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Abstract: One way to adapt to the trend towards low-energy and to improve the hydraulic performance of the impact sprinkler 

under a low pressure condition is by means of a fixed water dispersion device.  A fixed dispersion device disperses jet flow from 

the nozzle continuously.  The shape of the tip, impact angle (θ), diameter (D), and depth in the jet flow (d) have significant 

influence on the hydraulic performance.  In this study, the hydraulic performance characteristics of impact sprinkler as affected 

by the fixed water dispersion device were studied under indoor conditions.  Radial water distributions from the sprinkler were 

obtained by experiments for the fixed water dispersion devices.  MATLAB was used to transform the radial data into net data, 

and the uniformities were simulated in a square layout from 1 to 2 times the range (R).  The droplet size distributions from the 

fixed water dispersion devices were measured by a laser precipitation monitor (LPM).  Results showed that the range increased 

with the increase of pressure, and the sprinkler with type C2 produced a rectangular-shaped water distribution pattern, while the 

range was maintained.  A maximum uniformity of 71.56%, 75.56%, 77.23%, 73.32%, 78.88% and 86.67% was found for types 

A1, B1, C1, A2, B2, and C2, respectively under a pressure of 200 kPa.  The uniformity from the sprinkler using type C2 surpassed 

80%, while type C1 fell below.  Droplet sizes from type C2 was best, and the mean droplet diameter decreased with the increase of 

pressure.  Hence, type C2 can be selected for further optimization of the design features to improve the hydraulic performance of 

the impact sprinkler under low pressure conditions. 
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1  Introduction
1
 

Sprinkler irrigation is currently being promoted worldwide due 

to its numerous benefits of saving water and labor, and is adaptable 

to the needs of the farmers[1-3].  It prevents dry areas between 

furrows and deep percolation of water compared with surface 

irrigation methods[4-6].  Water saved in sprinkler irrigation varies 

from 40%-65%, depending on the design, crop type, management 

practices and geographical location[2,7].  Several types of 

sprinklers exist, but the impact sprinkler is commonly used because 

it is relatively low-cost and more reliable.  Due to its large range, 

the impact sprinkler is efficient for irrigating large areas.  It 

operates by spraying pressurized water from the nozzle.  As the jet 

flow from the nozzle and impact on the deflector, the head of the 

sprinkler is driven into a circular motion.  The deflector arm is 
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repeatedly pushed back into the jet flow by a spring-loaded arm 

each time it comes into contact with the jet flow.  The deflector 

arm slightly affects the jet flow from the nozzle of the sprinkler[8].  

Uniformity is an important index for determining the hydraulic 

performance and irrigation quality of sprinklers.  Considering the 

droplet trajectory and water distribution, only uniformity is a good 

indicator.  It indicates the consistency in water distributions, 

which affects the productivity and efficiency in sprinkler irrigation 

systems[9,10].  Under conditions of low uniformity, some areas are 

over irrigated, while the other areas are insufficiently irrigated, 

resulting in low crop yields and qualities[11].  Uniformity has a 

great influence on important aspects such as water use efficiency, 

leaching of nutrients and crop yields[12-14].  The factors that 

influence uniformity include the structure of the sprinkler, pressure 

head, spacing and layout, wind drift, air temperature, and relative 

humidity.  A properly designed sprinkler irrigation system has the 

potential to produce high water application efficiency with a 

uniform water distribution[15,16].  Previous studies on the impact 

sprinkler mainly focused on the influence of factors such as nozzles, 

pressure, flow rate, riser, sprinkler spacing, and environmental 

factors[17-19]. 

Low pressure sprinkler irrigation is gaining momentum as the 

energy costs and the sustainability of pressurized irrigation need to 

be compromised.  This is particularly important in the case of 

impact sprinklers for their pressure requirements are higher than for 

instance, pivot sprinklers.  Impact sprinkler is unable to obtain 

sufficient jet break up when it is run under low pressure conditions, 

resulting in poor water distributions.  Under high pressures, the jet 

breaks up sufficiently to produce a suitable distribution pattern.  
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As the pressure is reduced, the distribution pattern becomes 

doughnut-shaped.  Such conditions result in nonuniform water 

distributions, poor quality of irrigation and waste of water[11,20,21].  

Hence, it is imperative to mechanically facilitate the breakup of the 

jet flow with a fixed water dispersion device to improve the water 

distributions under a low pressure.  There are several ways to 

facilitate the breakup of the jet flow under low pressure condition.  

