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ABSTRACT: This study looked into how changing operating pressures affected the uniformity of 

water distribution under overhead floppy sprinklers. Coefficient of uniformity (CU%), distribution 

uniformity (DU%), and application efficiency of the low quarter (AELQ%) were calculated under five 

levels of operating pressure (1.0, 1.5, 2.0, 2.5, and 3.0 bar) under overhead height (3 m) for tow 

devices of floppy sprinkler, original type (FS1), and local type (FS2) at the experimental farm of 

ElSalhia, ElSharkia Governorate, Egypt during the 2023 season. The findings showed that the 

overhead floppy sprinkler with the highest CU, DU, and AELQ values (82.37%, 72.91%, and 65.81% 

for FS1) and 80.75%, 72.88%, and 65.59% for FS2), respectively, required an operating pressure of 

2.0 bar and a height of 3 meters. Additionally, the results demonstrated that, under the identical 

operating pressure conditions, the FS1 sprinkler's CU, DU, and AELQ values are higher than those of 

the FS2.Finally, it is recommended to use the original floppy sprinkler. 

Key words: Floppy sprinkler, Uniformity and Operating Pressure. 

INTRODUCTION 

The blessing of nature and an essential 

component of life's existence are freshwater 

resources. Since water is essential to the 

economy as a whole, its demand is unavoidable 

in all facets of existence. Based on the disparity 

between rainfall and evapotranspiration rate, the 

area is divided into semiarid and arid zones. A 

serious issue now is the rising demand for water 

in cities, industries, and agriculture (AlEmadi, 

2021). More than 70% of water withdrawals 

worldwide are for irrigation, which uses more 

water than any other application. Water, which 

makes up 20% of all cultivated land, is essential 

to feeding the world's population and accounts 

for 40% of global food production (Hamidov 

and Helming, 2020).When used properly, 

modern irrigation techniques can save a 

significant amount of water, particularly in dry 

and semiarid regions.The flooded land 

magnitude represents the water supply as 

opposed to irrigation with surface water, and the 

high irrigation efficiency of FSS, sprinkler, and 

drip irrigation systems allows for higher crop 

production and more revenue with better 

supervision (Samimi et al., 2020). These are 

just a few of the main benefits of these 

systems.Uneven water circulation is the 

outcome of a poorly built and maintained 

PIS.Irrigation water homogeneity is the 

evaluation method's highest valued outcome in 

these irrigation practices.Following the 

conveying technologies, the UC is a crucial 

indicator of how uneven or equal the application 

rates (AR) are (Sadeghi et al., 2021).Surface 

irrigation, subsurface irrigation, sprinklers, 

micro irrigation, and hybrid irrigation are the 

most effective irrigation methods. For each of 

the aforementioned systems, the standard 

irrigation and water application efficiency 

results are 82% for the center pivot system, 74% 

for the floppy system, 95% for subsurface drip, 

and 68% for the solid set (Shabbir et al., 
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2020).The performance of the sprinklers aids in 

differentiating the cropping system choosing 

process. Evaporation losses, distribution 

uniformity, and wind drift are the main metrics 

used to assess the performance of sprinkler 

systems in highly efficient irrigation systems 

(Roberts et al., 2021). The distribution pattern, 

droplet size, application rate, wetted radius, and 

water discharge were used to analyze the 

sprinkler's performance.Sprinkler irrigation 

systems are heterogeneous due to variations in 

weather conditions, sprinkler spacing, layout, 

design, and hydrant locations (Zema et al., 

2019).The sprinkler system's maximum water 

flow capacity may be impacted by the sprinkler 

design's disregard for wind direction or 

speed.According to Darko et al., (2017), high 

wind speeds are not recommended for sprinkler 

system design management or dependability.The 

effects of pulsing pressure on the uniformity of 

sprinkler distribution on sloping terrain were 

recently discovered by a study (Zhang et al., 

2019).It came to the conclusion that pulsing 

pressure had 10% more homogeneity than 

continuous pressure. The Kakara Tea Irrigation 

System (KTIS) sprinkler system's performance 

was assessed in the study. The results showed 

that the delivery performance ratio was 79% and 

the coefficient of uniformity was 90.9% 

(Ngasoh et al., 2018).To enhance irrigation 

management, field evaluation of irrigation 

system performance is required. 

