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Numerical Investigation of the Water Hammer
on Optimal Design of Sprinkler Irrigation
Network
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Abstract

Optimization and modeling of the pressurized irrigation
systems in other to reduce their construction costs has attracted
many scientists up to the present time. Optimization of these
irrigation systems has often been conducted by using available
commercial codes or toolboxes of conventional evolutionary
algorithms combined with hydraulic models. The code
developed in the present research which is based on one of the
powerful methods of optimization, e.g. genetic algorithm,
assigns an integer numeric value to each available diameter.
Then, to determine the optimum diameters in the pipe network,
the cross-over, mutation and reinsertion with elitism approach
is applied on set of chromosomes and an integer numeric for
each pipe diameter is then selected. Obtained data from
optimization subroutine is then sent to another subroutine that
has been developed to simulate the water hammer pressure.
Maximum pressure due to the water hammer phenomenon in
each network pipe is calculated in this subroutine. Calculated
maximum pressures are sent back to the optimization
subroutine where constrains of the working pressure are
substituted by the bursting pressure constrains. Exchange of
information between the optimization model and the hammer
model continues so that the calculated optimal diameters do
not change anymore. The results showed that compared to the
existing design conditions, optimized design by the present
model reduces cost of implementation of pipelines in Ismail
Abad irrigation network from $825935.28 to $730958.37
which is equivalent-to. 11.5% of the total cost of pipeline
implementation. Also the results showed that by changing the
diameter of 3 pipes out of 16 existing pipes the excess pressure
of the water hammer due to the rapid closing of all valve at the
end of pipelines in less than 1 second can be controlled. In this
case the cost of implementing the pipelines increases by 6.1%

e.g. from $730958.37 to $775511.5.
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Fig. 1- Plan view of the main lines and semi-main line pipes of Ismail Abad irrigation network
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Table 1- Characteristics of the applied pipes in Ismail Abad network in the present condition
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Pine Pipe Length Discharge Start elevation End elevation
P m) (Us) (m) (m)
PPy 1116 856.56 1791 1842.08
P1Ps 955 52.9 1842.08 1838.71
P1P3 1100 128.94 1842.08 1856.52
P1As 200 244.92 1842.08 1847.05
AsP4 201 190.34 1847.05 1846.32
P4Ps 390 128.94 1846.32 1841.18
PsPs 806 58.33 1841.18 1811.32
PeP7 575 21.49 1811.32 1810.94
P1P; 1430 429.8 1842.08 1847.57
P2Pg 670 98.24 1847.57 1821.48
PoP1o 840 33.77 1821/48 1814.43
P,P13 720 119.73 1847.57 1826.47
P13P14 660 49.12 1826.47 1847.95
P2A7 110 46.05 1847.57 1847.57
PoP11 550 165.8 1847.57 1853.21
P11P12 700 132 1853.21 1861.89
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Table 2- Physical characteristics and cost of the pipes used in the present study
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External diameter

Internal diameter

Price per unit length of pipe

Row (mm) (mm) Type of pipe ($/m)
1 110 93.8 PE8SO 5.895
2 125 106.6 PES8O 7.895
3 140 1194 PE8SO 9.495
4 160 136.4 PE80 12.375
5 180 153.4 PE80 15.705
6 200 170.6 PESO 19.305
7 225 191.8 PESO 24.525
8 250 213.2 PESO 30.15
9 280 238.8 PE80 37.8

10 315 268.6 PES8O 47.7

11 355 302.8 PE8SO 60.525
12 400 341.2 PE80 76.725
13 450 383.8 PESO 97.2

14 500 426.4 PE80 108.82
15 600 600 GRP 111.323
16 700 700 GRP 137.997
17 800 800 GRP 170.633
18 900 900 GRP 204.289
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(X1,X5,X3,%X4,Xg) = (1.57,1.57,1.57,1.57,1.57 ) ,
f(x) = —5.99999

Table 3- Applied parameters in Genetic Algorithm
model for example 1

&l S5 o 5951 43 83wl 3590 (oW ol yb -Y Jguas

Y Jbe
(Parameter) (Value)
Number of decision variable 5
Number of chromosomes 100
Number of iteration 150
Mutation probability 0.05
Penalty coefficient 1500
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Fig. 4- Variation of x1 vs. number of iterations
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Table 4- Applied parameters in Genetic Algorithm
model for example 2