For example, an orifice nozzle, non-circular nozzles, vanes and 

fluidic devices can be mounted on the sprinkler[22,23].  Such 

dispersion devices are usually mounted outside the nozzle of the 

sprinkler.  Some efforts were previously made to improve the 

water distribution with dispersion devices.  Sprinkler 

manufacturers recently developed a noncircular nozzles which 

improved water distribution by dispersing the jet[35].  The 

drawback of this type of nozzle is that a large cross-section of the 

jet flow is usually deflected by the wind that is likely to decrease 

the range.  Besides, the dispersed jet does not operate the impact 

arm efficiently, leading to some rotational problems.  The use of 

multiple-nozzles on the sprinkler require smaller nozzles, which 

leads to plugging problems and decrease in the irrigation range.  

Flow control nozzles that uses a circular orifice which contracts 

with the increase of pressure were also used[24,25].  Similarly, 

vanes were also mounted on the upper part of the nozzle, which 

improved the range but resulted in poor water distributions.  Few 

studies have been conducted on the use of water dispersion devices 

to improve water distribution under a low pressure.  Fan 

developed and mounted a T-shaped rib parallel to the jet flow[26].  

Kincaid developed and evaluated a new method of pattern 

modification using the impact arm[25].  A screw was mounted on 

the deflector arm, which intermittently dispersed the jet flow.  

This application is currently commercialized by NaanDan Jain 

Irrigation Limited[8].  Li studied the effect on the hydraulic 

performance of low pressure sprinkler using an intermittent water 

dispersion device[27].  These developments demonstrate the 

importance of water dispersion devices to the breakup and 

dispersion of water jet into droplets. 

With respect to its axis of motion, a droplet is considered as 

symmetric with two forces acting on droplet in the air: (1) air 

resistance, which opposes the relative movement of the droplet and 

(2) gravity, which act vertically[28,29].  Air resistance decreases the 

magnitude of both velocity components.  Gravity increases the 

magnitude of the vertical component when the droplet has a 

downward component, and to decrease it when the droplet has an 

upward component.  Smaller droplets concentrate close to the 

sprinkler, while larger droplets settle towards the edge of the 

sprinkler range.  Accurate knowledge of droplet size distributions 

is important to determine the difference in the droplet sizes 

resulting from a water dispersion device.  First, smaller droplets 

are subject to wind drift that distorts the distribution pattern.  

Second, larger droplets possess greater kinetic energy which is 

transferred to the soil surface causing crusting and erosion[30,31].  

This energy is directly related to drop sizes[32].  The rational 

behind the designs of the fixed water dispersion device is to 

facilitate the breakup of jet and maintain a large for impact 

sprinklers under low pressure conditions.  The most important 

design parameters include; the shape of the tip, impact angle, 

diameter, and depth in the jet flow.  In this study, we investigated 

the influence of the fixed water dispersion device on range, water 

distributions, uniformity, and droplet size distributions. This is 

necessary to select the correct fixed water dispersion device for 

further optimization to save irrigation water.  

2  Materials and methods  

2.1  Structure of the fixed water dispersion devices 

The main structural parameters of a fixed water dispersion 

device in this study include; the diameter of dispersion device (D), 

impact angle of the water stream (θ), the depth in jet flow (d), and 

the shape of the tip (pointed or flat), as shown in Figure 1.  

Prototypes of the fixed water dispersion devices were self-designed 

and locally manufactured (Figure 2).  

 
Note: d: depth in jet flow; a: impact angle; ht: length of thread mm; D: diameter, 

mm; h: length of pin, mm. 

Figure 1  Structure of different shapes of the fixed water 

dispersion devices 
 

 
Figure 2  Prototypes of the fixed water dispersion devices 

 

2.2  Working principle of the fixed water dispersion device 

The Funny 1-inch impact sprinkler from Davide and Luigi 

Volpi Spa, Casalromano (CM), Italy was used for the experiment.  

The nozzle of the sprinkler was plastic, circular-shaped with an 

inlet and outlet diameters of 18 mm and 8 mm, respectively.  A 

hole was drilled in the holder or arm and threaded to accept the 

dispersion device.  The arm was first screwed to the sprinkler, and 

then the fixed water dispersion device was inserted into a spring 

and screwed into the holder.  The complete arrangement was then 

mounted on the sprinkler using a screw as shown in Figure 3.  The 

spring provided vertical stability to the fixed water dispersion 

device during the impact from the jet.  The tip of the dispersion 

device protruded into the jet flow, and as it is impacted by the jet, 

the flow was interrupted and caused a change in linear momentum 

and breakup.  As a consequence, the inertia and angular 

momentum of the droplets were decreased, which made them to 

decelerate and fall near sprinkler.  Otherwise, the jet travelled at a 

longer distance with respect to its axis of motion[12].  

