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Abstract.  
With the growing acute shortage of water resources in the Republic of Kazakhstan, where the main water sources are of a 
transboundary nature, an untimely transfer of irrigated agriculture to water-saving technologies in irrigation can negatively af-
fect the national food security. Therefore, effective water resources management, introduction of new water-saving irrigation 
technologies, provision of irrigation water to regular irrigation lands necessary for the development of agriculture, improve-
ment of the reclamative condition and restoration of the irrigation infrastructure, and effective use of land resources will allow 
including extra 610 thousand hectares of land of regular irrigation in the national irrigation area by 2021. The paper developed 
the basic scheme of a modular set of mist sprinkling, with nozzles designed by the "Kazakh Scientific Research Institute of 
Water Economy" LLP. The technological parameters of the operation of each module were identified: the range of the nozzles, 
the average intensity of the rain, and the effective irrigation coefficient. 
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INTRODUCTION. 
With the growing scarcity of water resources, the applica-
tion of new water-saving irrigation technologies that allow 
increasing the productivity of irrigation water use is an ur-
gent field for the development of competitive agricultural 
output in the volumes sufficient to cover the needs of the 
domestic market, as well as to effectively develop the water 
sector of the economy and water policy. 
The analysis of promising technologies that save irrigation 
water and create favorable phytoclimatic parameters in the 
environment of plant growth indicates that they are particu-
larly effective at high air temperatures (more than 25-30 

°C) and low humidity (less than 30%). 
The development of the mist sprinkling technology and 
technical facilities solves the urgent problem: it creates 
favorable conditions for the growth and development of 
plants in areas with complex relief of arbitrary configura-
tion, reduces the impact of unfavorable factors of the habi-
tat during the vegetation period and prevents the occurrence 
of water erosion of soils. 
A modular system is being developed for the application of 
the mist sprinkling technology, which will contribute to 
raising the technical level in irrigated agriculture, efficient 
use of water and land resources in the foothill zone, main-
taining high crop yields even under unfavorable growing 
conditions and preventing the formation of water erosion. 

METHODS 
For the field testing of the technical mist sprinkling facili-
ties, various schemes for placing sprinkler sets and nozzles 
have been developed at a field testing site of the experi-
mental range of the Committee for Water Resources 

(CWR) of the Republic of Kazakhstan. The studies were 
carried out in accordance with the provisions on field tests, 
manuals on meteorological observations (temperature and 
humidity, wind direction and speed, precipitation) [1-6]. 
The values of watering rates and uniformity of moisture 
were identified by the rain-cups installed in the square and 
radial circuits; the working pressure in the pipeline network 
and the water flow – by the technical specifications of the 
pump, manometers, water meters; possible infiltration of 
irrigation water – by the moisture content of soils before 
and after irrigation; the microclimate of the habitat of 
plants (a 2-year-old apple orchard) – by the recorders 
(thermograph, hygrograph, barograph) installed in two me-
teorological booths. 

RESULTS 
The application of the mist sprinkling irrigation method 
provides optimal soil moisture regime, increased humidity 
of air, moisturized aboveground parts of plants and, as a 
result of enhanced evaporation of water, reduced tempera-
ture of air and plants. 
Based on the analysis of patent information retrieval mate-
rials [7-14], a classification of technical sprinkling devices, 
such as the existing types of sprinklers and nozzles accord-
ing to their main distinctive features (Table 1) has been 
made. 
The application of sprinkling, especially in hot hours of the 
day to reduce the negative impact of high air temperatures 
on the growth and development of plants, is effective [15-
21].  
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Table 1 – Classification of technical facilities of sprinkling (devices and nozzles) 

Types Rate, l/s Range, m 
Nozzle diam-

eter, mm 

Upstream 
pressure, 

MPa 

Root-mean-
cube diame-
ter of drop, 

mm 

Average rain 
intensity, 
mm/min 

Application 

Long range 5-85 
35-100 

and over 
16-52 0.6-0.7 2-5.8 0.09-0.413 

Stationary, seasonal 
sprinkling sets 

Middle range 0.45-9.5 10-35 6-18 0.2-0.6 0.9-2.5 0.059-0.51 

Wide coverage sprin-
kling machines for 
irrigation of garden 

plots, decorative gar-
dening 

Short range 
(deflector type) 

0.05-0.7 under 10 0.5-7.5 under 0.2 under 1.5 
0.098-0.6 and 

lower 

Small sprinkling ma-
chines and sets for 

garden plots, kitchen 
gardens, lawns 

 
For modular mist sprinkling sets, as sprinkler nozzles 
providing water distribution and the rain structure, compli-
ant with the necessary requirements, the sprinkling nozzles 
developed in KazSRIWE LLP were adopted. Spray nozzle 
is in Figure 1, carousel nozzle – in Figure 2. 
 