Griffiths and Lecler, (2001) evaluated the 

field distribution of seven floppy 

sprinklers.They discovered that the floppy 

sprinkler's uniformity coefficients varied 

between 66 and 84%.The distribution of floppy 

sprinklers, on the other hand, varied between 59 

and 78%. The proper water distribution for a 

floppy sprinkler at a suitable irrigation intensity 

was discovered by Aboamera and Sourell, 

(2003).They state that for the 8 m sprinkler and 

lateral distance at 1.5 m height and 200 kPa 

pressure, the averaged uniformity coefficient 

(UC) and uniformity distribution (UD) were 

88.01% and 80.94%, respectively. 

 The primary goal of the current study was to 

compare the irrigation performance of the 

original floppy sprinkler (FS1) and the local 

floppy sprinkler (FS2) in order to assess 

performance and identify the ideal operating 

conditions that result in high application 

efficiency. Additionally, the study examined the 

effects of varying operating pressure on the 

application uniformity under overhead floppy 

sprinklers. 

MATERIALS AND METHODS 

During the 2023 season, field tests were 

conducted in sandy soil at the El Salhia 

experimental farm, which is situated at 30◦ 36ʹ 

N and 31◦ 47ʹ E, El Sharkia Governorate, 

Egypt.A pumping unit, head control unit, pipe 

lines, and sprinkler mechanism that up the 

experimental overhead floppy sprinkler system. 

Pipelines were designed with a 75 mm PVC 

main, a 63 mm PVC submain, and an overhead 

lateral line with 50 mm PE. A fixed overhead 

floppy system was connected. One original type 

(FS1) and another local type (FS2) of floppy 

sprinkler tow devices were placed as a 

permanent system. A variety of crops were used 

with the Overhead floppy design.A plastic pipe 

with a flexible silicon tube installed within the 

sprinkler body made up a floppy sprinkler.Water 

snakes through the tube as it rotates slowly in a 

360degree circle, creating droplet. To collect 

water, plastic catch cans measuring 175 mm in 

diameter and 135 mm in height were placed 

beneath the floppy sprinkler in the whole 

sprinkler circle. The catch cans were spaced 1.5 

meters apart for the throw sprinkler's radius 

across laterals and along them.The test lasted for 

sixty minutes.A measurement of the collected 

water's area in millimeters per hour was 

made.To ascertain high uniformity under 

Egyptian conditions, the floppy sprinkler was 

tested at five operating pressure levels (1.0, 1.5, 

2.0, 2.5, and 3.0 bar) and at an overhead height 

of 3 meters . 

The distribution of the catch cans followed 

the 2001 ASAE Standard, and table 1 shows the 

distance between collectors (catching cans) for 

determining the radius of throw. 

By attaching a flexible tube to the sprinkler 

nozzle and gathering a known volume of water 

in a container for a predetermined amount of 

time (15 minutes), the discharge of a floppy 

sprinkler was measured.The following formula 
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was used to determine the flow rate (Melvyn, 1983) 

Table 1. Spacing of collectors according to ASAE Standard, 2001 

Sprinkler Radius of Throw, m(ft) Maximum Collector Spacing Center to Center, m(ft) 

0.3 - 3 (1 - 10) 

3 - 6 (10 - 20) 

6 - 12 (20 - 39) 

> 12 (> 39) 

0.30 (1.0) 

0.60 (2.0) 

0.75 (2.5) 

1.50 (5.0) 

 

By attaching a flexible tube to the sprinkler 

nozzle and gathering a known volume of water 

in a container for a predetermined amount of 

time (15 minutes), the discharge of a floppy 

sprinkler was measured.The following formula 

was used to determine the flow rate (Melvyn, 

1983). 

