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OPTIMIZATION OF OPERATING PARAMETERS OF BOOM
SPRAYERS TO IMPROVE THE UNIFORMITY OF WORKING LIQUID
DISTRIBUTION

Relevance of the Problem

In the modern agricultural industry, plant protection against pests, diseases,
and weeds is a critical stage of the technological process. Yield losses caused by
biotic stressors can reach 30% or more [1], making the application of pesticides
both economically justified and essential. Among the diverse methods of chemical
protection—such as dusting, seed dressing, and fumigation—spraying remains the
most versatile and widely used technology [2].

The primary objective of field spraying is the uniform application of the
working solution onto the target object (plant or soil). Currently, global practice is
dominated by boom sprayers equipped with flat-fan nozzles [3]. However, their
operational efficiency directly correlates with the precision of equipment calibra-
tion. Non-uniform liquid distribution leads to two negative scenarios: the occur-
rence of "burns" and the accumulation of residual pesticides in overdose zones, as

well as the survival of harmful objects in under-application zones. According to
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current agrotechnical requirements, the allowable threshold for non-uniformity
(coefficient of variation) is £12%.
Literature Review and Problem Statement

Studies show that the nozzle type (air-induction, flat-fan, or twin-fan) deter-
mines the droplet spectrum and their susceptibility to drift [4]. At the same time,
boom height and operating pressure are the most dynamic parameters that an oper-
ator can adjust under field conditions [5], [6].

Despite the existence of general recommendations, the search for ideal
"height-pressure” combinations for specific nozzle models remains an open ques-
tion [7]. The objective of this study was to experimentally investigate the influ-
ence of these parameters on the coefficient of variation and to develop a mathe-
matical model for determining the optimal sprayer operation zones.

Theoretical Foundations of the Liquid Distribution Process

The process of transforming a continuous liquid flow into a droplet mass is a
complex physical task [8]. Under pressure, the liquid exits the nozzle and disinte-
grates into droplets, which acquire kinetic energy and overcome air resistance [9].
The surface coverage quality (M) can be expressed as the total area of spots

formed by droplets of various diameters:

n
M = Zdizni,%
i=1

Flat-fan nozzles are characterized by a triangular distribution pattern (spray
lobe). When installed on a boom with a 0.5 m spacing, it is crucial to ensure an
overlap of adjacent spray fans such that the total liquid volume remains uniform
across the entire working width.

This condition can only be achieved at a specific optimal boom height, where

the overlap between spray fans is sufficient but not excessive. This principle is ge-
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ometrically illustrated in Fig. 2, which shows the overlap of adjacent spray pat-

terns and the formation of the overall liquid distribution profile.

i) VW
AATTTTVNANY,

Fig. 1. Liquid discharge from a flat-fan Fig. 2. Diagram of spray pattern interaction:
nozzle 1—boom; 2 —nozzle; 3 — treated surface

Geometric analysis shows that ideal overlap is achieved when the boom
height (H) relates to the spray angle (o) and the distance between nozzles (b) ac-

cording to the formula:

= b
_ a
tg(3)

With a standard spray angle of approximately 80°-90°, the calculated boom

height should be roughly equal to the distance between the nozzles (H = b).
Experimental Program and Methodology
The experiments were conducted on a specialized test rig designed in accord-
ance with international 1SO standards. The test rig construction included a 4-meter
boom equipped with eight nozzles and a collection system consisting of grooves
(patternator) with graduated cylinders for liquid collection.
Experimental Parameters:
— Boom height (h): Varied from critically low (0.15 m) to excessive (0.9 m) with
a step of 0.05-0.1 m.
— Operating pressure (p): Investigated at values of 0.2 MPa (low), 0.3 MPa (me-
dium), and 0.6 MPa (high).
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— Statistical processing: Each experiment was performed in triplicate. To assess
the application quality, the coefficient of variation ($\delta$) was used, calcu-
lated as the ratio of the standard deviation to the arithmetic mean flow rate.

Mathematical data analysis was performed using the Wolfram Cloud system.
Specifically, the LinearModelFit function was used for regression analysis, and
Plot3D was employed to visualize the response surfaces.

Analysis of Results and Discussion
The data obtained during the tests (Table 1) demonstrate a clear non-linear

relationship between the distribution quality and the equipment settings.

Table 1
Coefficient of variation of liquid distribution non-uniformity depending on boom height and supply line pressure

Boom height . m Coefficient of vanation § of non-umifornuty (%) at spraying pressure p, MPa

02 0,3 0,6
0,15 81,2 79.3 71.1
0,20 62.0 533 479
0,25 41,8 35.8 316
0,30 291 232 239
0,40 17.9 16,0 119
0,50 14,8 10,2 71
0,60 119 6,7 8.5
0,70 9.7 2.5 124
0,30 3.1 12.1 142
0,90 10,5 147 158

The Influence of Boom Height

At heights below 0.4 m, a catastrophic drop in uniformity is observed. The
coefficient of variation in this zone reaches 70-80%, which is explained by the
lack of full spray pattern overlap: "stripes" with extremely low pesticide content
remain on the treated surface. Increasing the height to 0.6 m leads to a sharp de-
crease in $\delta$ to an acceptable 6.7-11.9% (depending on pressure). This con-
firms that meeting agrotechnical standards is only possible by ensuring sufficient
geometric overlap.

The Influence of Pressure

22



Scientific Horizons: Digital Transformation. Proceedings of International Scientific and Practical
Conference. March 20, 2026 in Tsinghua University, Beijing, China.

Pressure in the supply line adjusts the spray pattern shape. At high pressure
(0.6 MPa), the spray angle expands, allowing for uniformity even at a slightly
lower boom height. However, at low pressure (0.2 MPa), the spray pattern be-
comes "narrow," requiring the boom to be raised to 0.7-0.8 m to compensate for
the geometry.

Mathematical Model

Based on the data, a formula was derived to predict the application uniformi-
ty:
§ = 131,09 — 350, 25k — 81,93p + 254, 62h° + 55, 16p° + 56,56k - p

Visualization of this model in the form of a response surface can clearly dis-
tinguish 'risk zones' and 'optimal operation zones'.
Practical Operational Recommendations
Based on the research results, specific recommendations have been formulat-
ed for agronomists and sprayer operators:

1) Low-pressure mode (0.2 MPa): Boom height should be maintained within the
0.7-0.8 m range. This is critical for preventing "striping" when using large
droplets.

2) Standard mode (0.3 MPa): The optimal height is 0.5-0.7 m. This mode is the
most balanced in terms of distribution uniformity and drift risk.

3) High-performance mode (0.6 MPa): Reducing the boom height to 0.5 m is
permissible. The fine spray produced at this pressure ensures adequate cover-
age even with less fan overlap.

Conclusion and Future Prospects
The study confirmed the hypothesis regarding the dominant influence of

boom height on sprayer performance quality. It was established that operating at a

height below 40 cm is unacceptable due to extreme non-uniformity (up to 75%).

The correct selection of pressure and height combinations allows for a reduction in
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the coefficient of variation to 6-8%, which significantly exceeds standard re-
quirements.

Further research should focus on the impact of dynamic boom oscillations
when the tractor moves over uneven terrain. This will allow the static model to be

supplemented with operational corrections.
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