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ABSTRACT 

The main objective of this study is to evaluate the performance of 

different sprinkler types under two water qualities and four levels of 

operating pressure at ELREHAB city. For this purpose, three sprinkler 

types were selected and the operating parameters were evaluated. The 

results showed that for treated waste water (TWW) the best value of 

Christiansen Coefficient of Uniformity (CUC) and Distribution 

Uniformity (DU) were 86.83% and 78.11% respectively that was for 

(LPS) sprinkler at operating pressure 3.5 kPa. And the results showed that 

for fresh water (FW) the best value of (CUC) and (DU) were 77.22% and 

66.42 % at operating pressure 2.8 and 2.1 kPa for (PS) and (PSU) 

sprinkler respectively. The analysis presented in this study may serve to 

develop a decision tool to choose the most suitable combinations of 

sprinkler model, nozzle diameter and working pressure to optimize the 

uniformity and efficiency of sprinkler irrigation. 

Key words: Christiansen Coefficient of Uniformity, Distribution 

Uniformity, treated waste water, fresh water, pop-up sprinkler. 

INTRODUCTION 

n arid and semi-arid areas, irrigation is necessary for crop production 

because little or no rainfall occurs during the growing season. Types 

of irrigation methods commonly used are surface irrigation (furrow, 

border, basin), sprinkler irrigation (periodic-move, solid-set, continuous-

move), and micro-irrigation (micro sprinklers, drip emitters, and drip 

tape) (Hanson B. 2005).  

The increase in water scarcity and wrong dimensioning of irrigation 

systems has threatened the viability and sustainability of agricultural 

production (Khatri et al. 2013). 
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Given this, irrigated agriculture, largest user of water in the world, has 

suffered social and economic pressure to mainly reduce water 

consumption. Thereby, improving the use of resources has become a 

challenge for irrigators who, by the necessity of prioritizing the 

application of water more accurately, need to know the main 

characteristics of the equipment to be used, to prepare them for better use 

in field conditions (Martins et al. 2012). 

The common index describing uniformity is the distribution uniformity 

(DU) defined as the ratio of the least amount of infiltrated water to the 

average amount (Hanson B. 2005). Without good uniformity, it is 

impossible to irrigate efficiently; parts of the field will be either over-

irrigated or under-irrigated (Haman et al. 2003). 

 Solomon (1998b) stated that the phrase „irrigation uniformity‟ refers to 

the variation or non-uniformity in the amounts of water applied to 

locations within the wetted area. Uniformity is related to crop yields 

through the agronomic effects of under and over watering (Griffiths and 

Lecler 2001). Sprinkler irrigation system performance is often evaluated 

based on uniformity coefficients from water collected in an array of 

measuring devices (catch cans).  

Two methods have been developed to quantify uniformity, distribution 

uniformity (DU) and the coefficient of uniformity (CU) (Baum et al. 

2005). In sprinkler irrigation, water distribution figures for nozzles at 

different spatial arrangements are determined by considering the soaking 

field observed for each value of pressure and the size of nozzle. It is 

necessary that the determined water distribution be at an acceptable level.  

This is determined by the equal distribution coefficient (Allen. 2001). The 

aim of this work was to study the effect of operating pressure and water 

quality on the performance of some sprinklers. 

MATERIALS AND METHODS 

The experiment was conducted on ELREHAB city during 2015 winter 

season. For hydraulic studies of three different spray pop-up irrigation 

sprinklers separate experimental setup was made in open field. 

Christiansen Coefficient of Uniformity (CUC) and Distribution 

Uniformity (DU) were obtained by using the catch can method tests. Two 

water qualities were used first one was treated waste water (TWW) and 
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the other one was fresh water (FW). The specifications of chemical and 

Bacteriological tests for (FW) and (TWW) showed in tables (2), (3), (4), 

(5), (6) and (7) respectively. The three spray pop-up sprinklers were 

Hunter PS Ultra (PSU), Hunter PS (PS) and Toro LPS (LPS). The 

experiment was conducted at four different operating pressures 2, 2.5, 3 

and 3.5 kPa for LPS and 1.7, 2.1, 2.4 and 2.7 kPa for PSU and 1.7, 2.1, 2.4 

and 2.8 kPa for PS. A pressure regulator to regulate the pressure and a 

pressure gauge were used. Each nozzle size for all sprinkler types were 

(TVAN17). 

 

Fig. 1: Schematic diagram of sprinkler system network. 

