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Sl This Research aims to obtain appropriate management for
Impact sprinklers to overcome the problem of soil damage due

to droplets’ kinetic energy. Nozzle pressure and diameter had a

major influence on droplet size which highly affects the droplet

kinetic energy. Experiments were conducted at the National

Irrigation Laboratory of Agricultural Engineering Research

Institute (AENRI), Dokki, Giza, Egypt was chosen to represent

the engineering data of the selected impact sprinkler, riser and

operating pressure. Two different nozzle diameters 3.2 mm and

3.9 mm were examined in this work at three different pressures

range: 175 kPa, 200 k Pa and 225 kPa

© Misr J. Ag. Eng. (MJAE) | Then we found the results as follow:

- Precipitation rates at pressure 225 kPa are the most regular
rates, followed by pressure 200 kPa followed by pressure 175
kPa for the two tested nozzles.

Keywords: - Droplet Kinetic energy at the end of the wet diameter at

Sprinkler; nozzles; kinetic nozzle diameter 3.2 mm is 26.83 J (10)®, 23.9 J (10)*® and

energy; precipitation rate; 18.3 J (10)® at pressure 175 kPa, 200kPa, and 225kPa
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droplet size. respectively, and at nozzle diameter 3.9 mm is 37.7 J 10-3,
35.78 J (10)® and 27.82 J (10)® at pressure 175 kPa, 200kPa,
and 225kPa respectively.

INTRODUCTION

ater is the scarcest resource; it is unnecessary to emphasize the value of using it
Wwisely in the agriculture industry to support agricultural expansion and slow down
environmental damage. The effectiveness of using sprinkler irrigation for new
land development points the way forward to a larger role in the development of future land

reclamation projects. On-farm productivity must be increased through improved water
management practices and other production aspects, according to Darko et al. (2017).

Soil types are categorized as arid because of the climate and parent soil. These soils were
characterized by a finer texture, a weak structure, a high proportion of calcium carbonate, a
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low level of organic matter, and a saline soil (Muhaimeed et al., 2014). Despite being one of
the most popular watering methods, sprinklers have downsides in the form of soil crusting,
runoff, and injury to plant parts, especially during the first stage of growth, (Zhang and Zhu,
2017). Additionally, to minimize detrimental impacts on the soil's physical properties, the
sprinkler irrigation system needs to be operated with expertise. This is done by adjusting the
sprinkler nozzle and operating pressure to change the size of the sprinkler droplets and
prevent soil crusting. Sprinkler droplet energy weakens the surface soil structure and linearly
increases the penetration resistance (Baumhardt et al., 2004). A larger droplet sprinkler
causes compaction, lowers aggregate stability, slows down soil infiltration, and raises soil
bulk density (Santos et al., 2003).According to Sheikhesmaeili et al. (2016), increasing
operating pressure from 0.45 MPa to 0.5 MPa is expected to result in an 18% rise in energy
costs; consequently, slightly lowering operating pressure can drastically lower operating
costs. It is typically observed that the kinetic energy of individual water drops striking a bare
soil surface causes the rate of water infiltration to drastically decrease because of the creation
of a soil surf. Seasonal runoff and soil erosion can be significantly impacted by kinetic energy
that is delivered to the soil during center-pivot sprinkler irrigation prior to crop canopy
establishment (King and Bjorneberg, 2010).Compared to the spray plate sprinklers applied
to center pivots, the big gun sprinkler shows a milder precipitation process, but the water
application lasts longer and carries more kinetic energy, reaching 2- 4 times for the same
amount of water. The infiltration rate of each location decreases linearly along with an
increase in distance to the travel lane, and the infiltration rate decreases to approximately 20
mm/h at the end of the spraying area (Maosheng et al., 2018). Stillmunkes and James
(1982) show that the impact energy increases slowly for droplet larger than 6 mm Wang et al.
(2020) stated that splash erosion rate of soil increase by increasing droplet kinetic energy, soil
erosion starting to begin at droplet kinetic energy 0.3 J (10™%) of amount 50 g.m? this soil
erosion tripled to 150 g.m? at droplet kinetic energy 0.4 J (10™%), and reach a high level of
amount 300 g.m? at droplet kinetic energy 0.9 J (10™%). Lehrsch and Kincaid (2001) stated
that the increase in steady-state infiltration rate from -40 to -20 nun at droplet energy 1 J (10°®)
was 6.8 nun h", nearly 45% greater than the increase of droplet energy at 7 J (10°%)

Objectives of the research: The research aimed to study the kinetic energy and precipitation
rates emitted by impact sprinklers in the absence of wind (indoor conditions), to reduce the
sprinkler base pressure to the limit that maintains acceptable droplet size, diameter, and
kinetic energy. Maps of specific coefficients of precipitation rates are presented as a
methodological contribution to decision- making in sprinkler system design and management.

