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A COMPUTER MODEL TO PREDICT THE DROPLET
SIZE TRAVELING DISTANCE IN NOWIND AND
WINDY CONDITIONS FOR DIFFERENT NOZZLE
SHAPES.

A. M. El-Berry', M. H. Ramadan’, M. A. EI-AdI’ and H. M. Abdel Mageed*

ABSTRACT

A finite difference numerical model was developed to determine the mean
droplet size diameter at any distance from a sprinkler as a function of
nozzle shape, size and pressure. Droplet size data from square,
rectangle, triangle and circle nozzle orifice shapes verified the model.
Data for model prediction were generated throughout lab experiments.
Nozzle pressure and shape had a major influence on droplet size. Higher
pressure promoted smaller droplets over the entire application profile.
Noncircular nozzles had a large droplet size at the same distance from
sprinkler but circular nozzle had the largest droplet size near the
perimeter.
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INTRODUCTION
ohl (1974) studied the effects of pressure and nozzle size on the
droplet size distribution from medium sized agricultural
sprinklers. He reported that the droplet size distribution from
agricultural sprinklers followed the relationship of decreasing droplet size
with increasing relative velocity of the water to the air. Decreasing

nozzle diameter decreased mean droplet size but increasing pressure
decreases mean droplet size by a great amount.

Awady (1978) set two hypotheses for droplet separation: against surface
tension and against viscous shear. For surface tension, the droplet size "S"
varies as:
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S= + )
Ptan”(a/2)

and for shear :

[ — )
\/ﬁ tan(a /2)
Where " 6 " is surface tension, " P " pressure, " a " spray cone angle, " u '
coefficient of dynamic viscosity, " p " is the fluid density. Dimensions
have to be homogeneous on both sides of the relations.
The critical state beyond 0.25 tend to separation under tension, for the
following criterion ( C, ):

c==~£ \/E tan(a /2) = 0.25 3)
o \p

David and Yuping (1989) reported that nozzle pressure had major
influence on droplet size. The volume mean droplet diameter of total
water applied as a function of nozzle size and pressure were determined.
Higher pressure promoted smaller droplets over the application profile.
Kohl (1974) stated that the droplet mass was important specially on soils
with crusting problems; it was very sensitive to water pressure. He also
found that the mean size of water droplets is increasing along the
trajectory distance. He also found that decreasing nozzle diameter
decreased mean droplet size, while increasing pressure decreases mean
droplet size by a greater amount, especially at the end of the jet. He
found that droplet mass was increased fivefold with a pressure decrease
from 60 to 20 N/Cm® (MPa). He referred that to the relationship of
decreasing droplet size with increasing relative velocity of water to the
air.

Droplet size is an important factor affecting the formation of "seals" on
bare soil surfaces that restrict water movement into the soil. Because,
small droplets possess less power when they impact the soil surface,
"seals" that limit infiltration form more slowly than with larger droplets.
For these reasons, it is sometimes possible to reduce runoff and erosion
by converting from sprinklers that emit large droplets to ones with
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smaller droplets. Droplet size is especially important when sprinklers
must operate in wind. Distribution patterns from sprinklers that emit
smaller droplets are more subject to wind distortion and lower application
uniformity. In addition, increased losses due to wind drift usually occur
with small droplet sprinklers (Larry, 1988).

The soil damage hazard from large droplets is further compounded in the
case of circular nozzles at low pressures due to high application rates near
the perimeter (Chen and Wallender, 1985).

Heernann and Kohl (1981). stated that the droplet size distribution of
sprinkler is practically important for two reasons:

I- Small droplets are subjected to wind drift, distorting the application
pattern.

2- Large droplets possess greater kinetic energy which is transferred to
the soil surface causing particle dislodgement and puddling that may
result in surface crusting and runoff.

