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Fig.2. Components of automatic discharge control valve. a) Valve of 5 I/s and b) Valve of 10 I/s
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Table. 1. Scenarios tested in hydraulic laboratory of Imam Khomeini International University
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Table. 2. Evaluation of discharge control valves in all four scenarios

3 slre Gl ool

2> S J5las 2 S ST 2> S .
Y Bagie e 5 . . S o Ole
9 & Connd (k92 G b e ke A abasoee 15 b o .
9% ) 8 )low
S (aop) plb > () plb e i e 55,8, i »4) ”
J s Minimum Maximum (30) FEIPIE (asts 92 b
Standard deviation of deviation of o (4l p ) Y8 Design Number
deviation in the observed observed Deviation Average of the discharge of
design discharge from discharge from from the observed us) Scenario
differential design discharge  design discharge : ﬁemgn 0 discharges (I/s)
pressure range (%) (%) discharge (%)
+0.13 2.67 12.06 7 5.35 5
+0.53 -11.88 9.57 11 10.11 10 1
+0.18 -2.86 11.29 4.4 5.22 5
+0.49 -8.91 10.47 0 10 10 2
+0.28 -1.05 20.32 8 5.40 5
+0.38 -7.92 5.27 1.3 9.87 10 3
+0.05 8.79 12.56 11 5.55 5
+0.20 -5.98 1.60 -3.9 9.61 10 4
o)‘j.a.% O J,..._f 6l_(bﬁ. W) ‘)l W) Q‘ﬁ. xS P9o ‘59.1)&»:

e ge jeme 095 5l s Loy i gloye
Ve 00 S glay b oS lae ¥ Jsox

S So—edm p9d S o ) Al o

Cmwd il o i slajlwgs 23U gl ol o
el 00 ) g_j T Jaa.‘?u).t)l.tLe‘.u‘ :\S.._..u
VIS jloges LB o basyls posls 1 f—ol> s

Ao oo Hlis 0gzg b aS 0 O e st .Cwl ool ools yLis
12 —
= (e}
o
IS R
B Q =101
— 8 )
@
I 8C) i Q =512291/
-
2 S At N - -
[
4 —
) o MCOP 5 (I/s)
lo] MCOP 10 (I/s)
Y Y S Y S [ |
0 2 4 6 8 10 12 14 16
AP (m)
Differential pressure (m)

(5Llee! A Cawrd ey 55 Wi — (25 ol gadS) il 1 Jid Vo 9 0 J S (gl il 3 Sas 415905 - JSWS
Fig. 7. The performance of flow control valves of the design discharges of 5 and 10 I/s (discharge/pressure changes in
the downstream of open ended network)

WwWo



IVA-YEr o/ 1T Ll /YA o,lond /YY) wa/ oiSR5 g (55l (g0 jlw awiigee il

JraS el )0 a8 090 oo odalive ( o0 J S slaojlu
g0 oa—b ool herd 00 Nlw als 5 2O oo
odd 2l 20 (1Sl 5l yiin as 0 A dgas 4SS
IS e yo jlade cpl S Jb> jo cnl (4t 5 2 0)
hb (20 5l S ao 0 VY sga asl 2 Ve
@l 51 Sy o a5 S Glgi e (ol 42 bl
039350 ;0 s Jd il I Ve 9 0 oo S
4B e VOLY g eV b)) o515 Lid D
el (20 B3gaxe o e oo i
& ol olie an Ay s L ¥ Jgao o
stz a8 (09 (b g po—w ool ;o 4l 50
e Oles s V9 B osl— 90 2 0

gl Ay o5l—w g0 ol Callas o Slas

24l yid Ve 90 Slo 508 el 0 ;Ko S92
gl 45
Pomw (592 L

a8 sl Judoay ainlonl &b 0 6 2Kl lie
T ism wom oliee b ol sl LI (F U)o s
G b gadzs (ol o gy ol 5lacil ks o e 4
gl AL 0wl i Ve 5 0 Glo S
)‘ o)‘j.o.{b ndi..m )O )l......B u‘fu.z.t w.c)it Jbs)LS‘o )Ua.u‘
O (29 p90 o> Slgadl Ve oo Ul (=95
Slien A JS5 035 g0 (F JS5 L llas) b 0 2
asl » xd Ve 50 Jous gloyd jlasdl joe 20
obis jlad B ol s Bl o atanlyil 4Ss o

