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Abstract: Accurate knowledge of droplet size characteristics of a given sprinkler will aid selection for design of
sprinkler irrigation systems. In this paper, the droplet size distribution characteristics of the new type complete
Sfluidic sprinkler have been experimentally determined using a Thiess Clima Laser precipitation monitor under
in door conditions. The experimental data were accessed using the RS 48/422 interface of the Laser
precipitation monitor. Droplet diameter measurements were performed for three manufacturers recommended
operating pressure conditions. Comparisons of the percentage of droplets at the three different operating
conditions are presented. The cumulative numeric frequency and cumulative volumetric frequency curves
indicate that about 50% of the droplets had diameter less 0.5mm and 50% of the water volume consisted of
droplets with diameter less than 2mm at most distances. The results are similar to those obtained by earlier
researchers who used different sprinkler-types and droplet size measurement methods and hence proves the
validity of the measurements.
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I. Introduction

An important performance characteristic of sprinkler water application quality is the droplet size
distribution. According to Molle (2002), droplet size distribution determines the sensitivity of a sprinkler’s
water distribution to wind, evaporation and its impact on the crop or soil surface and slope. Sprinkler drop sizes
can also influence irrigation system design, irrigation uniformity and efficiency (DeBoer et., 2001; Bernuth and
Gilley, 1984). Droplet size characterization is important in sprinkler irrigation for three major reasons.

Solomon et al (1996) showed that wind affects the uniformity and efficiency of a sprinkler system by
distorting the distribution pattern of sprinkler water application. The degree of distortion is dependent on wind
speed and direction as well as the droplet sizes in the distribution. Wind exerts a force which is proportional to
the square of the droplet diameter, while the inertia of the droplet resisting the wind’s force is proportional to the
droplet’s mass - in effect wind tends to easily distort sprinkler droplets distributions which have more small
droplets.

During sprinkler irrigation, apart from the climate demand, the amount of water that evaporates from a
droplet depends on how long the drop remains in the air and on the surface area of the water droplet (Uddin et
al. 2010, Smajstrla and Zazueta, 2006; Solomon et al., 1985). The time the droplet remains in the air and the
surface area of the droplet are all functions of the drop size. For a unit volume of water, the surface area
doubles, as the droplet diameter decreases by half. And since evaporation rate increases with increasing exposed
surface area, evaporation rate increases as droplet size decreases if all other factors remain constant. The time
available for droplet evaporation is the time beginning from when a water droplet leaves the nozzle till it falls on
the ground or crop surface (Holterman, 2003). When this time is extended long enough due to suspension of
drops by wind, small droplets evaporate before they fall to the ground (Smajstrla and Zazueta, 2006). The
extent of wind drift is also influenced by the droplet size (Solomon et al., 1996; Dadio and Wallender, 1985).

Thirdly, large droplets may lead to erosion of the soil resulting from a reduction in water infiltration
rate. This is because large droplets possess high kinetic energy and on impart they disrupt soil surface,
especially in soils with crustiness problems, leading to sealing of the soil surface (Kincaid, 1996). For this
reason, it is becoming convenient for irrigators to reduce runoff and erosion by converting from sprinklers that
emit large drops to those that emit smaller droplets (Friso and Bortolini, 2010; Chi, 2010). Research has shown
that droplet formation is mainly affected by pressure, nozzle size and configuration (Zhu et al., 2009; Derrel et
al., 2007; Friso and Bortolini, 2010; Hills and Gun 1989; Li and Yu, 1994).

The complete fluidic sprinkler is a relatively new type of rotating sprinkler head invented in China. It
has the prospects of being easy to construct, low-loss of energy and low price (Zhu et al, 2012; Dwomoh et al.
2013). Over the years, several theoretical, numerical and experimental studies have been conducted which have
helped to improve upon the structural and hydraulic performance of the complete fluidic sprinkler. However,
knowledge of the fluidic sprinkler’s droplet characterization is limited and un-popular. With the rising concern
for sustainability and efficiency in resource use in irrigation, selection of a specific sprinkler package for a
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particular irrigated field will be aided by the knowledge of the drop size in future, according to Kincaid et al
(1996). Manufacturers are interested in knowing what droplet sizes, in what percentage or volumes and where
they are deposited for comparison of products, evaluation of designs and to predict the effects of operating
conditions such as pressure. The specific objective of this work is to characterize the droplet size distribution of
the complete fluidic sprinkler to highlight its hydraulic performance characteristics.

II.  Materials And Method

Experiments were conducted under no wind conditions in the Indoor Sprinkler Laboratory facility of
Jiangsu University as shown in Figure 1. Droplet size measurements were performed using a Thies Clima Laser
Precipitation Monitor (TCLPM) manufactured by Adolf Thies GMBH & Co. KG, Gottingen, Germany. The
specifications of the nominal measuring area are 228mm long, 20mm wide with a thickness of 0.75 mm. The
TCLPM works such that a laser-optical beaming source produces a parallel light-beam (infrared, 785nm). A
photo diode with a lens is situated on the receiver side to measure the optical intensity after transformation into
electrical signals. When a water drop falls through the measuring area, the receiving signal is reduced. The
diameter of the drop is calculated from the amplitude of the reduction, while the drop velocity is calculated from
the duration of the reduced signal.

