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 In this research, Christiansen’s uniformity coefficient (CUC) was evaluated under 
different conditions of riser height, wind speed and sprinklers spacing. The results 

showed that in mild wind speed with increase of riser height CUC increased. Besides, 

by decrease of sprinklers spacing, CUC increased and with increasing of wind speed, 
CUC decreased. 
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INTRODUCTION 

 

 The uniformity of water application in a sprinkler irrigation system is an important aspect of the system 

performance [28]. The performance of a sprinkler irrigation system is often evaluated based on water uniformity 

coefficients collected in an array of measuring devices (i.e. rain-gauge) [35]. Such system requires a minimum 

value of uniformity to be considered as acceptable by the end users [12]. The uniformity of the water 

distribution mainly depends on the spacing and arrangement of the sprinklers, the environmental conditions, the 

number and diameter of the nozzles, the sprinkler model and the operating pressure [5,14,24] and on the crop 

irrigated [31,32]. Playan et al [25] reported that the wind velocity is the meteorological variable most directly 

related to irrigation performance through its effects on Christiansen’s uniformity coefficient (CUC) [6] and on 

the wind drift and evaporation losses (WDEL) [33]. Keller and Bliesner [14] classified the irrigation uniformity 

in solid set systems as “low” when CUC was below 84%. Little et al [18] suggested a classification of 

uniformity of a sprinkler irrigation system as very good, good, poor and worse if uniformity coefficient (CU) 

value equals 90%, between 80% to 89%, between 70% to 79% and < 69%, respectively. Merkley and Allen [23] 

considered CU>78% to be the minimum acceptable performance level for economic system design. Uniformity 

coefficient that developed by Christiansen [6] is stated below [40,20,3]. 
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Where: 

CU : distribution uniformity coefficient developed by Christiansen (%). 

z : the amount of water measured in each container while testing uniformity (mm, ml). 

x = |z-m| : the total absolute value of deviations from average of the amount of water measured in all 

accumulation containers (mm, ml). 

n

z
m


 : average amount of water (mm, ml). 
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n : the number of water accumulation containers. 

 In practice, it’s not possible to obtain 100% of uniformity on the irrigated area because nozzles distribute 

water on a circular area, with overlaps between areas of water distribution. It’s impossible to have equal water 

distribution on the areas that are being irrigated [42,29]. Martinez et al [21] analyzed the influence of different 

design and performance factors, such as subunit arrangement, lateral spacing, working pressure, average 

application rate and application efficiency of water application cost, in a permanent set sprinkler irrigation 

system. The results showed that the most important factor was sprinkler spacing. Makki et al [22] reported that 

the twin nozzle brass sprinkler gave significantly better efficiency in comparison with twin nozzle plastic  

sprinkler and single nozzle plastic sprinkler. Stambouli et al [30] reported that sprinkler model has an important 

effect on the radial water distribution, even under similar operational conditions. Khodadadi Dehkordi [15] 

reported that with increase of nozzle-working pressure from 30 m to 50 m, CUC increased and the square layout 

had the most CUC and rectangle layout had the least of it. The main objective in this research is evaluation of 

uniformity coefficient of water distribution in different conditions of riser height, wind speed and sprinklers 

spacing. 

MATERIALS AND METHODS 

  

 This study was conducted in an uncultivated farm that was located in North West of Shush County from 

Khuzestan province of Iran with tropical climate. A permanent sprinkler system was located in this farm. The 

water resource of this farm was provided from Karkheh River. Some weather parameters, in 3 months that 

experiment was done, are shown in Table 1.  

 
Table 1: Some weather parameters of Shush County. 

ET0 

(mm/d) 

Mean of 

humidity 
(%) 

Mean of max 

temperature 
(oC) 

Mean of min 

temperature 
(oC) 

Daily 

sunshine 
hours 

Elevation (m) Month 

10.69 23 45.3 27.9 10.4 65 July 

9.68 26 45.2 27.1 10.1 65 August 

7.62 29 42.5 23.3 9.92 65 September 

 

 The sprinkler that was used in this plan was from kind of Zhaleh 3 that was made in Techno Zhaleh 

Company of Iran. It was twin-nozzle sprinkler with 9/32×1/8 inches diameters. The characteristics of Zhaleh 3 

sprinkler with 9/32×1/8 inches diameters are presented in Table 2. For evaluation of uniformity coefficient of 

water distribution used from Christiansen equation. The experiment was done on base of a single working 

sprinkler method. For gathering of sprinklers water, a 3m×3m grid system of catch containers were located 

around Zhaleh 3 sprinkler (Figure 1). Every catch containers had 15cm diameters and 15cm height that were 

located into the ground, whereas their rims were 5cm above the ground surface. The nozzle-working pressure in 

this plan was 30 m and sprinklers arrangement style was square layout with sprinklers spacing of 15m×15m and 

