inter 2025. Vol 18. Issue 67

Research Paper

Experimental Study on the Impact of Flexible Floodplain
Vegetation on Longitudinal Dispersion Coefficient in
Meandering Channels

Zahra Heidari Hanaee?, Reza Mohammadpour?*

1. PhD Student, Department of Civil Engineering, Islamic Azad University, Estahban branch, Iran
2*. Assistant Professor, Department of Civil Engineering, Islamic Azad University, Estahban branch,
[ran

Received: 2024/03/18
Revised: 2024/06/05
Accepted: 2024/09/29

Abstract

Introduction: Pollution in rivers can eradicate biological species and
pose significant threats to urban areas and human communities,
making it crucial to understand how pollution spreads in these
waterways. Most research on pollution dispersion coefficients has
focused on solid vegetation; this study innovatively explores the
effect of flexible vegetation in floodplains on longitudinal dispersion
in compound meandering sections.

Methods: Experiments were conducted in a 60-meter-long, 1.2-
meter-wide, and 0.5-meter-high curved flume, with a 0.6-meter-wide
vegetative cover at a density of 0.785 using flexible plants.
Findings: Results indicate that flexible vegetation in the floodplain
reduces dispersion there but increases it in the main channel. Flow
depth significantly influences the dispersion coefficient at low
relative depths, the average dispersion coefficient in vegetated
channels is 32.6% higher than in un-vegetated ones. However, as
relative depth increases to about 0.2, the dispersion coefficients in
both channels equalize. With further increases in relative depth, the
dispersion coefficient in un-vegetated channels surpasses that in
vegetated ones, unlike in compound channels without vegetation,
where dispersion coefficients in the floodplain decrease and in the
main channel increase with depth.
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Extended Abstract

Introduction

Chemical, organic, and industrial pollution
can lead to the reduction or complete
elimination of biological species. On the
other hand, the transfer of pollution can lead
to water contamination for various
purposes. Although all plants are flexible, the
most research in the dispersion of pollution
has been related to solid plants. Therefore it
is necessary to study flexible plants in this
field. Innovation of this research is to
investigate the flexible plant on pollution
dispersion coefficient in compound channel
sections. To evaluate the flow depth on the
longitudinal dispersion coefficient, various
experiments were conducted and the
longitudinal dispersion coefficient in the
flood plain, main channel, and their averages
were collected. Finally, a comparison was
made between the results of the dispersion
coefficient in compound channels with
flexible vegetation and without it.

Materials and Methods

The experiments were conducted in the
hydraulic research laboratory of the Water
Engineering Department of the Agriculture
Faculty at Shiraz University. As shown in
Figure 1, the flume has a straight length of 60
meters, a width of 1.2 meters, and a height of
0.5 meters. In order to fully develop the flow
region, the first 10 meters of the flume were
considered straight. The walls of the flume
are made of aluminium, and the bottom of
the flume is made of concrete.
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Figure 1) experimental flume in present study

As shown in Figure 2, the ratio of the width
of the main channel to the width of flood
plain is 1.0, and this ratio remains constant
along the channel. Additionally, due to the
placement of flood plain on the right side of
the channel, the cross-section of this channel
is of the asymmetric compound type. The
walls of flood plain and the main channel are
considered vertical. The longitudinal slope
of the main channel and flood plain bed is
constant at 0.008. In all experiments, by
injecting dye into the channel from a specific
location, the flow causes the movement of
the pollution cloud downstream. To simulate
the vegetation, disk-like plates with a
diameter of 10 millimeters were used. The
experiments were conducted in two groups:
with and without vegetation cover. For
comparison of the dispersion coefficient,
two types of arrangements, five-row and
random, were considered. It should be noted
that in both arrangements, the number of
vegetation was 665. The vegetation were
considered in the middle of meander. This
number of elements corresponds to 0.785
density. The details of the experiments are
presented in Table 1.
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Figure 2) Cross section of experimental
flume
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Table 1) List of all experiments in present study

