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2- Time-dependent
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1- Center pivot irrigation
2- Lateral move irrigation
3- Variable rate lateral irrigation
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Fig.1. Schematic of the variable flow rate sprinkler, its different parts and plunger positions; (A) Guide rod retainer, (B)
Guide rod, (C) Plunger, (D1), (D2) and (D3) Plunger positions, (R1) Radius of plunger cross section, (R2) Radius of
sprinkler cross section in each position
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Fig.2. Sprinkler designed in Catia software
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Fig.3. Sprinkler system prepared for field evaluation; (1) Fabricated variable flow sprinkler, (2) Gearbox, (3) Pressure
gauge, (4) Riser
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Table 1- Fluent simulation results for plunger length

50 45 40 Plunger length (mm) ;<M Jeb
12 10 8 12 10 8 12 10 8 Nozzle diameter (mm) J;U ,h3
269 1.58 142 281 1.73 147 263 141 132  Flow variations (m’h") * s olyuss
298 275 1.54 245 258 133 243 2.12 1.15 Pressure variations (Bar) i%)Lfié KR
Fluent )3l p5 > od (¢ jlodud oM cilisce (clacusdge 1 jUid g o5 s ©
* Flow and pressure variations in different plunger positions simulated by Fluent
Fluent )33l p 5 bawgs (slol (gjlwacs jl otel condds wls =¥ Jgua
Table 2- Results of simulation for the sprinkler using Fluent
6 5 4 JjU ks (Bar) (5349 jLuid
(mm) Inlet pressure
D3 D2 DI D3 D2 DI D3 D2 DI Nozzle PN Cnae
diameter Plunger position
7.70 6.24 6.25 6.84 5.69 5.27 6.54 5.02 5.07 8 s s
8.11 800 6.13 746 724 665 7122 627 559 10 e
1000 899 7.63 948 834 679 898 794 6.17 12 Outlet flow (m"h™)
5.94 5.98 3.81 4.95 4.98 3.40 3.96 393 2.70 8 s L
5.65 5.57 2.58 4.72 4.25 2.14 3.79 3.57 1.21 10 9>
525 413 1.89 439 294 158 354 261 1.00 12 Outlet pressure (Bar)
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Table 3- A comparison between Fluent simulation results and sprinkler field performance regarding the sprinkler exit
flow as affected by nozzle radius and plunger position

Real 23 Simulation g ;Lwawd Copnd
=2y - S jwm — * f (mm) J3b 3
(M*h") g W03 N0 d NRMSE RMSE R? T 7R Nozzle
Average MPE W& (%) (m*h?) (m“h7)  Plunger diameter
Average position
19.07 23.95 0.24 15.20 0.69 0.99 17.02 D1
19.70 42.50 0.64 10.84 0.99 0.92 16.09 D2 8
19.11 31.01 0.72 10.38 0.66 0.98 16.94 D3
16.90 39.30 0.43 13.14 0.74 0.84 19.10 D1
20.74 12.31 0.95 4.77 0.33 0.84 21.62 D2 10
13.80 13.38 0.97 2.57 0.18 0.99" 13.45 D3
- - - - - - Dl
23.58 21.24 0.50 7.76 0.61 0.94 25.26 D2 12
- - D3

Lt s 93y Slamlie 4 bgyye
* Related to observations in two pressure levels
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Table 4- A comparison between Fluent simulation results and sprinkler field performance regarding the sprinkler exit
pressure as affected by nozzle radius and plunger position

Real 21y Simulation (g ;L Curdge .
Lo g SW (mm) J3U b3
o s o) ke NRMSE ~ RMSE ) o A Nozzle
(Bar) MPE (%) (Bar) Average  Plunger diameter