24m×24m. In this layout, the first space was sprinklers spacing on the laterals and the second space was laterals 

spacing on the main pipe. In addition, for measuring of wind speed used from four-cup-anemometer. For impact 

evaluation of wind speed on CUC used form three ranges of wind speeds (0-4 [mild], 4-7 [moderate] and 7-10 

[severe] [m/s]). For impact evaluation of riser height on CUC used form three riser heights including 120 cm, 

150 cm and 180 cm. For evaluation of CUC, the experiments in different riser heights and in different ranges of 

wind speed, were replicated three times and average of data was considered and presented in Tables.  The time 

of working for every experimental sprinkler was 1 hour. 

 
Table 2: The characteristics of Zhaleh 3 sprinkler with 9/32×1/8 inches diameters. 

Working pressure (m) Discharge (m3/hr) The wetted diameter (m) 

32 4.01 41.5 

35 4.21 42.1 

39 4.41 42.7 

42 4.60 43.6 

  

RESULTS AND DISCUSSION 

 

 CUC in different conditions of wind speed, riser height and sprinklers spacing are presented in Table 3. 
 

1- The first space (15m) is sprinklers spacing on the laterals and the second space (15m) is laterals spacing on 

the main pipe. 

 

The impact evaluation of riser height on CUC: 

 Table 4 shows the effect of riser height on CUC. According to Table 4, the riser height had not any effect 

on CUC because CUC of the entire riser heights achieved about 84%. 
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Fig. 1: 3m×3m grid system of catch containers around Zhaleh 3 sprinkler. 

 
Table 3: CUC (%) in different conditions of wind speed, riser height and sprinklers spacing. 

Wind speed (m/s) Working pressure 

(m) 

Riser height (cm) Sprinklers Spacing (m) 

Square Square 

15×151 24×24 

Mild 0-4 30 120 92.44 82.45 

0-4 30 150 94.52 85.32 

0-4 30 180 97.73 87.61 

Moderate 4-7 30 120 91.68 81.83 

4-7 30 150 91.43 81.25 

4-7 30 180 90.31 80.11 

Severe 7-10 30 120 82.73 74.75 

7-10 30 150 80.41 72.32 

7-10 30 180 78.87 70.21 

 
Table 4: The effect of riser height on CUC. 

Riser height (cm) CUC (%) 

120 84.31 

150 84.21 

180 84.14 

 

 According to Table 3, in mild wind speed with increase of riser height from 120 cm to 180 cm, CUC 

increases. It may be for reducing of turbulent flow in riser entryway and increase in wetted area and pattern 

width with increasing of riser height. This result is confirmed by Ahmed et al [1]. Besides, in moderate wind 

speed the riser height had not any effect on CUC. However, in severe wind speed with increase of riser height 

from 120 cm to 180 cm, CUC decreases. Because in severe wind speed the negative effect of wind speed on 

CUC increases with increase of riser height. This result is confirmed by Al-Khafaf et al [2]. According to Table 

3, CUC in riser height of 120 cm, in sprinklers spacing of 15×15 m and at mild wind speed is 92.44% that it 

decreases in severe wind speed to 82.73%, therefore it has been reduced 10.5%. But CUC in riser height of 180 

cm, in sprinklers spacing of 15×15 m and at mild wind speed is 97.73% that it decreases in severe wind speed to 

78.87%, therefore it has been reduced 19.3%. This is due to increase of the negative effect of severe wind speed 

on CUC with increase of riser height. 

 

The impact evaluation of sprinklers spacing on CUC: 

 Table 5 shows the effect of sprinklers spacing on CUC.  

 
Table 5: The effect of sprinklers spacing on CUC. 