MATERIALS AND METHODS

Materials.

Location

Laboratory experiments were carried out at the National Irrigation Laboratory of Agricultural
Engineering Research Institute (AEnRI), Dokki, Giza, Egypt,

Layout of the experimental irrigation line

Laboratory experiment components was shown in Fig. (1).The main point of this research was
to study the effect of engineering factors (nozzle diameter and operating pressure) on the
precipitation rate and droplet kinetic energy at the beginning, middle, and end of the wet radii
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of the sprinkler application to save energy and prevent the destruction of the surface layer of
the soil.

:—\1 .

8 7
3
6
7 5
1- Water source 2- Pump 3- Disc filter
4-  Steel pipe 5- Flow meter 6- Sprinkler riser
7- Ball valve 8- Pressure gage 9- Impact sprinkler

Fig. (1): The layout of the experimental irrigation line, and the
description of this equipment is listed below

Control head as using of National Irrigation Laboratory:
« Water source: Tank made of concrete 8 m3 volume.
* Pumping unit: Its specifications are shown in Table (1).

Table 1: Pumping unit specification:

Type centrifugal pump Inlet diameter 4”
NT 80 — 400
Capacity 100 m°/h Outlet diameter 3”
KW 30 Man. Head 55m
W2 - No 0410294/5 RPM 1450

+ Disc filter: 3", 120 mesh, 130 microns.

 Steel pipe: 1 1/2" diameter.

« Flow meter: 1 1/2" diameter, maximum discharge was 12 m*/h.
« Ball valve: 3/4", UPVC.

» Pressure gauge: 1000 k Pa

The riser: z
Sprinkler riser: 1 m height, it is made of UPVC pipe, 1SO 9001,
1/2" inlet diameter, threaded pipe

160

The sprinkler:
Impact sprinkler

» Rotation: part circle / full circle.

* Impact 1/2" inlet diameter, one circular nozzle.

* Made of plastic.

» Angle: 30°. Fig.(2): AQ-22 PC-AG %
The sprinkler is shown in Figure 2 inches sprinkler
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Sprinkler performance
relation between pressure, flow rate and wet diameter from the sprinkler catalog is shown in
figure 3

AQ-22PC

Overhead Sprinklers

Performance Table

Nozzie Pressure WCW'!* Discharge Rate
(mm)  efem? Psi mir. ft. LPM GPM
2.0 28.44 21.0 68.88 6.10 23.09

25 3555 220 72.16 6.80 25.74

25 3.0 42.66 21.6 70.85 7.40 28.02
- 3s 49.77 226 74.13 8.00 30.29
4.0 56.88 22.6 74.13 8.55 32.37

2.0 28.44 23.0 75.44 7.60 28.76

25 3555 23.0 75.44 8.50 32.18

2.9 3.0 42.66 23.0 75.44 9.30 35.21
. 35 49.77 23.0 75.44 10.10 38.24
4.0 56.88 23.0 75.44 10.75  40.70

2.0 28.44 22.0 72.16 9.40 35.59

25 35.55 23.0 75.44 1050 39.75

32 3.0 42.66 23.0 7544 1155 4373
- 3s 49.77 235 77.08 12.45 4714
4.0 56.88 24.0 78.72  13.30 50.35

2.0 28.44 22.0 7216 1170 4430

25 3555 23.0 75.44  13.10 49.59

*35 3.0 42.66 24.0 78.72 1430 54.14
. 35 49.77 25.0 8200 15.40 5830
4.0 56.88 26.0 8528 16.40  62.09

*Performance s based on ideal conditions of Temperature, wind velocity and Humidity.
Fig. (3): sprinkler performance
Nozzles
Two circular nozzles of diameters 3.2 mm and 3.9 mm were used in the experiment as shown
in Figures 4 and 5

‘.

