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Abstract  
The efficiency of rotary sprinklers is determined by the radius of action which the area, average rate and potential 
of crop irrigation depend on. The maximum distance between the sprinklers, the required quality of water spraying 
is measured by the radius of action. Dependences of the radius of action on the pressure and diameter of the nozzle 
of the rotary sprinkler are the main parameters that allow for the optimization of the irrigation of crops. The radius 
of action of sprinkler affects the operating cost of sprinkler irrigation systems. The paper presents the studies on 
the effect of pressure and diameter of the sprinkler nozzle on the radius of action and density of spray by rotary 
sprinkler, taking into account climatic forcers. The attained results are compared with the earlier experimental 
studies. The calculated dependences to determine the radius of action on pressure and the diameter of the rotary 
sprinkler nozzle have been obtained. 
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Introduction 
Spray irrigation is used to irrigate various crops. It is especially effective in combined irrigation of orchards 
together with drip watering but it can be used as an independent system to irrigate crops. In this case, stable and 
big fruit crops are achieved. Sprinkler irrigation is used to reduce surface air temperatures during droughts and to 
combat frost during spring blossoming. The efficiency of rotary sprinklers is determined by the radius of action 
which the area, average rate and crop irrigation potential depend on. According to the radius of action, the maxi-
mum distance between the sprinklers, the required quality of spraying water are determined. The dependences of 
the radius of action on the pressure and diameter of the rotary sprinkler nozzle are the main parameters that allow 
for the optimization of the irrigation of crops. 
The analysis of study on the application of sprinkler irrigation shows that rotary sprinklers are widely adopted in 
agriculture. However, as an overview of a wide range scientific efforts shows, there are not sufficient investiga-
tions in the field of operating sprinkler systems, the choice of sprinkler designs depending on the radius of action, 
spray density, nozzle outlet diameters. 
The works by Kafaza [1, 2], Merkley and Allen [3], F.I. Pikalov and B.M. Lebedev [4] deal with the research on 
sprinkler irrigation systems. Kafaza obtained the relationship between the radius of action of the sprinkler de-
pending on the diameter of the nozzle hole and working pressure [1, 2] in the form: 
𝑅 = 1.35√𝑑. ℎ                                 (1) 
where, R is the radius of the sprinkler field coverage in meters, d is the diameter of the hole of the sprinkler, mm, 
h is the water pressure in the hole of the sprinkler, m 
Merkley and Allen [3] established the relationship between the radius of action, the diameter of the hole, pressure, 
height of the holder and the sprinkler extrusion angle, which is presented in the form of dependences (2) - (6): 
R୨ = X1 + X2                                           (2) 
X1 is a horizontal distance that a drop moves from the sprinkler hole to the highest point, m, X2 is a horizontal 
distance that a drop moves from the highest point to the point where it meets the ground, m 
The distances X1 and X2 are determined from the formulas (3) and (4), and the remaining parameters of the sprin-
kler action are illustrated in Figure 1: 
Xଵ = V଴. cosα. tଵ                                           (3) 

Xଶ = V଴. cosα. ට
ଶ(୦౨ା୦భ)

୥
                        (4) 

where V0 is the speed of water exit from the sprinkler hole, m/s, t1 is the time during which a drop of water moves 
from the sprinkler hole to the highest point of air (second), s,  hr is the height of the sprinkler holder m, g is the 
acceleration of gravity m / s2, h1- the height of spray of water, m 
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Figure 1: Merkley and Allen Sprinkler Action Radius 

The time during which a drop of water moves from the sprinkler hole to the highest point of air is found from the 
formula: 

tଵ =
୚బ.ୱ୧୬஑

୥
           (5) 

where α is the angle of ejaculation. 
The water spray height is determined by the dependence: 

hଵ =
୚బ

మ.ୡ୭ୱమ஑ 

ଶ୥
                                                        (6)   

Experimental data by F. I. Pikalov [4] show that the maximum range of sprinkler action is observed for an exit 
angle relative to the horizon of 30 ° and a ratio of H / ds <1000. This pattern is described by the formula: 
𝑅 = 0.42𝐻 + 1000𝑑௦                                                                 (7) 
where H is the water pressure in the sprinkler hole, m, ds is the diameter of the water stream at the outlet of the 
sprinkler hole, m. 
For 800 < H/ds <4000, the formula by B.M. Lebedev to calculate the radius of the sprinkler effect: 

