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Introduction
Vortex shedding behind the obstacles is one of the factors affecting the transfer of sediments to the

downstream of the structures. The flow entering the intake has a lot of momentum in the direction of
the main channel, and because of this, flow separation occurs inside the intake. This area reduces the
effective cross section of the flow at the beginning of the intake. On the other hand, increasing the
flow pressure of the downstream mouth of the intake, the complex flow pattern in the mouth of the
intake causes changes in the alluvial bed of the open channels. Haghbin and Ghomeshi (2014) by
investigating the effect of the vortex caused by the cylindrical obstacles located in the intake with
diameters of 24 and 34 mm and with two discharge ratios (the ratio of flow rate per unit width of the
intake to flow rate per unit width of the main channel) 0.63 and 0.83 for flow rate of 21.17 liters per
second and two intake ratios of 0.43 and 1.07 for the flow rate of 17.82 liters per second, they
reached these results that in the case of using obstacles with a larger diameter, the amount of bed
sediments entering the water intake, in comparison it is less by using obstacles with a smaller
diameter. Also, the amount of sediment entering the intake in the case of a smaller intake is less than
that of a larger intake. In another paper, Khanarmuei et al (2016) discussed the effect of vortex
formation on sediment transport in two-pipe intake. The intended research was investigated using a
scaled physical model. Experiments were performed on the inlets of two pipes in three common inlet
directions (vertical, horizontal, and at an angle of 45 degrees). In each experiment, the category of
the vortex was determined according to its strength. Particle tracking velocity (PTV) was used to
measure the tangential velocity of vortices. The results showed that the speed of sediment transport is
significantly affected by the strength of the formed eddies. With the increase in the strength of the
eddies, the rate of transfer sedimentation increased. Also, the amount of sediment transfer was
affected by the inlet angle of the pipe. It can be concluded that the minimum and maximum sediment
transfer rates occur for inclined and horizontal intakes, respectively. In the past researches,
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understanding the pattern of sedimentation in the entrance and inside the intake, in the presence of
obstacles and vortex formation, has received less attention. In this research, by using cubic obstacles
in the case of the flow hitting the top of the obstacles, which has a greater vortex strength after the
obstacles compared to the case of hitting the side, an attempt was made to investigate the effect of the
vortex on the dimensions of the separation area at the beginning of the intake according to the
sediment pattern.

Methodology

The experiments related to this research were carried out by using a laboratory flume with a
rectangular section of 6.5 meters in length, 1.45 meters in width and one meter in height in the
laboratory of the Sediment Research Center of the Deputy of Basic Studies and Water Resources of
Khuzestan Water and Power Organization. The intake with 90 degree connection is considered to be
3 meters long, 0.68 meters wide and 0.6 meters high. The sediments used in this research are of
uniform sand type with an average diameter (d50) of 0.65 mm. According to the influential role of
water intake ratio on the dimensions of the separation area at the beginning of the water intake, four
different discharge intake ratios were considered: 0.3, 0.35, 0.4 and 0.45.

Results and discussion

According to the calculations based on the characteristics of the flow and the existing sediments
and using the shields diagram, the sediments in the flow with a depth of 12 cm are at the threshold of
movement. To be sure, this mode was also tested in the laboratory. In the experiments of this
research, according to the sedimentation pattern in the intake, after the completion of each test, the
values of the length and width of the separation area of the intake were taken. Then the results of the
corresponding harvests were drawn for different test modes and in different discharge ratios. In the
calculations of this research, the results related to the length and width of the separation zone at the
beginning of the intake, in the state of obstacles and the presence of the vortex caused by them, were
examined. By placing obstacles in the flow path and creating a vortex caused by the obstacles, it can
be seen that in both cases of parallel and zigzag arrangement of obstacles, the values of the length
and width of the separation zone are reduced. Also, in these cases, it can be stated that with the
increase of discharge ratio, the dimensions of the separation area at the beginning of the intake are
reduced. Table (1) shows the results related to the size of the length and width of the separation zone
at the beginning of the intake, in the state of placement of obstacles and the presence of the vortex
caused by them.