Fig. (4):Nozzle 1; its shape is circular, and its Fig. (5): Nozzle 2; its shape is circular,
diameter equals 3.2 mm and its diameter equals 3.9 mm
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The water collectors:

Water collectors are plastic cylindrical cans with inner diameter 70 mm and 200 mm in
height, were arranged under the impact of the sprinkler to measure the volume of water then
measure the precipitation rate

Computer programs:

Software's Surfer10, Version 2.4, is a full-function 3D visualization, contouring and surface
modeling package that runs under Microsoft Windows. Surfer is used extensively for terrain
modeling, landscape visualization, surface analysis, contour mapping, 3D surface mapping,
gridding, volumetric, and more. This program shows the precipitation rate pattern of sprinkler
under three different operating pressure using two different discharges of two nozzles.
Software's Surferl0 is designed to simulate and graph, in three dimensions, surfer can
measure from either a single sprinkler head test or single lateral line test. The surfer program
is an interactive IBM-PC program written in Microsoft Professional Basic (v. 7) language.
(Allen, 1992).

Methods

Droplet diameter:

Droplet size diameters were measured, at three different distances from the sprinkler; at the
beginning, at the middle and at the end of the wet radius.

1. The droplet diameter at different operating pressure was measured by using filter paper.
When the droplet falls on the filter paper, it made a small circular in the paper. We can be
measuring the droplet diameter by using a small ruler (Hall, 1970).

Droplet volume
The volume of the droplet was calculated by means of droplet density and mass

Where:

V=Droplet volume, cm®
M= Droplet mass, g
p=water density, g /cm®

Kinetic energy
It was determined according to (Cengel and Cimbala, 2009) stated that the kinetic energy of
sprinkler droplets is based on the following equation:

Where:

Ke = Kinetic energy/droplet, (joule)

m = droplet mass, (kgm)

v = droplet velocity, (m/s)

The mass of the droplet was calculated by equation (1), and volume by equation (3)

e The actual droplet size volume can be determined mathematically as a function of
droplet diameter referring to the following equation

Volume of water droplet = gn(g}g ........ (3)
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e v= Droplet volume, cm®
e d=Droplet diameter, cm
Droplet velocity calculations:

According to (Nolte, 2018)

9
Fig. (6): Parabolic water motion
= —LxZ +tana - x
Y 21}3 CUSE B eeeeeiieeaeeean (4)
X=wvpcosat oo (5)
v, = Vg sina — gt ©
UV, = Vg COS ™
— |42 2
U= [V, t L

Where:

X= Position component in the horizontal direction, m
Y = Position component in the vertical direction, m

t =time, s

Vx = dx/dt = horizontal component of velocity V, m/s
V, = dy/dt vertical component of velocity V, m/s

a = Trajectory angle of sprinkler = 25°

g=Gravity acceleration, 9.81 m/s?

Nozzles Discharge:

Measure the water collected from the sprinkler nozzle using a 1000 ml graduated cylinder.
Determine the flow rate from the following equation:

(Melvyn, 1983 and Sayed, 2016):-
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Where:

Q= discharge, L/s

V= collected water volume, L
T= time of collecting water, s

Precipitation rate:
The precipitation rate of the sprinkler was calculated by the following formula (James,
1988):-

pr =k

Where:
Pr = The precipitation rate in mm /h.
Q = The flow rate of the sprinkler in m*/h.
a = The wet area of sprinkler in m?.
K = Unit constant =1000 (converts meters to millimeters).

Plastic catch cans of 70 mm diameter, 200 mm height were located under impact sprinkler of
range 15 m, in a quarter circle. The catch cans were distributed according to (ASAE, 2001) as
it is presented in Fig. (7).

Impact e 1 catch can
sprinkler i

OO0 OO0 0—-0—-0—-0
Eo—c—o—o—o—o—o-o-o—o—o

Fig. (7): Arrangement of catch cans for impact sprinkler.