R =
ୌ

଴.ସା
బ.బబబమఱౄ

ౚ౩

                                                                     (8) 

As can be seen from the literature analysis and presented studies of sprinklers, the results are contradictory, they 
need experimental verification and generalization of experimental results. There is no data about the influence of 
meteorological conditions on the main operational parameters of sprinklers during crop irrigation. Modern sprin-
klers and their elements are made of new materials – polyethylene, polyvinyl chloride and metal; they need pro-
duction verification to obtain reliable data on the radius of action during crop irrigation. 
 
Materials and Methods 
The main parameter of the water distribution over the area is the sprinkler action radius which determines the 
irrigation efficiency in the form of the range of jet and the rainfall density, the required spray quality. When 
obtaining ideal tests by the parameters of sprinklers, laboratory experiments at a wind speed that is equal to zero 
are used, and as a rule, the surrounding air temperature is not taken into account. However, in real (field) condi-
tions, crop sprinkler irrigation is carried out at a wind speed of about 1 m/s in the conditions of still and high air 
temperatures [1]. 
The studies were conducted for an isolated sprinkler AG-VYR-35 in real metrological conditions. To take into 
account the irrigation density depending on the radius of action, pressure, and diameter of the nozzles, we used 
measuring calibrated containers which were located around the sprinkler in the north, south, east, and west around 
the isolated sprinkler [1, 2]. The distance between the sprinkler nozzle and the first container was 0.15 m, and the 
subsequent distances along the radius from the sprinkler between the containers were 0.5 m [1]. The pilot unit 
included a centrifugal pump which developed a pressure of 0.6, 0.8 and 1 bar. The sprinkler was mounted to the 
holder, the distance from the center of the nozzle to the ground surface was 1 m. Studies were carried out for the 
three types of sprinklers in 3 replicates and standard diameters of the main nozzles: 3.5, 5.0 and 6.0 mm. The 
rotary sprinkler has one extra hole. Table 1 illustrates the main characteristics of the sprinklers. 

Table 1: The Main Parameters of a Blade-Type Rotary Sprinkler 
Sprinkler Pressure during the experiments Diameters of nozzle, mm 

Main Additional  

1 0,6; 0,8; 1,0 3,5 3,5 
2 0,6; 0,8; 1,0 5,0 3,0 
3 0,6; 0,8; 1,0 6,0 3,0 

 
The pressure was measured with a standard pressure gauge mounted on a pipe in front of the sprinkler. The speed 
of wind was measured with an anemometer installed at a height of 2.0 m. The rate of water in the pipeline before 
the sprinkler was measured with a calibrated flow meter. The temperature and humidity were determined with a 
meter of temperature and atmospheric moisture. Each experiment lasted for 2 hours. The air temperature during 
the experiment was in the range of 20-22 °C. The main criterion for the experiments was the radius of the sprinkler 
effect and the rainfall density. 
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Results and Discussion 
The rainfall density during irrigation is the main characteristic of the sprinkler. It has been established that the 
density of rainfall depends on the radius of action of the sprinkler (Figure 2). 

 
Figure 2: The Dependence of the Rainfall Density on the Radius of Action of the Sprinkler with Nozzle 

Diameter of 3.5 mm 
The results show that the radius of action depends on the pressure at the point of connection of the sprinkler to 
the pipeline. An ultimate rainfall density is observed in the pressure range of 0.6-1.0 bar with a sprinkler action 
radius of 2.65 m and (5.65-6.65) m, respectively. Changing the pressure practically does not affect the rainfall 
density with the sprinkler action radius from 0 to 5.5 m. The rainfall density becomes unstable when the pressure 
changes and the radius of influence increases more than 5.5 m. The highest rainfall density is observed at 0.6 bar 
and the smallest radius of action of the sprinkler which does not exceed 7.0 m. The most continuous curve char-
acteristics of rainfall change from the radius of action of the sprinkler were obtained at a pressure of 1.0 bar at 
which the radius of action reaches 10.2 m. The rainfall density curves can be averaged by a trend line which in 
the pressure range of 0.6-1.0 bar for a sprinkler with a nozzle diameter of 3.5 mm gives the formula: 
𝑃 = 4,744 − 1,65 ln 𝑅௦                                          (9)             

R2 = 0,929, Rs ≤ 10,2 m , 
where P is the rainfall density, mm/hour; Rs is the radius of action of the sprinkler, m. 
The formula (9) can be used to calculate the rainfall density when designing sprinkler irrigation systems where 
sprinklers with a nozzle diameter of 3.5 mm are used. 
Similar characteristics were obtained for sprinklers with nozzle diameters of 5 and 6 mm. They are illustrated in 
Figures 4 and 5. 