Table 1- The specifications of the tests carried out and the results obtained in the case of the
presence of the vortex

the longitudinal ~ The transverse

obstacle Discharge ratio  Froude number ratio of the ratio of the
the test number . .
arrangement (Qn) (Fn) separation area  separation area

(Ln) (Wr)

1 Parallel 0.3 0.036 1.08 0.3

3 Parallel 0.35 0.057 0.92 0.29

5 Parallel 0.4 0.065 0.92 0.235

7 Parallel 0.45 0.102 0.88 0.2

9 Zigzag 0.3 0.036 0.88 0.22

11 Zigzag 0.35 0.057 0.63 0.16

13 Zigzag 04 0.065 0.45 0.132

15 Zigzag 0.45 0.102 0.38 0.088
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Next, by placing the plates between the obstacles and as a result reducing the vortex effect, the
dimensions of the flow separation area at the beginning of the intake were taken, the results of which
are shown in Table (2).

Table2- The specifications of the conducted tests and the results obtained in the mode of
reducing the vortex effect

the longitudinal ~ The transverse

the test number obstacle Discharge ratio  Froude number ratio _of the ratio _of the
arrangement (Qn) (Fr) separation area  separation area

(Ln) (Wr)
2 Parallel 0.3 0.036 0.7 0.33
4 Parallel 0.35 0.057 0.67 0.32
6 Parallel 0.4 0.065 0.48 0.29
8 Parallel 0.45 0.102 0.41 0.26
10 Zigzag 0.3 0.036 0.735 0.19
12 Zigzag 0.35 0.057 0.6 0.161
14 Zigzag 0.4 0.065 0.176 0.044
16 Zigzag 0.45 0.102 0.161 0.014

Conclusion

According to the different arrangements of obstacles, in the case of parallel arrangement of
obstacles, the width of the separation zone increases and the length of this zone decreases in water
intake ratios of 0.3 and 0.35. By placing the plates between the obstacles and reducing the effect of
the vortex, the dimensions of the separation zone in the state of zigzag arrangement of the obstacles
are reduced compared to the states without obstacles and with the presence of the vortex. If obstacles
are placed in parallel and plates are used between the obstacles, we see a decrease in the length of the
separation zone and an increase in its width compared to the cases without obstacles and with the
presence of the vortex.

Acknowledgements

This paper is prepared from the results of the master's thesis of the first author and with the
support of the research unit of the university through the grant of the second author
(98.86.WH.SCU). The authors express their gratitude to the research assistant of Shahid Chamran
University of Ahvaz and Khuzestan Water and Power Authority for the use of laboratory facilities.

References
1. Haghbin, A. & Ghomeshi, M., 2014. Experimental investigation of the effect of vortex barriers on

sedimentation in the inlet of water intakes. Karaj, National Conference of Applied Civil Engineering and
New Achievements, Karaj Desert Construction Company

2- Khanarmuei, M., Rahimzadeh, H., Kakuei, A. R. & Sarkardeh, H., 2016. Effect of vortex formation on
sediment transport at dual pipe intakes. Sadhana, Volume 41, pp. 1-7.

© 2023 Shahid Chamran Universiry of Ahvaz, Ahvaz, Iran. This article is an open access
BY article  distributed under the terms and conditions of the Creative

Commons Attribution 4.0 International (CC BY 4.0 license) (http://creativecommons.org/licenses/by/4.0/).



IV IMY o g p o I E-Y Jub FGoslead €1 Al

\YY

ST (qwiige 9 pole ﬁ‘rﬁ

)ml;u/ff;.?f'u

e }&T Slawl y8 Ob &> ;.\:ai..xq- 4> alel g ol ol g Slao 3 (b WS 59 ,gis

Yo . LA PO
e S 5 ol g3 8 b

[Tiowy .1::’.» 9 VT sl 0 I isls ‘u_{:j))M slosle o uT Q‘ﬂ g ALl ) g;wl.'.."&)lf 4:5-}»Tui.3‘> ‘J)i...n okiws ¢ -

ferdospanahfaez@gmail.com ;i sl ol jar s oKl

)\}A‘ Q‘p:_- ..L:.e,& OK.'LJ‘: s ) .la.:aﬁ E) s)T w-’u{,ﬂ am\é QU{T Lg\kojl.w ajjf sbel =Y