Different shapes and structural parameters of the fixed water 

dispersion devices were considered in this study (Table 1).  The 

shape of the tip, whether it is flat or pointed, was defined by the 

relation between D, d and θ, while the depth of the tip in the jet 

flow (d) was also determined by the relation between θ, D and the 

shape of the tip. 

Figure 5 shows the holder or arm for the fixed water dispersion 

device with a threaded hole to accept the dispersion device.  
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Different holders were self-designed and locally manufactured 

based on the diameter of fixed water dispersion device (Figure 6). 

 
1. Bearing assembly  2. Shift lever  3. Spring  4. Snap level  5. Swing level  

6. Stop shifter  7. Back arm  8. Bearing assemble  9. Inverted U-shaped 

mounting structure  10. Sprinkler head body  11. Impulse arm  12. Screw for 

arm  13. Nozzle  14. Deflector  15. Screw for device  16. Nozzle assembly  

17. Arm for the dispersion device  18. The fixed water dispersion device 

Figure 3  Structure of the impact sprinkler with a fixed water 

dispersion device  

 
Figure 4  Schematic diagram of the fixed dispersion device 

impacted by jet flow: a is the angle between the centerline of the 

nozzle and impact side of the dispersion device 
 

Table  1 Structural parameters of different types of the fixed 

water dispersion devices 

Type D/mm θ/(°) d/mm Shape of the tip 

A1 6 45 1.5 Flat 

B1 6 60 2.5 Flat 

C1 8 60 4.0 Flat 

A2 6 45 3.0 Pointed 

B2 6 60 5.0 Pointed 

C2 8 45 4.0 Pointed 
 

 

Figure 5  Structure of the arm for the fixed water dispersion device 
 

 
Figure 6  Prototypes of the holders/arms for the fixed water 

dispersion devices 

2.3  Experimental set-up 

The experiment was conducted in the sprinkler laboratory of 

the Research Center of Fluid Machinery Technology and 

Engineering, Jiangsu University in China.  The laboratory has a 

circular shape with a diameter of 44 m.  The materials used for the 

experiment include; centrifugal pump, electromagnetic flow meter 

and piezometer, valve and the impact sprinkler (Figure 7).  The 

sprinkler was installed at a height of 2 m from the ground level 

with a 23° spraying angle.  The sprinkler head was mounted on a 

1.5 m high riser at an angle of 90° to the horizontal from which the 

top of the catch cans was 0.9 m above the ground.  Water was 

pumped from the reservoir through a main pipe and sprayed out 

from the nozzle.  The pressure was measured at the base of the 

sprinkler using a pressure gauge with an accuracy of 0.4%. 

 
Figure 7  Schematic diagram of the experimental set-up for radial 

water distribution and Laser precipitation monitor (LPM) system 
 

The system was pre-tested and adjusted where necessary to 

ensure the correct depth of the fixed water  dispersion device was 

set into the jet flow.  In order to standardize the laboratory 

conditions, the sprinkler was run for 20 min before performing the 

actual experiments.  The array method was used to experimentally 

determine the sprinkler ranges.  Rain gauges were arranged into 

two arrays (North and South legs), with 1 m spacing between them.  

The ranges were measured based on ASABE requirements, which 

establishes that the sprinkler range should be measured from the 

central sprinkler tested to the collector which received a 

precipitation intensity of at least 0.3 mm/h (the point with irrigation 

intensity of 0.15 mm/h when the spray flow is below 0.25 m3/h)[33].  

Tests were firstly carried out with no water dispersion device 

installed on the sprinkler.  Each experiment period lasted for 1 

hour, which the dates and times of irrigation were recorded, as well 

as the pressure, and the flow rate.  The data for each dispersion 

device tested was based on three repetitions, and the average of 

radial distribution profile was taken as final values.  During the   

experiment, all the parameters were maintained except for the fixed 

water dispersion devices and pressure.  The pressure was varied 

from 100-400 kPa. 

2.4  Calculation of combined uniformity (CU) 

Square layout is widely used in irrigation management 

because it is more convenient for pipeline design and practical 

engineering[34].  Square layout was used for simulation of 

uniformity for different types of the fixed water dispersion device 

under different spacing coefficients (Figure 8).  Spacing 

coefficient describes the overlap device distance of two sprinklers, 

which is equal to two times of the range (R).  Many irrigators in 

windy areas use 2R or greater to provide enough overlap and 

achieve the desired uniformity.  In this study, four sprinklers 

were mathematically overlapped at a maximum spacing 
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coefficient of 2R, and the combined CUs determined.  The 

spacing coefficient describes the overlapping distance of two 

adjacent sprinklers for two different layout forms, and the spacing 

coefficient was equal to the times of the sprinkler range.  The 

uniformity from the overlapped sprinkler gave the combined or 

simulated uniformity.  