 
Figure 1 – Spray nozzle 

 
 
 

Figure 2 – Carousel nozzle 
 

These nozzles have a rain structure of less than 1 mm and 
ensure the uniform distribution of water over the irrigation 
area, which does not adversely affect the soil and ensures 
the quality of irrigation. 
The schematic diagram of a modular set of finely dispersed 
sprinkling was formed, consisting of two irrigation sections 
and equipped with sprinkler nozzles of various designs 
developed by KazSRIWE LLP. The technology of irriga-
tion by modular irrigation sets allows alternating watering 
by sections. For modular sets, a hydraulic automation 
scheme has been developed that automatically switches the 
water outlets by the watering areas. 
To test and identify the basic parameters of the modular 
mist sprinkling set, the stand shown in Figure 3 was de-
signed. 

 
Figure 3 –Principal diagram of the stand for identification of 

the parameters of sprinkling nozzles: 1 – pump; 2 – accumula-
tion tank; 3 – tap; 4 – pressure regulation valve; 5 – manome-

ter; 6 – piping section; 7 – sprinkling nozzle; 8 – rain-cups 
 

The stand for testing the mist sprinkling equipment is pro-
vided with connectors for installation of sprinkling nozzles 
and measuring gauges. 
To identify the distribution uniformity of the rain layer over 
the irrigation area, a bench area has been prepared that al-
lows testing the sprinkler nozzles taking into account the 
overlap of their ranges (Figure 4). 
In the bench area, special fixators are provided for adjust-
ing the installation angle of the piping in order to simulate 
the slope of the irrigated field surface. 

 
Figure 4 – Bench area for testing sprinkling nozzles:  

1– pump; 2 – accumulation tank; 
3 – tap; 4 – T-joint; 5 – riser with sprinkling nozzle;  

6 – blank plug; 7 – piping section 
 
The process of preparing for the bench tests of the elements 
and units of the modular sprinkling set began with the 
check on the quality of its components. 
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The check was done by visual inspection of the surface of 
all parts. Sealing rubbers were subjected to extra temporary 
compression during inspection to identify cracks or other 

defects. The parts of the set that had defects were replaced. 
The timing for checking the quality of the parts of the set is 
given in Table 2. 

 
Table 2 – Timing of the quality control of parts and components of the mist sprinkling set 

No. Parts and elements  Quantity, pcs. Checking time, s Note 
1 T-joint 9 72  
2 Nut 24 192  
3 Plug  10 60  
4 Rubber bushing d 15 mm 22 330  
5 Rubber bushing d 20 mm 6 90  

6 

Sprinkling nozzle (carousel):    
- connector 6 54  
- bushing 6 48  
- body 6 60  
- T-joint 6 48  
- nozzle 12 70  
- ring 12 20  
- PE (polyethylene) tube d 8 mm 12 45  

Total:  1,089 0.3 h 
 

Table 3 – Timing of operations of assembling the sprinkling set 

No. Operations  
Number of elements, units, 

sections of piping, pcs.  
Time for 

operation, s 
Note  

1 Cutting PE piping risers for sprinkling nozzles l=0.6 m 6 300  
2 Welding riser with connector for nozzle  6 480  
3 Cutting fixing wires for nozzles and end-parts grinding  6 330  
4 Cutting PE pipes d 8 mm for nozzles 12 120  
5 Assembling nozzles (carousel) 6 1,680  
6 Cutting piping sections l=10 m 6 1,080  
7 Cutting fixing rings for attachments  12 60  
8 Connecting riser with T-joint with nuts and rubber bushings  6 480  

9 
Assembling unit of set’s connection with pressure-forming unit (tap, 
connector, nut, rubber bushing) 

1 360  

10 Installation of bushings and nuts at piping sections  6 360  
Total: 5,250 1.46 hr 

 
Upon completion of the quality control of the elements, 
preparatory work, assembly of assemblies and cutting of 
PE piping sections were carried out. The timing of the op-
erations is shown in Table 3. On the bench (Figure 3), one 
sprinkler was initially tested to identify its operational pa-
rameters, and then a modular sprinkling set was installed at 
the site to identify its technical and operational parameters 
(Figure 3). The pressure in the pipeline network was 
changed by the tap 4 (3), allowing the pressure to be re-
lieved to the required values. 
On the bench site, the following were set depending on the 
pressure in the piping network: the flow characteristics of 
the sprinkler nozzles, the range of operation with/without 
overlap (with several nozzles operating), the irrigation effi-
ciency coefficients, the rain intensity, the water supply per 
unit time and other parameters.  
The rate of the nozzles was identified by the volumetric 
method by collecting water in the measuring tank with a 
simultaneous time countdown with a stopwatch and was set 
according to the formula: 
 
 ,l/s, (1) 
where 
qi was the nozzle rate, l/s; 
Vi  was the water volume, l; 

ti was the time, s. 
 