Average (Bar) position

2.60 29.07 0.68 27.24 0.71 0.99 3.30 D1

4.40 13.30 0.81 14.95 0.66 0.93 5.00 D2 8

5.00 1.02 1.00 1.03 0.05 1.00 4.95 D3

1.23 26.3 0.68 27.47 0.34 0.97 1.56 D1

3.77 18.13 0.78 19.75 0.74 0.95 4.46 D2 10

4.05 13.95 0.86 10.62 0.43 0.99" 4.25 D3
- - - - - - - D1

2.57 25.00 0.63 28.90 0.74 0.86 3.23 D2 12
- - - - - - - D3

Lt s 93y Slamlie 4 bgyye
* Related to observations in two pressure levels
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Table 5- A comparison between Fluent simulation results and sprinkler field performance regarding the sprinkler exit
flow as affected by nozzle radius

Real 21y Simulation (g ;s

(mm) J;U ,ks
(m* h™) bawgio ks o yd (1:he d NRMSE RMSE R (m*h™) luwgio Nozzle
Average MPE (%) (m’ h") Average diameter
6.43 11.80 0.51 12.40 0.79 0.58 6.12 8
6.43 7.09 0.88 7.83 0.51 0.81 6.77 10
7.73 6.38 0.90 6.95 0.54 0.91 6.12 12

Jib ks sl cou ol agys jlis ol (3Ll (las 50 5,Shee L Fluent 580 o ) (gilodns zols dwslio =T Jgua
Table 6- A comparison between Fluent simulation results and sprinkler field performance regarding the sprinkler exit
pressure as affected by nozzle radius

Real 231, Simulation (g ;s (mm) J;U ks
(Bar) g i woyd (Sile d NRMSE RMSE R (Bar) bwgio Nozzle
Average MPE (%) (Bar) Average diameter
4.00 14.46 0.96 13.97 0.56 0.93 4.42 8
2.89 20.15 0.94 19.59 0.57 0.91 3.32 10
2.40 34.70 0.87 28.01 0.67 0.83 2.96 12

Py Casbya b s Glyl (298 (20 lp Gll (slas)je 3, hae L Fluent I3l o5 5 (glodud gl aulio =Y Jgua
Table 7- A comparison between Fluent simulation results and sprinkler field performance regarding the sprinkler exit
flow as affected by plunger position

Real 281y Simulation (g ;L My Cuxdge
(m* h") wgio bd swoyd (Sl g NRMSE RMSE o, (m® h) bawgio Plunger
Average MPE (%) (m’h™) Average position
6.03 11.50 0.36 11.49 0.69 0.48 6.31 D1
7.11 9.00 0.82 11.38 0.70 0.82 7.09 D2
6.95 8.48 0.83 9.87 0.79 0.84 7.25 D3
w38l e aS by g o A gV Jglis ol 4 dn g L CwBge O NRMSE jlade oy yieS 9 d oy jlade oy pide
Caol (Jb j0 cpl il 03,8 (g5lwdnni D3 CusBao (gl 1y (o yi0e P NRMSE jlade oy b 9d cupd jlade opyieS 9 D3 Ml
Sl ol58 pys 2, Sloe DI 4y D3 5l oMy by pois |y & S 2N & Gloj ) (Jileds b oaalio DI oy Cusbye
Gl 03)8 ay idlS (g lodns S5 s=Bly clamodly 58l o5 aslad o dgdume |y by s

Iy ol yeme y 50 a8 ayly & (ol bl S o (gl
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Table 8- A comparison between Fluent simulation results and sprinkler field performance regarding the sprinkler exit
pressure as affected by plunger position

Real 21y Simulation (g ;s )
(Bar) Jaw NRMSE RMSE (Bar) dauw PN by
ar I . e 2 ar 9o o
MPE b5 sopd (0Sle  d R Plunger position
Average ’ (%) (Bar) Average serp
1.76 37.66 0.89 33.72 0.59 0.95 2.31 Dl
3.58 81.18 0.90 20.00 0.72 0.93 4.23 D2

4.43 5.33 0.97 6.92 0.31 0.92 4.48 D3
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