Higher operating pressures normally increase the volume of water applied
as smaller droplets while decreasing the volume of larger droplets. A
similar, but a significantly smaller effect occurs on the larger droplets
(not on the volume of water) as nozzle opening size is decreased. Nozzle
opening shape can have an important effect on droplet size while nozzle
angle has little effect. (Larry,1988)

Diffuse-jet nozzles; are designed so that droplets are formed at a lower
pressure than with other impact nozzles. This is accomplished by using
noncircular-shaped nozzle openings or turbulence inducer at the orifice to
diffuse the jet as it leaves the nozzle. Diffuse-jet nozzles do not wet as
large an area as do constant-diameter and constant-discharge nozzles.
(Larry, 1988)

Low pressure impact sprinklers produce smaller droplets at a lower
pressure than do traditional impact sprinklers which operate at 350 kPa
(50 psi) or more. This is accomplished by passing water through one or
more noncircular shaped nozzles to diffuse the jet as it leaves the
sprinkler. These sprinklers operate at about 240 kPa (35 psi) and
normally have a wetted diameter of 20 to 25 m (70 to 80 ft) (James and
Blair, 1984).
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Jiusheng, (1997) found that for both circular and square nozzles,
increasing pressure decreased droplet size in overall droplet spectra, and
for a given pressure, changing nozzle shape from circular to square also
decreased droplet size.

Frost and Schwalen (1960) investigated combined spray evaporation and
drift losses, also by the catch-can method. A good correlation between
spray losses and vapor- pressure deficit was obtained, and it was found
that losses were approximately proportional to nozzle pressure and wind
speed and inversely proportional to nozzle diameter. Seginer (1971)
reported that as the number of droplets in the air increased and their size
decreased, the total loss increased. The regression lines of total loss on
solar radiation, for various operation conditions were practically parallel
to each other with slope of about 0.5.

Jiusheng Li and Hiroshi Kawano (1995) studied the water droplet
movement in the air which is mainly affected by drag and gravity. They
used the following equations of motion for an individual droplet under
no-wind condition on a computer model.

2

i,tf ==3/4(p,/p,) - (Cyld). V.V, (4)
2

ihzz =-3/4(p,/p,)-(C,1d).V.V.~¢g (5)
Where:

x = position component in the horizontal direction in m,

z = position component in the vertical direction in m,

t =timeins,

V= dx/dt = horizontal component of velocity V in m/s, and

V.= dz/dt = vertical component of velocity V in m/s.
Equations (4) and (5) were solved by using Runge-Kutta fourth-order
numerical scheme with the time step increment (At) of 0.005 s. Finally
they predicted the droplet diameter at any distance from sprinkler for
circular, square and double rectangular nozzle shapes.
They used the following initial conditions to solve equation (4) and (5)
x(0) = 0; z(0) = riser height (0.83 m); Vx(0) = V(0) cos 0p; Vz(0) =V
sinBy; By = sprinkler trajectory angle; V(0) = initial nozzle water velocity
(m/s).
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A finite difference numerical model was developed by David and Yuping
(1989) to determine the volume mean droplet diameter at any distance
from a sprinkler as a function of nozzle size and pressure. The model was
verified with sprinkler nozzle sizes 4.0 mm and 3.2 mm circular and 3.5
mm square nozzles. A total of 140 indoor tests were conducted with
pressure between 69 kPa (10 Psi) and 414 kPa (60 Psi) at 28 kPa (4Psi)
increment.

Richards and Weatherhead (1993) studied the effect of wind and
reported that wind elongated the pattern at right angles to the wind. The
wetted distance downwind from the sprinkler increased as wind velocity
increased but the increase was proportionately less than the increase in
across wind wetted radius and wetted distance upwind.

The objective of this work is to develop, test, evaluate and verify a
computer model to predict the droplet size diameter distribution.

MATERIALS AND METHODS

THE MATHEMATICAL MODEL DEVELOPMENT:
Seginer (1965) obtained a relationship between the empirical drag
coefficient " C, " and droplet diameter as follows:
Co=0.4671 49 (6)
Where:
d = droplet diameter in mm
Hills and Yuping (1989) used the following equations relating
acceleration of water droplet in the horizontal and vertical directions
respectively:
Ax =-C, V? cos 0 (7)
Ay=-C, V’sinB-g (8)
Where:
Ax = acceleration component in x direction, m/ s2.
A, = acceleration component in y direction, m/s”.
V = resultant velocity of droplet, m/s. (v - N )

0 = flight path inclination angle from horizontal (6 = tan™ V,/Vy).
g = gravity acceleration, 9.81 m/s’.