 
Figure 8  Schematic diagram of sprinkler under square layout 

 

Matrix Laboratory (MATLAB) program was used to compute 

the combined CU values according to the radial water 

distribution[35,36].  Radial data of water distributions from the 

fixed water dispersion devices were modified into net data.  The 

final calculated average radial water distribution data was the 

same in all directions for the types A1, B1, C1, A2, B2 and C2.  

The available data points were distributed in a manner similar to a 

spider web.  Grid data points were used to calculate the 

combined CU.  The depth of the net point depends on the 

distance away from the sprinkler.  The water depths of every 

interpolating point, assumed to be a continuous variable value, 

were calculated by using a mathematical model of interpolating 

cubic splines[22,23]. 

The model for converting radial data into the net data insert 

function was established as follows: Point A was the net point 

between two adjacent radial rays, and (xA, yA) was its coordinate.  

P1, P2, P3, and P4 are the four nearest points to point, A on the two 

adjacent radial rays, and (ρ1, θ1), (ρ2, θ2), (ρ3, θ3), and (ρ4, θ4) were 

their coordinates.  Hence, their positions were; xi = ρicosθi (i = 1, 

2, 3, 4) and yi = ρisinθi (i = 1, 2, 3, 4).  Their water depths were; 

h1, h2, h3, and h4, and the distances away from point A are r1, r2, r3, 

and r4 respectively.  Thus, 

2 2

1 1 1( ) ( )    ( 1,2,3,4)A Ar x x y y i            (1) 

The water depth of every net point was calculated by using the 

Equation (2) below: 

hA=C1h1+C2h2+C3h3+C4h4             (2) 

where, C1=(r1r2r3)
2/R, C2=(r1r3r4)

2/R, C3=(r2r3r4)
2/R, C4=(r1r3r4)

2/R  

and R=(r1r2r3)
2+(r1r3r4)

2+(r1r3r4)
2+(r2r3r4)

2. 

Uniformity coefficient reflects the degree of water distributions, 

and its significance on crops growth is a measurement of the 

quality of sprinkler irrigation.  Christiansen’s uniformity 

coefficient was used in this study as an evaluation index[37].  The 

equation is given by                                                                                                                                                                                                                                              

| |
100 1 i m

i

x x
CU

x

  
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 
          (3) 

where, CU is Christiansen’s uniformity coefficient, %; xi is the 

measured depth of water in equally spaced catch cans on a grid, m;  

xm is the mean depth of water of the catch in all cans, m. 

2.5  LPM experimental system 

The LPM from Thies Clima in Germany was used to measure 

the droplet diameters from the dispersion devices.  The LPM 

consists of two main components: (1) an imaging system composed 

of photodiode detector, laser transmitter, a storage circuit, and (2) 

an analysis display system which is composed of Laser Line 

Narrowing Module (LNM) view software which displayed the data 

generated.  The LPM can accumulate the measured droplet 

volumes and calculate the rainfall intensity, and the droplet spectra 

of LPM can be drawn, containing the droplet size ranges, droplet 

speed range, and the corresponding particle numbers.  The data 

collected per minute was transferred into an EXCEL file.  the test 

area is 46 cm2 (23.0 cm×2.0 cm); the measurement range of 

particle diameter is 0.16-8.00 mm; the measurement range of 

rainfall intensity is 0.005-250.000 mm/h[38]. 

2.6  Calculation of droplet size distributions 

Jet flow from the nozzle break up by the air entrainment, 

forming numerous different diameter droplets, which falls within 

the spray area.  The average droplet diameter represents the drop 

size at different positions due to the changing droplet diameter in a 

comparatively larger range.  The average droplet diameter was 

calculated using the realistic Weighted Average Method (WAM).  

WAM is the ratio of the corresponding weight of droplet diameters 

by different standard sieve meshes to the total weight of droplets at 

the sample location[38] as shown in the equations below: 
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where, d  is the average size of droplets at sampling locations, 

mm; di is drop diameter, mm; Wi refers to the weight of water for 

droplet with diameter di; γw is the bulk density of water, N/m3; mi is 

the number of droplet with diameter, d; and n corresponds to the 

types of droplet diameters.  The arithmetic mean, standard 

deviation (SDD), and coefficient of variation (CVD) were also used 

for droplet diameters. 