0 Sl polie gy bh IS0 @ ax g Lo oo

Sy )| &—.'.)'“6‘)'.' (u.._>.[a:>.‘oj.|¢>) 0d—3 oslo J—.‘.ﬁ-’a
12 —
I Qoo (o] 0©
10 = — — = = _— — — — = —
35#0 Gocop 0 © 0° J
O =9/877 s
_ 8 g
% - B Q =5/403 l/s
T e .
(s 4
i @  MCOPS ()
2~ MCOP 10 i/s)
o]
0 T Y N A T Y T T S S T N N
Y ¥ 7 A \ \Y ¥ \§
AP (m)
Differential pressure (m)

(Al s CandW 53 SLid — 95 Ol S il 3o pid Vo 9 0 J S (gl pud 3,k 15905 —A S
Fig. 8. The performance of the flow control valves of the design discharges of S and 10 I/s (discharge/pressure
changes in the upstream of closed ended network)

Hliad Olasd 0929 b aS ol oald ool ylis 4 JSKS jo
SLrz T 90 o il A sl 5o

2322 095 1Al 2N 5 0) (b (2o b el
il Cawdpml jo slad o L oS le 4 o e

\Y#

Pk 32 ,bw
&S S S5 0e5 la it o Slas 8920 A S (o
5o ,id Ol poss a5 cul oad ools lis Sley o

o)l s92,bm) 220 oo 7 atnlpil Al Cewd ol



e 20 JES 8095 s 3 Slhos 2Ry loT dxlllre

@ el S (hg (o S
Sl s BISD 5 -VIVY s s iy kil g
Sozy L wdlyi oo (20 J5S sl ol o)
JB (23 0)lgen 4D Cwdml yo LS lagluys
o> 5l (b L—id WS sogaswe o)  Joud

Ly oS (o0 Joo diadiodr Ojgots 3 (23 J S b
A5 0,90 (29 0)lgen bl 0B (655l il susee pudass
S S Glgie ¥ sz 4 azgi b ams jee 095 I,
A S 5 0 8l Al s Ly polie

ao,3-V /4 Jlas g V/F iSlas aisl jee 20 (Sl

Qe e g Pl e @il p it Ve slw o 0l s
12
- 09616 i
10 o
- - - o~~~ ~ O_OI -000R—
o
_ L
_:\{':
& = B 0,,;73550 s
bz oL @
) PUSE
=) 4 b
2 - L] MCOP 5 (I/s)
(o] MCOP 10 (//s)
0 1 | 1 | 1 1 | 1 | 1 |
0 2 4 6 8 10 12
AP (m)
Differential pressure

(W R A Comwod (yly 53 HUbd — (023 Ol i) Al 2 S Vo 9 0 J S (gl yond 3, o l905 - JSd
Fig. 9. The performance of the flow control valves of the design discharges of 5 and 10 I/s (discharge/pressure
changes in the downstream of closed ended network)

& 5 4
Lo JisS JB0ss b0 p)lS (gl ool o
Lol Jes! gleasii o ol o> b978 Sgapy Baw
slaplug a asld il al ools Lid g ooy Alg)
§ S (gl Al Cwd b g GV o Lid
S azile S0 Sl 9 (S 6550 4 5l g
Lol e @ 0B (SHle wldes jo Lot e g
el (2l Lid B Bogases jo) Coll Lo ,&5 oo
L g bolas )5 (00 S5 Bogs sla i cmaill
23 L8 Sl £589 S yp—o o i 5 5L Sl
5 st 3 ol 3,5k il il b sVl
sVl o i glaplug olas b a8 ol sols oL