Vi = velocity component in x direction, m/s. (Vx=V cos 0).

V, = velocity component in y direction, m/s. (Vy =V sin 0 ).
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Equations 7 and 8 are rearranged and solved using a numerical finite
difference approximation procedure with appropriate initial conditions.
For a velocity at time step i; these equations become:
Vi (1) = Vi (i-1) + Ax (i-1) At 9)
Vy (i) =Vy (i-1) + Ay (i-1) At (10)
Where:
Vx (i-1) = velocity component in x direction at time step (i-1), m/s.
Vy (i-1) = velocity component in z direction at time step (i-1), m/s.
Ax (i-1) = velocity component in x direction at time step (i-1), m/s’.
Ay (i-1) = velocity component in z direction at time step (i-1), m/ s%.
At = time step increment, s.
Similarly, the droplet position at time step 1 is defined by the following
equations:
X (1) =X (@-1) + X (i-1) At (11)
Y (@)=Y (i-1) + Y (i-1) At (12)
Where:
X (i-1) = position component in x direction at time step (i-1), m/s.
Y (i-1) = position component in z direction at time step (i-1), m/s.

Equations (6) through (12) were used to develop a computer model to
predict the droplet size diameter distribution. The input data were nozzle
shape, nozzle dimensions, Trajectory angle, riser height, orifice
coefficient, wind speed and direction. The flowchart of the model is
illustrated in Fig. (1).

The initial conditions (at zero time) required to run the model, are as

follows:

X(@0) =0

Z(0) =riser height (1 m in this study)

V(0) =nozzle water velocity, m/s

09 = nozzle trajectory angle, deg

Vx (0) =V(0) cos 09 , V, (0) = V(0) sin 09
A 0.1 mm droplet diameter increment was used starting from 0.1 mm to
maximum droplet diameter. Finally the model gives the droplet diameter

and its distance from sprinkler as an output.

DATA GENERATION FOR THE MODEL:
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To generate the data required for the model, indoors lab test runs were
conducted. The sprinkler system used an electric pump of 0.37 kW with
% inch inlet diameter and % inch outlet diameter. The pipeline used was
polyethylene pipe of % inch nominal diameter. The riser height was 100
cm. Riser was steel pipe of % inch nominal diameter. The R.C. 160-S
sprinkler was used in this study. The sprinkler material was plastic, full
circle % inches male pipe thread connection. The nozzle dimensions
were square (3.9 mm), rectangle (3 mm width x 5 mm height), isosceles
triangle (5.5 mm - base and height) and circle (4.4 mm diameter) with
trajectory angle 20°. The cross section areas of the four shapes are almost
the same except of the very small fractions due to mathematical
transformation from one shape to another. Moreover, the possibility of
manufacturing these different shapes at the exact cross section areas. The
Petri dishes used were 89 mm in diameter and 16 mm in height. Misr
10000 Km oil was used in this study.

The droplet photographic instrument adopted illumination technique was
used to measure the droplet size diameter. Nicon coolpix 5600 Digital
Camera was used in the study to photo the Petri dishes with oil using
close- up mode. It was 5.1 mega pixels and 3X zoom. The Image-Pro
Plus for windows version 1.3 program was used in this study to measure
the droplet diameter from the photos of Petri dishes with oil and water
droplets.

Four levels of pressure were used: 138, 172.5, 207 and 240 kPa (20, 25,
30 and 35 Psi). Four shapes of nozzles were tested: square, rectangle,
triangle and circle. Testes were replicated 3 times. So, the total number of
experiments was 48. Pressure was measured using the dial pressure gage
60 Psi (414 kPa) with scale increment of 2 Psi (13.8 kPa). The location
of the pressure gage was fixed at 92.5 cm from the lateral as
recommended by the ASABE standard (2006).

