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AP sl — oot < Folod « Y4 alr (S g of agpis VFYY

ol wlagilwan s wid 5 (Sdgyub Olasuie edgioe

Cawl 00 03y9] ,Eko e
Ay (> Qo> s Z U S 30 B uigh s> 53

ol Ssle oy NE g aul 1o csSo o s o JU
Sl s (o gbdlS g I pladises (V) 5 (V) gl S
KF? § 59,8 sie (gl (FA) satal, § soie Jioo Loy o
A e i ) calises

KF*=1
ii Fr=0.2
3 095
.'i\’_\ u
» O i
2 o6sk
Numerical
. Semi-Analitical
0.5 1 1 1 1 1 1 1 I
0 50 100 150 200 250
Time(min)
(483> ) o
-
KF=1
Fr=0.5
2
5
g 2
1 5
x O
i3
3:'
4 I 1 1 | 1 | 1
0 20 40 60 B0
Time(min)
(4282 ) o loj
40
KF=1
Fr=0.8
Y =
EY E
\,% o
%
=
4
25 1 1 1 1 I 1 I
0 15 30 45 60
Time(min)
(4585 ) oloj

Ol FT 3958 3000 om0 byl )l 1 (s jolate &

SDL/yl U Yy ).w‘)L’ 9 ‘AQ/Qc $29)9 (2 L{‘_Q;/L’ u‘)_awu
MM}IMGLgJL}KJwﬁSOO])de)KFZZ
ol Ssleiwdae K g o &gl Gae Y1 )Blops by
) (Prwo o pizmen o (FA) galaly wyd y (el
9 8,8 Gyso (gdd e Jio leslatwl b (gonxie gl gjlwand
(V) Jgi 03 035 duglio 0ads &l gy 9 (o20s Joo gl

0.9
KF=10
i Fr=0.2
% 075F
= . [
=
"% 5 06F
3 O i
g
2+ oast
03 L 1 1 1 1 1 1 1 1

0 50 100 150 200 250
Time(min)
(4235 ) oloj
3.2
KF=10
Fr=0.5
3
1 =
ﬁ £
2.
e
x
5
2
2 1 | 1 | I | I 1 I
0 20 40 6l 20 100
Time(min)
(4233 ) oo
7
KF=10
§5 Fr-0.8
Y
12
2
13
%
=2
2
4_5 1 1 1 1 1 1 1
0 20 40 60 80
Time(min)
(483 ) plej

Ao Yo 23 Sl gl Jiod a9 gdae Jo 5 ealil b o (g jlwanns A1 T 0 Y JSS
Figure 2- Simulated dischar ge hydrograph using numerical and semi-analitical for 30% decrease in discharge



VEYY  colesy ol oagame 3 il g i salsle Lo 4 Jo

ol 0 039l oas 4l cataly swyd p (00 SOl b
s Jlde o aly w0158l L 2ad o dasMe a5 jglailen
o3 ¥ID §) yia olsad Lol il o yial3l (sylaio (FA) (calas

Cwl

2 Ol Sl Ll (asis 3 aSul 4 g b

YARIPYA SEVARINCH NIV Bp NN /A S5 B X S U SV ¢
blad s plige 5 ©8)5 ©jg0 (2aste slasiluand
5 glasged (V) Ui 50 i dwlore (330 Jao b (FA) (galayl,

o (5 jlwrdapnd SJUIS ouoid g (Sl b laduuie 50393550 —) Joao
Table 1- Hydraulic and geometric characteristics of the channel used for numerical test