5 hod (20 Sl i ulpl g Ll slaas i

Yy

5 Y Joozr a azrg L o IS ganaer (lpean
SLogs sl sy 0ads aslre sl lre Sl il 50l
Sl el 5 Shos (e 45 C8)5 A oS o eiliSee
ead dinlpl Al jo oS ceul b o oo J S
A2 F, Al Cewd ol o )lid Ol s g il cud
eno Blyomil (20 ol )0 (F o losd (g5 )lins)
& Uy sl 0 SIS L is S Sogass o
D4l 392
slop—b 5l g9 (ol o Sles «)lopo e 890 5
S 35 o ) 5 e s il S J S
axgi b o ab wlg o o] lacasgamae 51 8 Llxay
S 8bes 1 plaebl (sln B sl 03Y (13 120 10 8550 &

Bg s mre Sloj slaalold )5 aslad bl o



IVA-YEr o/ 1T Ll /YA o,lond /YY) wa/ oiSR5 g (55l (g0 jlw awiigee il

FUUWIRUIUR U] PRt S G JUUES S\ S DS EIuv) = N
S (Blal cdls b alie) aos o 7y (20 S
Gk leslw slauilas o poxi b oo 8 Boss
2502 055 3l >l 20 bl Loyl (00 o)lsem iy,
JrsS Gl s llpsl A jo Sl ol jo om0 oo
g a0, ¥/ WS L cipasail o o Veg 00
VY ML el ey aslpasl A0S 10 g a0y oo
Moposealy Ol b o5l oo, -V 3 oo,

Al esiiaadt p o S b (b sagase
ANV J5S a b g 4l IO 0O L
S A Sl Al 0 S RAY g VNN Ll sl
R P R ) DU SE-L VO SR O
wslgl 5 blessl slaasieds o 4l 2l O a8 e
oy A gV pay S L Ol AVole moj55 4y 08
RPN R Pt SO R AR
T B¥ole g 4 ol atalenl A 5 jblel ASLs

O A S o, VY g VY WS L 10 500 500 4

Fodly

Alandi, P. P., Pérez, P. C., Fernando, J., Alvarez, O., Angel, M., Hidalgo, M., & Martin-Benito, J. M. T.
(2005). Pumping selection and regulation for water-distribution networks. Journal of Irrigation and
Drainage Engineering, 131, 273-281.

Atashparvar, S., Bijankhan, M., & Mahdavi Mazdeh, A. (2019). application of constant flow rate control
valve in pump discharge regulation. Journal of Irrigation and Drainage Engineering, 145(7),
https://doi.org/10.1061/(ASCE)IR.1943-4774.0001393.

Belaud, G., Mateos, L., Aliod, R., Buisson, M., Faci, E., Gendre, S., & Ghinassi, G. (2019). Irrigation and
energy: Issues and challenges. Irrigation and Drainage Engineering, 69 (S1), 177-185.

Bos. (1989). “Discharge measurement structures.

Farmani, R., Abadia, R., & Savic, D. (2007). Optimum Design and Management of Pressurized Branched
Irrigation Networks. Irrigation and Drainage Engineering, 133 (December), 528-537.

Giingor, M., Yarar, U., Cantiirk, U., & Mahmut, F. (2019). Increasing Performance of Water Distribution
Network by Using Pressure Management and Database Integration. 10 (2), 1-8.

Labye, Y., Olson, M. A., Galand, A., & Tsiourtis, N. (1988). “Design and optimization of irrigation
distribution networks. FAO Irrigation and Drainage Paper (FAO), FAO.

Lozano, D., & Mateos, L. (2008). Usefulness and limitations of decision support systems for improving
irrigation scheme management. Elsevier, 95, 409-418.

Merriam, J. L., Styles, S. W., & Freeman, B. J. (2007). Flexible Irrigation Systems: Concept, Design, and
Application. Journal of Irrigation and Drainage Engineering, 133 (1), 2-11.

Rezazadeh, P., Bijankhan, M., & Mahdavi Mazdeh, A. (2019). An Experimental study on a flow control
device applicable in pressurized networks. Flow Measurement and Instrumentation, Elsevier Ltd.

Zhang, X., & Wang, D. (2015). A flow control device for incompressible fluids. Flow Measurement and

Instrumentation, Elsevier.