Table (1) Some characteristics for sprinklers 

Specification of sprinklers 

Toro LPS Hunter PS Hunter PS Ultra commercial name 

USA USA USA Country made 

Spray pop-up Spray pop-up Spray pop-up Sprinkler type 

5×5 5×5 5×5 Sprinkler area (m
2
) 

LPS400 PS-04-4" PSU-04-4" Sprinkler model 

LPS PS PSU Sprinkler symbol 

TVAN17 TVAN17 TVAN17 Nozzle type 
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Table (2) Organic chemical tests for FW 

Test name Sample ratio The maximum allowed 

C.O.D     mg/l 0 0 

B.O.D     mg/l 0 0 

NH4 mg/l 0.15 0.5 

NO3 mg/l 0.19 45 

Table (3) Inorganic chemical tests for FW 

Test name Sample ratio The maximum allowed 

pH mg/l 8.3 6.5-8.5 

TS mg/l 301 ـــــ 

TSS      mg/l 10 ـــــ 

TDS       mg/l 291 1000 

Cl
-
    mg/l 0.05 0.5 - 5 

SO4
-2

     mg/l 93 250 

TH mg/l 245 500 

Fe
+2

   mg/l 0.01 0.3 

Zn
+2

    mg/l 0.03 0.4 

DO     mg/l 5.4 ـــــ 

Ca 
++

   mg/l 70 ـــــ 

Mg
++

  mg/l 20 ــــ 

Table (4) Bacteriological tests for FW 

Test name 
Sample 

ratio 
The maximum allowed 

Total coliform bacteria (MF/100ml) <1 Less than 1 

Fecal streptococcus bacteria (MF/100ml) <1 Less than 1 

Fecal coliform bacteria(MF/100ml) <1 Less than 1 

Table (5) Chemical tests for TWW 

Test name Sample ratio The maximum allowed 

C.O.D     mg/l 60 40 

B.O.D     mg/l 35 20 

NH4        mg/l 0.16 0.5 

P             mg/l 2.57 ــــــ 
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Table (6) Inorganic chemical tests for TWW 

Test name Sample ratio The maximum allowed 

pH mg/l 7.6 6-9 

TSS      mg/l 28 20 

TDS       mg/l 342 2000 

Cl
-
    mg/l 0.7 0.5-5 

SO4
-2

     mg/l 65 300 

Fe
+2

   mg/l 0. 128 5 

Zn
+2

   mg/l 0.024 0.2 

DO     mg/l 4.04 More than 3 

Ca 
++

   mg/l 50 ـــــ 

Mg
++

  mg/l 10 ــــ 

Table (7) Bacteriological tests for TWW 

Test name Sample ratio The maximum allowed 

Total coliform bacteria 

(MPN/100ml) 
950×10

2
 <5000 

Ova of intestinal worms   

(number/liter) 
<1 <1 

The precipitation depth in catch cans placed at grid of 5×5 m and the 

distance between each can was 1 m spacing for all pop-up sprinkler types 

were considered. The average depth of water collected at each sampling 

point was recorded. 

Uniformity of water application with sprinkler irrigation systems is 

usually reported as either the distribution uniformity (DU) or 

Christiansen‟s uniformity coefficient (CUC).  

The coefficient of uniformity was computed using the Christiansen‟s 

equation (Allen, 1993) as: 

CU = 100 [   
  

  
] 

Where,  

m = Average value of all observations (average application rate), mm  

n = Total number of observation points.  

x = Numerical deviation of individual observation from average 

application rate, mm. 
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Christiansen‟s coefficient tells us the average deviation across the field. A 

CU of 100% is perfectly uniform. A CU of 90% indicates an average 

deviation of 10%, etc. 

The distribution uniformity (DU) emphasizes under-watered areas and 

compares the driest quarter of the field to the rest (Merriam and 

Keller.1978).The equation below was used to obtain the distribution 

uniformity: 

Du=
 

 ̅
 ×100 

Where, 

 Du = distribution uniformity (%),  

d = the lowest quarter irrigation volume applied in catch cans, 

  ̅ = and the average volume applied in all catch cans. 

RESULTS AND DISCUSSION 

1- CUC 

The results of (CUC) for the three pop-up sprinklers were obtained in 

table (8). As reflected in this table, results showed the highest values of 

(CUC) under TWW for (LPS), (PSU) and (PS) sprinkler types were 

86.83%, 82.61% and 83.89% at operating pressure values 3.5, 2.4 and 2.4 

kPa respectively. While the lowest values of (CUC) were 71.99 %, 59.25 

% and 65.23% for (LPS), (PSU) and (PS) sprinkler types at operating 

pressure values 2, 1.7 and 1.7 kPa respectively. 

