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ABSTRACT 

 
Aims: The research describes the methods of conducting some field studies to 
evaluate the effectiveness of sprinkler irrigation systems and to design them 
reliably. Also, the distribution of discharge in the irrigation system across the 
territory and its losses are analyzed. 
Study Design: Christiansen's coefficient of similarity "CU" is used to 
estimateestimates sprinkler water distribution. 
Place and Duration of Study:Department of the “Hydraulics and 
hydroinformtaicshydro informatics”, “Irrigation and melioration”“Tashkent institute 
of the irrigation and agricultural mechanization engineers” National research 
university,between June 2021 and July 2022 
Methodology:Christiansen's coefficient of similarity "CU"is carried out by 
studying three types of combinations according to the Catch Can method: 
sprinkler height, sprinkler discharge, and pressure changes. In order to 
determine the Christiansen coefficient, it is calculated using the sum of 
experiments in taking into account the distribution of discharge according to the 
height of the sprinkler at several different pressures. Based on the method given 
above, the optimal height was determined in the assessment of water 
distribution. Based on field experiments and their analysis, a graph was created 
based on sprinkler height and flow distribution for discharge. 
Results:Kindly make sure to include relevant statistics here, such as the optimal 
height of the sprinkler chosen from three types of them including 0.5m, 0.75m, 
and 1m. Above Among them, 0.75 m is chosen as an the optimal height of the 
sprinkler. As a result, the correlation coefficient is a the best one according to the 
pressure head (10m, 12m, 14m, 16m, 18m, 20m) and sprinkler height (0.5m, 
0.75m, 1m) and water distribution (between 11m and 16m). 
Conclusion:From the results,we can use to calculate the water distribution of the 
sprinkler system in theof 0.75 m height of the sprinkler in theunder different 
pressure headheads. It is also good for design designingand doing hydraulic 
calculation calculationsof this system.  
 
 
Keywords:Water distribution, discharge, sprinkler system, pressure head. 
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1. INTRODUCTION 
 
In the context of climate change and increasing water scarcity, the introduction of 
resource-saving irrigation technologies in agriculture is ofis of great importance. 
The purpose of this work is aimed to evaluate the effectiveness ofmoisture 
distribution of moisture in the sprinkler irrigation system. When choosing an 
irrigation method, it is effective essentialto choosea  themethod that can evenly 
distribute moisture to the field. For this,Accordingly, several indicators of the field 
should beare taken intointo account such as:soil characteristics of the soil, 
topographic condition, available water source, groundwater condition, soil 
salinity, and wind speed and direction. The main goal of any irrigation method is 
to evenly distribute water to the soil. A sprinkler irrigation system was chosen 
according to the above indications and the Catch Can method was used to study 
its effectiveness. The distribution of waterthe amount, ofwater comingflowingout 
of throughthe sprinkler irrigation system was evaluated using Christiansen's 
coefficient of uniformity. For this purpose, several tens of experiments were 
conducted by to measuremeasuring the flow of water coming out of from the 
sprinkler, and its distribution at different pressures, and the result waswas 
calculatedobtainedbyusing the following formula (1), [1,12]. 