YA



Irrigation and Drainage Structures Engineering Research/Vol.21/No.79/ Summer 2020/ P: 129-140

AERI

Experimental study on Automatic Valve Control Performance in Water

Pipelines

N. Mehri and M. Bijankhan”

* Corresponding Author: Assistant Professor. Water Sciences and Engineering Department, Imam Khomeini
International University, Qazvin, Iran. Email: Email: bijankhan@eng.ikiu.ac.ir
Received: 18 January 2020, 9 March 2020

Extended Abstract

Introduction

Using pipelines instead of open channels for conveying water is getting much important recently. This type
of pipe-water transfer, which is associated with a pressure below 15 meters, is known as low-pressure
pipelines. Transfer of water through low pressure pipes can greatly prevent unnecessary losses of irrigation
water. In this study, the application of a kind of volumetric water delivery structure known as discharge
control valve was investigated. This instrument is used without implementing electronic facilities for water
delivery in low pressurized pipe networks. For this purpose, two valves of the design discharges of 5 and 10
I/s are fabricated based on the design guidelines available in the literature. Their performances are
experimentally tested in closed and open ended irrigation networks. The result showed that the valves of the
design discharges of 5 and 10 I/s are not sensitive to pressure fluctuations in low pressurized networks and
can deliver water with an almost constant discharge.

Methodology

This study presents an experimental approach of the application of discharge control valve for fairly water
distribution in low pressurized irrigation networks. According to Table.1, four scenarios were defined to
evaluate the performance of the flow control valves. Therefore, two experimental setups of open and closed
ended networks were constructed in hydraulic laboratory of Imam Khomeini Intentional University, IKIU.
Flow control valves of the design discharges of 5 and 10 I/s were installed in the water conveyance pipelines.
Then, applying pressure changes at either upstream or downstream of the valves their performances were
evaluated experimentally.

Table. 1. Scenarios tested in hydraulic laboratory of Imam Khomeini International University

Scenario Type of network

The network is an open ended type. Discharge changes in the upstream of the network and the effect
of water distribution examined in the downstream of network.

1

2 The network is an open ended type and discharge/pressure changes in the downstream of network.
3 The network is a closed ended type and discharge/pressure changes in the upstream of network.

4 The network is a closed ended type and discharge/pressure changes in the downstream of network.
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Results and Discussion

According to Table.2, it is concluded that the control discharge valves with the design discharge of 5 and 10
I/s can be used successfully to achieve the goal of volumetric water delivery. In all tested scenarios the
delivered water deviates less than almost 10% compared to the associated design values. Consequently, an
automatic discharge control valve can be implemented in a network to achieve a reasonable water uniformity
which is irrespective to both sources and locations of the pressure fluctuations.

Table.2. Error percentage of control discharge valves in all four scenarios
First Scenario

Second Scenario

. Average of . Average of  Deviation
. Operational o Operational
Design . ) the Deviation from the . . . the from the
. differential . . Design differential .
discharge observed design discharge . observed design
pressure ) discharge (I/s) pressure . .
(I/s) discharges (%) discharges  discharge
range (m) range (m)
(I/s) (I/s) (%)
5 1-10 5.35 7 5 1-10 5.22 4.4
10 3-15 10.11 11 10 3-15 10 0
Third Scenario Fourth Scenario
. Average of . Average of  Deviation
. Operational . Operational
Design . . the Deviation from the . . . the from the
. differential . . Design differential .
discharge observed design discharge . observed design
pressure ] discharge (I/s) pressure ] .
(I/s) discharges (%) discharges  discharge
range (m) range (m)
(I/s) (I/s) (%)
5 1-10 5.40 8 5 1-10 5.55 11
10 3-15 9.87 -1.3 10 3-15 9.61 -3.9
Conclusions

Fairly water distribution is an important issue in the irrigation section. In this research, the application of a
flow control valve is investigated to improve uniform flow distribution in irrigation networks. Discharge
control valves were installed in open and closed-ended pipe networks. According to the experimental results,
it was found that the discharge control valves of the design discharges of 5 and 10 I/s deliver average
discharges of 5.35 and 9.89 I/s respectively. The results indicated that the constructed control valves can be
used effectively to deliver an almost constant discharge which is irrespective to the pressure fluctuations.

Keywords: Fairly Water Distribution, Low Pressurized Irrigation Networks, Volumetric Water Delivery
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