 
 

Figure 3: The Dependence of the Rainfall Density on 
the Radius of Action of the Sprinkler with a Diame-

ter of 5 мм 

Figure 4: The Dependence of the Rainfall Density on 
the Radius of Action of the Sprinkler with a Diameter 

of 6 мм 
 

Figures 3, 4 illustrate a sprinkler density curve with nozzle diameters of 5 and 6 mm, respectively, and pressures 
of 0.6, 0.8 and 1 bar. It is not possible to average rainfall density curves with a trend line with nozzle diameters 
of 5 and 6 mm because the square of the correlation coefficient is less than 0.64. 

y = -1.649ln(x) + 4.7443
R² = 0.9296
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The results show that the radius of action depends on the pressure at the point of connection of the sprinkler to 
the pipeline, and the diameter of the sprinkler nozzle, therefore using the method of least squares, and based on 
the Kafaza relation (1), the equation for the sprinkler action radius has been obtained: 
𝑅 = 1.99 ∗ 𝑑଴,ଷ଺଺ ∗ ℎ଴.ହ଴ଷ            .                                                        (10) 
Figure 5 shows a comparison curve between the practical and calculated radii of the sprinkler action for the 
diameter of the main sprinkler nozzle of 3.5 mm. 

 
Figure 5: The Dependence of the Pressure on the Radius of Action of the Sprinkler 

 
It is seen from the figure that the average absolute fractional error between the practical and calculated radii of 
action of the sprinkler according to Kafaza, according to F. I. Pikalov, according to B. M. Lebedev, and according 
to equation (10) for the diameter of the main nozzle of the 3.5 mm sprinkler are 20.78%, 23.49%, 8.98%, 1.56%, 
respectively. 
Also, Figures 6, 7 show a comparison curve between the practical and calculated radii of the sprinkler action for 
the diameter of the main nozzle of the sprinkler of 5 and 6 mm, respectively. 

 

 

Figure 7: The Dependence of the Pressure on the  
Radius of Action of the Sprinkler 

Figure 6: The Dependence of the Pressure on the  
Radius of Action of the Sprinkler 

It is seen from the figures that the average absolute fractional error between the practical and calculated radii of 
action of the sprinkler according to Kafaza, according to F. I. Pikalov, according to B. M. Lebedev, and according 
to equation (10) for the diameter of the main nozzle of the 5 mm sprinkler are 14.93%, 16.06%, 0.92%, 1.7%, 
respectively, and for the diameter of the main nozzle of the sprinkler of 6 mm are 15.37 %, 14.6%, 2.41%, 1.59%, 
respectively.  

The results demonstrate that the absolute fractional error between the practical radius and the calculated one from 
the equation (10) is less than 2%, this confirms the reliability of the hypothesized equation (10) and their suita-
bility for the used sprinklers. 
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Conclusion  
1. It has been established that the formula (9) can be used to calculate the rainfall density in designing sprinkler 
systems where sprinklers with a nozzle diameter of 3.5 mm are used. 
2. The reduction of the average absolute fractional error according to the formula (10) when comparing with the 
Kavaza formulas is 2.0–20.7 in the range ... .., so we have obtained a more favorable connection with the prevail-
ing climatic conditions and the sprinklers used. 
3. As the diameter of the sprinkler hole increases from 3.5 mm to 6 mm, the spray density and the sprinkler action 
radius increase. As the pressure rises from 0.6 bar to 1 bar, the radius of action of the sprinkler increases, and the 
density of spray decreases. 
4. The results of the study must be used for sprinkler irrigation to reduce air temperature at surface during 
droughts, as well as to combat frost in blossom time of orchards and other crops. 
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