The total consumption of water by nozzles in the set was 
calculated by summing the rates of all nozzles.  
 
 , l/s (2) 
 
where Q was the water consumption of the sprinkling set.  
 
The range of the nozzles was found by a measuring tape at 
the extreme drops. The intensity of rain and the uniformity 
of its distribution over the area of irrigation were found 
with the aid of rain-cups of 0.8 liters capacity and 78.5 cm2 
receiving area. The duration of the experiments in 3-4-fold 
replicates was limited by the time of filling the rain gauges 
by 60-70% in the places with the highest intensity. 
The volume of water by the rain gauges was determined by 
the formula: 
 
 , l (3) 
 
where 
Wd was the water volume in the rain gauges, l; 
 was the water volume in the i-th rain gauge, l; 
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 was the area covered by one rain gauge, m2; 

fd was the rain gauge area, m2. 
 
The nozzle and the carousel nozzle (Figures 1, 2) were test-
ed, being by their parameters recommended for mist sprin-
kling. 
 
When testing the sprinkler nozzle, it was found that it could 
be used to irrigate small areas (the irrigation range being up 
to 1.35 m depending on the pressure) in combination with 
drip irrigation to create a microclimate in the irrigation 
zone. The technical specifications of the sprinkler nozzle 
are given in Table 4, and the carousel nozzle – in Table 5. 
On the carousel nozzle, during the tests, two nozzles were 
provided for long-range and short-range irrigation – with a 
slit cut. The nozzle outlets were made with a diameter of 
1.0, 1.5 and 2.0 mm. The bench checking of the parts re-
quired the improvement of the components, such as: bush-
ing, body and nozzles (the dimensions of mold parts were 
changed). Checking different nozzle combinations revealed 
that the nozzle for long and short irrigation with outlet 
holes of 2.0 mm in diameter was the best.  

Table 4 – Technical characteristics of the sprinkler nozzle 
Parameters  Pressure, MPa 

0.15 0.20 0.25 
Type  continuous operation  
Nozzle diameter, mm 2 
Rate, l/s 0.041 0.05 0.055 
Sprinkling range, m  1.18 1.25 1.35 
Coefficients:    
- effective sprinkling 0.86 0.87 0.82 
- insufficient sprinkling 0.08 0.07 0.10 
- oversprinkling 0.06 0.06 0.08 

 
Table 5 – Technical characteristics of the carousel nozzle 

Parameters 
Pressure, MPa 

0.15 0.20 0.25 
Nozzle diameter, mm  
- long range 
- short range  

 
2 
2 

Rate, l/s 0.083 0.10 0.11 
Sprinkling range without over-
lap, m: 

6.5 7.0 7.2 

Coefficients: 0.81 0.82 0.80 
- effective sprinkling 0.11 0.10 0.13 
- insufficient sprinkling 0.08 0.08 0.07 
- oversprinkling    

Upon the bench tests of the modular mist sprinkling sys-
tem, its technical and operational specifications were ob-
tained (Table 6). 
 

 
Table 6 – Technical and operational specifications of the modular mist sprinkling set 

Parameters 
Pressure, MPa 

0.15 0.20 0.25 
1 2 3 4 

Modular mist sprinkling set: 
- type  easily disassembling 
- operation mode semi-automatic 

 (manual adjustment of water supply rate) 
- pump brand Kama-10 
- pump capacity, KW 0.4 
- nozzles per set, pcs. 6 
- nozzles layout square  
- distance between nozzles, m 9.2 9.9 10.0 
- mist sprinkling area, hectares  0.051 0.059 0.061 
- total water consumption, l/s 0.050 0.061 0.065 
- water supply per day of operation  
(not including evaporation loss), m3/hectare 

