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Abstract: The paper analyzes the results of research in the sector of mechanization for the evaluation of efficiency of deposition of 
dispersed drops of fluid on the treated surface when using conventional hydraulic nozzles and rotating disk atomizers, mesh or perforated 
drums with the forced deposition of small drops. The necessity of using forced deposition of small droplets when creating new working 
bodies to the spraying technique on the basis of the rotating disc atomizers, mesh, or perforated. 
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1. Introduction 

In view of the continuous growth in the use of pesticides 
and agrochemicals, the world is becoming increasingly concerned 
about the reduction of their potential danger to public health as one 
of the main sources of pollution of the environment and food 
products. It is known that 75% of pesticides are applied by 
spraying. In this regard, work is underway in our country and 
abroad to improve agricultural technologies and, technical means 
for the rational and safe application of plant protection products. 

The main areas for improving spraying technology are 
improving the quality of application of the working fluid to the 
surface being treated, reducing the consumption rates of the 
preparation and working fluid, reducing the unproductive loss of the 
preparation to the environment due to the drift of small droplets and 
the dripping of large drops from the treated surface to the soil. 

2. The subject of the research and ways to solve it 

The implementation of spraying technology requires 
significant material and energy costs. The analysis of the energy 
consumption of full-scale, low-volume and ultra-low-volume 
spraying technology showed that with ultra-low-volume spraying, 
the energy intensity of the process is reduced by 35%, and with 
low-volume spraying by 15.1% compared to the basic technology of 
full-scale spraying. In field rod sprayers for low-volume and full-
volume spraying technologies, two types of spray guns are 
generally used: standard slotted flat and injector slotted flat-spray 
nozzles. When using standard slit nozzles, the spray contains 
droplets in a very wide range of sizes, while the fraction of small 
droplets (up to 50 μm), subject to evaporation and drift from the 
treatment zone, varies from 1 to 2 depending on the size of the 
sprayers %. For standard flat-face slot nozzles, the median-mass 
diameter (MMD) is 200-300 μm. In order to reduce the risk to the 
environment due to the drift of small drops from the treatment zone, 
field rod sprayers are equipped with a new generation of injected 
slotted flat-spray nozzles of various sizes. Due to the air ejection, 
more sprays of large and medium size are contained in the spray 
spectrum in these sprayers, while the fraction of small droplets 
subject to demolition does not exceed 0.4-0.6% of the volume of the 
sprayed working fluid. In this case, the median mass diameter 
Drops in these sprayers is 400-600 microns, depending on the size 
of the sprayer. In this regard, to reduce the drift of small droplets 
into the environment when working with herbicides, it is advisable 
to use injector slotted flat-nozzle diffusers such as IDK or IDKN 
when operating at low pressures. The increase in the spray spectrum 
of the proportion of large and medium drops, according to a number 
of specialists, should lead to an increase in soil contamination with 
pesticide residues due to the dripping of large droplets from the leaf 
surface. 

Another area of research on advanced energy-saving 
spraying technologies. Cultures against harmful objects with low 
rates of flow of working fluid and reduced rates of drug 
consumption is the technology of introducing pesticides with the 

help of spraying equipment with rotating disc atomizers, perforated 
or reticulated drums. 

Rotating disk atomizers in comparison with traditional 
hydraulic sprayers for pesticide application have a number of 
undeniable advantages, namely: 

-provide dispersion of the working fluid into a more 
uniform, near-monodisperse, spectrum of spray droplets with a 
polydispersity coefficient in the range 1.4-2.2; 

- possibility to adjust the size of the main drops in the 
range from 40 to 400 μm; 

- allow small application rates of working fluid per 
hectare; 

-provide a greater density of the coating with drops of the 
upper and lower sides of the leaf surface of the treated plants; 

- allow to obtain a high-quality spray when supplying 
working fluid at low pressures of less than 1 bar or gravity, which 
excludes the use of high-pressure pumps in spraying technology. 

