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Characteristics of the droplet motion of a liquid antifreeze reagent
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Abstract. The object of investigation is the process of spraying of the anti-icing reagent. As an
object of research, external forces are selected that affect on each drop of the reagent: counteraction
forces, gravity forces, Coriolis force and centrifugal inertial forces, lifting force, frictional forces of the
reagent on the surface of the working equipment: disk and blades. It is assumed that the liquid reactant is
fed under pressure to the hydraulic nozzles installed in the disk casing, and then falls onto the distribution
disk. The tasks solved within the framework of the article: the identification of external forces acting on
each drop of the reagent from the moment of flow from the nozzle to the moment when it reaches the
coating, the study of the effect of external forces on the characteristics of droplet motion, the
mathematical description of the process of formation of the sputtering zone. To refine the droplet motion
characteristics under the action of external forces using the already available mathematical description of
the droplet motion along a distribution disk, a mathematical model of their motion in the air environment
has been developed. The equation of motion of the drops of the reagent, the dependences of the
droplet's flight range on the mode and parameters of the working equipment are obtained. Meteorological
factors such as wind speed and direction, as well as air environment properties (dynamic and kinematic
viscosity, depending on the temperature of the medium) are considered in the simulation. This model will
provide an opportunity to the reasonably assignation of the parameters of the distribution equipment
during their design and operation and will also serve as a base for mathematical and software systems
for the continuous monitoring of the process of applying liquid reagents for road and airfield pavements.
Its operation will allow to provide a high-quality treatment of coatings ensuring the preservation of their
operational properties and to make a reagent savings.

AHHOTaumsa. Llenb cTtatbm — OPMUPOBAHME KOMIMSIEKCHOW MaTeMaTU4eckon Moaenu,
OnuChIBaIOLLEN OBWKEHNE Kanenb XMUAKOro peareHTa npu obpaboTke nokpbiTuin. O6bEKT nccneaoBaHus
— MpOLeCC pacnblfieHNs1 NPOTUBOroNONeAHOro peareHTa. B kadecTBe npegmMeTa nccnenoBaHuii BbibpaHbl
BHELUHWE CUIbl, BO3AEWCTBYIOLLME HA KaXaylo, OTAENbHO pacCMaTpyMBaEeMylo, Kanmko peareHTta: Cunbl
COMNPOTMBMNEHUS CPedbl, Cuna TSHKeCTW, KOpuonmcoBa U LEHTpobexHas cunbl MHepuuu, noabeémHasi
cvna, Ccunbl TPEeHUs peareHTa O MNOBEPXHOCTb paboyero obopygoBaHus: AuMcka W nonaTok.
Mpegnonaraetcs, YTO XWUAKUA peareHT nodaérca nog AaBreHneM K rmapaBnuyecknm (OOpCyHKam,
YCTaHOBMEHHbIM B KOXYXe AMCKa, a 3aTeM nonagaeT Ha pacnpegenutenbHbin AUck. 3agadn, pellaemMble
B paMKax CTaTbW: BbISIBIIEHWE BHELUHMX CWUI, OEWCTBYIOLUMX Ha Kaxayl Kanmn peareHta ¢ MOMEHTa
ncTeyeHns u3 popcyHKN 40 MOMEHTa OOCTUXKEHUS €0 MOKPbITUS, U3YYEHNE BIUSHUSA BHELLUHUX CUIT Ha
XapaKTePUCTUKN OBWXEHUS Kanenb, MaTeMaTUdeckoe onuncaHue npouecca (OpPMUPOBaAHMS 30HbI
pacnbineHns. Ons yTOYHEHMS XapakTepUCTUK OBMXEHWs Kanenb nog OeNCTBMEM BHELUHWMX CWUM C
NCMOMb30BaHMEM YK€  MMEILLErocs  MaTeMaTU4eckoro OnucaHus  OBWXKEHWs  Kanenb Mo
pacnpegenuTenbHOMy AMCKY pa3paboTaHa matemaTnyeckass MOAerb UX OBWKEHNS B BO3OYLLHON cpeae.
Mony4eHbl ypaBHEHUS OBWKEHUS Kanerb peareHTa, BbisiBNEHbl 3aBUCMMOCTU AanbHOCTU NnoreTa Kanenb
OT pexuma (4YacToTa BpalleHMs Oucka WM OaBrfieHWe nogadv peareHTa) M napameTpoB paboyero
obopynoBaHusa (oMamMeTp pacnpeaenutenbHoro Amcka, paguyc ero CTynuubl, HaknoH nonaTtok (pebep)
OMcKa 1 ero BbICOTa Hap NMOBEPXHOCTbK MOKPbLITUS, BbICOTA PacMonoXeHust POPCYHOK OTHOCUTESNBHO
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nnockoctu amcka). MNMpn mogenmpoBaHun yuTeHbl MeTeoporornyeckne akTopbl, Takme Kak CKOpOCTb M
HanpasneHne BeTpa, a Takke CBOMNCTBA BO3AYLLHON cpedbl (AUHaMmnyeckas u KMHemMmatnyeckas BA3KOCTb,
3aBucsAlWwMe oOT TemnepaTypbl cpefbl). [aHHas mogenb npeaocTaBuUT BO3MOXHOCTbL OBOCHOBAHHO
Ha3HayaTb napameTpbl pacnpeaenuTensHoro obopyaoBaHNs NpPU NX KOHCTPYMPOBAHUM 1 3KCNNyaTauuu,
a Takke bygeT gABnATbCA 6a3on ANA MaTeMaTtU4eckoro U MpPOrpaMMHOro obecneyeHust cucTeMmbl
HenpepbIBHOMO KOHTPONS Had NpOLEeCCOM HaHECEHUs XUOKUX peareHTOB Ha AOPOXHbIE U a3pOAPOMHbIE
nokpbltna. E€ dyHkunmoHmpoBaHne no3sBonuT obecneunTb KavyecTBeHHYI0 06paboTky MOKPbLITUN,
obecneymBast Npy 3TOM COXpaHEeHNEe NX IKCNIyaTaLMOHHbIX CBOWCTB M 9KOHOMUIO peareHTa.