ݑܥ = 100	(1 − ఀ௔
௠∗௡

)   (%)  (1) 
Here, Cu is Christiansen's homogeneity coefficient, %; m-average value; a- 
amount of deviation from the average value; n is the number of trials. Various 
studies have been conducted to determine the distribution effectiveness of the 
distribution of thewater amount of water coming out offlowingthrough the 
sprinkler. According to the research findingsthe article [12], at 6 different 
pressures (100-200), kPa was changed every 50kPa, and at 3 different sprinkler 
heights of 0.5 m, 0.7 m, 1 m, and the distribution of the amount of water coming 
out of two different nozzles was tested in experiments, andexperiments and 
achieved good results. Another literature [5] emphasized that the correct choice 
of sprinkler height, pressure, and diameter is very important for the system 
efficiency of the system and reviewed with several experiments. In addition, 
researchers [6] stated that the correct implementation of the distribution of the 
sprinkler irrigation system is the only and main way to increase its efficiency and 
conducted several experiments. From the experience of source [7] we can see 
the table above. According to it, Cu was calculated at 3 different heights of 0.3m, 
0.6m, and 0.75m at the same pressure at 104kPa, and as a result, 88% 
uniformity was achieved at a height of 0.75m. As you can see, sprinkler height is 
also important in ensuring uniformity. According to the section "Sprinkler 
Irrigation" [8], as a result of research, it has been proven that the height of the 
sprinkler has an effect not only on "Cu", but also on the amount of water coming 
out of the sprinkler. According to the source study [9], Cu was calculated at 
heights of 50 cm, 100 cm, and 150 cm at pressures of 138 kPa, 172 kPa, and 
207 kPa. As a result, at a sprinkler height of 50 cm, at a pressure of 172 kPa, it 
was equal to 96% Cu. According to the source [10], 83%, 85%, and 88% of Cu 
were achieved by performing the Catch can experiment at a pressure of 104kPa 
at sprinkler height heightsof 30cm, 60cm, and 75cm. [11] calculated Cu at a 
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pressure of 103kPa for sprinkler type (fixed and rotary) and nozzle diameters 
(5.6mm, 6.9mm) and found 90% Cu for 6.9mm and 80% Cu for 5.6mm. Various 
problems arise as a result of not fully studying the sprinkler irrigation system and 
not properly implementing the system project [16]. For this reason, the use of this 
method in irrigation and the problem of falling efficiency of the sprinkler irrigation 
system are increasing [18]. One of the problems is the non-uniform distribution of 
water, that is, the consumption of water in parts of the area where water is not 
needed, and the release of large amounts of water as a result of increased 
pressure. One of the main reasons for these problems is the wrong choice of 
sprinkler type, errors in the distribution of pressure and water consumption, and 
the effect of sprinkler height is considered very important [17,20]. To find out the 
degree of distribution of water, using the Catch can method, (Cu) is estimated by 
the formula for calculating the coefficient of uniformity of Christiansen (1). To 
ensure uniform distribution of water in the sprinkler irrigation system, the amount 
of Cu should be more than 80%. The main purpose of this experiment and 
calculations is to determine the connections and values between the diameter of 
the sprinkler, its height,  and the pressure, and consumption, and to estimate the 
distribution of the water coming out of the sprinkler by the Christiansen uniformity 
coefficient Cu. 
 
2. MATERIAL AND METHODS  
 
For the experiment, several containers were installed around the sprinkler to 
determine the amount of distributed water. According to the above distribution 
method, having a CU value of more than 80% indicates a high degree of 
uniformity of the output water quantity. In the amount of less than 80% of CU, the 
uniformity is not satisfactory. The Catch Can method uses several containers to 
estimate water distribution. Containers are placed at the same distance around 
the sprinklers, and one container is placed on each side. The more dishes there 
are, the more accurate the calculations will be. 

 
a)      b) 

Figure 1. a) sprinkler location: 1-container, 2-sprinkler; b) location of 
containers 

The experiment was conducted using 3 different heights: 0.5m, 0.75m, and 1m. 
There are 3 different 12 m. water column, 15 m,.water column and 18 m. water 
column pressures were used. 32 of the containers were needed and its height 
was 118 mm, diameter was 80 mm. Containers are installed radially on 
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sprinklers. In the experiments, the sprinkler was turned on and off at intervals of 
45 minutes to one hour, and the pressure and water collected in the tank and 
time were measured and placed in ona table. A sprinkler system is wasinstalled 
and its working principle is wasas follows: the pool is wasfilled with nearby water 
sources and is calmed according to its quality; the water pump is wasturned on 
for a few minutes until the flow is wasstable; the water goes wentto the main pipe 
and then reaches reachedthe sprinkler and the water is wassprayed over the soil 
and the plant 
Estimation of Christiansen's coefficient of uniformity (Cu). Christiansen's 
uniformity coefficient "Cu" is used to determine the irrigation efficiency, so the 
result of the Catch can method was evaluated using Cu [1]. The amount of 
deviation from the average value "a" in each container was determined as follows 
[14,12]: 

ܽ = ௜ܸ −݉;݉ = ∑ ௏೔
௡

  (2) 
Here, Vi is the measured volume of water in each container; m- average value; n 
is the number of trials. 
 
3. RESULTS AND DISCUSSION 
 
During the experiment, the flow distribution of the effective sprinkler type at 
different heights (0.5 m, 0.75 m, 1 m) and pressure changes (12 m. water 
column, 15 m, and. water column, 18 m. water columns) was studied. 