850 878 936 

- mass of set without pump and risers for fixing nozzles, kg:  
pipes Ø 20 mm 9.72 
pipes Ø 25 mm 12.91 
Sprinkling nozzle (carousel): 
- type continuous operation 
- nozzle diameter, mm:  
long range 2 
short range  2 
- rate, l/s 0.083 0.10 0.11 
- sprinkling range without overlap, m 6.5 7.0 7.2 
- mass, kg 0.074 
Piping network: 
- material PE 
- diameter, mm 20 (25) 
- total length, m 60 
- number of sections, pcs. 6 
pipes Ø 20 mm 7.38 
pipes Ø 25 mm 10.56 
Coefficients: 
- effective sprinkling 0.81 0.82 0.80 
- insufficient sprinkling 0.11 0.10 0.13 
- over sprinkling 0.08 0.08 0.07 

The data in Table 6 show that, at an operating pressure of 
0.25 MPa, the carousel type sprinkling nozzles used have a 

considerable range (up to 7.2 m), which allows them to be 
placed at a distance in case of square location at the irrigat-

idF
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ed area, equal to 1.41R, that is, 10 m from each other. The 
irrigated area of one nozzle is 0.01 ha. A set of 6 nozzles 
can irrigate 0.06 ha using a low-flow Kama-10 pump with 
little energy per unit time (0.4 kW/h). For sections exceed-
ing 0.06 ha, it is possible to use several modules with inter-
changeable parts. For considerable irrigated areas (1 ha and 
more), the supply and distribution pipelines of large diame-
ters and a pump with a large flow rate are necessary if ra-
tionalized. 
 

DISCUSSION 
To test the results obtained, group tests of the mist sprin-
kling systems were carried out. At the experimental range 
in KazSRIWE LLP for testing the modular mist sprinkling 
systems, a pilot site with the necessary equipment was pro-
vided (pumping and power equipment, shut-off valves, 
control and measuring devices, main, distribution and irri-
gation pipelines, sprinkler nozzles, etc.). The diagram of 
the pilot site is shown in Figure 5. 
The test results of simultaneously operating 2, 3, 4 and 8 
mist sprinkling modules with 12 sprinkler nozzles and 6 
carousel nozzles in each module, which have worked 220 
and 240 hours, respectively, are shown in Table 7 and in 
Figures 6 and 7 

 

 
Figure 5 – Diagram of the bench site for testing the modular 
mist sprinkling systems: 1– pumping station; 2 – distribution 

piping; 3 – sprinkling piping; 4; 5 – sprinkling nozzles; 6 – 
fruit trees 

 

 
Table 7 – Technical characteristics of the operation of modules with various types nozzles tested at the experimental 

bench site 

Parameters 
Number of simul-
taneously operat-

ing modules 

Sprinkling nozzles 
Spray nozzle Carousel nozzle 

Pressure in piping network, MPa 
0.15 0.20 0.25 0.15 0.20 0.25 

Sprinkling area, ha  

2 

0.0074 0.008 0.0085 0.0098 0.116 0.124 
Network rate, l/s 0.034 0.038 0.044 0.98 1.16 1.28 
Piping diameter, mm 15 15 15 20 20 20 
Nozzle rate, l/s 0.0014 0.0016 0.0018 0.082 0.096 0.107 
Sprinkling range, m 1.22 1.26 1.31 6.4 6.9 7.1 
Number of nozzles, pcs. 24 24 24 12 12 12 
Average rain intensity, mm/min  0.028 0.03 0.032 0.055 0.058 0.064 
Coefficient of effective irrigation, Kef 0.82 0.84 0.83 0.81 0.84 0.82 
Sprinkling area, ha  

3 

0.0111 0.012 0.0129 0.147 0.174 0.186 
Network rate, l/s 0.051 0.057 0.066 1.47 1.74 1.86 
Piping diameter, mm 15 15 15 20 20 20 
Nozzle rate, l/s 0.0014 0.0016 0.0018 0.082 0.096 0.107 
Sprinkling range, m 1.22 1.26 1.31 6.4 6.9 7.1 
Number of nozzles, pcs. 36 36 36 18 18 18 
Average rain intensity, mm/min  0.028 0.03 0.032 0.055 0.058 0.064 
Coefficient of effective irrigation, Kef 0.83 0.85 0.84 0.82 0.85 0.83 
Sprinkling area, ha  

4 

0.0148 0.016 0.0172 0.196 0.232 0.248 
Network rate, l/s 0.068 0.076 0.088 1.96 2.32 2.56 
Piping diameter, mm 15 15 15 20 20 20 
Nozzle rate, l/s 0.0014 0.0016 0.0018 0.082 0.096 0.107 
Sprinkling range, m 1.22 1.26 1.31 6.4 6.9 7.1 
Number of nozzles, pcs. 48 48 48 24 24 24 
Average rain intensity, mm/min  0.028 0.03 0.032 0.055 0.058 0.064 
Coefficient of effective irrigation, Kef 0.83 0.85 0.84 0.82 0.85 0.83 
Sprinkling area, ha  