1. Introduction

Most of the territory of Russia is situated in the temperate continental climatic zones, the northern
regions are situated in the Arctic and subarctic areas. The climate of Central Russia is continental,
characterized by the presence of hot summer and a prolonged cold winter. Similar climatic conditions are
typical for Canada, Mongolia, countries of the Scandinavian Peninsula. With the peculiarity of the
geographical location of the country, many problems are related to maintenance and operation of roads
and airfields in winter.

The most important is the prevention of the appearance and removal of ice, sleet and snow-ice
formations on the covers.

To prevent the icing on roads and airfields, two types of anti-icing reagents (AR) are used: liquid
and solid.

There are the distinct designs of aerodrome dispensers of reagents which working organs provide
for the use of one type of AR (or both) depending on the task (removal of ice or the adoption of
preventive measures for its formation) [1, 2].

The following versions of the design of the distribution equipment (DE) are known: nozzles
(injector, fan, side fan), mounted on bars (beams) and distribution disks, treating coatings with both liquid
and solid reagents.

The main advantages of the nozzles are the uniformity of the AR application on the surface and the
compactness of the workpiece design. Disadvantages are the complexity of adjusting of the height of the
arrangement of several nozzles above the coating, the insufficient range of distribution of the AR which
poses to complicate the design of the outrigger rods. In addition, such design of the DE imposes the
restrictions on the type of AR applied to the surface.