VN E

VN0 16 KS5L

AMCA VAL VAV G I

L ciod (il 53 29 o sl (19,0 Lyt (2l Dbl o ot JUI e 3 YU iioge Juddas 5ol 41 (63959 3l
23 P ool o 3 Blge I (WU (WSS9 (BRI g 3929 Tl )3 9 (T35 9 Slge loa I 93 )3 Blge 55 B
S5 ) 7 4 3903 5l g o0 ladliio & g5 by Cl Bl ST (gIul (S bl 4 dlal 3 w55 5 w0 (o2
09—t Sl o o (Sl 4l (55 IR 203710 U g Jgb (Al s a0yd £4 U 58 1as ( S1550 5 O jg0 s Blge
5 oS yg 2929 Ly glacdle L dulie )3 (Suddlia 4l slal cailge (S13505 <l ) uST 59 il (IS . 35 0 &g
o3 YA L g Job Wil sl o )b A U 55T0s (s ,9 il g g3lg0 plodws ©rygm0 33 il o0 (s salld iyl

o0 359 3929 b g Blge (g I & Comd (Sasdlia 4l 5,0 il 33!

2 S Jelse 1 (S Elpe cudy 3 SSj9 SRS S9die
8lse Wojlo Cuwd oyl 4 Sliguy JUinl

Caz b5 s piioge b 4T 4 93955 Sl
oo e ST 9 s e 4 g Al ol JUS
» obr Fhe ghie gaw Sl cow 4l ol 8l 5l
Cawd ol wlad by HLid Liolisl Bb 5l gl e wSol gl
2 Sl 2l s ST Wlad )3 odzmy (b 555 S
GBan b ool i 5 ol 5129300 Slig) slome ol e
@BERgR i wlid C5uy 2 ol oS ol 8B sy
pl>sl L (1987) Pundarikanthan 4 Kasthuri .sls «l,1 1,
DU ()0 i b g a2 > Ae (65l agly (sl Sliios
0B (S0l yolie oS Wols lis Kyl ol JUIS 4
) olis 51 oS e (St anb Bye g Jobo 4 Lo
(1996) 4 Neary  .cwl L8  udio buwg old
adls by edw dw (ode Jhe oy aSotiropoulos
el obcows g 4 A Sladil detwe JUB 0 glaY
Glyul b a8 w0905 osnlie pbisee ol Ay oKl
JUS 55 0nd e ol | b Sl Canns 4 ST (b
ol SBlasl cons GRIENL s gdie dbxl (Lol

s o ¢ xS0 @il gy dryd Ao 50T 03lg WS

dodo

)&T Elas| J.md.i\&bs) ;.j 5! xS0 L;Lmu;'}” 5! u_i:

Pl @ig g sl Gua b daojle ol céle il o (Sl
o9 il Jdoar ki Soge il SaSid 5 o
9 d9 _\m|5> b])ahm uby.u) J[m;l l.» ui ULP ‘Lm4;l>>5) oo
Ol 4 )3 g Sl ailed Sl o Conl (Sen 3 ol
5 s germe Canl Ko dndiledgy o p3 g5 ol ST
5 s Ly dy 5 Al el (s sloaly Ao wlse
329 5N (Sgrden oile p by A3y w3 kS
P ol yeme p 350 ®lge BLbLI I Jlaw jeue b aidl atsl
5 iy &Y M) L gd e LSS (50 Y Blge alinl g4l
s 5 30 &y ol bshs Sailis s (LalS gl
Elge cund ol 3 la(als5) (w59 ) elaie (oS St
Se el gad Cow a4 Jlw 0)3 S 3)5 <S5 b gl e
o gaw b ol 080 Jdba Ol e 3 &y Sl
55 s Al > Sanlizd (Lib o b 3] oo ,Lié §) o L
2 bdlEdg) yian (g oiley Ja WS e by il
o> 3l G &5 Amd 0 &) (Sl g0y lse LI
oilo Cundimly & Slhgwy JUl w5 Slge el



