin the form of hyperbolas (Figure 6).

Fig. 4. Theresponse surface of the dependence of fluid
flow on the diameter of the supply tube d; and air
pressure P
The isolines obtained as a result of the cross section of the
response surface are elongated along the coordinate axis
corresponding to the second factor — air pressure (P)). This
indicatesthat the diameter of the supply tube to alesser extent
affects the flow rate of the atomizer than the second factor -
air pressure. Thisisalso indicated by asmaller absolute value

Retrieval Number: B7848129219/2019©BEIESP
DOI: 10.35940/ijitee.B7848.129219
Journal Website: www.ijitee.org

I nter national Journal of Innovative Technology and Exploring Engineering (1JITEE)
ISSN: 2278-3075 (Online), Volume-9 | ssue-2, December 2019

of the coefficient of the second factor in the canonical
equation (4).

The maximum fluid flow rate will be at the circumferential
speed of the rotor edge in encoded form x; = 0.09326; and air
pressure x, = -0.20618. Substituting these values into
equation (2), we obtained the actual values of the studied

Easfasi L 35 25 5

Fig. 5. Two-dimensional surface section of the
dependence of fluid flow on the diameter of the supply
tube (d;) and air pressure (P;)

Table- II1: Flow rate at a nozzle height of 0.5 mm
ml/ ml/ ml / ml/
H c ) p c . H c ; p c ;
min min min min
0O | 58103 15|26 |23 | 0 | 29| 207 |15 | 15 | 400
5 [ 34176 | 20 | 27 | 222 | 5 | 11 | 545 | 2,0 | 17 | 353
10 | 25 | 240 | 25|28 | 214 | 10 | 8 | 750 | 25| 18 | 333
P=0_2 H=10(5) P=0,2 H=10(5)
d=2mm d=2mm d=4mm d=4mm

Along with productivity, an equally important indicator of the
operation of sprayers is the propagation velocity of an
airborne droplet, which determines not only the length of the
jet, but also the degree of dispersion of the droplets of the
working fluid and the effect of the jet on the processing object
[5].

Our design of a pneumatic dotted nozzle creating a
high-speed jet has advantages in comparison with hydraulic
nozzles[6].

Ultra-low-volume spraying is carried out according to the
scheme (Figure 6).

Air from
compressor

i

Stream former

Atmospheric air =1 Airborne stream

Tank liquid

Fig. 6. The scheme of operation of the pneumatic
dlotted spray

Since the speed of the air jet of the atomizer, and its mass
flow rate provides a certain productivity of the atomizer, it is
necessary to know the specified parameters of the jet.

To study the axial velocity of the air stream created by the
sprayer, a stationary pilot plant with a sprayer was used, the
characteristics of which are shown in Table 4.

Table- 1V: Sprayer performance and modes

1202

Nozzlewidth b, | Nozzlethickness | Air pressurep, Distance from
mm a, mm bar sprayer L, m
50 0;0,3;0,6; 0,9;
6 05 1,5;2,0; 25 1215
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Measurements of the axial velocity of the air stream were
carried out at distances L (table 4) using a manual
anemometer (M-95).The results of the speed of the air stream
at various modes of operation of the atomizer are shown in
table 5.

Table- V: Results of the study of the dependence of the
speed of theair stream on the distance to the object and

air pressure
Without turbo diffuser I With turbo diffuser
p Distance to measuring point (h, m)
am. | o |0,3‘0,6‘0,9|1,2‘1,5| 0 |0,3|0,6|0,9|1,2
Air stream speed (U, m/ s)
05
© 197 9 | 4 |05 9|5 |31
@
100148l 10] 4|1 69| 4] 1|05
(€] '
%é? 20|17 | 5| 3|1 |o05|17] 13|45/ 1
?i()) 2196|151 |05|2]15| 6] 2|05

Based on the results of experimental studies, we plotted the
dependence of the axial velocity of the air stream from the ot

nozzle on the air pressure in the pneumatic line Vo =

(figure 7).
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Fig. 7. The graph of the dependence of the speed of the
air stream on the distance to the object and air pressure
The graph shows the experimental curves for the atomizer, in
which aslotted jet element islocated inside the tubular body,
with aturbodiffuser and without a turbodiffuser.

The axia velocity of the jet at the outlet when the pressure
in the pneumatic line changes from 0.5-2.0 MPa, when the
point changes, measurements are from 0-1.2 m, for an
atomizer without aturbo diffuser the speed varies from 1-22
m/s, and with aturbo diffuser 0, 5-21 m/ s, since when using
a turbodiffuser additional air resistance is created, thereby
reducing the speed of an airborne droplet, but increasing the
dispersion of the spray and the density of tuber coating with
drops of the working fluid, and improving the quality of
processing.

V. CONCLUSIONS

1. Use of a device for processing tubers in the planting
process contributes to the intensification of the cultivation of
tubers while reducing the consumption of WGM and
improving the quality of processing.

2. Experimental studies of a pneumatic slot nozzle by
means of a two-factor experiment made it possible to
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determine their optimal design and operating parameters. So,
the flow rate of the working fluid can, if necessary, vary from
100 to 350 ml / min with the following parameters. air
pressure in the system from 1.5 to 2.5 bar, diameter of the
feeding tube 2, 3, 4 mm.

3. The speed of the airborne droplet can vary from 1 to 22
m/ s, and it is recommended for the treatment of tubersin the
openers to reduce it by installing a turbo diffuser in the
sprayer, which improves dispersion of the working fluid.
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