To obtain a more uniform with a narrow spectrum of 
spray droplets, various designs of rotating disc atomizers (mesh or 
perforated drums) have been developed. Their wide application, as 
working bodies in spraying technology, for spraying plant 
protection products is restrained for a number of reasons. When 
spraying working fluids of plant protection products, rotating spray 
disks form a horizontal spray torch, the spray spectrum of which 
contains the main uniform droplets and small drops of satellites 
[Dunsky et al., 1982]. In this case, the deposition of droplets on the 
surface being treated occurs under the action of gravitational forces. 
Due to the low rate of gravity settling (for the 20 micron droplets, 
the settling velocity is 0.012 m/s, for 60 μm-0.103 m/s), drifts of 
small droplets outside the treated area by wind and incoming air 
flow occur during the movement of the sprayer. Demolition of 
small droplets from the treatment zone leads to environmental 
contamination, and also causes burns of other crops and plants near 
the treatment zone when using herbicides. With a horizontal flame 
spraying of these sprayers, the uneven distribution of the working 
fluid at the effective capture width, expressed by the coefficient of 
variation, is 20% according to the test data, which does not 
correspond to the requirements of the European norm for this 
indicator - 7-9%. 

3. Materials for Production of Prototype Parts1 

To address these shortcomings, we conducted studies to 
develop a new rotating sprayer design with forced deposition of 
small droplets onto the surface being treated and the possibility of 
adjusting the size of the droplets formed for different spraying 
regimes. 

Figure 1 shows a constructive diagram of a new rotating 
disk atomizer protected by the RF patent [Lysov et al., 2016]. In the 
case of the atomizer 1, an electric motor 2 with two shaft outputs is 
installed, at its lower outlet, there is a spraying disk 3 which can be 
made in the form of a mesh or perforated drum, a tube 6 supplying a 
working fluid. At the upper output of the motor shaft between the 
impeller of the fan 5 to create a directional air flow, a cone-shaped 
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fairing 4 is installed. The body of the atomizer 1 is made in the form 
of a truncated cone with an open upper and lower surfaces. The 
sprayer body is vertically movable, to the motor, the body of which 
is provided with guides 7 and is assembled with the impeller of the 
fan 5, the fairing 4 and the spray disk located at the lower shaft 
outlet. The diameter of the base of the fairing 4 is equal to the 
diameter of the spraying disk 3. The tube for feeding the liquid 6 is 
located on top of the spraying disc. 

When the working fluid is fed through the tube 6 to the 
rotating disk 3, due to the centrifugal force, the liquid is dispersed 
into the main and small droplet-satellites. The air flow created by 
the impeller of the fan 5, thanks to the installed fairing 4 and its 
conical shape, provides directional forced deposition of small 
droplets directly at the outlet from the edge of the spraying disc 4, 
thereby eliminating their demolition from the treatment zone. The 
housing of the atomizer 1 is made in the form of a truncated cone, 
which allows to change the volume of the airflow created by the 
fan, due to the possibility of its movement relative to the electric 
motor 2, in combination with the fan impeller and the spray disk 4, 
downwards. For this purpose, guides 7 are mounted on the motor 
housing 2. As the housing is moved downwards, due to the conicity 
of the housing of the atomizer 1, the annular gap between its inner 
surface and the impeller of the fan 5 is increased, which makes it 
possible to vary the volume of the air flow for effectively 
precipitating the droplets of the dispersible liquid and increasing the 
density uniformity Distribution of droplets on the surface to be 
treated. In addition, it is possible to adjust the effective spray grasp 
width from 0.8 to 1.2 meters, as well as the density of the surface to 
be treated, depending on the pesticide treatment regimes used, 
which should be at least 20-30 drops per cm for herbicides. Sq., 
Insecticides-30-40 drops per 1 cm2, fungicides -50-70 drops per 1 
cm2. 
 