Experimental layout and parameter

Measuring precipitation rates and droplet’s kinetic energy at the beginning ,middle and the
end of the wet radius of the impact sprinkler:

1- Two different nozzle diameters

a- 3.2 mm

b- 3.9 mm

2- Three different pressures

a- 175 kPa

b- 200 kPa

c- 225 kPa
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RESULTS AND DISCUSSION

Droplet diameters and sprinkler’s wet radii at the three different pressure range

Wet area radii for each nozzle 3.2 mm and 3.9 mm diameter under the three different
working pressure 175, 200, and 225 kPa were measured and droplet diameter at the
beginning, middle, and end of the wet area radius were measured as shown in table (2). These
data reveal that droplet diameter increases as the nozzle diameter increases under all working
pressure. However, droplet diameter decreases as the working pressure increases. Likewise,
droplet diameter increases from the beginning of the wet radius to the end of it. This reveals
that the soil surface at the end of the sprinkler impact radius and the larger nozzle diameter
will be more vulnerable to the effect of the kinetic energy

Table 2: the wet area radii and the drop diameters of the two nozzles

Factors 175 kPa. 200 kPa. 225 kPa.
Nozzle diameter, Nozzle diameter, Nozzle diameter,
mm mm mm
3.2 3.9 3.2 3.9 3.2 3.9
Sprinkler wet radius, m 9 95 11 12 12 12.8
Droplet diameter at the 3 4 2 3 1 2

beginning of the wet radius, mm

Droplet diameter at the middle 6 7 5 6 4 5
of the wet radius, mm

Droplet diameter at the end of 10 11 9 10 8 9
the wet radius, mm

Table 3: Shows Droplet Velocity at the beginning, middle and the end of the wet area
radii of the two nozzles diameters 3.2 mm and 3.9 mm under the three different
working pressure at 175,200,225 kPa.

175 kPa. 200 kPa. 225 kPa.
Eactors Nozzle diameter, _ Nozzle Nozzle diameter,
mm diameter, mm mm
3.2 3.9 3.2 3.9 3.2 3.9
Droplet Velocity at the beginning of  4.13 4.15 421 4.24 433 440
the wet radius, m/s
Droplet Velocity at the middle of the 7.1 7.3 7.9 8.2 8.3 8.5

wet radius, m/s

Droplet Velocity at the end of the wet  10.13 1040 11.2 11.70 11.7  12.07
radius, m/s

Initial velocity (v,) was calculated from equation 4 (Path equation), then time was calculated
from equation 5, vy and v, was calculated by using equation 6. Finally droplet velocity was
calculated by equation 8
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Table 4: volume of droplet, mass and its kinetic energy at the beginning of the wet area
radius at the three different working pressure

Pressure
175 kPa 200 kPa. 225 kPa.
Factors
At At At Nozzle At At Nozzle At
Nozzle Nozzle diameter, Nozzle diameter, Nozzle
diameter, 3.2 diameter, 3.9 3.2mm diameter, 3.2mm diameter,
mm mm 3.9 mm 3.9 mm

Volume of 0.01413 0.03349 0.00418 0.01413 0.00052 0.00418
droplet, cm®

Mass of 0.01413 0.03349 0.00418 0.01413 0.00052 0.00418
droplet, gm
Mass of 1.41E-5 3.35E-5 4.19E-6 1.41E-5 5.23E-7 4.19E-6
droplet, kg
Velocity of 4.1342 4.13422 4.1342 4.1342 4.1342 4.1342
droplet, m/s
K.E,j 0.00012 0.00028 3.58E-5 0.00012 4.47E-6 3.58E-5
K.E, j(107) 0.121 0.286 0.0358 0.121 0.004 0.036

Table 5: volume of droplet, mass and its kinetic energy at the middle of the wet area
radius at the three different working pressure 175, 200, and 225 kPa

Pressure
175 kPa 200 kPa. 225 kPa.
Factors At Nozzle At Nozzle At Nozzle At Nozzle At Nozzle At Nozzle
diameter, 3.2  diameter, 3.9 diameter, 3.2 diameter, diameter, 3.2  diameter, 3.9
mm mm mm 3.9 mm mm mm
Volume of 0.11304 0.17950 0.06541 0.1130 0.03349 0.06541

droplet, cm®

Mass of droplet, 0.11304 0.17950 0.06541 0.1130 0.03349 0.06541

gm
Mass of droplet,  0,00011 0.00018 6.54E-5  0.00011 3.35E-5 6.54E-5
kg
Velocity of 7.161 7.357 7.916 8.268 8.268 8.539
droplet,m/s
K.Ej 0.00289 0.00485 0.00205 0.0039 0.00115 0.00239
K.E, j(10%) 2.898 4.858 2.049 3.864 1.145 2.385
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Table 6: volume of droplet, mass and its kinetic energy at the end of the wet area radius
at the three different working pressure 175, 200, and 225 kPa

