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Abstract. The purpose of the study of the design and technological features of the pneumohydraulic 
atomizer, the supply of air for aeration of the liquid in which can be carried out both forcibly and by 
ejection, was to substantiate its operation in the cavitation mode. Collision of compressed jets of air 
and liquid phases is carried out in the expansion zone of the mixing chamber in a state of 
supersaturation, due to the release of latent heat of vaporization during condensation. 
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Аннотация. Целью исследований конструктивно-технологических особенностей 
пневмогидравлического распылителя, подача воздуха для аэрации жидкости в котором может 
осуществляться как принудительно, так и эжекцией, являлось обоснование его работы в 
кавитационном режиме. Соударение сжатых струй воздушной и жидкой фаз осуществляется 
в зоне расширения камеры смешения в состоянии перенасыщения, обусловленного 
выделением скрытой теплоты паробразования при конденсации. 
 

The process of drop formation during the supply of irrigation water with the 
help of sprinkling machines has been studied quite deeply [1]. The sizes of drops of 
natural and artificial rains vary widely: the first – from 0.1 to 7 mm, and the second 
– from 0.4 to 4.0 mm. Researchers noted the negative impact of increasing the 
diameter of droplets on the topsoil, and the impact force of drops with a diameter of 
3-5 mm is 4-5 times greater than drops with a diameter of 1 mm [2]. Analyzing the 
characteristics of existing sprinkling machines, we can conclude that further 
development of sprinkling machines with good performance in terms of material 
consumption and equipment cost should be carried out in the direction of reducing 
energy costs. Re-equipment of irrigation equipment with low-pressure nozzles 
makes it possible to reduce the energy intensity of sprinkling from 16 to 50%, while 
significantly increasing the efficiency of using water resources [3]. From the point 
of view of expanding the range of regulation of the size of water droplets sprayed 
by a sprinkler, it is promising to use aerators with an ejection effect in their design. 
Such devices, with a simple design, make it possible to obtain a water-air mixture 
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that easily breaks up into drops when it exits the sprinkler nozzle into the air, 
without additional expenditure of mechanical energy [4]. The ingress of air into a 
liquid is always possible, due to the high speed of its molecules, which penetrate 
not only the surface energy barrier of the liquid, but also actively penetrate into its 
intermolecular space [5]. The concept of cavitation is explained as the formation of 
fluid breaks as a result of a local decrease in pressure in it. Cavitation can also occur 
when, for some reason, sections appear in the liquid in which the speed of its 
movement is different [6]. At a pressure not much higher than the cavitation 
threshold, a lot of cavitation bubbles immediately appear, occupying a certain part 
of the space, which is called the cavitation region [7]. Under pulsed tensile stresses 
in a liquid, cavitation nuclei begin to grow, forming a cavitation cluster, the shape 
and length of which are determined by the initial size spectrum of cavitation nuclei, 
the nature of the applied stress, and boundary conditions [8]. 

It follows from theoretical assumptions that an increase in hydrostatic 
pressure leads to a decrease in the time of bubble collapse and an increase in the 
intensity of shock waves. As the temperature rises, the pressure inside the bubble, 
determined by the pressure of vapor and gas, increases and the shock wave 
weakens, but this also leads to an increase in the cavitation region [9]. 

An innovative pneumohydraulic device of a pneumohydraulic type sprinkler 
has been developed [10] and the geometry parameters of the structural device have 
been partially determined [11]. In connection with the need to develop irrigation 
technologies and sprinkler equipment designs that, at an economically feasible level 
of productivity, save water, energy, material and technical and labor resources 
without negative impact on the soil and the environment, it is relevant to justify the 
design and technological features of the sprayer in a cavitation mode. The essence 
of the technical solution of the device is illustrated by graphic material in fig. 1, 
where: on 1a – structural and technological equivalent diagram is shown, on 1b – 
pneumohydraulic sprinkler device pneumohydraulic type. 

During the operation of the device, water under pressure enters through the 
channel 1 of the fitting, receives acceleration in the cone-shaped constriction 2 and 
enters the nozzle 3 and is ejected into the mixing chamber 4 in which a vacuum is 
created for the air under pressure entering partly with a swirl through the cone-
shaped annular gap 5 with the converted part of the kinetic air energy from the 
diffuser 6, and into the diffuser through the channel 7 of the tangentially installed 
fitting from the compressor. Collision of compressed jets of air and liquid phases is 
carried out in the expansion zone of the mixing chamber in a state of 
supersaturation, due to the release of latent heat of vaporization during 
condensation. The water atomized by air is directed to the outlet nozzle 8, where it 
is partially driven into a rotational movement along the helical recesses 9 and is 
additionally swirled out of the device in the form of artificial rain. 