Parameters 
Sprinklers spacing (m) 

15×15 24×24 

CUC (%) 88.90 79.54 

The proportion of sprinklers spacing to wetted diameter of 44 m (in nozzle-

pressure of 30 m) 
0.34 × 0.34 0.55 × 0.55 

 

 According to Table 5, sprinklers spacing of 15m×15m had the most CUC (88.90%) and sprinklers spacing 

of 24m×24m had the least CUC (79.54%). Actually, by decrease of sprinklers spacing, CUC increases. This is 

because of better overlap of sprinklers spray in less sprinklers spacing. This result is confirmed by Khodadadi 

Dehkordi [15]; Kara et al [16]; Tarjuelo et al [37]; Joshi et al [13] and Sahoo et al [34]. For reducing of 
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sprinklers spacing, it is important to consider economic aspects in this subject. Actually, reducing of sprinklers 

spacing should be justifiable from economic aspects. In this research, the proportion of sprinklers spacing to 

wetted diameter for square layout was 0.34×0.34 (for sprinklers spacing of 15m×15m) and 0.55×0.55 (for 

sprinklers spacing of 24m×24m) at nozzle-pressure of 30 m. Christiansen [6] recommended the proportion of 

sprinklers spacing to wetted diameter: 0.4×0.6 for rectangle and 0.5 for square layouts. Besides, Keller [17] 

recommended the proportion of sprinklers spacing to wetted diameter: 0.5 for square, 0.4×0.67 for rectangle and 

0.62 for triangle layouts. Khodadadi Dehkordi [15] recommended the proportion of sprinklers spacing to wetted 

diameter at nozzle-pressure of 50 m including: 0.29×0.29 (for sprinklers spacing of 15m×15m) and 0.46×0.46 

(for sprinklers spacing of 24m×24m) for square layout and 0.40×0.29 (for sprinklers spacing of 21m×15m) for 

rectangle layout.  

 

The impact evaluation of wind speed on CUC: 

 Table 6 shows the effect of wind speed on CUC.  

 
Table 6: The effect of wind speed on CUC. 

Wind speed (m/s) CUC (%) 

Mild 0-4 90.01 

Moderate 4-7 86.1 

Severe 7-10 76.55 

 

 In this research, CUC was measured in three ranges of wind speed. They were mild wind (0-4 m/s), 

moderate wind (4-7 m/s) and severe wind (7-10 m/s). According to Table 6, with increasing of wind speed, 

CUC decreases. This result is confirmed by Khodadadi Dehkordi [15]; Von Bernuth and Seginer [41]; Seginer 

et al [26]; Seginer et al [27]; Faci and Bercero [10]; Tarjuelo et al [36]; Tarjuelo et al [38]; Hans et al [11]; Li 

and Kawano [19]; Azevedo et al [4]; Urrutia [39]; De Lima et al [8] and Dechmi et al [9]. The most of these 

researchers confirms two results, first: applied water is lost partially by evaporation and especially it drifts out of 

the irrigated area, second: water distribution pattern in windy conditions is distorted. Besides, the effect of 

moderate wind speed on CUC is very less than severe wind speed. Because with increasing of wind speed from 

mild to moderate range, CUC 4.3 percent decreases but with increasing of wind speed from mild to severe 

range, CUC 14.95 percent decreases. According to Table 3, with decreasing of sprinklers spacing, the negative 

effect of wind speed on CUC decreases. Whereas, CUC of 15×15 m sprinklers spacing in 120 cm riser height 

and in severe wind speed is 82.73% but in 24×24 m sprinklers spacing is 74.75%. It is due to the decrease of 

sprinklers spacing in proportion to wetted diameter. This result is confirmed by Khodadadi Dehkordi [15]; 

Vories and Von Bernuth [40]; Cuenca [7] and Sahoo et al [34].  

 

Conclusion: 

 The results showed that in mild wind speed with increase of riser height CUC increased. Besides, in 

moderate wind speed the riser height had not any effect on CUC and in severe wind speed with increase of riser 

height CUC decreased. In addition, the results showed that by decrease of sprinklers spacing CUC increased and 

with increasing of wind speed CUC decreased. Actually, the effect of moderate wind speed on CUC was very 

less than severe wind speed. 

REFERENCES 

 

[1] Ahmed, M.A.M., M.A. Awaad, M.Y. El-Ansary and Z.A. El-Haddad, 2010. Performance of rotating spray 

plate sprinklers. Misr J. Ag. Eng., 27(2): 565-585. 

[2] Al-Khafaf, S., M.C. Al-Awad, F.A. Sharhan and N. Al-Asadi, 1988. Agriculture and water resources 

research. Uniformity and water distortion as influenced by environmental and operative conditions. Journal 

of Agriculture and Water Resources Research, Soil and Water Resources, 7(2): 257-266. 

[3] Allen, R.G., 1993. Irrigation engineering principles. Department of Biological and Irrigation Engineering, 

Utah State University, Logan, Utah.  

[4] Azevedo, H.J., S. Bernardo, M.M. Ramos, G.C. Sediyama and P.R. Cecon, 2000. Influence of climatic 

factors and operational conditions on uniformity of distribution of water in a spray irrigation system. Brazil. 