The technology of disk distribution involves the treatment of coatings with both liquid and solid
reagents. It is possible to vary the width of the processing strip by changing the speed of rotation of the
disks and their height above the surface. Disk distributors allow the high-speed processing of aerodrome
coverings (with a speed of up to 40 km/h) with a distribution width up to 40 m. However, when operating
this type of DE it is important to take into account the presence of factors and conditions that adversely
affect on the uniformity of the AR application. To assess them, it is necessary to consider the design
features of the disk DE and to get the conception of the movement of the reagent jet relative to the
coating. Automatic monitoring systems for reagent feeds have been developed to monitor the position of
remote rods with disks/nozzles [3], the system for monitoring the speed of disks and the flow rate
metering AR [4, 5, 6], automated control systems for actuators using the GNSS system [7]. The purpose
of such systems is to maintain the consistency of the width and density of the coating regardless of the
speed of the machine. However, the algorithm of their functioning does not provide the influence of the
external environment on the process of distribution of the AR. The effect of the wind force and the
direction on the range and uniformity of processing, the influence of the physical properties of the
medium on the nature of the flow of the reagents are not considered. By considering these factors we will
able to continue the adjustment of operating modes and parameters of DE ensuring the uniformity and
width of the AR application to the coating. In addition to the existing model for the movement of the
reagent over the disk, it is necessary to develop a mathematical model of the flow of liquid AR in the air,
which can be used to create a system for monitoring the distribution process of the AR, analogous to the
systems considered in [8-10]. It will be part of a comprehensive automated system for monitoring and
managing the distribution of the reagent. The development of information technologies and software
systems [11-13] allows to work on the formation of mathematical and software for such technical means.
The urgency of the developed model is also in the scientific justification given to it for the choice of
location and modes of operation of the DE at various meteorological conditions (wind speed and
direction). Judging by the published literature, in this direction such works were not earlier performed. At
the moment, hydrodynamic processes active in viscous fluid flows and contact of a single drop with the
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liquid surface are widely studied [14, 15]. The displacement of a liquid in a gaseous medium is
considered in [16, 17, 18]. The jet flow from the nozzle is described in detail in [19, 20, 21, 22]. The
mentioned studies, which are the closest to the analyzed processes can be used as a basis for the
development of models. However, they require the adaptation to the characteristic design features of the
distribution equipment and operational factors associated with the operating mode of the DE and the
influence of the external environment on the movement of AR drops. Similar research in the field of
agricultural machinery was carried out in [23, 24].

2. Methods
2.1. Mathematical model of the motion of a drop of AR on the disk

Since the initial conditions of motion and the medium in which the sputtering take place, and the
types of acting forces for each drop from the set that make up the stream (jet) of the reagent are the
same, the solution of the problem can be reduced to studying the process of motion by the example of
one drop of AR. After this, it is necessary to proceed to a more complex problem of considering the
moving flow of the reagent. The obtained data should be used to form the process of distribution of AR in
different conditions, with different density of air and reagent, with different parameters of DE to determine
the most favorable combination of these conditions, factors and parameters from the viewpoint of the
quality of coating treatment.

Let us consider the trajectory of the motion of a drop of liquid AR relative to the surface of an
airfield cover to determine the influence of the type and parameters of the distribution equipment, its
location and operating modes on it.

The mode of operation determines the rotational speed of the distribution disk and the pressure
created by the injectors. The main parameters of the distribution equipment are the diameter of the
distribution disk, the radius of its hub, the inclination of the blades (ribs) of the disk and its height above
the surface of the coating, the height of the nozzles relative to the plane of the disk.

The study of the displacement of a drop of reagent in the air will allow to determine the methods
and ways for improving the quality of the distribution of reagents and accordingly the achieved value of
the coefficient of adhesion.

In further calculations, the following assumptions are made as follows:

e the drop has the shape of a sphere;

¢ physical properties of the air environment: temperature T,°C, a density p1, kg/m?3, the coefficient

Dynamic Viscosity n, kg/m-s;

e density of the liquid reagent pz2 is selected based on of Temperatures The surrounding

environment and objectives of ongoing works (prevention or deleting the ice);

¢ type working equipment — distributing disk diameter d, m;

e reagent is sprayed by built in the blade guard nozzles under pressure Po MPa, and then

discarded by the shoulder of disk blades;

e blade’s angle @o;

¢ the calculation takes into account the friction of the PGR on the surface of the blades, the wind

speed and direction, the time of motion, the disk height above the coating;

e angle between the direction of the wind and the axis which the velocity vector of the drop of the

AR is projected to varies at bounds from 0°to 360°.