The duration of each replicate was one path only of the sprinkler. The
water droplets were collected in Petri dishes filled with oil. To ensure
credibility, the actual droplet diameter (Calculated by volume mean
weight diameter procedure) was correlated to the measured ones
(collected in the Petri dishes). The latter was determined via a digital
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camera and the Image Pro software. The following correlation was
obtained

ADSD = 0.99 MDSD + 0.0244 (13)
Where:

ADSD = Actual droplet size diameter, mm

MDSD = Measured droplet size diameter, mm

Based on these results, very small difference was neglected and the actual
droplet size diameter was assumed the same as the measured droplet
diameter.

This model may be used only for zero wind condition. However, it was
modified to be used in windy condition.
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)
Figure (1): Flowchart of the developed computer model.
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ForD=1to My

For t =0 to 60

ﬁ%

Voo, t+1) = (Vawo,t+) + (Acxo, ) X 0.1
Vzo,t+1) = Vap,t+1)+ (Aczp ) X 0.1
Vo, 1= (V. 0)’ + Vo, @)™
fip, 1+ 1)= ATN(Vyo, 1+ 1y / Viw, 1+1))
Xo,t+1)= X, 0+ Vxwo, 9% 0.1
Zo,i+1y=Zp, ot Vzwp,p* 0.1
Acx(D, t+1) = 'Cn(D)X(V (D, t+ 1))2 X Cos (f(D,|+ 1))
Acp, 11y = Ca*(V ©,10 1) sin (fp, i+ 1)] - 9.81

For tt =(t+1) to 50

| Vo, tt+1) = (Vawo, 1t + 1)) + (Ao, 1) X 0.1 |

f

Yes

Vswp, tt+1) <0

No

Vzo,1t+1) = (Vzp,1t+1) - 0.981
Vo, e + 1= (Vxwo, i+ 1) T (Acxp, ) 0.1
fio, vt + 9 = ATN [(Vzo, 1+ 1) / (Vxwo, 1+ 1))]
Xo, tt + 1= Xp,19) T (Vxw, ) * 0.1
Zp, e+ 1= (Zp,w) T (Vzwo,w)* 0.1
Aap. i+ 1= Cop(V 0+ 1) % c08 (Ep,u+ 1)

No

Zpu+1<0

Yes

X=X

< oow >

Yes

Cont. Figure (1): Flowchart of the developed computer model.
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SIMULATING WIND EFFECT:

During the sprinkler rotation the angle between wind direction and
droplet movement direction (o) changed from 0° to 360°. When a = 0°
the resultant velocity (Vyy) is the summation of water droplet velocity
and wind velocity as shown in Figure (2). But when a = 180° as shown
in Figure (3) the resultant velocity (Vxw) is the difference between water
droplet velocity and wind velocity. In general case when 0°< o < 360° as
shown in Figure (4) Vi could be described by the following equation:

Vz \C
v \'%

vy 6 Vy . Vi 0 Vw

J J
a=0° o =180°
Figure (2): Wind direction Figure (3): Wind direction Figure (4): Wind
with the same direction as  with the opposite direction  direction with o angle
droplet (o0 = zero®). of droplet (a0 = 180°). direction of droplet.

V., =V +vi—2vy, cos (180—a)  (14)

Where:

ve = Droplet velocity component in x direction (m.s™)

v, = Wind velocity (m.s™)

Ve = Droplet resultant velocity in x direction for windy condition
(m.s™)

vy =v Cos 0

o = angle between wind direction and droplet movement direction
(deg.)