Pressure
175 kPa 200 kPa. 225 kPa.
Factors At Nozzle At Nozzle At Nozzle At Nozzle At Nozzle At Nozzle
diameter, 3.2  diameter, 3.9 diameter, 3.2  diameter, diamete, diameter, 3.9
mm mm mm 3.9 mm 3.2mm mm

Volume of 0.52333 0.69656 0.38151 0.5233 0.26794 0.38151
droplet, cm®

Mass of 0.52333 0.69656 0.38151 0.5233 0.26795 0.38151
droplet, gm

Mass of 0.00052 0.00070 0.00038 0.00052 0.00027 0.00038
droplet, kg

Velocity of 10.1267 10.4042 11.1955 11.693 11.6933 12.0768
droplet,m/s

K.Ej 0.0268 0.0377 0.02390 0.0239 0.03577 0.01831

K.E, j(10%) 26.8341 37.7004 23.9092 35.779 18.3188 27.8216

Kinetic energy at different distances from the nozzle

Figures (8a) and (8b) display the kinetic energy intensity distribution of each nozzle under
different working pressure levels. According to Figure 8 a, the maximum Kinetic energy
intensity of the 3.2 mm nozzle at pressure 175 kPa ,at the end of the wet radius , and it is
equals to 26.83 j(10) , that is contributed to the droplet diameter and velocity , followed by
kinetic energy of water droplet at pressure 200 kPa , followed by kinetic energy of water
droplet at pressure 225 kPa, which equal 23.9 j(10™)and 18.3 j(10™)respectively. According to
Figure (8b), the maximum Kinetic energy intensity of the 3.2 mm nozzle at pressure 175 kPa
.t the end of the wet radius , and it is equals to 37.7 j(10), that is contributed to the droplet
diameter and velocity , followed by kinetic energy of water droplet at pressure 200 kPa,, ,
followed by kinetic energy of water droplet at pressure200 and 225 kPa, which equal 35.78
j(10) and 27.82 j(10) respectively. In general, the 3.9 mm nozzle causes higher levels of
kinetic that cause detrimental effect on soil erosion and soil infiltration rate according to
Yanjun Wang et al. (2020) , Lehrsch and Kincaid (2001)

Sprinkler precipitation

Figure (9 a) and (9 b) show the radial water distribution of two circular nozzles with different
outlet diameters of 3.2mm and 3.9mm diameter the order of D2 > D1 under different working
pressure levels. It can be observed that the water intensity (precipitation rate) increased by
increasing the nozzle diameter and the working pressure

Topographic maps of moisture distribution under the impact sprinkler

Fig. (10,11) Represent the precipitation rates pattern for the impact sprinkler of the two
circular nozzles with different outlet diameters (3.2mm, 3.9mm) under pressure 175 kPa,
surfer maps reveal that low precipitation rates from 2mm/ h to 16 mm/h are dominant in the
wet area under the impact sprinkler that is appears as a blue color in the map where is the
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sufficient precipitation rates from 32 mm/h to 47 mm/h have occupied very small area under
the impact sprinkler which appears in a red color in the map. . (CU) value: 77.8 % and 79.2 %
for the two nozzle diameters 3.2mm and 3.9mm respectively.
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Fig. (8a): Kinetic energy intensity of two different nozzles diameter as a function of the
distance from the nozzle under different working pressure levels
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Fig. (8b): Kinetic energy intensity of two different nozzles diameter as a function of the
distance from the nozzle under different working pressure levels.
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Fig. (9a): Radial water distribution of two nozzles with different outlet diameters under different
working pressure levels. (175,200,225 kPa.)
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Fig. (9b): Radial water distribution of two nozzles with different outlet diameters under
different working pressure levels (175,200,225 kPa.)®