The study should begin with a consideration of a drop of AR moving along the disk with the initial
flow rate from the nozzle.

To study the motion of the droplet two coordinate systems will be used — xy, to move the drop
along the disk and XYZ-to describe its motion relative to the surface of the coating.

When the droplet moves from the nozzle to the periphery of the disk centrifugal forces act on it, the
frictional forces on the blade surface of the disk, and the Coriolis force (Figure 1).
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Figure 1. The scheme of the forces acting on a drop of AR on the disk surface

The diagram shows: 1 — distribution disk, 2 — blade (edge) of the disk, R — the radius of the disk,
ro — radius of the disk hub, @o — tilt angle of disk rib.

The differential equation of motion of a drop of a reagent along with a disk edge located at an
angle to the radial position has the form:

d? x

m-—_— = Fcos@(F' — Fsing)f — G - f,
where F is the centrifugal force of inertia, H;

F is the Coriolis inertia force H;

G is the weight of the drop, H;

fis the friction coefficient of the AR on steel.

In turn, these forces are equal:
FFm r-w?,
F=2m-w %,

G=m"g,
where w is the angular velocity of rotation of the disk;
g — acceleration of gravity, m/s?.

The solutions of this equation are as follows:

x = L0000 (K 4 et 4 (K — fe~o®-D) — K,

K=+VfZ+1,
. 1
Ki =71y - f- sing, +g-f§.
The velocity of the AR drops in the projection onto the x-axis (m/s) can be found by the equation:

Vv, = & = Katrocos@o (g2 _ p2y (e K-Ht _ g=o (XNt
dt 2K
The process of motion and the nature of the acting forces are described in detail in [25].

Leaving the nozzle, the flow of liquid formed by individual drops is discarded by the blades of the
disk, acquiring additional kinetic energy, and flies off the disk. Then it starts to move in the air.

The velocity of the liquid outflow from the nozzle (the speed of motion in the projection on the y
axis) [26, 27]:

V,

— 2(Po+p2gh)
y P2 ’
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where h is the height of the nozzle relative to the disk, m;
Po — AR feed pressure, MPa.

Using the vector addition of velocities, the initial velocity of the droplet is determined at the time of

flight from the disk:
V= /V,? + Vf.

According to the XYZ coordinate system, the rotational motion of the disk is portable, and the
motion of the AR drop over the disk is a relative motion. Therefore, the droplet velocity at the moment of
separation from the disk is calculated according to the classical law of addition of velocities by vector
addition of the initial velocity and the linear speed of rotation of the distribution disk:

Vv, = /VZ + Vi, 1)

where Vg — linear disk rotation speed, m/s.
Va=wR,
where R is the radius of the disk, m.
Once being left from the distribution disk, the drop in the relation to the coating will have a speed:
V, =V, + Vi, @)
where Vm — machine speed.

The velocity values V,in the projection on the axis will be the initial conditions for further
consideration of the droplet moving in the XYZ coordinate system. The X axis is perpendicular to the
machine's axis of motion, the Z axis is parallel to it. The Y axis is parallel to the axis of rotation of the
distribution disk.

This analysis is necessary for specifying the initial conditions for the equations of motion of drops
of reagent in the air.

2.2. Mathematical model of the motion of a drop of AR in the air

At the time of gathering the disk (Figure 2), and on further movement droplet in air on it are:
gravity G, since there is a drop near the ground, the force of the air resistance of the medium Fy [28] and
the lift force R directed opposite to the force of gravity [29]. In scheme arbitrarily, specified wind speed
vector Vy acting in the XZ plane and directed at an angle a to the X axis.

