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Abstract. The purpose of the study of the design and teclyicdl features of the pneumohydraulic
atomizer, the supply of air for aeration of theuldjin which can be carried out both forcibly and b

ejection, was to substantiate its operation inclngtation mode. Collision of compressed jets of ai
and liquid phases is carried out in the expansionezof the mixing chamber in a state of
supersaturation, due to the release of latentdfeatporization during condensation.

OBOCHOBAHUE PABOTBHI HIHEBMOI'MIPABJIMYECKOI'O
PACIIBIVIMTEJIA B PEXKUME KABUTALIUU
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AnHoTtanmusi.  llempt0o  WCCIIEZIOBaHMA  KOHCTPYKTHUBHO-TEXHOJIOTHUECKHX  OCOOEHHOCTEH
ITHEBMOTHIPABIMYECKOTO PACTIBUTUTES, TT01a4a BO3AYyXa IS adPAIiH KUIKOCTH B KOTOPOM MOXKET
OCYIIECTBIISATHCS KaK MPHHYAWUTECIBHO, TaK M KEKIHMEH, SBISIOCH 00OCHOBaHHME ero paboTH B
KaBUTAIIMOHHOM pexxume. CoyIapeHne CKAThIX CTPYH BO3AYIIHOW M KHUIKOH (a3 OCyHMIECTBISACTCS
B 30HC pACHIMPCHHS KaMepbl CMCIICHUS B COCTOSIHMU IICPEHACHIIICHUS, OOYCIOBICHHOTO
BBIJICJICHUEM CKPBITOU TEILIOTHI TApOOPa30BaHUS MPHU KOHICHCALIUY.

The process of drop formation during the supplyriegation water with the
help of sprinkling machines has been studied gieeply [1]. The sizes of drops of
natural and artificial rains vary widely: the firstfrom 0.1 to 7 mm, and the second
— from 0.4 to 4.0 mm. Researchers noted the nepatipact of increasing the
diameter of droplets on the topsoil, and the impacte of drops with a diameter of
3-5 mm is 4-5 times greater than drops with a ditamaf 1 mm [2]. Analyzing the
characteristics of existing sprinkling machines, w&n conclude that further
development of sprinkling machines with good perfance in terms of material
consumption and equipment cost should be carri¢dnaine direction of reducing
energy costs. Re-equipment of irrigation equipmefth low-pressure nozzles
makes it possible to reduce the energy intensigpahkling from 16 to 50%, while
significantly increasing the efficiency of using tearesources [3]. From the point
of view of expanding the range of regulation of Hiwe of water droplets sprayed
by a sprinkler, it is promising to use aeratorshvéah ejection effect in their design.
Such devices, with a simple design, make it posdiblobtain a water-air mixture
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that easily breaks up into drops when it exits spenkler nozzle into the air,
without additional expenditure of mechanical eneldjy The ingress of air into a
liquid is always possible, due to the high speedtofmolecules, which penetrate
not only the surface energy barrier of the liquodf also actively penetrate into its
intermolecular space [5]. The concept of cavitai®explained as the formation of
fluid breaks as a result of a local decrease issune in it. Cavitation can also occur
when, for some reason, sections appear in thedliquiwhich the speed of its
movement is different [6]. At a pressure not muaghbr than the cavitation
threshold, a lot of cavitation bubbles immediatapear, occupying a certain part
of the space, which is called the cavitation redifn Under pulsed tensile stresses
in a liquid, cavitation nuclei begin to grow, fomgi a cavitation cluster, the shape
and length of which are determined by the initiaespectrum of cavitation nuclei,
the nature of the applied stress, and boundaryittonsl [8].

It follows from theoretical assumptions that anre@ase in hydrostatic
pressure leads to a decrease in the time of buddbl@pse and an increase in the
intensity of shock waves. As the temperature riffes,pressure inside the bubble,
determined by the pressure of vapor and gas, iseseand the shock wave
weakens, but this also leads to an increase inahation region [9].

An innovative pneumohydraulic device of a pneumahytic type sprinkler
has been developed [10] and the geometry paranadténg structural device have
been partially determined [11]. In connection wilie need to develop irrigation
technologies and sprinkler equipment designs #tatn economically feasible level
of productivity, save water, energy, material aedhnical and labor resources
without negative impact on the soil and the enviment, it is relevant to justify the
design and technological features of the sprayer ¢avitation mode. The essence
of the technical solution of the device is illuséeh by graphic material in fig. 1,
where: on & — structural and technological equivalent diagiareshown, on & —
pneumohydraulic sprinkler device pneumohydraulpety

During the operation of the device, water undesgues enters through the
channel 1 of the fitting, receives acceleratiothi@ cone-shaped constriction 2 and
enters the nozzle 3 and is ejected into the migimgmber 4 in which a vacuum is
created for the air under pressure entering pavitih a swirl through the cone-
shaped annular gap 5 with the converted part ofkthetic air energy from the
diffuser 6, and into the diffuser through the chalnn of the tangentially installed
fitting from the compressor. Collision of compredgets of air and liquid phases is
carried out in the expansion zone of the mixing ncher in a state of
supersaturation, due to the release of latent heatvaporization during
condensation. The water atomized by air is diretdeithe outlet nozzle 8, where it
is partially driven into a rotational movement ajotine helical recesses 9 and is
additionally swirled out of the device in the foohartificial rain.