The 20PXH model of the fluidic sprinkler was used. The nozzle height above the TCLPM was 0.8m
and the height of the TCLPM above ground level was 0.8m. Drop diameter measurements were performed at the
manufacturer’s recommended operating pressure conditions of 250, 300 and 350 kPa. For each operating
pressure, the drop size distributions were measured at 2m interval along a radial transect starting at 2m from the
sprinkler and ending at the farthest possible distance droplets could be collected. For each droplet diameter
measurement, the sprinkler was allowed to rotate over the TCLPM for at least five times to ensure sufficient
number of drops passed through the measuring area.

e " T

Figure 2: TCLPM instrument, Pump and Flow meter set-up in the Sprinkler Laboratory

At the far end of the range, beyond 90% of maximum throw distance, due to the difficulty in getting
enough samples for measurements, ten rotations were allowed over the measuring area to ensure enough
samples were captured. By means of an RS 485/422 interface, the measured data were accessed on a computer.
The TCLPM used for this experiment has a drop diameter measurement range from 0.125 to 8.5mm with
increments of 0.125mm. Data were ordered into cells according to the drop diameter and their corresponding
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velocity. Employing the error reduction approach used by Solomon et al. (1996) and Kincaid et al. (1996), drop
velocities that exceeded + 2 standard deviation of the average velocity for drop diameter at the measured
location were discarded from the data set. A pressure gauge located between the pressure regulator and the
sprinkler nozzle was used to configure and record the operating pressure. The operating pressures were within
+ SkPa of the nominal pressure configuration.

III.  Results And Discussion
From the raw droplet distribution data, the numeric median diameter (NMD) and volumetric median
diameter (VMD) were estimated. The NMD and VMD are diameters corresponding to the median of the
distribution of droplet diameter categorized into numbers and volume, respectively (Molle et al, 2012) and
subsequently, the cumulative numeric frequency (CNF) and cumulative volumetric frequency (CVF) calculated.
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Figure 3: Cumulative Numeric Frequency with droplet diameter along a radial transect for a 20PXH fluidic
sprinkler at 300kPa. (y2, y4...,y15 represent distances of 2m, 4m ...,15m from the nozzle, respectively).
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Figure 4: Cumulative Volumetric Frequency with droplet diameter along a radial transect for a 20PXH fluidic
sprinkler at 300kPa. (y2, y4...,y16 represent distances of 2m, 4m ...,16m from the nozzle, respectively).

Figure 3 and Figure 4 present the CNF and CVF curves, respectively. The figures indicate that at any
given distance from the sprinkler, there is a statistical distribution of droplet diameter and not a specific
diameter as assumed in the ballistic model. The assumption of a definite diameter at a given distance away from
the sprinkler in the ballistic model therefore simplifies the real situation for modeling purposes. It can also be
noted that at most distances from the sprinkler, the number of droplets in smaller diameters are more compared
to those in larger diameters. This goes to support the hypothesis that droplet formation is a continuous process
along the jet trajectory (Bradley et al., 2013; Sudheera and Panda, 2000).

The CNF curves (Figure 3) at various distances from the sprinkler nozzle are more homogeneous
compared to the CVF curves (Figure 4) which exhibit high variability in statistical distribution. A comparison of
CNF and CVF curves indicate that about 50% of the droplets had a diameter < 0.5mm for the CNF and 50% of
the water volume consisted of droplets with diameter < 2mm at most distances. The above observations are
similar to those obtained by earlier researchers who used different sprinkler-types and hence proves the validity
of the measurements (Vories et al., 1987; Montero et al., 2003, Molle, 2002; Friso and Bortolini, 2010).

Table 1 shows the percentage of droplets within a mean diameter at three different operating pressures.
From the data, higher percentages of larger diameters were created at lower operating pressures. Conversely
high operating pressures resulted in creating a greater portion of droplets in the smaller diameter domain.
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Table 1. Comparison of percentage of droplets at three different operation pressures

Pressure Percentage of Droplets within a Mean Diameter
kPa 0.5mm Ilmm 1.5mm 2mm 2.5mm 3mm
250 11.9 15.8 14.8 18.7 14.3 245
300 6.8 16.7 12.5 16.1 9.8 11.1
350 11.4 17.5 25.7 15.7 9.4 9.6

IV.  Conclusions

The droplet size characterizations of the complete fluidic sprinkler have been determined under indoor
conditions, using a Thies Clima Laser Precipitation Monitor. The percentage distributions of droplet size
formation along radial transect for different operating pressures have been indicated to aid sprinkler selection
and operation. A comparison of cumulative numeric frequency and cumulative volumetric frequency curves
indicate that about 50% of the droplets had diameter less 0.5mm and 50% of the water volume consisted of
droplets with diameter less than 2mm at most distances. In general the results obtained confirm the findings of
earlier researchers who used different sprinkler types and methods on the realities of sprinkler droplet formation.
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