YO

VAT o NP Y Dl ¥ o les FF o) g

ol oo p ke

A o ol @08 4 ang b oS o0y (inlejl ya ,d i
oloe Sy x5 ol (PTV) @l by ey
& gwy JEol Ce g o 2 L bt ab eolatwl b ab)S
N3 ol S5 glaal S )8 b cos aay S ek
bl iolsl JGnl Cgwy Co g dadly)§ cpu8 ili8l bl
I3 AP o9y asly b Cov gy JEl e Geizeen
gy JWS 255y g Jilo &S €85 ol g 85
Sligis > w3 &) (B 5 Med Sl Gy w4
2 ol 9 g aled )3 (IS gy N cals asls
P sl 0391 25 3)90 1S SS9 SIS g Slge g2y Ll
@ ok 9 n b (8o Blge 65,84 L @i )
S5y b s & 055 o L gl 3 &5 glse ol
0S5)3 756 Glire st g e sl ) lgo ) g i
(SIS gy oS 4 dagi b Sl sl (Sasls asbsll
Lol 005
lhuﬁj) 9 .519.0
pold S (635, b emgdy ol 4 bgnye slaiboj]

W)l 5 V/F0 sligy < F10 Jobo & bt glaio b 218 loj
ab Oldlae Coglee Couw)y Olidiss 35 e olKiislej] )3 yio
whpky Syge plsjss gl Gry O glojle G bie
a aded i jl g Blad UKl glaoylas b oy Sl
VIV alold (o () JS) Cawl osid aidls yio il S Cobus
Jsb 4z ey A0 Jlail b (65l Lol JUIST sV, 5l (5 0
P pge ey whae g ofF ) g PR Gl
ol g3 ) Sy dleoga 1y psld Lo 3)90 Ol 0lSiole]]
03,55l (35 4 pold 53 29250 Ol a9 Am3 00 JUi] plé
g 4 yud g i pgl 0 Ol es g (0 S9d
=5 g ol GaJUls s o sl 3 o5 glad
pok | (Sled pgas (V) S5 2B mlalS sl 005 o
Blae md o iles 1) 3aiss cpl ) edlatwl 3)50 &KL
5 Sl lede b g (Jol JUE S S
S g Jsb > by Ui gle cpl ad el 8 (SIS
4 Else 65518 gops ad 03l I8 JUI (oye 3 sy
B ool p & sl o ) @ ohr i Oyge
Sl WSSy cdls opl > (2014) Pourmohammadi
0SS9 3l (AU (o2)e gge ey (p i g AL Wi Klge
(2013) Neuman _iags wlal p uiored 28 o JSG
Ok 2 el @)—'5«" Bl g x5)l8 s 3 a5 45 ol
0303 &) @Blo | Aol (ool b gl 4