L B Y1 Q
m m m % > " miy " AR
S 2040 05 06 0 00002 0014 071 02 5%
(Minimum)
g 10000 35 259 15 00015 0038 516 08 30%
(Maximum)
5 - 5 -
{1[] k=10 1] xe=10
~4 118 k=2 ~4 11 k=2
3 A L
L B3+ 9, §3 -
- = . ¢S - -
i8] : (s
4 %2 B
3 = | ﬁ = )
= 5 il
= ] - ‘;-__i l -
0 - i =
30 20 -10 0 10 20 30 30 20 -10 0 10 20 30
dQ/Q(%) dQ/Q(%)
() (o s 20> () (o> oy 2oy
(a) Fr=0.2 (b) Fr=0.8

ou Wyl gabuly (guwyd p (20 Ol pedi W30 Y USS
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Introduction: Unsteady flow in irrigation systems is the result of operations in response to changes in water
demand that affect the hydraulic performance networks. The increased hydraulic performance needed to
recognize unsteady flow and quantify the factors affecting it. Unsteady flow in open channels is governed by the
fully dynamic Saint Venant equation, which express the principles of conservation of mass and momentum.
Unsteady flow in open channels can be classified into two types: routing and operation-type problems. In the
routing problems, The Saint Venant equations are solved to get the discharge and water level in the time series.
Also, they are used in the operation problem to compute the inflow at the upstream section of the channel
according to the prescribed downstream flow hydrographs. The Saint Venant equation has no analytical solution
and in the majority cases of such methods use numerical integration of continuity and momentum equations, and
are characterized by complicated numerical procedures that are not always convenient for carrying out practical
engineering calculations. Therefore, approximate methods deserve attention since they would allow the solution
of dynamic problems in analytical form with enough exactness. There are effective methods for automatic
controller synthesis in control theory that provide the required performance optimization. It is therefore
important to get simplified models of irrigation canals for control design. It would be even more interesting to
have linear models that explicitly depend on physical parameters. Such models would allow one to, handle the
dynamics of the system with fewer parameters, understand the impact of physical parameters on the dynamics,
and facilitate the development a systematic design method. Many analytical models have been proposed in the
literature, Most of them have been obtained in the frequency domain by applying Laplace transform to linearized
Saint-Venant equations. The got transcendental function can then be simplified using various methods to get a
model expressed as a rational function of s (the Laplace variable), possibly including atime delay. It is therefore
important to develop simple analytical models able to accurately reproduce the dynamic behavior of the system
in realistic conditions.

Materials and Methods: Changes in water demand can create transient flow in irrigation networks. The
Saint Venant equations are the equations governing open channel flow when unsteady flow propagates. In this
research, the finite volume method using the time splitting scheme was employed to develop a computer code for
solving the one dimensional unsteady flow equations. Considering stationary regime and small variations around
it, the Saint-Venant equations around initial condition was linearized.

The Laplace transform is applied to the linearized saint venant equations, leading to an ordinary differential
equation in the space variable x and parameterized by the Laplace variable s. The integration of this equation
lead to a transfer matrix, and gives the discharge Q’(x, S) at any location with respect for the upstream discharge.
This matrix is coupled with the downstream boundary condition and developed an eguation that solved using
Simpson integration algorithm. It should be noted numerical solution of developed equation is easier than
solving fully dynamic saint venant and is less sensitive to the spatial step and the researcher simply writing code.

Results and Discussion: Froud Number (F), variation of inflow discharge (AQ/Q), and dimensionless
parameter of KF? in which K is the kinematic flow number, are effective factors on accuracy of developed
equation. In order to determine the effect of the factors on accuracy of presenting formula, several simulations
were performed using numerical model. The presented formula and numerical model were compared for 10, 20
and 30 percent discharge variation and error calculated, the maximum error increases with increasing AQ/Q.

To assess the importance of Froud Number and KF?, also several simulations were carried out, the results
showed that the maximum error in the development equation for various Froud Number and KF>>1, is less than
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3.8 percent.

Conclusion: Using Laplace transform to the saint venant equations and with respect to upstream and
downstream boundary a formula for routing discharge presented. Investigation of the applicability range of
presenting formula and cognitive effective factors on accuracy is necessary. So, the finite volume method using
the time splitting scheme was employed to develop a computer code for solving the one dimensional unsteady
flow equation. Then some tests of unsteady flow were simulated and verified the equations. The results showed
that the maximum error increases with decreasing KF? and increasing the rate of sudden changes of discharge.
The maximum error in the presented formula for all tests with KF?>1, |ess than 3.8 percent.
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