3  Results and discussion 

3.1  Sprinkler ranges  

The pressure, flow rate, and water dispersion devices are 

factors that significantly influence sprinkler range of jet flow from 

a specific nozzle and sprinkler models.  Measurements from the 

experiment were repeated three times and the averages were taken 

as final results.  The relationship between the sprinkler ranges and 

pressures for different types of the fixed water dispersion devices 

are shown in Table 2.  Without the fixed water dispersion device 

(ND), the water jet traveled longer according to Newton’s third law 

of motion, resulting in a larger sprinkler range[27].  Generally, 

using a water dispersion device interrupted jet flow from the nozzle, 

caused it to disperse with a slight reduction in the sprinkler range.  

And different types of the fixed water dispersion devices gave a 

slight difference in the sprinkler ranges under the same pressure.  

However, the differences in sprinkler ranges were quite large for 

the fixed water dispersion devices with a pointed tip, while that 

with a flat tip had a considerably smaller sprinkler ranges. 
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Table 2  Ranges for the fixed water dispersion devices 

under different pressures 

Type 

Pressure/kPa 

100 150 200 250 300 350 400 

A1 12.1 12.9 13.7 14.8 15.2 15.8 16.7 

B1 11.7 12.5 13.6 14.3 14.8 15.4 16.2 

C1 11.1 11.7 12.2 13.9 14.1 15.1 15.9 

A2 12.4 13.7 14.5 15.2 15.7 16.1 17.1 

B2 11.9 13.1 14.1 14.7 15.2 15.7 16.8 

C2 11.6 12.8 13.4 14.2 14.8 15.3 16.3 

ND 12.7 13.1 14.4 15.4 16.7 17.8 19.1 
 

When using a pressure of 200 kPa, the sprinkler range from A2 

was largest with a value of 14.5 m.  This was possibly due to a 

smaller surface area for the interruption of jet flow, leaving it 

undisturbed for a sufficient irrigation within the period to maintain 

a large range.  Type C1 had a larger surface area in the jet, the 

sprinkler range was reduced to 12.2 m.  The coefficient of 

variation (CV) for type C1 had a leas value of 4.6%, and type C2 

was 1.8%.  With an increase in pressure, the CVs were 3.7% and 

1.6% for C1 and C2, respectively.  A significant difference 

(p<0.05) was found between C1 and C2, while a non-significant 

difference (p>0.05) occurred for type C2 between the pressure 

ranges of 200 and 300 kPa.  The depth of a fixed water dispersion 

device in the jet flow was decided by the impact angle, diameter 

and shape of the tip.  With respect to type C2, it was possible to 

modify the water distribution pattern to produce a 

rectangular-shaped pattern while maintaining a large sprinkler 

range at the same time.  

3.2  Radial water distributions 

A uniform water distribution has a high application rate near 

the sprinkler and the profile decreases at a uniform rate as the range 

increases.  The shape of the water distribution pattern is mainly 

determined by the sprinkler model and its internal design, discharge 

angle and jet breakup mechanism[15].  Water application rates 

from the fixed dispersion devices were different for each 

experiment with respect to the pressure ranges.  The water 

distributions were mostly concentrated around sprinkler and at a 

distance far away from the sprinkler from a pressure of 100-    

150 kPa, which was possibly due to unsatisfactory pressure.  

Research on the doughnut-shaped distribution patterns of the 

impact sprinkler under low pressure was previously described[39,40].  

By raising the pressure to 200 kPa, the application rates was 

higher, and the doughnut-shape pattern was still noticeable for the 

fixed water dispersion devices tested.  For instance, application 

rates from type A1 increased to a maximum of 13.2 mm/h at a 

distance of 8 m from the sprinkler, and decreased to a minimum of 

7.2 mm/h under a pressure of 200 kPa (Figure 9a).  A possible 

reason is that type A1 had a smaller depth in the jet, and the 

interruption was inadequate.  A poor water distribution pattern is 

known to waste water and reduce the quality of sprinkler 

irrigation[21].  Type C1 gave a maximum application rate of 13.2 

mm/h at a distance of 4 m from the sprinkler, and decreased 

gradually to 3.2 mm/h under a pressure of 200 kPa (Figure 9c).  

The CV from type C1 was 8.1%, while C2 had a least value of 

2.8%, which was significantly different (p>0.05) compared with 

that under a pressure 300 kPa.  Meanwhile, application rates 

from type C2 was improved near the sprinkler with the highest 

value of 13.2 mm/h at a distance of m from the sprinkler, which 

gradually decreased to 7.2 mm/h under a pressure of 200 kPa 

(Figure 9f).  In the case of C2, the CV was 6.1% with 

non-significant difference (p>0.05) compared with that under   

300 kPa.  It can be seen that type C2 improved the application 

rates near and middle range of the sprinkler, while the large 

sprinkler range was fairly maintained under a pressure of 200 kPa.  