A

Vi)
Wit

Figure 2. Scheme of the direction of velocity vectors and forces acting on a drop of AR in the
process of its movement

In the diagram shown: 1 — the distribution disk 2 — a drop PGR (shown in phantom), ¥, — wind
velocity vector, H — disk height above coated (0), Vx(0) — vector initial drop velocity at the time of the
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gathering from the disk at an angle of 0° to the X axis, V;(0) — initial velocity vector of droplets at the time
of a meeting with the disk at an angle of 0° to Z axis, Vy(0) — vector initial drop velocity at the time of the
gathering from the disk at an angle of 0° to Y axis, Vx ,Vy ,V; — the vectors drop rate at arbitrary moment
of time.

The force of gravity is determined by the formula G = m - g, the lifting force, which is a part of the
total aerodynamic force is determined by the formula

R=p- Vg
where Vi — drop’s amount m?;
p1 is the density of air in kg/m3.

The strength of the air environment resistance characterizes its viscous properties and is
calculated by the formula Fy = k - v [30, 31],

where v = V2 — PRT speed drops when gathering from the disk, m/s;
k is the coefficient of medium resistance, kg/s.

k depends on the dynamic viscosity of the medium and the geometric shape of the body moving
inside. For bodies of spherical shape k = 61 - R -1 [32, 33],

where R is the radius of the drop, m;

n is the coefficient of dynamic viscosity of the medium, kg/m-s. This value is a reference and
calculated depending on the temperature of the medium [34].

According to Newton's Second Law, the change in the momentum of a body is equal to the sum of
the forces acting on it. Then the equation of motion of the drop in the projection onto the Y axis takes the
form:

m-ay =m-g-p; Vg8 — k9, (3)
where m is the mass of a drop of liquid PGR, kg;
ay, — drop’s acceleration, m/s%
p1 is the density of air, kg/m3.:

At the final moment of the considered time interval (when the drop reaches the coating), the value
of the Y coordinate must be zero (Figure 2).

At different times, the droplets will leave the disk, flying off from it at some angle B, analogous to
the angle of unloading when the solid particles move on the rotating disk [35]. Using this angle and
applying the basic theorem of the vector algebra on the decomposition of a vector along an orthogonal
basis [36], we can obtain the projections of the initial velocity vector of the drop on the X, Y, Z axis
(Figure 3).

80’ a’ (3607

Figure 3. Scheme of the direction of the initial velocity vector of the drop of the PGR at flight from
the disk surface
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The diagram shows: 1 — the distribution disk, 2 — the drop of the PGR, 3 — the angle of the drop of
the PGR drop from the disk, V(B) — the vector of the initial velocity of the droplet upon the flight from the
disk at the angle, Vy — wind velocity vector directed at an angle to the X axis, Vx(0) — initial vector of drop’s
velocity at the time of the gathering from the disc at an angle of 0° to the X axis, V;(0) — initial vector of
drop’s velocity at the time of gathering from the disc at an angle of 0° to the Z axis, Vy(0) — initial vector of
drop’s velocity at the time of the gathering from the disc at an angle of 0° to the axis Y.

The angle B is measured from the X axis in the XZ plane counterclockwise. If we change its value
with an arbitrarily chosen step, we obtain the projections of the initial velocity vector V(B) on the X and Z
axes. The projection of the vector on the Y axis which lies in the perpendicular plane will be zero.

When studying the drop’s behavior in the air traffic, it can be divided into four computational cases:

case | — the angle B = 0°...90° and B =270°...360°, Il — value of the angle B = 90°...270°, Ill — the
angle B = 0°...180°, IV — the angle B = 180°...360°.

When the angle B is between 0° and 360° the values of the initial velocity of the reagent droplets in
the expansion axis in the chosen coordinate system change and therefore change the value of drop’s
displacements along the axes X, Y, Z.

The data on these displacements makes it possible to determine the initial and final coordinates of
the drop in the XYZ system, visualize the trajectories of the flow of liquid reagents, and calculate the
maximum width of the coating strip for the liquid reagent.