MODEL VERIFICATION:

To verify the model output, the predicated values were correlated to the
measured values. A linear regression model of Y=A+BX was developed
with the predicted droplet diameter as the dependent variable (Y) and the
observed droplet diameter as the independent variable (X). If the
regression model was a perfect predictor of the droplet diameter, the
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linear regression constants (A) and (B) would equal 0 and 1, respectively.
Gregory and Fedler (1986) stated that values or R* (coefficient of
determination) varies between 0 and 1 and provides an index of goodness
of model fit. If R* value is 0.90 or larger, then at least 90% of the
variability is explained. This would generally be considered an excellent
fit. On the other hand, an R? value of 0.80 is considered a good fit. An R
value as low as 0.60 is sometimes considered acceptable or even good.
The evaluation of linear model of different shapes is based on values of
A, B, R%, R and the standard error of estimation (L) which is defined
below as:

(15)

n

Z (DME.Y. - DPr e. )2
1=

Where:
Dyss = Measured droplet diameter, mm.
Dp,,. = Predicted droplet diameter, mm.
A = Standard error of estimation
n = Number of observations.

The R? and A (standard error of estimate linear model) indicate the scatter
points about the regression equation. R (correlation coefficient) indicates
the degree of association between the observed and predicted values. To
assist further in this evaluation, another index called coefficient of
efficient (C.) was used. This coefficient was proposed by Nash and
Sutcliffe (1970) and used by Masheshwari and McMahon (1993), Zin
El-Abedin and Ismail (1999) and Sharaf (2003). If R and C. are close to
each other, the model is free from any bias all or part of the data. C. is
defined below as:

i=n

Z(Xnify")z*ii]()(oi*)(pi) (16)

i=1 i=1

Z(Xm' _}0)2

i=1
Where:
C. = coefficient of efficient
n = number of observations

Xoi= i value of observed measurements, mm.

X, = average observed value, mm.
X, = i" value of predicted measurements, mm.
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RESULTS AND DISCUSSION
The arithmetic mean droplet size distribution from data generation
experiment results for different nozzle orifice shapes and sprinkler base
pressures are shown in following Table.
Table (1): Arithmetic mean droplet size diameter (mm) for different
nozzle  orifice shapes and sprinkler base pressures along the throw.

Sprinkler base quzle Distance from sprinkler, m
orifice
pressure, kPa shape 1 3 5 7 9 T 3
: 0310713 37
Circular 7 ] 1 1.5 | 2.8 6
Square 07109 [ 13]25]30
137.0 1 8 8 8 8 8
Rectangular | 00 | 09 | 1.5 | 2.3
£ s 171 3] 09
Triangular 05109 15|24
£ P11 |7
Circular 03107 (12]13][23]3.0
1 7 8 2 9 4
Square 04108 | 13] 1928
172.5 1 8 | 5 1 713
' Rectangular 04 (08 13 [20]22
g 7 193|877
. 0510813119
Triangular 1 3 p g 2.4
: 07109 | 11|15 28
Circular 0.3 3 4 1 5 2.4 3
Square 04107 (12| 17]26
q 3717112
207.0
Rectangular 0.4 107 121522
4 7 6 7 1
Triangular | 0.5 | 0.8 153 186 2i3
Circular 0210608109 (12]20]23
6 9 6 9 9 4 4
Square 0i4 077 léo 15 221
241.5
Rectaneular | 03 | 07 | 1.0 | 1.2/ 2.0
£ 8 | 71 5] 6] 8
. 0.4 1.0 | 1.6
Triangular 3 0.8 5 i 22
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MAXIMUM DROPLET SIZE DIAMETER:

The model requires the maximum droplet size diameter for each orifice
shape and sprinkler base pressure. Using previous indoor lab testes results
in the following linear equations developed to describe the relationship
between maximum droplet size diameter and sprinkler base pressure for
circular, square, rectangular and triangular orifice shapes respectively.

