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A MATHEMATICAL APPROACH:
DISTRIBUTION ON SOIL SURPACE

KARAT.

Abstract

SPRINKLER IRRIGATION DROP

The objectivesof this study were to developan equation and derive equation for differernt boundary conditions of sprinklier

irrigation drop falling and tostoprunoff from soil surface. Irr

igation scheduling is the processrelated to wren, how much

waterto apdytoasal. TheIrrigation method concerns“how’ that desired water degth is apgied to thefield. The uniformity
of water distribution dependon anirrigated field and efficiercy of on-farmwater appication. Conclusionspoint out on the
laterals must install parallel to field slope contours for controlling runoff, erosion and on-farm water apgication.
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INTRODUCTION

Irrigation scheduling requiresknowledgeon crop water
requirementsevapotranspiraion) and yield respanses
to water, the constraints specific to each irrigation
method and irrigation equipmen, the limitation
reldive to the water sypply systen and the financial
and ecanomic implications o the irrigation pradice
(Heemann, 1996). To improve the irrigation method
requires the consideration of the factor influencirg
the hydraulic proces®s, the water infiltration and the
uniformity of water application to ertire field (Hlavek,
1992). The consideration of all these asppds males
irrigation managemert a complex decisian makirg and
field pradice process(Pekira,1999).

Sprinkler irrigation is sutable for mog cragps. It is
also adptable to nearly all irrigable soils, becaise
sprinklers are available for a wide range of discharge
capacties. Where soils have low water-holding cgpacity
and shallav-rooted cropsare to be irrigated, lighter
and more frequert irrigations are required Fixed and
continuously moving sydems are bah suiable for
sud applications. The flexibility of present spginkler
equipmert and its efficient control of water application
make the method almost universally applicable. Its
usefulnessfor mog topogragphic conditions is subect
only to limitations imposed by land use capallity
and ecaiomics. It can be adgted to mostclimatic
conditions where irrigated agiculture is pradical
(Keller and Bliesner 1990;Gencodan etal., 2005).
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The sgrinkler irrigation method can be operaed with

application rate higherthan the steady state infiltration
rate. Ingeneral this type of operatimnisimplemeriedfor
stationary sprinkler sygems. The sgrinkler application
rate will be lower that the infiltration rate immedidely
after irrigation commencesand all the water applied
infiltrates into the soil. As time pas®s, the infiltration
rate deceases and becomes less then the sginkler
application rate.

When irrigation continues after this point, runoff
occurs (James,1988;Jamesand Larson, 1976),although
the amount of runaif will step depndon the amount of
water that can acaumulate in small suface depressions
and on the slope.

This pgoer ams at approaching mathemaical models
which could contribute to the achievemert of higher
irrigation performanceswhen drop distributions and
suifacerundf on soil.

Algebraic model formulation

In this section an algebraic model formulation develop
the effedive drop distribution. For this rea®on,
precipitation of drop from sprinkler nozzle and wetted
area on soil must ke detded well for distribution
uniformity.

In sprinkler irrigation, in the wetted area drops, wetted
distribution determine as a function (D())) which in
symmetic to axis (Figure 1). Wetted distribution in
circle shge with ar radius. If distribution bounday as
givenbelow:
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Fig.1: Under ideal condition irrigation drop distribution

Meaning, the drop from nozzle constitutes paradied
equal distance lines in wetting circle. Same agation
water infiltrate to soil but some of water accuntalsoil
surface. Accumulate water will be samgeantity
between two lines (band). In
distribution can be described by Eqg. (2):

2

X 2

) X y (2)

x and y is coordinates points. S(x) is the volurhe o
water between two lines. Water volume is described

Eqg. (3):

y y
Sx 2D )dy 2f )dy (3)
0 0
as it is known:
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thisase wetted

> ady

adding equation (4) into equation (3) resulting)x.
5):

()

V2 x?
Sx=2 3y fx* y*dy
0

Band length for unit width isl 2y 2+/r?  x* .
Since irrigation distribution (g(x)) is described Bq.

(6)

Irrigation distribution will work differentboundary
conditions. There are some scenarios to occur:

Scenario 1
Suppose that wetted drop distributibn)  a, g(x)
is determining Eq. (7):
Jre avr® X
= = @
I X I X

A result shows that drop distribution is uniform.
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Scenario 2
Suppose that wetted drop distributibn) b}, g(x)
determining Eq. (8):
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Scenario 3
Suppose that wetted drop distributibn)  ¢)?,
g(x) determining Eq. (9):

V2 @ r2 x?
2 2
g X - 2>c\/ dy Jﬁzx y® dy
r X r X 0
3 4 2 2% =
Cc r X
— s s o XA X 2
3 r2 X2 “ 3 =
Q 2 2 [z 2= 2 2, 2
C r- Xx“4r° Xx 4 r< x c(2x® r
——  _X*Arz x* = cx? ol ) Q)
NS 3 =y 3 ¢ 3
Scenario 4
Suppose that wetted drop distribution is
parabolicf ) a b) ¢)?, g(x) determining
Eq. (10):
Vr? <@ 2 2
1 br bx [T X r c(2x? r?
gx ——— sa b ©’dy a In (10)
2 x2 5 2 2rz ¥ X 3
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The result of Eg. (10) is meaning irrigati@iops Lets look at interaction between irrigation watad &oil
distribute as equal to soil surface. surface while irrigation nozzle circling (Figure. 2)
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Fig. 2: Irrigation drop distribution with sprinkle nozzleowing on y axis

For this case boundary conditions given Eq. (11):

rf), )Tr

D) 10, Yoo

(11)

In this case, water source point moves frpnaxis. volumes on coordinates x and y, thus can be sh@awvn a
Since S(x) (volume of water) be formed small water  Eq. (12):

y NS
gox 2f)dy 25 fx* y* dy (12)
0 0

There are some other cases that in equation (11)
boundary condition.

Scenario 5
Suppose that wetted drop distribution is

f) a b c)?resultisEq. (13)

with using equation (12)

N [2 [2
ctdy (2a bWz © bt X T (X 2“:':” X

G X 2>a b (13)
0 X
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Scenario 6

Suppose starting drop distributidd ) as an n degree
n

f a ), when

0

polynomial, it occurs such a$ )

2 2

r- x

Oip X 22a0

0

(4a,x* 2a,r?)r? x? -

s
a2r7 3Wr? x* 3x*In

we look at the first four term equation of the eipa

(f) & a) &) a) a)' .
can be written as Eq. (14, 15)). Accordittg case

results irrigation distribution function dependsoand
r values.
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RESULTSAND DISCUSSIONS

The casesshaw that in differert bounday conditions
with differert scenaios. Whenthefield separatesecual
apart lines (band) movemert of spinkler irrigation
nozzle hasto bey axis. Derivations shav that starting
drop distibution is not dependen and irrigation
distribution (g(x) = constant) is becomea constant.

Irrigating in cropping sea®n soil surface prepaation
and lateralsmustinstall parallel to slope contours.

CONCLUSIONS

Irrigation distiibution in different bounday conditions
were discussd with an algébraic modelformulation, the
main scenaio waswheninfiltration becomesconstant
surfaceflow starts. Asit is known infiltration doesnot
stops ot it works with suiface flow together. There
must be some dher scenaios to get more acairae
results sudh asfield slope and precipitations (rain).

Asresults shavs that anothercondusion is that before
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cropping and irrigation to decease suffaceflow field
musttill paallel to contours.
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