The minimum pressure p1 of the injected or mixed flow takes place in the 
inlet section of the cylindrical mixing chamber (see fig. 1a). This is the minimum 
pressure 

р1 = рн–∆рк, (1) 
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where: рн – air pressure; ∆рк – pressure drop at the inlet conical section of the 
mixing chamber. 

 
 а b 

Fig.1. Structural and technological equivalent diagram – a and appearance of prototype 
samples – b pneumohydraulic sprinkler device pneumohydraulic type 

 
At a pressure p2 equal to the boiling pressure p* of the mixed flow passing 

through the mixing chamber, a cavitation regime occurs in the atomizer. The 
pressure p* depends on the temperature of the mixed flows tp and tн and the 
injection coefficient u. 

With an increase in the injection coefficient u of the atomizer, ∆рк, changes, 
as does the pressure p* in accordance with the boiling point tc. When the pressure p1 
decreases to the value p*, the cavitation mode of operation of the atomizer occurs. 

According to [4], the dependence for calculating the cavitation coefficient 
injection и*, at which the cavitation regime occurs in the atomizer, has the form: 
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where: φ1, φ2 are the velocity coefficients of the nozzle of the water nozzle and the 
mixing chamber, taking into account the loss of momentum in the atomizer due to 
friction; 

f2 – cross-sectional area of the mixing chamber; 
fр1 – cross-sectional area of the water nozzle, 
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where d1 is the diameter of the cylindrical nozzle of the water fitting; where d2 is 
the diameter of the cylindrical mixing chamber. In a cylindrical mixing chamber 

f2 = fp1 + fн2,  (5) 
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where: fн2 is the area of the annular gap at the inlet to the cylindrical mixing 
chamber. 

As can be seen from equation (2), the cavitation injection coefficient u* is 
greater in apparatuses with a large cross section ratio f2/fpl. In addition, u* increases 
with an increase in the pressure of the injected medium pH and a decrease in the 
temperature of the mixed flow tc, the pressure p* corresponding to it, and the 
pressure drop of the working medium ∆pp in the atomizer nozzle. At given 
temperatures of the working flow tp and injected flow tи each temperature of the 
mixed flow tc corresponds to a certain injection coefficient u*. 

Cavitation in the atomizer occurs at u = u*. If the temperatures of the working 
and injected flows are the same (tp = tn = tc), the cavitation pressure p* = f(tc) is a 
constant value. Therefore, for an atomizer with given dimensions (f2/fpl = const) at 
constant parameters of water and air flows (pp = const and pH = const), as can be 
seen from equation (2), the cavitation injection coefficient u* depends only on the 
temperature of the medium tp = tн = tc. 

According to [4], the injection coefficient and is determined from the 
dependence: 
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where: K1 –working flow rate coefficient; K2 – rate coefficient of the injected flow; 
ар*, aн*, ас* – critical velocities of the working, injected and mixed flows, 

respectively, m/s [4]; 
λр2 = λрн, λн2, λс3 – are the reduced isentropic velocities of the working, 

injected and mixed flows, respectively [4], 
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 where: kр, kн, kc are the adiabatic indices of the working, injected and mixed flows, 
respectively [4]; 

pp, ph, pc are the pressures of the working, injected and mixed flows, 
respectively; 

vр, vн, vc are the specific volumes of the working, injected and mixed flows, 
respectively. 

Based on experimental studies [4], it is recommended to take φ1= 0.95; 
φ2 = 0.925, K1 = 0.925 and K2 = 0.9. 
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Let's check the possibility of a cavitation regime at the inlet section of the 
mixing chamber. To do this, let us set a number of values for the injection 
coefficient and then determine the boiling pressure of water p* at each temperature 
tc of the mixed flow. 

Based on the found values of p* and the given values of ∆рр, we find by 
formula (2) the cavitation coefficients u*. The cavitation regime at the inlet section 
of the mixing chamber occurs at u = u*. 

Based on the results of calculating the parameters in the WPS spreadsheet 
processor using formulas (1)-(7), plots of dependence u, u* = f(tc) were plotted fig. 
2. 

 
Fig. 2. Graphs of dependence: 1 – injection coefficient, и ; 2 – cavitation injection 

coefficient , и* on the temperature of the water-air mixture 
 

As can be seen from these graphs, the cavitation regime in the inlet section of 
the mixing chamber will occur at tc = 28.2°С, when u = u* = 4. This mode will 
occur at values of the injection coefficient corresponding to the cavitation 
coefficient or greater than it (u ≥ u*), that is, at a temperature tc ≤ 28.2°C. 

A theoretical model for the operation of a promising pneumohydraulic 
sprayer in the cavitation mode is proposed, graphical dependencies are obtained that 
can be used to optimize technological and geometric parameters, as well as design 
solutions when improving technology for producing artificial rain. 
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