The ideal sprinkler for a large field application is one which uses a 

water dispersion device to maximize or maintain the range for a 

given pressure, while avoiding a doughnut-shaped pattern[25].  

With an increase in pressure, the application rates were much 

higher near the sprinkler, particularly in the case of type C1 (Figure 

9c).  Such high application rates can create surface sealing and 

runoff to carry surface soil away, particularly on light soils[40,41].  

The jet breaks up sufficiently under such conditions, and the use of 

the water dispersion devices appears to have facilitated the breakup, 

resulting in more water applied in the area that very close to the 

sprinkler.  This finding emphasizes on the fact that dispersion 

devices are only useful in improving water distribution under low 

pressure conditions. 

The differing application rates was attributed to the shape and 

depth of the fixed water dispersion device in the jet flow.  Since 

the application rates from C2 under 200 kPa were not statistically 

different from that under 300 kPa, it means that type C2 can be 

selected for further optimization to improve the water distribution 

and maintain a large sprinkler range.  

3.3  Combined CUs 

The combined CUs was determined from four sprinklers, which 

were overlapped in a square layout for the lateral radius (R) times 

of 1, 1.1, 1.2 1.3, 1.4, 1.5, 1.6, 1.7, 1.8 1.9 and 2.  As can be seen 

from Table 3, when the sprinkler was run without a dispersion 

device, the combined CUs values increased from 30.23% until it 

reached its maximum of 68.62% at 1.7R, and then decreased to 

66.34% with an average of 55.44%.  Generally, as the spacing 

was increased, the combined CUs from the dispersion devices first 

increased to a maximum, and subsequently decreased to a 

minimum.  For example, the range of the combined CUs from 

type C1 was; 52.22% at R to 77.23% at 1.5R (200 kPa), and 60.12% 

at R to 84.35% at 1.7R (300 kPa).  The uniformity increased with 

spacing from R to 1.6R from 52.22% to 77.23% with an average of 

67.37%.  When the distance continued to increase, the uniformity 

decreased with spacing.  From 1.6R to 2R, the uniformity ranged 

from 75.89% to 55.14% with an average of 73.06%.  Similarly, 

the combined CUs from type C2 was: 60.08% at R to 86.67% at 

1.7R (200 kPa), and 63.89% at R to 88.97% at 1.7R (300 kPa).  

The uniformity increased with spacing from R to 1.7R, and ranged 

from 60.08% to 86.67% with an average of 75.50%.  Starting 

from this point, the uniformity decreased with spacing from 1.8R to 

2R spacing, and the combined CUs ranged from 86.23% to 77.78% 

with an average of 78.79%.  Type C1 had a higher CV of 10.4%, 

while C2 obtained a value of 6.2% under a pressure of 200 kPa.  

For C1, a significant difference (p<0.05) was found between the 

CVs of 200 and 300 kPa.  Simalarly, the CVs for type C1 and C2 

were 7.3% and 4.8%, respectively.  For type C2, a non-significant 

difference (p>0.05) was found between the CVs under a pressure of 

200 and 300 kPa.  A satisfactory uniformity should be 85% or 

more[42].  Uniformity values under low and moderate wind speed 

conditions range from 80% to 90%[43].  In this study, it appears 

that the sprinkler with type C2 gives a higher combined CUs for the 

sprinkler spacing. 
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a. A1  b. B1 

 

c. C1  d. A2 

 

e. B2  f. C2 
 

Figure 9  Water distribution profiles for the fixed dispersion devices 
 

Table 3  Combined CUs for different types of fixed devices and spacing 

Type Pressure/kPa 

Spacing along main axis (× radius) 