Test Water depth  Relative Discharge  Density ¢ Vegetation
number infloodplain depth Dr (m3/s) (%)
h (m)
1 0.025 0.10 0.027 - No vegetation
2 0.035 0.15 0.030 - No vegetation
3 0.05 0.20 0.035 - No vegetation
4 0.07 0.25 0.040 - No vegetation
5 0.085 0.30 0.047 - No vegetation
6 0.025 0.10 0.027 0.785 % five rows of vegetation
7 0.035 0.15 0.030 0.785 % five rows of vegetation
8 0.05 0.20 0.035 0.785 % five rows of vegetation
9 0.07 0.25 0.040 0.785 % five rows of vegetation
10 0.085 0.30 0.047 0.785 % five rows of vegetation
11 0.025 0.10 0.027 - Random vegetation
12 0.035 0.15 0.030 - Random vegetation
13 0.05 0.20 0.035 - Random vegetation
14 0.07 0.25 0.040 - Random vegetation
15 0.085 0.30 0.047 - Random vegetation
Findings (KAve.) was determined for each

The dispersion coefficient for flood plain
(KFP) and the main channel (KMC) were
calculated separately due to the different
flow conditions in the main channel and
flood plain. By averaging the obtained
values, the longitudinal dispersion
coefficient for the entire compound section

experiment. The results of measuring the
average longitudinal dispersion coefficients
at the main channel and flood plain for
experiments without and with the presence
of five-row and random vegetation cover are
presented in Table 2.

Table 2) longitudinal dispersion coefficient in flume

Test Vesetation | Relative (1;2) / (Iinl:[z(} '((CI‘:‘Z’; KFP/ KMC/ K(Ave)/
number g depth (Dr) U-H U-H U-H
s) s) s)
6 five rows of 0.10 165.7 1812 989 23 2525  13.78
vegetation
7 five rows of 0.15 121 1261 691 116 1217 6.66
vegetation
8 five rows of 0.20 89.5 847.2 4684 057 548 3.03
vegetation
9 five rows of 0.25 114 6643 3852 05 2.92 1.69
vegetation
10 five rows of 0.30 1239 426 275 044 152 0.98
vegetation
11 Random 0.10 2819 2339 1310 393 326 18.28
vegetation
12 Random 0.15 187.9 1481 8347 181 143 8.05
vegetation
13 Random 0.20 1589 9839 5714 1.03  6.37 3.7
vegetation
14 Random 0.25 195.4 777.6 4865 086  3.41 2.14
vegetation
15 Random 0.30 239 7058 4724 085  2.13 1.69
vegetation

As shown in Figure 3, the dimensionless
dispersion coefficient (K/U*H) changes with
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relative depth for a channel with five-row
vegetation. In this figure, the dispersion
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coefficient for the flood plain, the main
channel, and their average are presented.
The dispersion coefficient in the main
channel is always greater than that in the
flood plain, such that at a relative depth of
0.1, the dispersion coefficient values for the
main channel and flood plain are 25.3 and
2.3 respectively. The results indicate that as
the relative depth increases, the
dimensionless coefficient decreases and
becomes approximately equal. For example,
at a relative depth of 0.3, the dimensionless
coefficient in the main channel and flood
plain are 1.5 and 0.4 respectively.
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Figure 3) dimensionless dispersion
coefficient for a channel with five-row
vegetation

Figure 4 shows a comparison between the
dimensionless dispersion coefficients in a
channel with random vegetation. The trend
of dispersion coefficient in this type of
vegetation is similar to the five-row
vegetation cove. The dispersion coefficient
decreasing with increasing relative depth.
The dimensionless coefficient at a relative
depth of 0.1 for the main channel and flood
plain are 32.5 and 3.9, respectively. The
results indicate that as the relative depth
increases, the dimensionless coefficient
decreases and becomes approximately
equal. For example, at a relative depth of
0.3, the dimensionless coefficient in the
main channel and flood plain are 1.5 and
0.4, respectively. Additionally, with an
increase in relative depth from 0.10 to 0.30,
the dimensionless coefficient decreases by
89.6% 1in the flood plain and 92% in the
main channel. It is worth mentioning that
the average dimensionless dispersion
coefficient values in the random vegetation

cover are higher than those in the five-row
vegetation cover. These values for a
relative depth of 0.1 in random vegetation
cover and five-row cover are 18.25 and
13.78, respectively.
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Figure 4) dimensionless dispersion
coefficient for a channel with random
vegetation