Engen. Agric. Environ. 4: 152-158.       

[5] Carrion, P., J.M. Tarjuelo and J. Montero, 2001. SIRIAS: a simulation model for sprinkler 

[6] irrigation. I. Description of model. Irrigation Science, 20(2): 73-84. 

[7] Christiansen, J.E., 1942. Irrigation by Sprinkling. California Agriculture Experiment Station Bulletin, No. 

670. 

[8] Cuenca, R.H., 1989. Irrigation System Design: An Engineering Approach. 1
st
 Edn. Prentice Hall, Inc. 

Englewood Cliffs, New Jersey, pp: 552.  

[9] De Lima, J.L.M.P., P.J.J.F. Torfs and V.P. Singh, 2002. A mathematical model for evaluating the effect of 

wind on downward-spraying rainfall simulators. Catena, 46: 221–241. 



191                                                         Davoud Khodadadi Dehkordi, 2014 

Advances in Environmental Biology, 8(21) October 2014, Pages: 187-192 

[10] Dechmi F., E. Playan, J.M. Faci, M. Tejero and A. Bercero, 2003. Analysis of an irrigation district in north-

eastern Spain. II. Irrigation evaluation, simulation and scheduling. Agricultural Water Management, 61: 93-

109. 

[11] Faci, J.M. and A. Bercero, 1991. Efecto del viento en la uniformidad y en las pe´rdidas por evaporacio´n y 

arrastre en el riego por aspersio´n. Inv. Agric. Prod. Prot. Veg. 6 (2), 171–182. 

[12] Hans, S., R.G. Evans and M.W. Kroeger, 1994. Sprinkler distribution patterns in windy conditions. Trans. 

ASAE 37 (5): 1481-1489. 

[13] Jahad, U.A., 2013. Study the emission uniformity coefficients for sprinkler irrigation system with different 

layouts. Euphrates Journal of Agriculture Science, 5(4): 1-10. 

[14] Joshi, D.S., D.T. Shete and P.M. Modi, 1995. Sprinkler performance evaluation with respect to nozzle size, 

pressure, riser height and grid spacing. Proceedings of ICID Special Technical Session on the Role of 

Advanced Technologies in Making Effective Use of Scarce Water Resources, Rome, Italy, 2; 2 ref, Cab 

Abst. 

[15] Keller, J. and R.D. Bliesner, 1990. Sprinkle and Trickle Irrigation, Van Nostrand Reinhold. New York. 

[16] Khodadadi Dehkordi, D., 2014. Evaluation of uniformity coefficient of water distribution in sprinkler 

irrigation under different conditions. Advances in Environmental Biology, 8(13): 781-786.   

[17] Kara, T., E. Ekmekci and M. Apan, 2008. Determining the uniformity coefficient and water distribution 

characteristics of some sprinklers. Pakistan Journal of Biological science, 11(2): 241-219.   

[18] Keller, J., 1983. USDA-Soil Conservation Service’s National Engineering Handbook, Section 15: 

Irrigation– Chapter 11: Sprinkle Irrigation. US Government Printing Office, Washington, DC.    

[19] Little, G.E., D.J. Hills and B.R. Hanson, 1993. Uniformity in pressurized irrigation systems depends on 

design, weather and installation. California Agriculture, 47: 18-21.   

[20] Li, J. and H. Kawano, 1996. Sprinkler rotation non-uniformity and water distribution. Trans. ASAE 39(6): 

2027-2031. 

[21] Losada, A., L. Juana and J. Roldan, 1990. Operation diagrams for irrigation management. Agric. Water 

Manage., 18: 289-300.    

[22] Martinez, J.M., R.S. Martinez and J.M. Tarjuelo, 2004. Analysis of water application cost with permanent 

set sprinkler irrigation system. Irrig. Sci., 23: 103-110.  

[23] Makki, E.K., O.O. Ali and A.E. Mohamed, 2011. Evaluation of Uniformity Coefficient and Water 

Distribution Efficiency of Some Impact Sprinklers in Shambat, Sudan. U. of K. J. Agric. Sci. 19(2): 161-

177. 

[24] Markley, G.P. and R.G. Allen, 2003. Sprinkle and Trickle Irrigation Lecture Notes. Utah State University. 

Logan, Utah, USA. www.neng.usu.edu/bie/faculty/merkley/. pp: 41. 

[25] Playan, E., N. Zapata, J.M. Faci, D. Tolosa, J.L. Lacueva, J. Pelegrin, R. Salvador, I. Sanchez and A. Lafita, 

2006. Assessing sprinkler irrigation uniformity using a ballistic simulation model. Agricultural Water 

Management, 84(1–2): 89–100. 