Table (8) Christiansen’s uniformity coefficient (CUC) values under TWW and FW. 

Sprinkler 

name 
LPS PSU PS 

operating 

pressure(kPa) 
2 2.5 3 3.5 1.7 2.1 2.4 2.7 1.7 2.1 2.4 2.8 

CUC % for 

TWW 
71.99 83.41 86.43 86.83 59.25 77.12 82.61 79.25 65.23 79.59 83.89 80.99 

CUC% for 

FW 
58.24 70.34 75.31 72.79 49.48 73.71 70.11 76.85 55 67.78 71.36 77.22 

And for FW the results of (CUC) indicated that the highest values for 

(LPS), (PSU) and (PS) sprinkler types were 75.31%, 76.85% and 77.22% 

at operating pressure values 3, 2.7 and 2.8 kPa respectively while the 

lowest values of (CUC) were 58.24 %, 49.47 % and 55% for (LPS), 

(PSU) and (PS) sprinkler types at operating pressure values 2, 1.7 and 1.7 
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kPa respectively. Tarjuelo et al. (1999) reported that CUC should be more 

than 84%. If it taken into consideration, the (LPS) sprinkler type was the 

best one under TWW at the operating pressure value 3.5 kPa. Low values 

of CUC for (PS) sprinkler type may be due to the climatic conditions 

prevailing in the day of measurement. This is may be due to the high wind 

speed during the test runs as presented in table (11). The obtained results 

agreed with Demirel and Sener (2007). 

2- DU 

The low-quarter distribution uniformities (DU) can be classified by the 

overall system quality ratings published by the Irrigation Association. The 

results of (DU) for the three pop-up sprinklers were obtained in table (9). 

The results showed the highest values of (DU) under TWW for (LPS), 

(PSU) and (PS) sprinkler types were 78.11%, 73.34% and 74.25% at 

operating pressure values 3.5, 2.4 and 2.8 kPa respectively. While the 

lowest values of (DU) were 57.40 %, 42.55 % and 48.42% for (LPS), 

(PSU) and (PS) sprinkler types at operating pressure values 2, 1.7 and 1.7 

kPa respectively. 

Table (9) Distribution uniformity (DU) values under TWW and FW. 

Sprinkler 

name 
LPS PSU PS 

operating 

pressure(kPa) 
2 2.5 3 3.5 1.7 2.1 2.4 2.7 1.7 2.1 2.4 2.8 

DU % for 

TWW 
57.4 71.63 77.14 78.11 42.56 65.12 73.34 68.12 48.42 64.97 71.49 74.26 

DU% for   

FW 
44.15 59.41 63.25 60.68 38.24 66.42 60.17 62.83 40.62 51.32 61.23 62.81 

And for FW the results of (DU) indicated that the highest values for 

(LPS), (PSU) and (PS) sprinkler types were 63.24%, 66.42% and 62.80% 

at operating pressure values 3, 2.1 and 2.8 kPa respectively while the 

lowest values of (CUC) were 44.14 %, 38.24 % and 40.62% for (LPS), 

(PSU) and (PS) sprinkler types at operating pressure head 2, 1.7 and 1.7 

kPa respectively. The lowest uniformity values of pop-up sprinkler 

systems tested in this work would be considered in the “fair” (50–59.9) to 

“poor” (40–49.9) range. This classification agreed with Siosemarde et al. 

(2012). Low values of DU for (PS) sprinkler type under FW as presented 
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in table (9) may be due to the climatic conditions prevailing in the day of 

measurement. This is may be due to the high wind speed and low relative 

humidity during the test runs as shown in table (13).The obtained results 

agreed with Demirel and Sener (2007). According to the results, the most 

suitable pressure was 3.5 kPa for (LPS) sprinkler type. The most suitable 

pressure for (PSU) was 2.7 kPa and 2.8 kPa for (PS).  

These results were obtained when there was low wind speed (12.95 Km 

sec
-1

). For this reason, if the wind speed exceeds the suggested limit, 

wider spacing than that used should be avoided. 

Table (10) Climate data for the experiments under TWW. 

sprinkler 

type LPS PSU PS 

operating 

pressure(kPa) 
2 2.5 3 3.5 1.7 2.1 2.4 2.7 1.7 2.1 2.4 2.8 

RH   (%) 53 42 40 40 16 16 16 17 50 61 61 52 

WS   (Km/h) undetected 9.25 12.95 12.95 14.8 14.8 14.8 18.5 undetected 7.4 7.4 12.95 

T    ( °C ) 20.8 22.8 22.6 22.6 24.5 24.4 24.4 23.4 19.5 16.6 16.6 17.8 

WS: wind speed.  RH: relative humidity.  T: temperature. 

