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ABSTRACT

The purpose of this study was to present an economic and accurate model to
determine the advance curve for furrow irrigation system. For this purpose, a
mathematical model based on analytical solution of zero inertia (ZI) differential
equations is developed to simulate advance “ZIFA”, in standard furrow cross
section, Standard furrow cross section is a discharge-equivalent semicircular shape.
The Kostiakov-Lewis formula is used for modeling infiltration phenomenon. Six
observed data set and outcome of “numerical ZI of Oweis™ and “ Schmitz Seus
“ZIFA” model are used to verify the presented model. In all comparisons, “standard

ZIFA” shows good agreement with observed and calculated data.

1. Former Graduate Student.
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INTRODUCTION

One of the most important parts of the surface irrigation system design
and evaluation is the control of advance and recession phases. To describe
the advance phase in a furrow, several models have been developed. One of
these models is the zero intertia (ZI) model (5). In which, the acceleration
terms are neglected. Although this assumption simplifies the St. Venant
differential equations, the model is still complex. Because of complexity of
the ZI model, an analytical model had been developed to simulate the
advance phase of furrow irrigation, ZIFA (4). ZIFA simulates furrow
irrigation advance for three different types of furrow cross section shape
(triangular, parabolic and general shapes). Schmitz-Seus’ ZIFA model
determines surface flow cross section as:

A(x,t)/Ao(t) =[1-X(t)/Xtip()]™ , m>0 [1]

where Ao(t) and A(x,t) are the area of cross section at the entrance of the
furrow and at distance x and time t, respectively. Xtip (t) and X(t) are the
location of advance wave and a point between the entrance and wave tip and
m, the exponent, is a geometric coefficient. The flow area at furrow inlet,
Ao, is determined, based on normal flow conditions. The exponent, m, for
each type of cross section is determined by a special formula (4) , in which
m is related to the geometry of furrow. Thus m will have different values.

The objective of this study is to transform the surface flow cross section
and to determine the geometric coefficient m, for this section. The procedure
is called standardization of cross section. Thus for m, only one value is
determined. Meanwhile, the standard ZIFA is programmed to simulate the
advance phase for six types of furrow cross section shapes (triangular,

rectangular, trapeziodal, semicircular, parabolic and general shapes).
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Standardization of Cross Section

According to the definition, standard cross section is a semicircular cross
section with equivalent discharge (7). According to Manning’s formula for

2 must

constant discharge, slope and roughness coefficient, the value AR
be constant:
Q=(A/n)R #¥g° ** = const. 21
AR®™ = const. [3]
where Q= flow rate; A= flow area; R= hydraulic radius; n= Manning’s
roughness coefficient and So= bed slope.
For any shape of furrow with a flow area AF, and perimeter Pf, there is

an equivalent semicircular section with radius r:
= (ZAO(SES)J{[ (x)(ﬂa’g) Pf0.251 [4]

Determination of m

The shape factor, m , is determined as Walker and Skogerboe (6) proved:

m=1/[ B+ 8 -2] (5]

and
Y=cA® [6]
AZRUD = A ® (7]

where «, 3,6 and 0 are geometric parameters and Y is flow depth.
For semicircular cross section (standard section):
r= (2/n)" A* (8]
A2 RW3) = (ag) (21 A7) [9]
Geometric parameters for standard section are:
o= (2n)" ; B=1/2;0=(2m) ¥ .0 =8/3.
The shape factor m, is determined by substituting the values of B and 8 in

Eq. [5], thus: m=6/7.
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Input data

Needed initial data consist of inflow rate Q; furrow length L; Manning’s
roughness coefficient n; average furrow slope So; coefficients of Kostiakov-
Lewis formula (kt* +fot ) and coefficients of furrow geometry. Geometric
coefficients of each type of furrow cross section shape enter the model
depending on the shape of furrow. A concise description of these factors is
given in Table 1.

Standard ZIFA determines normal depth and other hydraulic parameters
of furrow, then changes the cross section of furrow to the standard

semicircular shape and simulates advance phase.

RESULTS AND DISCUSSION

Schmitz-Seus” ZIFA has been reconstructed for standard section (m=6/7),
then it compared with field experiment and numerical ZI (2) and Schmitz-
Seus’ZIFA (4) data set. Input data are summarized in Table 2.

Results of standard ZIFA in comparison with field experiments and
mentioned models are shown in Figs. 1-6, In all six comparisons, “standard

ZIFA “ shows excellent agreement with observed and calculated data.

SUMMARY AND CONCLUSION

A ZIFA model with standard cross section was reconstructed. It was based
on analytical solution of ZI equations. The model transforms any furrow
cross section shape into an equivalent semicircular section. Because of the
wide use of Kostiakov-Lewis formula, it was selected for modeling

infiltration phenomenon. Standard ZIFA was compared with experimental
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Table 1. Geometric parameters needed as input data.

Type of cross Shape of cross Parameter Description
sec. sec.
FS
= Left and
Triangular ) ! Z1,Z2 right side
22 zZ1
5 by slope
= Bottom
Rectangular B width
4 B ¥

zZ Side slope
Terapezoidal and
—B —P B bottom width
+———-o0>0
Semi-circular D Diameter
" Geometric
T = coefficients
Parabolic b1,b2 Y=bl X? X<0
Y=b2 X?> X0
0 »x
Geometric
General P1,P2 coefficients
P3,P4 Y=P1 AF?
R=P3 A™
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Table 2. Input data to the model. : m

Parameter Unit First Test! Second Test  Third Test! Forth Test!! Fifth Test''  Sixth Test''
Q 157! 2.77 3.94 1.33 0.31 0.21 0.33

L m 320 350 100 70 70 70

n 0.025 0.02 0.022 0.04 0.04 0.04

So mm™’ 0.0025 0.0025 0.001030 0.018 0,018 0.018

K m? min™®  0.016 0.013 0.01109 0.00088 0.00057 0.00036
a 0.018 0.024 .o,&wﬂ 0.154 0.427 0.680
fo m? min! 0.0004 0.0005 0.00009 0.00009 0.00008 0.00011
P1 1.13 1.07 1.211 0.898 0.870 0.897
P2 0.75 0.71 0.698 0.605 0.638 0.605
P3 0.79 0.69 0.625 0.435 0.521 .0.437
P4 0.74 0.69 0.653 0.576 0.595 0.576

t.§ Simulations refer to the tests 8-2-3 and 3-2-3 at Prinz farm,
Colorado, USA [After Oweis (2)]
Y Simulation refers to the data reported by Fangmeier and Ramsey (1).
tt1 Field experiments have been conducted at Karkaj Agricultural Research Station of Tabriz University,
Tabriz , Iran. [After Sadeghi (3)]
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Fig 2. The second test of standard ZIFA.
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Fig 4. The fourth test of standard ZIFA.
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Fig 5. The fifth test of standard ZIFA.
ADVANCE TIME (min)

80

14

12

10

o 1 ) | |
0 20 40 60
ADVANCE TIP LOCATION (m)

—— STANDARD ZIFA + OBS.(SADEGHI 1992)
Fig 6. The sixth test of standard ZIFA.
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and calculated data of numerical ZI of Oweis (2) and Schmitz-Seus’
analytical ZIFA (4). In all comparisons standard ZIFA shows good
agreement with observations and mentioned models.

By the help of standard ZIFA, one can predict and simulate the advance

phase in furrow with any cross section with good accuracy in very short time.
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