Discussion

The results indicate clear differences
between the dispersion behavior in the main
channel and the floodplain. The larger
dispersion coefficients observed in the main
channel are mainly due to its higher flow
velocity and greater turbulence intensity,
which enhance longitudinal mixing. In
contrast, the floodplain experiences slower
flow and reduced shear, particularly under
vegetated conditions, limiting the exchange
of momentum and solute between sections.
As relative depth increases, the reduction of
the dimensionless coefficient reflects
decreasing  turbulence and  weaker
interaction between the main channel and
floodplain. The convergence of coefficients
at higher relative depths suggests that,
beyond certain submergence levels, the
vegetation’s resistance effect becomes less
dominant and the flow attains a more
uniform structure across the compound
section.

The comparison between random and five-
row vegetation patterns demonstrates that
random vegetation causes slightly higher
average dispersion due to more irregular
vortex formation and localized flow
disturbances. These patterns promote
higher mixing rates compared to the

60 Water Resources Engineering Journal. 2025; 18 (67): 57-72



Heidari Hanaee and Mohammadpour

regularly spaced rows, which confine the
turbulence more uniformly.

Overall, the findings confirm that vegetation
structure significantly influences
longitudinal dispersion in compound
channels. Such insights can help in designing
natural and artificial floodplains with
optimized vegetation layouts to control
solute transport and improve water quality
management.

Conclusion

River pollution can lead to the complete
elimination of biological species as well as
serious threats to cities and human
communities. Therefore, awareness of how
pollution spreads in rivers is very important.
Thus, the innovation of this research
examines the flexible vegetation on the
longitudinal dispersion coefficient in the
bends of compound channel. Experiments
were conducted in a flume with a length of
60 meters, width of 1.2 meters, and height of
0.5 meters. The flexible vegetation causes a
change in the dispersion coefficient in such a
way that the effect is very noticeable at low
relative depths, and with an increase in
relative depth, the dispersion coefficient
decreases in the channel. In conclusion, the
comparison of results showed that the use of
flexible vegetation will result in a reduction
in the dimensionless dispersion coefficient
compared to rigid vegetation cover.

Ethical Considerations compliance
with ethical guidelines

The cooperation of the participants in the
present study was voluntary and
accompanied by their consent.

Funding
No funding.

Authors' contributions

Design and conceptualization: = Reza
Mohammadpour and Zahra heidari Hanaee
Methodology. Data analysis and Supervision:
Reza Mohammadpour. Final writing: Zahra
heidari Hanaee.

Conflicts of interest
The authors declared no conflict of interest.

Water Resources Engineering Journal. 2025; 18 (67): 57-72 61



144 0 ylos o\Aﬁ)sé AF.F b

T &b wiigo gy — ks &b

b g 3 Ao

i 1 oMo Caid iy dllanl AL gy il 2Ruiglejl anlllas

#Y )5 deoe L) ) (Jlis gy 1o

ol bl asly oMl .)l)'i oy (SJgyln slaoslo o ol &5 gozmdily )
Ol e ol sty oMl a3l oKzl colbiiawl Sslg ol 09,5 Hboliwl Y

LXVCCS

e Slasags prien g ) A JolS (30 0l cge Bl oo B2y, (Sogll 0
ol Coenl Bl Jlns Waailsng, )3 (Sagll s 0956 j (BT cplply il Sludl gelgs o b yad (slp
13 039 o blS 4 bgs e (S39l1 ,Lil Copi 90l p 01 plol Clisios ST aSil 4 a2 g5 b