R 1.1R 1.2R 1.3R 1.4R 1.5R 1.6R 1.7R 1.8R 1.9R 2R 

A1 
200 44.56 56.26 62.56 68.78 70.47 71.56 65.89 62.89 56.26 55.23 52.45 

300 50.12 58.45 63.31 70.77 73.25 76.67 73.56 70.23 65.55 60.56 58.88 

B1 
200 43.22 50.86 58.88 64.77 70.12 75.56 74.55 71.11 67.55 60.88 52.26 

300 55.56 65.25 72.28 76.87 79.91 82.23 83.37 83.33 76.66 70.98 60.88 

C1 
200 52.22 60.34 66.25 72.56 75.66 77.23 75.89 72.56 68.56 67.23 55.14 

300 60.12 68.23 72.56 76.25 79.78 81.46 82.45 84.35 78.23 72.56 65.88 

A2 
200 46.44 58.12 65.24 68.81 70.77 71.22 73.32 72.12 63.33 56.15 50.27 

300 49.16 60.14 68.44 70.25 73.33 75.77 76.75 78.11 66.66 60.23 57.67 

B2 
200 50.56 58.23 65.66 70.08 73.33 75.23 78.88 76.32 73.13 63.33 52.24 

300 56.67 62.33 70.27 74.58 78.87 80.22 81.47 80.33 78.81 73.33 64.44 

C2 
200 60.08 67.77 72.28 76.67 78.03 80.25 82.26 86.67 82.23 80.77 73.38 

300 63.89 70.88 76.22 79.95 82.26 84.44 86.68 88.97 86.23 82.43 77.78 

ND 
200 30.23 37.81 40.3 46.6 50.6 58.8 61.1 68.2 67.4 67.1 66.34 

300 44.61 48.23 50.61 55.4 60.82 66.25 68.78 70.23 72.12 67.2 66.21 
 

A comparison of combined CUs from the fixed water 

dispersion devices revealed a large differences and type C2 

produced the highest uniformity for a given pressure and spacing.  

However, the combined CUs under 200 kPa was slightly lower 

compared with that under 300 kPa.  It is possible that after 

interruption with the fixed water dispersion device, the flow 

became less uniform, leaving more water applied near the sprinkler.  

This further demonstrate that C2 could be more suitable under low 

pressure conditions. 

3.4  Droplet size distributions 

Results of droplet size distributions was obtained at the edge of 

the wetted radius using the LPM.  The weighted cumulative 
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frequency means the cumulative ratio between the weighted of 

droplets under specific size and the total weighted of the spray.  It 

increased along the range of the radial direction, and the droplets 

with the maximum diameter fell at the terminal position.  Figure 

10 presents the cumulative droplet diameter frequencies as a 

function of the droplet diameter from different types of dispersion 

devices under 200 kPa, 250 kPa and 300 kPa.  Generally, the 

droplets had a wide range of diameters, and the smallest droplets 

occurred at the edge of the sprinkler ranges.  The mean droplet 

diameters from type C1 were between 0-4.0 mm.  The droplets 

under 1 mm had cumulative frequencies of 84%, 91%, and 70%, 

under 2 mm of 91%, 92%, and 81%, under 3 mm of 96%, 94%, and 

92% at pressures of 200 kPa, 250 kPa, and 300 kPa, respectively 

(Figure 10c).  Similar trends of droplet diameters were observed 

from dispersion devices with a pointed tip, but at a given distance 

from the sprinkler, the droplet diameters were larger compared with 

the dispersion device with a flat tip.  This was possibly because 

the sprinkler range was larger for the dispersion device with a 

pointed tip.  In Figure 10f, the mean droplet diameters from type 

C2 was between 0-3.8 mm.  The droplets under 1 mm had 

cumulative frequencies of 77%, 80%, and 82%, under 2 mm of 

84%, 92%, and 90%, under 3 mm of 90%, 95%, and 96% at 

pressures of 200 kPa, 250 kPa, and 300 kPa, respectively (Figure 

10f).  However, the study revealed marginal differences in droplet 

diameters, particularly between 250 kPa and 300 kPa.  A possible 

reason was that the jet flow breaks up into smaller droplets, which 

settled near the sprinkler when the pressure was higher.  Smaller 

droplets usually concentrate close to the sprinkler with slight 

differences in the droplet sizes when the pressure was increased[35].  

Under such condition, the influence of the fixed dispersion device 

decreases due to inadequate interruption with the jet flow. 

The comparison of droplet size distribution from the different 

types of the fixed water dispersion devices reveals that types A1 (a), 

B1 (b), C1 (c), A2 (d), B2 (e), and C2 (f) were similar.  This result 

was expected because they were operated with the same type of 

impact sprinkler.  Amongst the six dispersion devices studied, A2 

had the narrowest droplet size of 3.5 mm, and type C2 had the 

widest droplet size range with a maximum value of 4.0 mm.  A 

summary of droplet sizes for 10%, 50%, and 90% from different 

types of fixed water dispersion devices is provided in Table 4. 