In order to take into account the effect of wind on a moving drop, we use the calculation schemes
shown in Figures 2 and 3. Figure 2 shows the positions of the reagent drop in the planes XY and ZY,
indicating the droplet velocity vectors Vi and V. Let us consider the displacement of a drop relative to the
X axis. In this case, there are two possible variants: movement toward the positive direction of the X axis
and toward the negative direction. In both cases, the forces of resistance of the air environment are
acting. The wind flow, conventionally designated by the vector V;; and determined by the strength and
direction of the wind, will decrease the velocity of the drop if it moves in the windward zone and increase
it if the drop is in the leeward zone [37].

The leeward zone is the zone in which the wind does not exert any influence, that is V_V=0.

The strength of the air resistance of the medium F, = k - V is directed opposite to the vector of
drop’s velocity and is effective equally in all directions. Projecting all the forces on the X-axis, we get:

For the first design case:

m - a, = k(V, -V, cosa), (4)
For the second design case:
m - a, = k(V, — V,cosa) (5)
If the drop moves in the leeward zone, the equation of motion takes the form:
m-a; =k-V, (6)

Similarly, there will be movement in the plane ZY.

A drop from the AR stream can move either in the positive direction along the Z axis (case 3), or in
the opposite direction (case V).

The equation of motion in the projection on the Z axis takes the form:

For the Ill design case:

m - a, = k(V,- V,sina), ()
For IV settlement case:
m - a, = k(V,- V,sina), (8)
In the case of movement in the leeward zone:
m-a,=k-V, 9)
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The obtained equations and dependencies are introduced into the monitoring system software
provide an opportunity to accurately estimate the most important quality parameters of the reagent
spraying — the width of the processing strip and the uniformity of the AR application under different
conditions. If the distributor is equipped with measuring sensors that determine the strength and direction
of the wind, as well as the height of the disk above the coating, then by means of the hydraulic drive of
the distribution disks, flow regulators and pressure of the reagent feed, it is possible to purposefully
change the operating modes and arrangement of the working equipment.

Data on the state of the environment and the performance of the equipment will flow into the
control unit of the monitoring system of the reagent dispenser. After their processing and automatic
calculations on the above formulas, the system will determine the optimal mode of operation of the
equipment (the frequency of disk’s rotation, the installation height above the coating, pressure and the
value of the AR feed). Data from the sensors will be continuously fed into the control unit in real time.
Thus, both external factors related to the environment and internal ones that depend on the working
equipment will be considered, and the efficiency and quality of the process of anti-icing processing are
ensured.

3. Results and Discussion

1. For the resulting droplet motion equations (3-5, 7, 8), we formulate the initial conditions: the
time of motion of the droplet relative to the coating begins in the moment of the droplet’s fly off the disk,
the maximum time of investigation is the time when the drop reaches the coating. The value of the
velocity and acceleration of the drop relative to the Y axis at the initial instant of time is zero. The angle of
departure of the B drop from the disk is assumed to be equal zero.

Under the initial conditions for solving the differential equation 3: Y (0) = H, Y '(0) = 0, t the solution
of the equation takes the form:

_(8m = py-vi) (m = m-e/m 4+ kot-e“Ym))

Y (% - Fm) (10)
yr_ @m = pyvi) - (€ — 1) 4y
(k - e*%m) ’
n _ (g8(m—py-Vy)) (12)
V= E e

where Y is the coordinate of the drop in the projection onto the Y axis, m. At the initial instant of time t, it
is assumed to be equal zero;

Y' is the first derivative of the time coordinate Y, i.e. droplet speed, m/s;

Y" is the second derivative of the time coordinate Y, i.e. droplet acceleration, m/s?;
t is the time of motion of the drop, sec;

Vy is the volume of the drop, m®.

At the final moment of the considered time interval (when the drop reaches the coating), the value
of the Y coordinate must be zero (Figure 2). At the initial moment, Y = H.