For circle : MD =-0.0130 Pr + 5.45 R*=10.96 (17)
For square : MD =-0.0089 Pr +4.36 R%=0.96 (18)
For rectangle : MD =-0.0028 Pr + 2.77 R*=0.99 (19)
For triangle ~ : MD = -0.0025 Pr + 2.81 R%*=0.99 (20)
Where:

MD = Maximum droplet size diameter, mm
Pr = Sprinkler base pressure, kPa
1- For different orifice shapes:

A graphical comparison of the measured versus predicted droplet size
diameter for different shapes; circle, square, rectangle and triangle are
given in Figure (5).
In general, the value of B is close to 1 and A close to zero, accompanied
by low A and high R% R and C. values, would indicate satisfactory
prediction by the model. Because the slope B and the intercept A are
significantly different from 1.0 and 0, respectively, at the 99% level of
confidence, a bias exists within the model estimation. This bias oscillates
between over and less estimation which depends mainly on A and B
values. The results of this evaluation along with the statistical parameters

for droplet diameters are given in Tab. (2)
Table (2): Indices of the different orifice shapes
in predicting droplet diameter.

Parameter Circle Square Rectangle Triangle
n 18 16 15 15
A 0.842 0.818 0.839 0.802
B 0.233 0.382 0.311 0.334
Ce 0.912 1.142 1.232 1.083
R’ 0.949 0.968 0.935 0.957
R 0.974 0.984 0.967 0.978
A 0.217 0.191 0.168 0.155
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Predicted droplet size

Predicted droplet size

Misr J. Ag. Eng., January 2009

diameter, mm

diameter, mm

4.0
35
3.0
25
20
15
1.0
05
0.0

00 05 10 15 20 25 30 35 40

Observed droplet size diameter, mm
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7
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Observed droplet size diameter, mm
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25
20
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Observed droplet size diameter, mm
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Observed droplet size diameter, mm

Figure (5): Verification of droplet size diameter
for different orifice shapes.
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Considering the value of various indices of evaluating the four shapes,
one can find that R? values for all shapes are greater than 0.93 and C.
values are close to R*. The value of A and B are closer to 1 and 0
respectively. Furthermore, R” values are high, less difference between R*
and C. and A values are minimal.

In general, the correlation between the observed and predicted droplet
diameter values for all shapes is satisfactory. This indicates that the
model output is appropriate and the bias existing within the shapes can be
attributed to the experimental errors, manufacturer variation and
uncalculated factors.

2- For different sprinkler base pressures:
A graphical comparison of the measured versus predicted droplet
diameters for different sprinkler base pressures 138 kPa, 172.5 kPa, 207
kPa and 241.5 kPa are given in Figure (6).
In general, the value of B was close to 1 and A close to zero,
accompanied by low A and high R?, R and C. values, would indicate
satisfactory prediction by the model. Because the slope B and the
intercept A are not significantly different from 1.0 and 0, respectively, at
the 99% level of confidence, a bias exists within the model estimation.
This bias oscillates between over and less estimation which depends
mainly on A and B values. The results of this evaluation along with the
statistical parameters for droplet diameters are given in Tab. (3)
Considering the value of various indices of evaluating the four shapes,
one can find that R* values for all sprinkler base pressures are greater than
0.91 and C. values are close to R*. The value of A and B are close to 1
and 0 respectively. Moreover, R” values are high, less difference between
R? and C,. and A values are minimal.

Table (3): Indices of the different sprinkler base pressures
in predicting droplet diameter.

Parameter 138 kPa 172.5 kPa 207 kPa 241.5 kPa

n 15 16 17 16

A 0.863 0.852 0.817 0.597
B 0.246 0.251 0.322 0.519
Ce 0.990 0.985 1.073 1.296
R’ 0.964 0.937 0.971 0.913
R 0.982 0.968 0.985 0.956
A 0.189 0.181 0.151 0.218
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In general, the correlation between the observed and predicted droplet
diameter values for low sprinkler base pressures 138 kPa, 172.5 kPa and
207 kPa are more satisfactory than the high pressure of 241.5 kPa.