 

 

Where, Q is the flow rate of sprinkler in m
3
 h

-1
, 

V is the collecting water volume in m
3
 and t is 

time of collecting water in h.  

Catch cans placed across the sprinkler's 

entire circle under various treatments were used 

to collect the water applied by each sprinkler. 

The following formula was used to determine 

the sprinkler application rate (James, 1988). 

 

 

Where, A is the application rate in mm h
-1

, Q 

is the flow rate of sprinkler in l min
-1

, a is the 

wetted area of sprinkler in m
2
 and k: unit 

constant (k = 60.0 for A in mm h
-1

, Q in l min
-1

 

and a in m
2
).  

Wetting diameter (WD): By progressively 

raising the pressure, the wetting diameter of the 

throw for a floppy sprinkler was measured at 

various pressures between 1.0 and 3.0 bars, with 

an increment of 0.5 bar.The measuring tape was 

used to take a direct measurement from the 

sprinkler head's center to the water throw's 

end.The experimental setup's boundary 

sprinklers were used to compute the wetting 

diameter. 

 

 Many indicators were cited in many 

international studies and reports to assess a 

system's performance in the field.In this study, 

the effectiveness of the floppy sprinkler 

irrigation system was assessed using three 

parameters: DU, CU, and AELQ.  

Water used for irrigation is distributed to the 

field according to distribution uniformity (DU).  

About 1/8 of the region is equivalent to the 

uniformity represented by DUlq (as well as all 

phrases pertaining to the low 

quarter).Furthermore, it is less than the price of 

a numerator. 

Heermann and Solomon (2007) state that the 

DU is "regular depth penetrated in the small ¼ 

of field alienated by an average distance of 

water penetrated incomplete field" Bilalis et al., 

(2009) investigated the distribution uniformity 

and found that it was represented as follow: 

D

D
DU

lq
100  

Where: DU is distribution uniformity (%) lqD    

is average can depth in the lowest quarter of the 

field (mm) and D  is average can depth (mm) 

Coefficient of Uniformity (CU): This term 

indicates the performance effectiveness of a 

sprinkler by measuring the water uniformity of 

sprinkler irrigation systems (Christiansen, 

1942).Other types of irrigation have 

occasionally used the CU.The most significant 

historical benchmark for sprinkler irrigation 
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systems is used to gauge how well sprinkler 

systems are performing.When compared to the 

mean, the coefficient of uniformity handles 

overirrigation and underirrigation equally 

(Pahlevani et al., 2021).This is measured using 

the Christiansen formula, which looks like this: 

 

Where: CU showed the Christiansen’s 

uniformity coefficient (%), Vi showed the water 

depth in individual collectors,¯V showed the 

average water’s depth in all cans. Other 

parameters, such as runoff, wind speed, AR, 

pump performance, water application amount, 

and overall system management, should be 

taken into account for the sprinkler performance 

evaluation in addition to the distribution 

uniformity and coefficient of uniformity (Hartin 

et al., 2018). Christiansen's uniformity 

coefficient is the highest value that is frequently 

utilized for calculating water uniformity 

distribution in highefficiency sprinkler irrigation 

systems, according to Liu et al., (2019).  

Application efficiency of the low quarter 

(AELQ%): AELQ was calculated using the 

following formula (Xiang, et al., 2018): 

 

Where, Zr.lq shows the average low quarter 

depth of water measured (mm), and D 

demonstrates the required average water depth 

(mm). 

RESULTS AND DISCUSSION 

Effect of Operating Pressure on Discharge, 

Application Rate and Wetting Diameter 

Table 2 showed how operating pressure 

affects the discharge, application rate, and 

wetting diameter of two different kinds of 

floppy sprinklers: the original type (FS1) and the 

local kind (FS2). It is clear that operating 

pressure had a significant impact on each 

sprinkler's discharge. The findings demonstrated 

a clear correlation between pressure and the 

discharge from the floppy sprinkler. 