2. The solution of the differential equations 4,5 with the initial conditions Vx (0) = Vzcos (0), is the
velocity of the drop at the initial instant of time, and X (0) = 0 is the coordinate of the drop along the X
axis at the initial instant of time,

m- ek't/m(VV * cosa — Vz))

m( V; - cosa - V.
X=( (W 2))+ V, - t-cosa — ) (13)
k k
X' = V,-cosa —e“/m (V, - cosa- V), (14)
g —Ue-eIm(V, - cosa - V) as)
m )

where X' is the first derivative of the time for X coordinate, i.e. droplet speed, m/s;
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X""is the second derivative of the time for X coordinate, i.e. acceleration of the drop, m/s?.
3. Under the initial conditions, Vz (0) = -V2 - sin (0), Z (0) = 0.

The solution of equations 7, 8 takes the form:

. k- .
7 = (m(Vvsm:—VZ(O))) + V, -t sina — (m-e t/m(VVksmo(—VZ (0)))’ (16)
7' =V,sina — e“/m (Vysina — V,(0)), (7)
g _ (k- e"m(Vysing — V2(0)) (18)

m

where Z' is the first derivative of the time for Z coordinate, i.e. droplet speed, m/s; Z" is the second
derivative of the time for Z coordinate, i.e. acceleration of the drop, m/s2. These equations are derived
and based on similar studies [28, 30, 33].

4. The resulting differential equations (3—-9) of the AR droplet motion in the air environment in the
projections on the X, Y, Z axes allow us to conclude that the acceleration value with which the PGD
droplet moves in the air environment is determined by the values of the viscosity coefficient of the
medium, mass droplet, travel time and the speed of the AR drop, wind direction and machine speed
(equations 12, 15, 18). This confirms and develops the already available results of the study [38-40],
since it provides an opportunity to describe the entire process of droplet’'s motion, starting to fly off the
disk and ending with the reaching the coating.

5. The value of the droplet's velocity of a liquid reagent is determined by the droplet's mass,
viscosity, travel time, and the departure angle of the droplet from the disk, and by the direction and force
of the wind (11, 14, 17). With the change of wind’'s speed, the deviation of the trajectory of the PGR drop
will be observed, the magnitude and direction of which is affected by the force of the wind and its
direction relative to the axis of motion of the machine.

6. When wind influences on the flow of reagents, the deviation of the trajectories of the droplets
are moving on different sides relative to the rotation axis of the disk will differ in magnitude (equations
4-9).

7. With increasing the wind’s strength, it is necessary to reduce the height of the distribution
equipment to maintain the range of the AR drop and the required width of the processed strip.

8. As the altitude of the disk increases, the value of the range of the flight of the AR drop
increases and consequently the overlapping areas of the coating treatment areas with the liquid reagent
in the case of two disks (equations 3, 10, 13, 16). Related results are described in [41], but with reference
to the agricultural engineering.

9. The value of the initial velocity of the AR drop at the time of flight from the distribution disk
depends on the exhaust velocity of the AR from the injector, that is, not only on the reagent feed
pressure, but also on the height of the spray nozzle relative to the distributing disk (formulas 1, 2).

10.The flight range and the width of the processing strip are determined by such parameters of the
environment as:

a) the viscosity of the air;
b) direction and speed of the wind.

4. Conclusion

1. A mathematical model of describing the motion of drops of a liquid reagent in the process of
treatment with roadside reagents of road and airfield coatings is developed.

2. An analytical solution of the differential equations of AR droplets moving in the air is obtained.

3. Dependences of the trajectory, speed and acceleration of motion on the parameters of the
working equipment (the geometrical dimensions of the distribution disk, the mode of operation of the disk
and the spray nozzle) and the characteristics of the external environment (viscosity of the air medium,
direction and air flow velocity) are determined.
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4. Some factors that will allow to maintain the given range continuously and the uniformity of
treatment of coatings with liquid reagents are determined. The developed model is recommended to be
used in an automatic monitoring system for the distribution of liquid AR.

5. The system should ensure the continuous collection, processing and analysis of environmental
data and the distribution equipment in real time. The obtained information will be used to calculate the
effectiveness of the coating application process (i.e, the best combination of range, density and uniformity
of the AR feed). In the article, the basis of the mathematical support of the work of this system is
proposed.
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