8 

0.0296 0.032 0.0344 0.392 0.464 0.496 
Network rate, l/s 0.136 0.152 0.176 3.92 4.64 5.12 
Piping diameter, mm 15 15 15 20 20 20 
Nozzle rate, l/s 0.0014 0.0016 0.0018 0.082 0.096 0.107 
Sprinkling range, m 1.22 1.26 1.31 6.4 6.9 7.1 
Number of nozzles, pcs. 96 96 96 48 48 48 
Average rain intensity, mm/min  0.028 0.03 0.032 0.055 0.058 0.064 
Coefficient of effective irrigation, Kef 0.83 0.85 0.84 0.82 0.85 0.83 
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Table 8 – The average layer of rain (mm) for different operating times of modules with sprinkler nozzles and carou-
sel nozzles 

Operating time, 
min 

Sprinkling nozzles 
Spray Carousel 

Pressure in piping network, MPa 
0.15 0.20 0.25 0.15 0.20 0.25 

60 1.68 1.80 1.92 3.3 3.48 3.84 
120 3.36 3.60 3.84 6.60 6.96 7.68 
180 5.04 5.40 5.76 9.90 10.44 11.52 
240 6.72 7.20 7.68 13.20 13.92 15.36 
300 8.40 9.00 9.60 16.50 17.40 19.20 
360 10.08 10.80 11.52 19.80 20.88 23.04 
420 11.76 12.60 13.44 23.10 24.36 26.88 
480 13.44 14.40 15.36 26.40 27.84 30.72 
540 15.12 16.20 17.28 29.70 31.52 34.56 
600 16.80 18.00 19.00 33.00 34.80 38.4 

 

 
Figure 6 – Rate and head-flow characteristic of carousel 

nozzle 
 

Figure 7 – Rate and head-flow characteristic of sprinkler 
nozzle 

 
The average irrigation rate for sprinkling duration of 6-8 
hours is 20.0-30.0 mm with the use of carousel nozzles and 
10.0-15.0 mm – with sprinkler nozzles (Figures 8, 9). The 
standard deviation varies from 0.4 to 1.4 mm; the coeffi-
cient of variation is from 3.7 to 6.0%. With a relative error 
of the average weighted irrigation rate of 0.6-2.1%, the 
coefficient of effective irrigation is 0.81-0.84 (Table 8). 
 

 
Figure 8 – Dependence of the precipitation layer on sprinkling 

duration with sprinkler nozzles 

 
Figure 9 – Dependence of the precipitation layer on sprinkling 

duration with carrousel nozzles 
 

CONCLUSION 
1 The basic scheme of a modular mist sprinkling set, 

consisting of two sections of irrigation and equipped 
with sprinkler nozzles of various designs, has been de-
veloped. The technology of irrigation with modular 
mist sprinkling sets allows alternating watering by sec-
tions. For modular sets, a hydraulic automation scheme 
has been developed that automatically switches the wa-
ter outlets between the watering areas. 
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2 For modular mist sprinkling sets, as the sprinkler noz-
zles providing water distribution and the structure of 
the rain, corresponding to the necessary requirements, 
the design of KazSRIWE LLP has been adopted: a 
spray nozzle and a carousel nozzle that have a rain 
structure of less than 1 mm. 

3 As a result of the tests, the following has been identi-
fied: the flow characteristics of the sprinkler nozzles 
depending on the pressure in the pipeline network, the 
range of watering of the spray and carousel nozzles 
with and without overlap, the optimal diameters of the 
outlets, the irrigation efficiency coefficients, the rain 
intensity, the water supply per unit time and other indi-
cators. 

4  The technical and operating characteristics of the mod-
ular mist sprinkling system have been found. They 
show that the irrigated area of one nozzle is 0.01 hec-
tares with an irrigation range of 7.2 m. A set consisting 
of 6 nozzles can irrigate a section of 0.06 hectares with 
the use of a low-flow Kama-10 pump with a small 
amount of energy per unit of time being 0.4 kW/h. 

5  The technological operating parameters of a separate 
module: the range of the nozzles at pressures of 0.15-
0.25 MPa is 1.2-1.3 m for mist sprinkling and 6.4-7.1 
m for carousel nozzles; the average rain intensity is 
0.028-0.032 and 0.055-0.064 mm/min; the coefficient 
of effective irrigation – 0.81-0.85. 
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