2 e il sy (s > 3 T Bllanl (LS (s U s B8l gl

Canl S po y5ke gblis

A3l o 10 i) 5 o VIY (e ein B Jgb & JSb (g JUIS S, 3 lalef] s 53,
)J.Lgdl]a.vl ul!bLS )l oLl L -.YAD pfl)J L 9y -5 0PN @Mw Cald Caound 2 ‘;ml.j b
PLS b g U Sl 2in 7YV alS i b oW )3 Jsb il bugie oy s
Cadd ) (Job il o pd <Y dgds s Bas )0 5 (s Bes Ll L &S canl b yo ol el
09 Sy s JUIS 3 &S cunl Jb 5 opl 38 o LS ids b sla JUS I iy alS s,
By i A (s o 1L (Lol JUI g (Mew s ) Job lisl oo (LS by

2 dals g o3l

Uil Cage ¢ oMuw b > pludillas] aLS (ids el &S Lol (lis sl 1 g pS ds

aS 005 Lol JUI jo (SasTy sl el glojen Lol s oMow cusd 4l 3 (SuST, (W Seids
dox jl) (BLS Lidey Hidle «oles 1 Cusl oy Sl pjolSe 13 sdes i sdiad LS yol oyl

Db g ol 539 (clapiimmn »3 losu YT Jasl o pie )3 008 s Jole (b g (s pbhillas]
20,8 bld (Seolydgyid sbagjlo Joe )

VELY/VYIYA 8L s o, G
YEV/+YV i 500 o,
VELY /oW o Aty fu b

s 5 Sl (sl 395 olSd §
258 03l M & yg0 4 Wlio

DOI:
10.71632/wej.2025.1167663

15 sy
Mo €aBd 8 po JUIS Ll o o
Sagl s Ul

9daxe Lo 1) ghume Blun g3

Oyl ¢ gl 15l (oMol 15T oKl ¢yl a5y T 09,3 bl 1 Sl

SAWVPITFINY 2 o0ls

reza564@gmail.com : Suig oS Gy


https://doi.org/https:/doi.org/10.71632/wej.2025.1167663

s3le GJUS ;3 Job JLiiil 6 5 (Mo Cudd iy Slasil (LS iy U (Lol alliae

P53 ome @ 2o g b il g2y HB ,5b
Syl calisee

9 2 Ghe> gEen 9 (V0) B by (el Clidios
PGB > (LS e U 3y 3 (V) e
cshbie S ye ablis > aoan ¥ Janly (Slgjis Cluogas
Sl )3 (o Cord) (ormd Gos s b Legl sl 005 plox]
S5 ) Spge 4 glalS Gl 5 o515 e g (U Ges
Cope & 1) oy bS] 5 Job jlisl cops e
ol gl 153,5] sy o JUIS 5 i, LalSiislo]]
(K/U* Jgbo jLisil sy 9 oy coonm (3o (yil38 L a5 sl
Ll copo b ply K oS col sy 4 p5Y b o ialSh)
2ol a5l o cud M Ol Ges h g b cepw b pl U™
CuddiMow 50 Job Ll co s oSTy Gilisl b oo ol olis
L (V) ohlen 5 8o b GRIEI ol JUI )3 5 (tals
P by b pop 4 paal iy STl eolia
Syo JUE 5> oo LIS oy p o 5 (5yiians
9 G (DS b b g3 po 3 3 (L gls by
b g hol JUS 5 (ooye LIS cupd (5t pd
A6 @l oy b (1Y) duely Bedes bl Gl
O Ok GRS eizmen 5 (LS Gidg plede (b Bee
JBS S, 5o oK) Jgbo L] oy 3 Do 5 ool JUIS
oy e aS ol L sl lidos guls 3] Cawts |y S e
Ly odg yS)5 cedadlw )3 dbgipe e 5l (Lol JUK 10K
D)l el gy (Jobo sLin] o s (g Bas S8