Therefore, the discharge for the floppy 

sprinkler increased by 71.6% for FS1 and 55% 

for FS2 when the pressure was raised from 1.0 

to 3.0 bar. In the meantime, the application rate 

rose as operating pressure rose; for FS1 and 

FS2,the application rate rose by 36% and 26.3%, 

respectively. 

It is evident from the results that high 

operating pressure might be used to generate a 

high application rate for the two types of floppy 

sprinklers, FS1 and FS2, respectively. Because 

of the higher discharge, the application rate rises 

as pressure rises.                                   

Wetting diameter showed a similar pattern; 

generally speaking, operating pressure had an 

impact on wetting diameter for both FS1 and 

FS2 sprinkler types. The findings showed that 

the FS1 sprinkler type's wetting diameter was 

marginally greater than the FS2 sprinkler type's. 

For the FS1 and FS2 sprinklers, the wetting 

diameter rose by 11.40% and 14%, respectively, 

when the operating pressure was raised from 1.0 

to 3.0 bar. Additionally, under study settings, 

comparable patterns were noted for all evaluated 

operating pressures. 

Water Application Uniformity 

For two varieties of floppy sprinklers, FS1 

and FS2, the impact of operating pressure on the 

coefficient of uniformity, distribution 

uniformity, and low quarter application 

efficiency was examined in order to assess the 

uniformity of water application. 

Effect of Operating Pressure on The 

Coefficient of Uniformity 

A numerical expression for the index of 

water distribution uniformity on the soil surface 

is the coefficient of uniformity (CU). At a 

floppy height of 3 meters and operating 

pressures of 1.0, 1.5, 2.0, 2.5, and 3.0 bar, the 

coefficient of homogeneity was calculated. The 

link between operating pressure and the 

coefficient of uniformity is depicted in Figure1. 

As can be observed, CU increased from 73.52% 

to 82.37% for FS1 and from 72.57% to 80.75% 

for FS2 when operating pressure increased from 

1.0 to 2.0 bar. On the other hand, for floppy 

sprinklers FS1 and FS2, the CU dropped from 

82.37% to 77% and from 80.75% to 76%, 

respectively, when the operating pressure 

increased from 2.0 to 3.0 bar. 
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Nonuniform water distribution may be the 

cause of the coefficient of uniformity's decline 

at both low and high operating pressures. As a 

result, the water jet did not disintegrate readily 

at low operating pressure levels, forming huge 

water droplets that fell near the sprinkler and 

decreasing sprinkler throw. Additionally, the jet 

broke up too much at high operating pressure 

levels, producing tiny water droplets that were 

easy to blow off and throw away from the 

sprinkler. 

The findings showed that, across all 

evaluated operating pressure ranges, the 

maximum coefficient of homogeneity was 

achieved at 2.0 bar of operating pressure and 3.0 

m of floppy height. This outcome is consistent 

with the pressure that the FS1 sprinkler 

manufacturer recommends, as stated by Sarfraz 

Hashim et al., (2021) and Aboamera and 

Sourell (2003). 

The results showed that, under the same 

operating pressure settings, the CU values for 

FS1 sprinklers are higher than those for 

FS2.Thus, it can be said that 2.0 bar of operating 

pressure is advised in order to attain a high 

coefficient of uniformity for the sprinklers that 

were tested. 

Effect of Operating Pressure on The 

Distribution Uniformity 

One of the main concerned in the sprinkler 

irrigation design process is consistency of 

application. Figure 2 displays the trends of DU 

for sprinklers FS1 and FS2 at various operating 

pressures. For all tested operating pressures, the 

DU generally rose as operating pressure climbed 

until it reached its maximum at 2.0 bar. 

However, for operating pressures over 2.0 bar, 

the DU fell once more. 