Fig. (12,13) Represent the precipitation rates pattern for the impact sprinkler of the two
circular nozzles with different outlet diameters (3.2mm, 3.9mm) under pressure 200 kPa,
surfer maps reveal that sufficient precipitation rates from 40 mm/ h to 65mm/h are dominant
in the wet area under the impact sprinkler that is appears as a red color in the map. (CU)
value: 88 % and 89.2 % for the two nozzle diameters 3.2mm and 3.9mm respectively.
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Fig. (11): Precipitation rate for nozzle diameter 3.9 mm and working pressurel75 kPa.
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Fig.(12): Precipitation rate for nozzle diameter 3.2 mm and working pressure 200 kPa
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Fig. (13): Precipitation rate for nozzle diameter 3.9 mm and working pressure 200 kPa

Fig. (14,15) Represent the precipitation rates pattern for the impact sprinkler of the two
circular nozzles with different outlet diameters (3.2mm, 3.9mm) under pressure 225 kPa,
surfer maps reveal that sufficient precipitation rates from 40mm/h to 70 mm/h are dominant
in the wet area under the impact sprinkler that is appears as a red color in the map. (CU)
value: 90 % and 90.7 % for the two nozzle diameters 3.2mm and 3.9mm respectively.

Fig. (15): Precipitation rate for nozzle diameter 3.9 mm and working pressure 225 kPa.
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It can be observed that that the water intensity of the two circular nozzles with different outlet
diameters (3.2mm, 3.9mm), the order of D2 > D1 under different working pressure levels
increased by increasing nozzle diameter and the increasing working pressure, this is
consistent with (Wang et al., 2022) .

CONCLUSION

Two nozzles’ diameters 3.2mm and 3.9 mm were compared under three different working
pressure 175 kPa (25.4psi), 200 kPa (29 psi), and 225 kPa (32.6 psi) on impact sprinkler.
Generally, precipitation rates at pressure 225 kPa. are the most regular rates followed by
pressure 200 kPa as the Surfer maps reveal that sufficient precipitation rates from 40 mm/ h to
65mm/h and from 40mm/h to 70 mm/h at pressures 200 and 225 kPa respectively are
dominant in the wet area under the impact sprinkler for the two tested nozzles. At Pressure
175 kPa. low precipitation rates from 2mm/ h to 16 mm/h are dominant in the wet area under
the impact sprinkler, the order of D2 > D1 under different working pressure levels increased
by increasing nozzle diameter and the increasing working pressure, 175 kPa is the most
uneven water distribution. Moreover, there is no remarkable difference between the two
pressures 200 kPa and 225 kPa. Droplet size and kinetic energy for the two nozzles (3.2mm
and 3.9 mm diameter) under three working pressure (175 kPa, 200kPa and 225 kPa) were also
compared, the result reveals that the 3.9 mm nozzle diameter produced the largest droplet size
which equals 0.697 cm?® and kinetic energy 37.7 kj(10)™ at the outer perimeter of the pattern
at the lowest pressure 175 kPa and the 3.2 mm nozzle diameter produced smaller droplet size
diameter at pressure 200 and 225 kPa which equal to 0.382 cm® and 0.269 cm3 respectively,
3.2mm nozzle diameter also produced lower level of kinetic energy which equal 23.9 and
18.31 kj(10) at pressure 200 kPa and 225 kPa respectively, this would in fact reduce soil
damage and this is in agreement with Wang et al. (2020) who stated that splash erosion rate
of soil increase by increasing droplet kinetic energy, soil erosion starting to begin at droplet
kinetic energy 0.3 J (10™) of amount 50 g.m? this soil erosion tripled to 150 g.m? at droplet
kinetic energy 0.4 J (10™), and reach a high level of amount 300 g.m? at droplet kinetic
energy 0.9 J (10™) , and Lehrsch and Kincaid (2001) who stated that the increase in steady-
state infiltration rate from -40 to -20 nun at droplet energy 1 J (10”%) was 6.8 nun h", nearly
45% greater than the increase of droplet energy at 7 J (10)

Finally the results recommended using

* 200 kPa pressure to save power as its precipitation rate values close to 225 kPa pressure

* 3.2 mm nozzle diameter as the 3.9 mm nozzle causes higher levels of kinetic energy than the
3.2mm which cause a detrimental effect on soil physical properties.
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