 

a. A1 b. B1 c. C1 

 

d. A2 e. B2   f. C2 
 

Figure 10  Droplet size distributions for the fixed water dispersion devices 
 

Table 4  Droplet sizes for 10%, 50%, and 90% (d10, d50, and d90, respectively) for the fixed dispersion devices 

Type d10/mm d50/mm d90/mm 

P/kPa 200 250 300 200 250 300 200 250 300 

A1 0.07 0.08 0.07 0.51 0.35 0.30 1.53 1.40 1.50 

B1 0.06 0.07 0.05 0.48 0.31 0.28 0.49 1.37 1.45 

C1 0.04 0.04 0.04 0.44 0.26 0.25 0.43 1.32 1.44 

A2 0.07 0.08 0.07 0.51 0.35 0.30 1.53 1.40 1.50 

B2 0.06 0.07 0.05 0.48 0.31 0.28 0.49 1.37 1.45 

C2 0.04 0.04 0.04 0.44 0.26 0.25 0.43 1.32 1.44 

ND 0.10 0.096 0.081 0.76 0.62 0.51 0.68 1.65 1.60 
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Generally, the mean droplet sizes from the dispersion devices 

were similar at a given distance from the sprinkler.  And the finest 

droplet size was produced from type C1 which is smaller than the 

increase rate of the minimum droplet size diameter.  Evaporation 

and wind drift increased greatly as droplet size decreased from  

0.6 mm to 0.3 mm[44].  However, because the maximum droplet 

diameter decreased, the droplet sizes from type C1 were larger than 

the increase rate of the minimum droplet size diameter.  It means 

that type C2 may be useful to minimize evaporation and wind drift 

losses, while preventing damage to the soil.   

3.5  Statistical analysis of droplet diameter 

Table 5 presents the statistical parameters of droplet diameters 

obtained for the different types of the fixed water dispersion

devices. 

The parameters include the arithmetic mean, standard deviation, 

coefficient of variation, the volumetric mean diameter, and the 

median diameter.  There was a general decrease in mean droplet 

diameter of these parameters for the dispersion devices when the 

pressure was increased. 

The standard deviation of droplet diameter from type C2 ranged 

from 0.41 mm to 0.59 mm, with a mean value of 0.51 mm; the 

coefficients in diameters variation ranged from 76% to 114%, with 

a mean value of 96%.  For C1, the standard deviation in droplet 

diameters ranged from 0.62 mm to 0.79 mm, with a mean value of 

0.72 mm, while the coefficients in diameter variation ranged from 

92% to 134%, with a mean value of 107%. 
 

Table 5  Statistical parameters of droplet diameters for different types of fixed water dispersion devices 

Type di /mm dV /mm d50/mm SDD /mm CVD /% 

P/kPa 200 250 300 200 250 300 200 250 300 200 250 300 200 250 300 

A1 0.82 0.73 0.66 2.6 2.22 2.20 0.22 0.21 0.22 0.85 0.66 0.73 108 90 111 

B1 0.88 0.77 0.70 2.78 7.73 2.14 0.36 0.22 0.21 1.01 0.98 0.93 111 129 132 

C1 0.76 0.77 0.73 2.85 2.35 2.20 0.42 0.30 0.24 0.62 0.75 0.79 120 92 108 

A2 0.89 0.78 0.60 2.30 2.01 2.01 0.18 0.17 0.15 0.47 0.55 0.61 103 101 101 

B2 0.84 0.76 0.56 2.58 6.82 1.81 0.21 0.20 0.18 0.81 0.72 0.74 117 91 120 

C2 0.66 0.60 0.47 2.11 1.55 1.73 0.32 0.27 0.20 0.41 0.53 0.59 114 76 98 

ND 0.10 0.95 0.81 3.11 3.55 3.43 0.62 0.67 0.70 0.12 0.78 0.85 128 100 112 

 

4  Conclusions 

The study on the influence of water dispersion devices (A1, B1, 

C1, A2, B2, and C2) on the hydraulic performance for impact 

sprinkler lead to the following important conclusions: 

(1) The sprinkler with type C2 produced a rectangular-shaped 

water distribution pattern, while the sprinkler range was maintained 

under a pressure of 200 kPa.  

(2) The maximum combined CUs was 71.56%, 75.56%, 

77.23%, 73.32%, 78.88% and 86.67% for A1, B1, C1, A2, B2, and 

C2 respectively.  CU from type C2 surpassed 80% when the 

combined spacing was from R to 2R.  Differences between CUs 

from the two shapes of the fixed water dispersion devices were 

quite significant under the same operating condition, indicating the 

importance of the fixed water dispersion devices.  

(3) The mean droplet diameter (arithmetic, volumetric, and 

median) decreased with increasing pressure, and type C2 gave the 

best droplet sizes.  

Therefore, type C2 can be selected for further optimization to 

improve the hydraulic performance characteristics for the impact 

sprinkler under low pressure conditions. 
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