Table 1. The result of changes in the distribution diameter and uniformity 
coefficient due to pressure changes at different heights of the sprinkler 

Sprinkler 
head, h [m] 

1 1 1 0.75 0.75 0.75 0.5 0.5 0.5 

Pressure 
head, P [m 
suvustuni] 

12 15 18 12 15 18 12 15 18 

Water 
distribution, 
D [m] 

11.04 11.2 11.84 11.6 12.6 14.0 14.2 14.4 14.9 

Uniformity 
coefficient, 
Cu [%] 

78.6 85.3 85.49 80.1 82.2 91.1 70.7 77.6 78.1 

 
Table 2. Amount of discharge from the sprinkler in containers 

1-row, 
ml 

2-row, 
ml 

3-row, 
ml 

4-row, 
ml 

5-row, 
ml 

6-row, 
ml 

7-row, 
ml 

8-row, 
ml 

20 50 40 35 20 20 30 25 
25 60 55 45 45 20 40 25 
25 50 40 50 50 25 25 20 
125 150 125 130 125 230 70 100 
195 310 260 260 240 305 155 170 
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Figure 2. Graph of water distribution 

At this stage, Cu values at different water pressures at 0.5m, 1m, and 1.5m 
height are written in the following table: 
Table 3. Variation of Cu value at different heights and pressure changes of 

sprinkler water distribution 
Sprinkler head, h 

[m] 
Pressure head, P 

[m suvustuni] 
Uniformity 

coefficient, Cu [%] 
The degree of 

uniformity 
1 12 78.6 Average 
1 15 85.3 Good 
1 18 85.49 Good 

0.75 12 80.1 Average 
0.75 15 82.2 Average 
0.75 18 91.1 Good 
0.5 12 70.7 Stable 
0.5 15 77.6 Average 
0.5 18 78.0 Average 

From the analysis of the conducted studies (Table 9), it became clear that the 
distribution of water consumption from the sprinkler,[4,12] according to the 
sources [4,12] was equal to stable, average, and good indicators. The maximum 
percentage indicator was seen recognizedin water consumption at 0.75m 
sprinkler height and 18m water column pressure. It is shown shows that sprinkler 
height and pressure have an effect onaffect its distribution. 
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Figure 3. Variation of uniformity coefficient due to pressure and sprinkler 

height 
Table 4. Water distribution of the sprinkler at different heights and 
pressures 

Sprinkler head, h, [m] Pressure head, P [m] Water distribution length, 
D [m] 

1 12 11.04 
1 15 11.20 
1 18 11.84 

0.75 12 11.60 
0.75 15 12.6 
0.75 18 14 
0.5 12 14.2 
0.5 15 14.4 
0.5 18 14.9 
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Figure 7. A graph of the length distribution of the sprinkler due to the 

height and pressure change 
From the research analysis (Fig. 7), the following conclusions were reached 
regarding the change in the distribution diameter of water coming out of 
sprinklers at 3 different heights (0.5m, 0.75m, 1m) as a result of different 
pressure effects: 
When the height of the sprinkler is 1 m, the pressure dependence of the water 
flow propagation length is expressed by the following relationship: 

ܦ = 10,58ܲ଴.ଵଵ  (3) 
Based on the same analysis, the spread at a sprinkler height of 0.75 m: 

ܦ = 3.67ܲ଴.ସ଺  (4) 
Distribution at 0.5 m sprinkler height: 

ܦ = 7.21ܲ଴.ଵ଺   (5) 
Based on the statistical analysis of the data collected in the research, the water 
flow distribution was chosen as the highest (92.39%) equal to the sprinkler height 
of 0.75 m and accepted as follows: 

ܦ = 3.67ܲ଴.ସ଺   (6) 
It is possible to calculate the length of water spread during the pressure change 
at the sprinkler height of 0.75m using the defined relation (6). 
 
 
4. CONCLUSION 
 
The evaluation of the efficiency of the sprinkler irrigation system was carried out 
by determining the uniformity coefficient of Christiansen. According to him, Tthe 
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Christiansen homogeneity coefficient of the sprinkler was found to be stable (65-
75%), average (75-85%), and good (>85%) values. The researchesresearchwere 
wasconducted according to the change of pressure in 12m, 15m, and 18m water 
columns, the influence of flow distribution length and change of water 
consumption was considered. According to it, it was observed that when the 
pressure decreases, water consumption decreases by 30% for every 2m of water 
column pressure and the diameter of the shot decreases by 10%. Also, it was 
found that changing the height of the sprinkler has an effect onaffects the water 
consumption and the diameter of the shot. According to the results of the 
experiment, it was found that the greater the height of the sprinkler, the lower the 
flow distribution due to pressure, i.e., the pressure of each 2 m water column 
varies by 35%. At 0.5 m sprinkler height and 12 m water column pressure, the 
shot diameter was equal to 14.2 m, while at 1 m sprinkler height, this indicator 
was equal to 11.04 m. At the same time, at a sprinkler height of 0.75m and a 
water column pressure of 12m, the diameter of the shot was equal to 11.6m. As 
a result of the research, the collected data were analyzed based on mathematical 
statistics methods (Correlation coefficient R=0.95), and a relationship was 
obtained that evaluates the influence of water pressure on the length of the water 
flow. 
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