The DU values for FS1 and FS2 increased 

from 65.21 to 72.91% and 63.29 to 72.88%, 

respectively, when the operating pressure was 

raised from 1.0 to 2.0 bar. At the floppy height 

of 3.0 m, the DU values for FS1 and FS2 

dropped from 72.91 to 66.20% and 72.88 to 

64.5%, respectively, while the operating 

pressure rose from 2.0 to 3.0 bar. 

According to the results, the highest DU 

values were obtained at an operating pressure of 

2.0 bar; for FS1 and FS2, the corresponding 

values were 72.91 and 72.88%, respectively. It 

is evident from the results that CU and DU 

exhibit a parallel pattern across all tested 

operating pressure levels. The operating 

pressure of 2.0 bar produced the highest CU and 

DU values. 

This indicates that with the operating 

pressure previously mentioned, a more uniform 

water application might be accomplished. 

Additionally, under all measured operating 

pressure levels, the FS1 sprinkler outperformed 

the FS2 in terms of water application 

uniformity. This could be because of the FS1 

sprinkler's production dependability, as stated by 

Sarfraz Hashim et al.,(2021) and Aboamera 

and Sourell ,(2003). 

Additionally, as Figure (2) illustrates, the 

FS1 sprinkler has a higher modulus of elasticity 

than the FS2. 

Effect of operating pressure on application 

efficiency of low quarter 

The parameter known as application 

efficiency of low quarter (AELQ) measures how 

evenly water is distributed and how well 

irrigation is working. Figure (3) displays the 

AELQ values for FS1 and FS2 at various 

operating pressure levels. For the two floppy 

sprinkler types, FS1 and FS2, AELQ generally 

rose as operating pressure climbed from 1.0 to 

2.0 bar and reduced as operating pressure 

increased from 2.0 to 3.0 bar throughout all test 

levels. 

The AELQ values for FS1 and FS2 increased 

from 56.96 to 65.59% and from 58.69 to 

65.81%, respectively, when the operating 

pressure was raised from 1.0 to 2.0 bar. In the 

meantime, the AELQ values for FS1 and FS2 

dropped from 65.81 to 59.58% and from 65.59 

to 58.05%, respectively, when the operating 

pressure was raised from 2.0 to 3.0 bar. 

It is evident from the results that the 

maximum AELQ values were attained at 2.0 bar 

of operating pressure.Additionally, FS1 

sprinklers had greater AELQ values than FS2 

sprinklers. These AELQ related findings are 

consistent with CU and DU findings. This 

indicates that, in accordance with Aboamera 

and Sourell, (2003) and Sarfraz Hashim et al., 

(2021), FS1 and FS2 could both achieve high 
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water application uniformity at an operating pressure of 2.0 bar. 

Table 2. The average discharge, application rate, and wetting diameter for both original type (FS1) 

and local type (FS2) floppy sprinklers at various operating pressure levels. 

Floppy sprinkler 

type 

Operating pressure 

(bar) 

Discharge 

(l/h) 

Application rate 

(mm/h) 

Wetting diameter 

(m) 

Original type (FS1) 

1.0 600 4.30 13.15 

1.5 771 4.73 13.80 

2.0 939 5.25 14.20 

2.5 984 5.61 14.50 

3.0 1030 5.85 14.65 

Local type (FS2) 

1.0 600 4.30 12.50 

1.5 685 4.55 13.30 

2.0 732 5.19 14.00 

2.5 881 5.23 14.15 

3.0 930 5.43 14.25 
 

 

 

 

 

 

 

 

 

 

Figure 1. the relationship between the Christiansen coefficient of uniformity and operating pressure 

for two different kinds of floppy sprinklers 
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Figure 2. The Relationship between distribution uniformity and operational pressure for two varieties 

of floppy sprinklers 

 

 

 

 

 

 

 

 

 

 

Figure 3. Relationship between two types of floppy sprinklers' operating prssure and low-quarter 

application efficiency 

 

CONCLUSIONS 

The findings indicated that it is advised to 

use an overhead floppy sprinkler. The findings 

might be summed up as follows: With an 

operating pressure of 2.0 bar and a height of 3 

meters, the overhead floppy sprinkler achieved 

the highest values of CU, DU, and AELQ, 

which were 82.37, 72.91, and 65.81% for (FS1) 

and 80.75, 72.88, and 65.59% for (FS2), 

respectively.  