4.0

40 7 i
25 | At138.0 kPa /v o | At1725KkPa >
L : . [ ) ,/,
N L N ,
@ 3.0 2 @ 3.0 <
w B . ’ < g ,’, .
2 E 25 - pd = £ 25 oe P
Sy e S
< 220 . = 220 2
= 2 / = E
£E1s /. £Es
7 10 o 7 10 o
. o ,,’
=~ 05 05 y
0.0 _— ; 00 +—F—""7———T—
00 05 10 15 20 25 3.0 35 40 00 05 10 15 20 25 30 35 40
Observed droplet size diameter, mm Observed droplet size diameter, mm
¥ ’ T AC2415kPa >
N . a Ny
o5 | At207.0kPa > e N
D R4 [} L
N N L
7] 3.0 @ 3.0 p
5 E s 5 E v
= E 25 e = £ 25 i
gz S £ s
= 2 20 < 220 B
TE ¥ TE e
.‘: g 15 4 § g 15 "’,
27 10 s %% 10 o
& . & .
0.5 ne 05 ne
00 + — 00—
00 05 10 15 20 25 3.0 35 40 00 05 10 15 20 25 30 35 40
Observed droplet size diameter, mm Observed droplet size diameter, mm

Figure (6): Verification of droplet size diameter for
different Sprinkler base pressures.
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CASE STUDY

The objectives of this case study were to:

1- Compare the droplet size distribution model prediction in zero and
windy conditions.

2- Predict the wetted pattern shape in zero and windy conditions.

The computer model was used to simulate the effect of wind speed on
droplet size distribution in windy conditions (up and down wind). Wind
elongated the pattern at right angles to the wind (i.e. crosswind). The
wetted distance downwind from the sprinkler (B) increased as wind
velocity increased but the increase was proportionally less than the
decrease in wetted distance upwind (A) (Table 4 and Figures 7 and 8). As
a result, increasing wind velocity decreased the wetted area. The previous
results agree with those obtained by Richards and Weatherhead (1993).
Figure (7) is showing the difference between droplet size distribution at
zero and windy conditions (i.e. 1, 2, 3 and 4 m/s) for the triangular orifice
nozzle shape.

The model also can predict the droplet size distribution at any wind
direction overall the irrigated pattern. Also the model can predict the
shape of the wetted pattern at zero and windy conditions. The model was
run at different wind speeds and 0° to 360° wind direction with interval of
10° to get the maximum throw. The angle (wind direction) and maximum
throw were used to draw the pattern shape using the Autocad software.
Figure (8) illustrates the wetted perimeter from zero to 10 m/s wind
speed.

Table (4): distance up and down wind from the sprinkler
with different wind speeds.

Wind speed, m/s distance upwind, mm distance downwind, mm
(A) (B)
1 0.46 0.44
2 0.96 0.86
3 1.49 1.25
4 2.07 1.62
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Predicted droplet size diameter, mm

A and B are proportional to Wind speed
A>B

4m/s

3m/s

— 0.0 miz

——s—-3.0m's

125 10.0 7.5 50 2.5 Sprnkler 2.5 5.4 7.5 10.0 125

—00mE

==d==10miz

0.0 i : i i
125 100 7.5 5.0 25 Sprnkler 2.5 3.0 7.5 100 125

Figure (7): Effect of wind speed on droplet size distribution
compared with zero wind condition.
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Figure (8): Effect of wind speed on application pattern from zero to 10 m/s wind speed and intervals of 1 m/s.
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CONCLUSIONS
A computer model was developed to predict the droplet size distribution with

zero and windy conditions. The model was Verified for different orifice shapes
(circle, square, rectangular and triangle) and different pressures (138.0, 172.5,
207.0 and 241.5 kPa). The best results of the computer model predictions were
achieved with triangular and rectangular nozzles; then with square and finally
circular nozzle. For working pressures; the best results were attained at 207.0
and 172.5 kPa then 138.0 kPa and finally 241.5 kPa. In general, the correlation
between the observed and predicted droplet size diameter values for all
sprinkler base pressures and shapes is quite good. The model was used to
predict the pattern shape in no wind and windy conditions. Wind elongated the
pattern at right angles to the wind. The wetted distance downwind from the
sprinkler increased as wind velocity increased but the increase was
proportionally less than the decrease in wetted distance upwind. As a result,
increasing wind velocity decreased the wetted area.
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