oy 2 825 e g o2 385 oy 4(W) e g Cund
Obts gl bl 39 BB jué 9 0l 39 la JUIS )5 Sty
29 e We B VA (o pdilidgdh yin )3 (Sipisy Jobo o5 3>
Jobo O] pizmen bl (0 420 VYA LAY o p 308 sl
SWILE 5 ol yladan 20>V aw )3 Jaw 93 (m (SedSy
5 Cowdppj I3 1y yio Ve dgas )3 (658 (Sanisy Jsb Sos8
Cops 9y ¢ e gy cops 5 @ Wb (1) o) Ken
daio b JU o > (Saisy Jsb Sl 5 (po)e (Sandsy
Jobo 639y9 (23 (a1 b o8 3l (Lt ol 53,87 (| (soke
Job b lagad 53 ) cupd GRIBIL g SRl (St
Sy copd slp Jad i glables g Ml oo (R (Sandsy
oty VT sl Ll o 3502 41 (Y+) 3 305,8 3 ] (30
9 (©85) o a5 (de i) 9 b Sy JUE
Soy S ady 93 dgg db ol mls cdby cubuMw
LS (e (Sl Jl381) oy o Cas® s 4 cbaMows
izl Gups p ool 58 cladlw o)lsd 5 culaMew ()
o Gos Sy ol 32 ol ol 2l (Sogll Jbo
@ S 203 VIV ol Ul (Jbo jLisl co i Sl (o 0l
Sogl el Jials col g ams (5l a8 by oen b
65 Ol imen 9 32y Jore Cud b (Ply

OV-YY :(V) YA ) £+ £ .ol ilio _owiliggo obdg}s — ool dolibad

EVRER

Jb 53 sle)5iS o Sl 5 5l gloanze Gl e gL
o 9 ol )3 e Bluws 5l (o (So9ll taio 5 Ay
(st

o om by Gl el Wl o inio g e albord (5o
Ok G (Sogll JUiml (b 035 ) sladiss JelS
Ol 09 o 565UsS Bylas (ol o RS o)9ﬂ G Cawd
5 5l izmen 9 (539l (ol e 5 Jil 0555 ) g adllas
anlpl oM g S oo ol y3 boan ¥l Jsl ¢ iy
loy o ol 4 (Sogl e 6 & alin () sl a5l
P8y IS i 5 oM g (JSlge 8 o e 4050 (o0
bl OF ol bolyen g Gisy o 5 by by oo
3 ot pise ol )3 osn YT Sy g 50 puaslSe g o
o) (nl 3 (g24ae (Slapsing}y ) L5 &S 039 Cunnj laea (>
(YFad).)l

2 @rnn phidlasl (S Jhdg 13U (7) hlSen 5 ()lpncd
S5l S yo sl JBIS )3 of L g oy bl oMo e
Sl s alBilosl sy 390 /0O 5 /YD i Gos g3
cd  Jsl cud b alS e jpas o o ol bl bs
@ S ol JUI ) (23 Jljl cage g 03> alST ) (M
o a () Oher 5 Kb 2sd g0 (AL Jidg e Sl
Lilgy 5 (ol ide L JUE » (SuSly cupe b Shy
Oidgt p HS58 5 il Jelse gl sy (e b gl
@S 3,8 gy p b9y (Sol5h )90 (Slagyliw olyen 41 (LS
5 SISy alyd G sl Solite sl &) il Sl
S8y aunlio 5 laanl s S ol Ll Glbwsy piomen
Gl 0348