S w91 Jo 43 03iw! 3,90 (5 ol )b —F Joua

Y JUe g1y
(Parameter) (Value)
Number of decision variable 6
Number of chromosomes 50
Number of iteration 1000
Mutation probability 0.05
Penalty coefficient 19
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1
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Fig. 7- Variation of x1 vs. number of iterations
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Fig. 8- Variation of x2 vs. number of iterations
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Fig. 9-Variation of x6 vs. number of iterations
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Fig. 5- Variation of xs vs. number of iterations
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Fig. 6- Value of objective function vs. number of
iterations
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f(x*) = —213, x* = (0,1,0,1,1,20)
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Fig. 11- Variation of pressure head vs. calculation
time in the middle of the pipeline
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Fig. 12- Variation of pressure head vs. calculation
time in the end of the pipeline
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ol Fig. 13- Variation of pressure head vs. time of

calculation at node P1

&5 4o 3l Jols (loj & Cumad JUbS Ol ks VY U0

O 32 &85 46 1 g 4l iy (A5 -F-Y P15 4

b sbidslond e b bnl 3 Jie b5 & el ) e 150 -
L1y e 2 3520m 0 S5 oo o b ool csilotine oo
b (8 L 5 Copu glacodgime (B i ) 2
20lae £ Jada 10 piored (sl 0dd w))10 Jada 13 ol Lkl o é 50 -

ol ) S5 S Gl e

0 3000 600 900 1200

s Sh2] 53 )L am s i g 5 sl 53 4 p5Y Tine(e)
2y i (o) )3 L8 an e (glwdige b 5 g e VY- Fig. 14- Variation of pressure head vs. time of
oStuay] a0 (5yle & Mt Gl Ly 5 48" ol Cawday \YA/ A calculation at node P3

ol o Ja3 B ol 5l duglie ;5 4 Canl Gl Slow

P3 O;)b

T8 40 3l Jeols (o s Conds HLid Ol s -V F UGS

Table 5- Physical characteristics of Ismail Abad irrigation network in the present condition and after

optimization
i Sldinds 9 39390 Lyl 45 BLT Jasloww! (548 ol dowi g ol bohd OleMbl -0 Jgua
Row  Pipe Discharge Internal Optimization without considering water hammer Optimized diameter
(I/s) diameter Internal Inlet End Velocity with considering
present  giameter  pressure  pressure (m/s) water hammer

Ty m m) (mm)
1 PP1 856.56 900 800 139.08 85.53 1.705 800
2 P1Ps 52.9 213.2 1918 85.53 72.14 1.832 238.8
3 P1P3 128.94 302.8 302.8 85.53 60.18 1.791 302.8
4 P1As 24492 426.4 426.4 85.53 79.33 1.716 426.4
5 AsP4 190.34 426.4 383.8 79.33 78.78 1.646 383.8
6 P4Ps 128.94 341.2 302.8 78.78 80.05 1.791 302.8
7 PsPs 58.33 213.2 191.8 80.05 92.79 2.02 238.8
8 PsP7 21.49 136.4 1194 92.72 74.07 1.92 119.4
9 P1P2 429.8 700 600 85.53 76.43 1.521 600
10 P2Pg 98.24 268.6 268.6 76.43 95.31 1.735 268.6
11 PgP10 33.77 170.6 153.4 95.31 83.19 1.828 1534
12 P2P13 119.73 341.2 302.8 76.43 91.30 1.663 302.8
13 P13P14 49.12 213.2 238.8 66.31 75.91 1.097 238.8
14 P2A7 46.05 136.4 238.8 76.43 75.914 1.029 238.8
15 P2P11 165.8 341.2 341.2 76.43 65.93 1.814 341.2
16 P11P12 132.00 268.6 302.8 65.93 50.00 1.834 383.8
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Fig. 17- Variation of diameter of
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Fig. 18-Variation of system cost vs. number of
iterations
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Table 6- Applied parameters in Genetic Algorithm
model
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Parameter Value
Number of decision variable 16
Number of chromosomes 160
Number of iteration 2000
Mutation probability 0.05
Penalty coefficient  for wvelocity 10%x6.5
constraints

Penalty coefficient - for pressure 109%6.5

constraints
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Fig. 15- Variation of diameter of
PP, pipe versus number of iterations
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Fig. 16- Variation of diameter of
P, P, pipe versus number of iterations
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Fig. 22- Velocity variation in pipe P;Pg vs. time
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Fig. 24- Outflow variation at node P4 vs. time
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Table 7- Comparison of total costs in genetic
algorithm and experimental methods
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Design method Cost (%)
Experimental method (existing 825935.28
condition) '
Genetic algorithm without 730958.37
considering water hammer '
Genetic algorithm with considering 775511.28

water hammer
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Fig. 19- Pressure variation at node P1o vs. time
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Fig. 21- Velocity variation in pipe P, P45 vs. time
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Fig. 23- Outflow variation at node P11 vs. time
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