Additionally, the results demonstrated that, 

under the same operating pressure settings, the 

FS1 sprinkler's CU, DU, and AELQ values are 

higher than those of the FS2, and that the 

overhead floppy sprinkler's maximum 

uniformity CU and UD were recorded at a 

pressure of 2.0 bar and a height of 3 meters. 
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 اه ــــع الميـــة توزيــــلى إنتظاميـــق عـــرن المعلـــاش المــــر الرشــــتأثي

يوسف خميس منصور 
1

مود خطاب عفيفيمح -  
1

أحمد فتحى خضر - 
6

عبدالتواب متولي زيدان - 
1 

 .يصش -انضقاصيقجايعة  -كهية انضساعة  -قسى انُٓذسة انضساعية  -2

 .يصش -جايعة قُاة انسٕيس  -كهية انضساعة  -قسى انُٓذسة انضساعية  -3

 

صيددا انًيدداِ نهشلددام نُ دداو انددشٖ يٓددذه ْددزا انلدددس نذساسددّ جددلتيش لددتح انحأددتيم نحدذيددذ معهددٗ ك ددا ة  َح اييددة جٕ

،ك ا ة  َح اييدة جٕصيدا CUبانشلام انًشٌ انًعهق جدث ظشٔه الأسالٗ اندذيثة. جى حساب يعايم  َح ايية جٕصيا انًياِ 

،  كيهددٕ 4.1، 3.6، 3.1، 2.6، 2.1جدددث جددلتيش يحٕسددح لددتٕ) جأددتيم     AELQ، ك ددا ة االدداقة اقددم سبددا DUانًيدداِ 

 يحش( . 4.1ام  باسكال(،  سج اع نهشل

ٔك دا ة االداقة اقدم سبدا  DU،ك ا ة  َح اييدة انحٕصيدا CUمظٓشت انُحائج مٌ معهٗ قيى نًعايم  َح ايية انحٕصيا 

AELQ  نهشلددام  76.92، 2:.83،  93.48كاَددث  ٪FS1  نهشلددام  :76.6ٔ  83.99ٔ  91.86ٔكاَددث ٪FS2  ٗعهدد

 يحش نُ او انشٖ بانشلام انًشٌ انًعهق.  4.1كيهٕباسكال ٔ  سج اع  3.1انحٕاني عُذ لتح جأتيم 

،ك دا ة االداقة اقدم  DU،ك ا ة  َح ايية انحٕصيدا CUميضا مظٓشت انُحائج مٌ معهٗ قيى نًعايم  َح ايية انحٕصيا 

 جدث َ س ظشٔه لتح انحأتيم.  FS2اعهي يٍ انشلام انًدهي  FS1كاَث نهشلام انًسحٕسد   AELQسبا 

و نهدصدٕل عهدٗ  4كيهٕباسدكال ، سج داع انشلدام  3.1يٕصٗ بحأدتيم انشلدام انًدشٌ انًعهدق عُدذ لدتح جأدتيم  

معهددٗ قيًددة نك ددا ة  َح اييددة جٕصيددا انًيدداِ ٔيسددًل بدشيددة كايهددّ نًعددذات ج ٓيددض انحشبددة انضساعيددة ٔانددشم ٔاندصدداد ا نددٗ 

 .جخهق عٕائق عهٗ انحشبة متُا   جشا  انعًهيات انضساعيةنهًدصٕل ٔيدقق عذو ٔجٕد يعذات 

 لتح انحأتيم –ااَح ايية  –; انشلام انًشٌ  الكلمات المفتاحية
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