ojlo (b 3 wae sl 5l (Sadl g ol 555 K gk
by e jludie Cppar bges o5 039 (Sdgyin sl
(V) ohlSen 5 pspsazme (AQN <)) il 0ad (o) S]]
P oy & e pj GLJUE 3 0 cupe sop &
Ot sl ) ol Ay Ll bl (Sogll (i 53 ere e y2elil
e 5 Sly 25,8 B LU 95 ol 32 ) cupd (S
S g (LS sy b S U JU 3 ol Solasgyen (1Y)
s 3)90 (335 (Silode g0 4], Lol g o515 ilises sl
4 pLS ide a5 ol ol adlles opl 5l Jols gols ol )48
L pbdke clajliibs 5 456 b (ol gl gpSads b
=551 Plue 35 (nl )3 Cpiomen 03 (o et JUB o3 9
oo 50 4kl Gl g LS Jids L by Sd)seg,nm
Ol Sy o2as (wyp & (VF) olSen 5 chol il a8 5 )13
Py 3l a0 cplys Al il (5 psts (LS by L LU 5
slobe > (Sdgyn 18y e S ¢l FLUENT 1
o 45 313 55 gl .l 005 olitl aLS s b (sleils s,

Bt GBS 5 0397 SIS, b WIS JUIS (555 o 4l 55

1w



292 e g Sl (s

3 e 53 pgas Ghily jledlatul 5 (S5) 03l sous oo (olos

29039 Mo gl oMaw cudd oy 4 ol JUB (5 4e cons
Cubd (58,5 51,8 s 4y Cpiored ¢ Gl ol s ol JUKT ol
5 o e £33 JU ) e (JU iy em 3 Dl
C))9.o L ‘_;L.ol Jblf 9 GMMA) Cubd dlﬁm)l}ib | u)lﬂmb
oy )y oyl Gl VO USS  ad as)S s 0 (gdges
b sl o 00y ioled (( ooy @laie ) ybya e j5xe 1 dg0e
N0 o 5w ol 13L (oo i JUI S oSl 4 225
2y el wdaMew 5 ol JUB i Jsb il 5 039

(Y JSE) sl oS e oA

0.5 m

ol g5 53 8 po JUB (o5 ye pladle -Y JSUS

@ Flood plain

Comera o Camera
( o
K2) Main channel Lo o] (O]
S =]

@ Injection

@ Lamp

53 03liiusl 3,90 JUIS 093 (wod (slei-Y JSWo
2ol Hhagh bl

b (Glh) (Sswdly gladdyg jl (LS Gidy silodnd jslate
09,5 93 ) b ialojl (puiomen .l ond o3l yro leo Ve lad
dgliio Cg sl 0 plomil (BT gy L g (LS (s o9

g jule (o) SBT3 Jsb )lis] cupd s o
w045 plomil (YY) ol an g g3 01,8

Oedle 633k g (Soran Ghgn p e Sl B9y 3] sl
@) (YY)l 485 )15 s 4295 590 (gl 030 o )
LmaJu.:YlL;}\o)Lmlw).\owww)))da() IKAm Lu
C;L.J L] 40‘3)4 (S Gurn (s 4\&;.»: )I oalaiwl La Lhdal>.)9) 2
o lio €O L Wl (o0 sl (g S oS 0> LS
3 A gy s g 45 2031 L Lol (3, 51 ams ) 1,
e g sgpdamme . 2)ls oo Ll oy 1y b oot
u—l wa..f PN (SVM) uLM.u.Mg )l.))g ()"9) )‘ ol La (ﬁ)
@ ol B g, cpl a5 Wl lis Ll sl b GYE
oty [ ol curS g (Sogl byl (ppulie s €8> g Copus
» Fobo il oo Gmge 4 (7F) OlSen 5 695 les (G
Lby Eguns e dSu Jde jledlitl b aubs slaailBag,
b g 03,8 oslitl (Bgeiand (bjgel @l 2 e Jao 5l LSl
L@J CJ[:J Ry o.))f 33 l) )lm.ul oW o3l Gyw Voo )‘ o3lasul
Ol ly YL cds s wae oo &S &S sy o olis
8l o Ll oyl

a5l g 039 o LS 4y bgsyo o plol cligiow 151 g8y
u")b sl (oo )08 5539”
oS yo yilte gblio 3 (Santsy A1 (59 o plosl Wliios
hls jalke IS 281 4ol 4y a5 b g 0395 3940 9 Sl L
o iy godey (s W il (o iy Slasl LS S
~Gillasl ol e il v g pblie S yo gblis ;5 WaoszyY