(o b oygn e gl @pS)E g o Ll
JKE S5y a8 S > Bl e e JB il b

4ol 2y kol JU )3 (00 4 Sl JUB )5 (9 )
’ 29 0 039381 ol Jsb 4 5 o8 (S
Joo 3> (gaw aw by owyp b (2001) Weber et al.,
5 Sl 4l oyl & Lol Gl e A Jlal S
s g 55 S 4 G Ol w3 by (2 Oinen
9 e adlee 4 (2007) Ramamurthy et al. .col
2 s 3bre el Joe 13 smt dw sl i (Bl
e 9 kol JUS b il ose el g 43 e olactil L ool
Syl Lials S lis e cpl Glialie wisby 00 Caws
sl 03y (2> Cumd GBSl 4 ol (Suibe 4l
adbate b dulie 3 JUI jw 3 by (Sadlix adate roren
Abbasi X5 iagi 50 .l 039 3SagS Ol paw > ol
SaS a1y 1S U (il o b3 4l skl (2004) et al.
oppiede o> Ui lay] 063,S sl s slrodly Julos
sl ‘d] ol b g Ail e Gl Cond 4l ol ol o ele
WSingy (ol @l elol b (a8 (Suile asb
ol G2l b5 4l S UK gl 9958 e i
5 S5y ok cld Bua b i (glagiagh (pioen
Syye gy o JU gl ) gle jl (86 oye slagse
(2006) Dey et al. _id>s ,» .(Dey. 2006)ccsl 4,
slopls glye Sl 5 glaal J1 (86 Hioluyp S8 g9590
Sl e b g eSyy S S5 onl b gdgee
325 ) gloal 58U ot gl o Ldes lalwd (25 e
5 Blge o Olxio cuas b b 93y laiolejl cpl 65,
015 ok Sy pdy pll oad (ASAL 4l einen
s o oo Gl g 09 cule pialep S8
5 Haghbin sl o 55 oladl oy o ool
Slse 3l 36 w5y b wyp L (2014) Ghomeshi
o 93 b g o eV g YF (clajhod 4y (ST 55 Bl (glalsi
o 2ly 3 20 4 S e ly 3 0 Cand) (S
s 93 5 456 1 52 YAV 3 (s +JAY 4 +5Y (Lol JUIS
25 opl 4 @adlh p g WAY oo gl VeV g - IFY oS
3939 Oliwe 532 a8 b @lse (554 o > o adly o
FSaS b b wlge 1 oslitul b awglie )3 ¢3S0l 4 yiww Slig,
Al 3 S0 4 93909 gy Ol Orizen Al oS
e > 08l o 355 (6l Sl ) a8 S sS (6
b S s 15t ggs90 (2016) Khanarmuei et al o
oy 18 o 3y90 1) I 93 (sl )3 gy JUal
0ud sy pliie (So3d Jao Gl oolial b s 5)90 3o
2 A 9 slasdgyg 9 2 otlesl 85 JE ) 390
Pl (420 YO ayglj L g (8] (gd90e) Sy (639)5 Ca A



DOI: 10.22055/JI1SE.2017.22184.1592

\Y#

...;dlyj‘éuﬁ);ﬁtiw}etiuw_g.:_,é

ol ol (6 s JIS L 18 4 205 b oxien
D ¢ ¥ Elite (6 o Yo S St 3 LS ublis
3 6ol G dglome polaiody b 43,5 i y3 +/¥0 ¢ +/F
i 9 M dmbre WS JUS 0 o e b isles]
ST S 3 b s 1 (Q) e JUS & ooy il
Slgo oo 5> el cunsty (Q) ol JUB o5 4 (Q))
dges Oygody (ol JU S )3 (S13505 5 Silge ©yge0 90
0S5y9 586 1alS (gl opizen LS IS ol Car
O Fadee S Cabus 4 3 (i | Glrdo glge I L
xR 5 liges (F) JS8ad odls 15 Jlgte lo g3 o
oo cotalesl o amy o Gl ) Elge e Sloxio
5 2dise LB pold 10 Ol g s 3 Blge 6555
IS S5y ol e 3 @ly lse 4 O Bl 2055 0 L
B oy 2390 S JUS 53 Slogusy el o] b g 0
oloj Pl 31 L Aol My (glile i iy 3,5 o
logtalel Grizmen hply Oygo wdd 4B S a3 Jols
Slgo 3929 9k g 0ad 0,Lal bl b bads b 5uiod (gl > sals