 
Fig.1 Sprayer with forced droplet deposition 

4. Results and discussion 

Stand tests were performed on a new atomizer with a disk 
diameter of 52 mm, a rotation speed of 6080 rpm and a median 
mass of droplets of 52 μm at a temperature of 21 ° C and a relative 
humidity of 68%. In the case of forced droplet deposition Fan 
casing of 4.1 m / s), the amount of settled fluid along the width of 
the nebulizer increases by 24.51% compared to the operation of a 
similar atomizer without the application of droplets of a forced 
drop. In the presence of a side wind with an allowable wind speed 
of 3 m / s during the spraying process, the amount of settled fluid in 
the treatment zone was 39% higher than when the sprayer was 

operated without precipitation due to a forced drop. . On the basis of 
the results of bench tests, it can be concluded that due to the forced 
deposition of droplets of the atomizer of the rotating disk atomizer, 
the density of the working fluid in the processing area is increased 
by reducing the unproductive losses due to the demolition and 
evaporation of the droplets of the dispersible liquid. An assessment 
was made of the biological effectiveness of spraying technology 
with the forced precipitation of droplets of working fluid. The 
biological effectiveness of ATC spraying technology in the case of 
forced droplet dropout was determined by the introduction of 
herbicides into crops and potato planting to suppress weed 
vegetation, and against pests in cabbage plantations. The evaluation 
of the effectiveness of the technology included the determination of 
the following parameters: the biological effectiveness of the use of 
pesticides; Ecological indicators: dynamics of residual amounts of 
herbicides in the soil at 1, 3, 7 and 21 days after treatment; 
Contamination with residual amounts of pesticides of plant 
vegetative organs; Possible reduction in the level of pesticide 
consumption for various technologies for the introduction of plant 
protection products. 

For comparison, spraying technology was used at a spraying 
rate of 200 liters/ha using standard slotted flat nozzles, flat nozzles 
and spraying of UVO with forced release of fine droplets at a rate of 
10 liters / ha of working fluid. Conducting pilot experiments 
included the introduction of complete norms of drug consumption 
and a reduction in consumption by 25 and 50 percent in 
experiments with pesticides. 

Determination of micro-quantities of pesticides in the soil 
and green mass of plants with different technologies for their 
application was carried out by gas chromatographic analysis of the 
samples taken. Brief description of pesticides 

In comparative tests of various technologies for the 
introduction of pesticides into crops, the herbicide was used as a 
herbicide of the postemergence systemic action of Diphezan AD to 
control dicotyledonous weeds in grain crops of cereals. 

Active substance: 344 g / l of dicamba (diethylethanolamine 
salt) + 18.8 g/l of chlorosulfuron (diethylethanolamine salt). The 
presence of a mixture of the two components allows us to control 
more than 200 species of weeds, including species resistant to 2,4-D 
and Dielen. 

Preparative form: aqueous solution. 
To compare weeds with potatoes in comparative tests, 

selective herbicide Zino SP Was used to control dicotyledonous and 
gramineous weeds when planting tilled and vegetable crops. The 
preparation provides protection of crops from weeds within 1-2 
months depending on weather conditions and soil type 

Active substance: metribuzin, 700 g/kg. 
Preparative form: wettable powder. The biological 

effectiveness of various technologies for the introduction of 
herbicides on cereals and potatoes is presented in Tables 1 and 2. 

Table 1. Biological efficiency of herbicide application 
Diphezan BP on cereals, depending on the technology of 

application 
 

Variant 

Total 
number 
of 
weeds, 
ind./m2 

Number 
of annual 
weeds, 
ind./m2 

Total 
biological 
efficiency,% 

Efficiency 
against 
annual 
weeds,% 

Technology 
MO 
(standard 
Slot sprayer 
120 03) 

50% (0,2 
l/ha) 34 23 50 60,3 

75% (1,5 
l/ha) 27 20 60,3 65,5 

100% (1,) 
l/ha) 22 17 67,6 70,7 

Technology 
MO 
(Injector 
slot sprayer 
120 03) 

50% (0,2 
l/ha) 23 20 66,2 65,5 

75% (1,5 
l/ha) 21 19 69,1 67,2 

100% (1,) 20 16 70,6 72,4 

Air 

5 

4 

2 

3 

1 

6 

7 
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l/ha) 
UMO 
technology 
sprayer 
with forced 
droplet 
deposition 