[26] Playan, E., R. Salvador, J.M. Faci, N. Zapata, A. Martinez-Cob and I. Sanchez, 2005. Day and night wind 

drift and evaporation losses in sprinkler solid-sets and moving laterals. Agricultural Water Management, 

76(3): 139–159. 

[27] Seginer, I., D. Nir and R.D. Von Bernuth, 1991. Simulation of wind-distorted sprinkler patterns. J. Irrig. 

Drain. Eng., ASCE 117 (2): 285– 306. 

[28] Seginer, I., D. Kantz, D. Ni and R.D. Von Bernuth, 1992. Indoor measurement of single-radius sprinkler 

patterns. Trans. ASAE 35 (2): 523– 533. 

[29] Solomon, K., 1979. Variability of sprinkler coefficient of uniformity test results. Transactions of the ASAE, 

22: 1078-1086. 

[30] Stryker, J., 1998. Sprinkler Spacing. www. JessStryker.com/Spklr.htm. 

[31] Stambouli, T., N. Zapata and J.M. Faci, 2014. Performance of new agricultural impact sprinkler fitted with 

plastic nozzles. Biosystems Engineering. V. 118: 39-51. 

[32] Sanchez, I., N. Zapata and J.M. Faci, 2010a. Combined effect of technical, meteorological and agronomical 

factors on solid-set sprinkler irrigation. I. Irrigation performance and soil water recharge in alfalfa and 

maize. Agricultural Water Management, 97(10): 1571–1581. 

[33] Sanchez, I., N. Zapata and J.M. Faci, 2010b. Combined effect of technical, meteorological and agronomical 

factors on solid-set sprinkler irrigation. II. Modifications of the wind velocity and of the water interception 

plane by the crop canopy. Agricultural Water Management, 97(10): 1591–1601. 

[34] Sanchez, I., J.M. Faci and N. Zapata, 2011. The effects of pressure, nozzle diameter and meteorological 

conditions on the performance of agricultural impact sprinklers, Agricultural Water Management, 102: 13-

24. 

[35] Sahoo, N., P.L. Pradhan, N.K. Anumala and M.K. Ghosal, 2008. Uniform Water Distribution From Low 

Pressure Rotating Sprinklers. The CIGR Ejournal, Manuscript LW 08014. Vol. X. 2008, p. 10. 

www.cigrjournal.org/index.php/Ejounral/article/viewFile/1231/1088. 



192                                                         Davoud Khodadadi Dehkordi, 2014 

Advances in Environmental Biology, 8(21) October 2014, Pages: 187-192 

[36] Topak R., S. Suheri, N. Ciftci and B. Acar, 2005. Performance evaluation of sprinkler irrigation in a semi-

arid area. Pakistan Journal of Biological Sciences, 8: 97–103. 

[37] Tarjuelo, J.M., M. Valiente and J. Lozoya, 1992. Working conditions of a sprinkler to optimize the 

application of water. J. Irrig. Drain. Eng., ASCE 118 (6): 895– 913. 

[38] Tarjuelo, J.M., J. Montero, F.T. Honrubia, J.J. Ortiz and J.F. Ortega, 1999a. Analysis of uniformity of 

sprinkle irrigation in semi-arid area. Agric. Water Manage, 40: 315-331. 

[39] Tarjuelo, J.M., J. Montero, P.A. Carrio´n, F.T. Honrubia and M.A. Calvo, 1999b. Irrigation uniformity with 

medium size sprinklers: Part II. Influence of wind and other factors on water distribution. Trans. ASAE 42 

(3): 677–689. 

[40] Urrutia, J. J., 2000. Obtención de una curva de riego por aspersión en función del viento y studio de las 

horas recomendables para el riego en la zona regable de "El Ferial" en Bardenas Reales (Navarra). En 

XVIII Congreso Nacional de riegos, Huelva. 

[41] Vories, E. and R. Von Bernuth, 1986. Single nozzle sprinkler performance in wind. Trans. ASAE 29 (5): 

1325– 1330. 

[42] Von Bernuth, R.D. and I. Seginer, 1990. Wind considerations in sprinkler system design. Proc. Visions of 

the Future. Third National Irrigation Symp. ASAE, St. Joseph, MI. 

[43] Zoldoske, D.F., K.H. Solomon and E.M. Norum, 1994. Uniformity Management for Turf grass. 

www.atinet.org/cati/cit/rese/94/941102/index.html. 

 