2055 duglie s ol glacdls (Sod L g cépdy )50

Yo ol gyl o VIO uuSe alge ol j S o et 35S e
Sy Cygon glge 6pS)E lulyd 3 il (o yia il
Wkl 6 53 Jlgie gle 99 52 (P) (o250 5 (T) Jsb alolé
W VY cwia Jelg opl SR b g el
Elye 60538 3 2l plgie (V) JSb 53 bl o yio il
Yo Lol JUS US o samlis |, Lol JUS
SR L oSl G S 4 s el IS el
2 Ay 84 Glgw) Lud mdaw o JUK 50 (slawls Slguw,
Ay (o) bsgio b L g c8lgiSy gl g5 5 35 (]
Cliguy s ialojl 2 g 5l 15 A8l o e lio <70
olalejl 45 ol plej 405 o Blo 018 b gy
Pl b oo ol A5 4,8 s el dus s oyl o o
g asdy Y. JI e Sloj ol o oS bl gloy slayisles]
wdS Sygo ySl g ol JUS 0 gy sk cudby
Guios la Liolojl caled )3 o 48,3 a3 )3 5 el Cunday
5 bol Gl Ul o (25l 4l 2 I VO L il g el
g sy JUIS 93 pa 53 e slrodls el b p S
b dglome oo o) ekl b (3 (9,5 0yl 5 i

Fig. 1- A picture of: (a) the laboratory flume used in the research and (B) the connection point of the
main channel to the intake
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Table 1- The ratio of the flow speed in the main channel to the critical speed (Vo / V)

Ratio of the velocity in the main ~ Velocity in the main channel water Discharge
channel to the critical (Vo) (ms™) depth ratio
velocity(Vy / V) (cm)
0.43 0.061 28 0.3
0.58 0.082 21 0.35
0.64 0.09 19 0.4
0.85 0.12 14

Fig. 5- A view of the formation of the flow separation zone from: A) above the intake B) in front of the
intake
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Fig. 6 - Schematic view of the separation zone created at the beginning of the intake
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Table 2- The specifications of the conducted tests and the results obtained in the case of control tests

The
. . longitudinal The Fransverse
Obstacle Discharge ratio Froude : ratio of the
Test number ratio of the .
arrangement (Qr) number (Fr) . separation
separation
area (Wr)
area(Lr)
17 Without 03 0.036 12 0.29
obstacles
18 Without 0.35 0.057 1.08 0.28
obstacles
19 Without 0.4 0.065 0.8 0.26
obstacles
20 Without 0.45 0.102 0.75 0.25
obstacles
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Table 3- The specifications of the conducted experiments and the results obtained in the presence of vortex

Test Obstacle

Discharge  Froude

The longitudinal The transverse ratio of

number  arrangement  ratio (Qr)  number ratio of the the separation area (Wr)
(Fr) separation area(Lr)

1 Parallel 0.3 0.036 1.08 0.3

3 Parallel 0.35 0.057 0.92 0.29
5 Parallel 0.4 0.065 0.92 0.235
7 Parallel 0.45 0.102 0.88 0.2

9 Zigzag 0.3 0.036 0.88 0.22
11 Zigzag 0.35 0.057 0.63 0.16
13 Zigzag 0.4 0.065 0.45 0.132
15 Zigzag 0.45 0.102 0.38 0.088
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Table 4- Specifications of the conducted experiments and the results obtained in the mode of reducing
the vortex effect

Test Obstacle Discharge Froude The The transverse
number arrangement  ratio (Qr) number longitudinal ratio of the
(Fr) ratio of the separation
separation area (Wr)
area(Lr)
2 Parallel 0.3 0.036 0.7 0.33
4 Parallel 0.35 0.057 0.67 0.32
6 Parallel 0.4 0.065 0.48 0.29
8 Parallel 0.45 0.102 0.41 0.26
10 Zigzag 0.3 0.036 0.735 0.19
12 Zigzag 0.35 0.057 0.6 0.161
14 Zigzag 0.4 0.065 0.176 0.044
16 Zigzag 0.45 0.102 0.161 0.014
. 14 . 033
%M\ 12 %M\ 03
Ed Ed
B % 1 H %0.2‘
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E"E < #Vortex reduction g;-“ %" * #Vortexreduction
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02 03 04 05 02 03 04 03
Discharge ratio (Qr) Discharge ratio (Qr)

Fig. 7- Diagrams comparing the values, A) width and B) length of the flow separation zone at the
beginning of the intake in the zigzag arrangement of obstacles
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Fig. 8- Diagrams comparing the values, A) width and B) length of the flow separation zone at the
beginning of the intake in the parallel arrangement of obstacles
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