50% (0,2 
l/ha) 17 12 75 79,3 

75% (1,5 
l/ha) 18 9 73,5 84,5 

100% (1,) 
l/ha) 13 7 80,9 87,9 

Control 68 58  
 

Table 2. Biological efficiency herbicide application of 
Zino, DP on potato depending on the application technology 

 

Variant 

Total 
number 

of 
weeds, 
ind./m2 

Number 
of annual 

weeds, 
ind./m2 

Total 
biological 

efficiency,% 

Efficiency 
against 
annual 

weeds,% 

Technology 
MO 

(standard 
Slot sprayer 

120 03) 

50% (0,2 
l/ha) 36 20 25 44,4 

75% (1,5 
l/ha) 24 16 50 55,6 

100% 
(1,) l/ha) 20 16 58,3 55,6 

Technology 
MO 

(Injector slot 
sprayer 120 

03) 

50% (0,2 
l/ha) 32 24 33,3 33,3 

75% (1,5 
l/ha) 28 20 41,7 44,4 

100% 
(1,) l/ha) 16 12 66,7 66,7 

UMO 
technology 

sprayer with 
forced 
droplet 

deposition 

50% (0,2 
l/ha) 16 12 66,7 66,7 

75% (1,5 
l/ha) 12 8 75 77,8 

100% 
(1,) l/ha) 8 4 83,3 88,9 

Control 48 36  
 

5. Conclusion 

As the results of the experiments of 2014 and previous 
years show, the most effective technology for applying herbicides to 
potatoes and cereals is the technology of ultra-low-volume spraying 
with forced droplet sedimentation. With this technology, water 
resources are reduced by 20 times, pesticide consumption rates are 
25% higher than traditional spraying technologies. In the course of 
several years, the residual amount in the soil and vegetation of 
herbicide Gezagard 50 SP was estimated for various technologies 
for its application. It was found that the residual amounts of 
herbicide in the soil on the third day after treatment at the full 
application rate of the preparation for ultra-low-volume spraying 
technology was - 0.6656 mg/kg, low-volume spraying with slot 
injectors - 0.6015 mg/kg, with standard slot-sprays - 0,6405 mg/kg. 
On the seventh day after the treatment, the dynamics of 
decomposition of herbicide residuals by technologies was as 
follows: ultra-low volume spraying with forced droplet deposition 
of 0.5758 mg/kg, low-volume spraying with slot injectors of 0.4010 
mg/kg, with standard slotted sprays of 0.2637 mg/kg. At day 28, the 
residual amounts of the herbicide in the soil were practically the 
same and amounted to 0.0374 mg/kg with an ultralow volume 
spraying, 0.0375 mg/kg with slot injectors, 0.0371 mg/kg with 
standard slit nozzles. A similar dynamics of decomposition of 
residual amounts of the drug was observed even with reduced rates 
of drug consumption by 25 and 50%. Evaluation of the 
decomposition dynamics of herbicide Gezagard 50 SP in the green 
mass of potatoes showed that the residual quantities of the 
preparation at the full application rate on the third day are: for ultra-
low-volume spraying technology with positive droplet precipitation 
of 0.7481 mg/kg, a low-volume spraying technology with a slot 

injector atomizer, 5355 mg/kg, and a slotted standard sprayer of 
0.3561 mg/kg. At day 28, the residual amounts of the preparation in 
virtually all variants are the same: with the technology of ultra-low 
volume spraying with the forced precipitation of drops of 0.0338 
mg/kg, low-volume spraying with a slit injector atomizer of 0,0281 
mg/kg and slotted standard atomizer - 0.0295. In this case, the 
remnants of the drug in the crop were not detected. A similar 
dynamics of the decomposition of the drug was observed at reduced 
dosage rates of the drug by 25-50% (3). 

6. Recommendations 

Technologies with forced droplet deposition are 
recommended for application of herbicides and insecticides in field 
crops with reduced by 25% and more consumption rates of 
preparations. 

A sprayer with forced droplet sediment provides a 
reduction of unproductive losses of pesticides to the environment up 
to 40%. 
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