The minimum pressurp; of the injected or mixed flow takes place in the
inlet section of the cylindrical mixing chamber ésig. 1a). This is the minimum
pressure

P1=PiNpi, (1)
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where: p, — air pressureA\p, — pressure drop at the inlet conical section ef th
mixing chamber.
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Fig.1. Structural and technological equivalent chag—a and appearance of prototype
samples -b pneumohydraulic sprinkler device pneumohydrayheet

At a pressure jpequal to the boiling pressup® of the mixed flow passing
through the mixing chamber, a cavitation regimeuogcin the atomizer. The
pressurep* depends on the temperature of the mixed fldwsindt, and the
injection coefficientu.

With an increase in the injection coefficient utbé& atomizerAp,, changes,
as does the pressyrein accordance with the boiling poitit When the pressum
decreases to the valpg, the cavitation mode of operation of the atomiaecurs.

According to [4], the dependence for calculating ttavitation coefficient
injectionu+, at which the cavitation regime occurs in the arem has the form:

w =92 fo 1 P~ P )
¢1 fpl 1+ py — Px App
App

where:o1, ¢, are the velocity coefficients of the nozzle of thater nozzle and the
mixing chamber, taking into account the loss of reatam in the atomizer due to
friction;

f, — cross-sectional area of the mixing chamber;

f,1 — cross-sectional area of the water nozzle,

T[dZ

fu =5 (3)
T[d2

f,= 42 , (4)

wheredl is the diameter of the cylindrical nozzle of thater fitting; whered2 is
the diameter of the cylindrical mixing chamberaloylindrical mixing chamber
fo =fo1 +fi2, (5)
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where: f,, is the area of the annular gap at the inlet to djendrical mixing
chamber.

As can be seen from equation (2), the cavitatigection coefficient u* is
greater in apparatuses with a large cross sectmfs/f,. In addition,u* increases
with an increase in the pressure of the injectediome py and a decrease in the
temperature of the mixed flow, the pressure p* corresponding to it, and the
pressure drop of the working mediunp, in the atomizer nozzle. At given
temperatures of the working floty and injected flowt, each temperature of the
mixed flowt; corresponds to a certain injection coefficight

Cauvitation in the atomizer occursiat u*. If the temperatures of the working
and injected flows are the santg % t, = t¢), the cavitation pressup = f(tc) is a
constant value. Therefore, for an atomizer withegidimensionsf{/f, = const) at
constant parameters of water and air flopys= const andpy = const), as can be
seen from equation (2), the cavitation injectioefoient u* depends only on the
temperature of the mediutp=t, =tc.

According to [4], the injection coefficient and idetermined from the
dependence:

KA —KA\,

ap*
1 pH
u=— %

a, (6)

K4)\c3 _Kz )\712

a
where:K; —working flow rate coefficientk, — rate coefficient of the injected flow;
ap+, &, ae — critical velocities of the working, injected amdixed flows,
respectively, m/s [4];
A2 = Aowy A2, Az — are the reduced isentropic velocities of the wirk

injected and mixed flows, respectively [4],

a,.=_|2——pV,, (7)

K.
a,. 2 K +1 p.v.,

where:k,, k,, k. are the adiabatic indices of the working, injecied mixed flows,
respectively [4];

P, P, P are the pressures of the working, injected andethifiows,
respectively;

V,, Vi, \c are the specific volumes of the working, injecéed! mixed flows,
respectively.

Based on experimental studies [4], it is recommdntie take ;= 0.95;
@2 =0.925K; = 0.925 anK;, = 0.9.
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Let's check the possibility of a cavitation regimethe inlet section of the
mixing chamber. To do this, let us set a numbervatiues for the injection
coefficient and then determine the boiling presireaterp* at each temperature
tc of the mixed flow.

Based on the found values pf and the given values &fp,, we find by
formula (2) the cavitation coefficientg. The cavitation regime at the inlet section
of the mixing chamber occurs @t u*.

Based on the results of calculating the parametethbe WPS spreadsheet
processor using formulas (1)-(7), plots of depecden u* = f(t;) were plotted fig.
2.
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Fig. 2. Graphs of dependence: 1 — injection caiefiitcu ; 2 — cavitation injection
coefficient ,u» on the temperature of the water-air mixture

As can be seen from these graphs, the cavitatgimeein the inlet section of
the mixing chamber will occur at = 28.2TC, whenu = u* = 4. This mode will
occur at values of the injection coefficient copasding to the cavitation
coefficient or greater than i1 & u*), that is, at a temperatutg< 28.2°C.

A theoretical model for the operation of a promgsipneumohydraulic
sprayer in the cavitation mode is proposed, grapliiependencies are obtained that
can be used to optimize technological and geompaitameters, as well as design
solutions when improving technology for producimgifizial rain.
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