Table (11) Climate data for the experiments under FW. 

sprinkler type LPS PSU PS 

operating 

pressure(kPa) 
2 2.5 3 3.5 1.7 2.1 2.4 2.7 1.7 2.1 2.4 2.8 

RH   (%) 47 46 48 48 27 35 27 27 21 21 21 28 

WS   (Km/h) 29.6 27.75 25.9 25.9 14.8 20.35 18.5 18.5 27.75 29.6 29.6 22.2 

T    ( °C ) 19.2 19.6 18.4 18.4 26.4 24.8 26 26 27.8 26.8 26.8 25 

WS: wind speed.  RH: relative humidity.  T: temperature. 

CONCLUSION 

The aim of this research was to assess the performance of different 

sprinkler types under the effect of water quality and operating pressure. 

It was observed that water quality has not a significant effect on CUC and 

DU values. The sprinkler type and operating pressure had a significant 

effect on CUC and DU. For this reason; irrigation application should be 

made under the appropriate operating pressure value for the suitable 

sprinkler. CUC and DU tables can also be used in given sprinkler layout 

to optimize irrigation management in response to the operating pressure. 
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These results could be used by irrigators to achieve the highest efficiency 

of sprinkler irrigation systems. 
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 الملخص العربى

 تأثير جىدة المياه وضغط التشغيل على اداء بعض الرشاشاث

السعيذ محمذ خليفت
*
, معتز كمال النمر 

**
 , احمذ عباس العزقت

نرقٛٛى اداء تؼض انرشاشاخ   5102أجرٚد ذجرتح حقهٛح فٙ يذُٚح انرحاب فٙ يٕسى انشراء نؼاو 

)يٛاِ انصرف انصحٙ انًؼانج ، يٛاِ رٖ ػادٚح( ٔقٛى يخرهفح يٍ  يخرهفح انجٕدجيٛاِ ذحد 

 ٔذشًم انذراسح أٚضا اخرٛار غ انًٛاِٚانؼٕايم انًؤثرج ػهٙ اَرظاو ذٕزنذراسح  ضغٕط انرشغٛم

اشاخ إَٔاع انرشاشاخ انرٙ ًٚكٍ أٌ ذسرخذو نرصًٛى َظاو انر٘ تانرش. كاَد إَٔاع انرشأَسة 

يؼايم كرٚسرٛاَسٍ ٔقذ شًهد انذراسح قٛاس كم يٍ  LPSذٕرٔ  ،PSانررا ، ُْرر  PSُْرر  ْٗ

ٔذى اسرخذاو طرٚقح ػهة انرجًٛغ نرحذٚذ ذهك  (DU(، اَرظايٛح انرٕزٚغ )CUC)  نلاَرظايٛح 

نكلا  ٔقذ اػطد َرائج انرجرتح ذحد ذأثٛر يٛاِ انصرف انصحٗ انًؼانج افضم قًٛح. انقٛاساخ 

ػُذ % 16.00% ٔ 68.68حٛث كاَد  LPSيؼايم الاَرظايٛح ٔاَرظايٛح انرٕزٚغ نهرشاش  يٍ

يٛاِ انرٖ انؼادٚح كاَد  ػهٗ انرٕانٗ. ٔتانُسثح نهُرائج ذحد ذأثٛركٛهٕ تاسكال  8.2ضغظ ذشغٛم 

حٛث كاَد  PSٔPSU يؼايم الاَرظايٛح ٔاَرظايٛح انرٕزٚغ نهرشاش نكلا يٍ افضم قًٛح 

ػهٗ انرٕانٗ.ٔأضحد انُرائج كٛهٕ تاسكال 5.0ٔ 5.6ػُذ ضغظ ذشغٛم % %88.65 ٔ 11.55

اٚضا اٌ جٕدج انًٛاِ نٛس نٓا ذأثٛر ْاو ػهٗ قٛى يؼايم الاَرظايٛح ٔاَرظايٛح انرٕزٚغ ٔاٌ ضغظ 

 LPS  ْٕ8.2ٔاٌ افضم ضغظ ذشغٛم نهرشاش انرشغٛم نّ ذأثٛر يهحٕظ ػهٗ قٛى ذهك انقٛاساخ.

 PS   ْٕ5.6ٔنهرشاش  كٛهٕ تاسكال PSU ْٕ5.1شغٛم نهرشاش ٔافضم ضغظ ذ كٛهٕ تاسكال

 .كٛهٕ تاسكال
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