USY 0970 ) );.b llax]

oo 35 nl 3 gl lgim 45 039y Slasios M S g
Gapd 2 O s U bl car adlas l 5> sl 0ns
5 on plol Cilies clagses b slie b iglejl ¢ Jsb Li
OsSle (pinen g (ol JUI (Mo s > Jobo jlal o
LgL&sJUS 5 )wal oo a.:k‘; Lerbl 5 R W LS)?T x> L@J
Oty Oliis b (alS (b g9 9 (2L (i b oSy
ol 485 )15 duglio g oy 350

g, 9 3190

i otlojl 55 ably y5ikte JUIS )5 la el pols imgds 5o
Pl s olStily (55l oSty Ol odige i Sy hen
VY Loy eyto 5o s Jsbo (sl odlituol 3,90 JUIS sl o
awgi Ol Al JSis jghate 4 Cuwl po /0 gl g yie
ol 0 b a5 s W&Mo)y@ JUE gl yio Ve« asdly
odd duglio LS Jwolgd 5 o) polie b casyuw gla Jidgp Job
sk 0l &3 (L RS b Ce e sl Jidg (09 allie
6 i 5l U8 olepd b JUI ol sl 4Bl dmags olS
G oy () JSS) sl 0ad 4l oz 51 JUST S posigegl]
Joe S5l JUIS )3 S5y pp b &S cul S8 oy inle]
bl o Sogll ol (Sandsy g @i j) 5oy pgad Can 293700

OV-YY :(V) YA ) £+ £ .0l lio _owabiggo obdgs — ool dolibuad



Jle GLJUE 45 Job Wikl g 1 (Maw Cadd prdycBllanil 2LS indgr il (2Ruigle;l axdllne

g o8 poul AYY-+ e CANON Jluzwd fu)ed b (sl pguas
oo 290 i I3l o )3 gl Gl S5 L (Sagl
o by (Sogll pl juslas ¢ g (1l ST 3l 4B S I8
b cdie el )3 g glyzeinl JU (098 J) ygee oloj )3 Jusin o
o €8l ol CllE Sl o el Gy (g 5l edlatl

Flood plain

ayd, =y ol b (LS Liig sl -€ JSLS
P o g 3l 7+ [YAQ 15155 9 CudaMews (59,

Codt W 4dy3 ) 7y (AL

B3 50 0w el (6 (el Cumwpod-Y Jgur
ol

oled  plGes Ges o oS15 Ohwigy Candy
ool cuiatew s (M3/S) @ (%)
h (m) Dr
\ <. oY0 P TR 1% - ibe e
Y .Y BT & - Dikber (e
¥ eed Y. eeYd - Dikder (ol
¥ ey YO ¥ - Dikber (e
o o oAd B SN % - Dikder (ol
5 <oY0 CAe eYY YAD Cindy g
% Uiy
v .Y BT & -.YAD Cdy
% Uleby
A el Yo e VAL Cndy ol
% Uiy
q Y SO ¥ -.YAD Cindy g
% Uiy

OV-YY :(V) YA ) £+ £ .ol ilio _owiliggo obdg}s — ool dolibad

iy (ol g aindy iy plodr g5 90 53 sy e
Il 3135 (ial)T 93 52 )3 45l udgs 4 oY sl ok 4b S
50955 ) Cglas LT g 039 dae FEO )] Jlade g ply (2LS idg
by Slaplall sl s g 4 p3Y Adl oo (LS by Glod
i3y il 3 S & lall 5 42588 115 Lausy g 5 alS
) ekt alols L g3lsn cind) gty 5y & 45 Lok 03l 3
b (P JS8) ool 48518 cadaMow 5 ol JUB Syt e
Wboplp ey @ glals om (oo)e 5 Job alols Sl 4 oy
oS 5+ olass JUIS oo e S )3 cplpliy A5l oo yterlo V-
bl ol g stasks Vo ply alS b Aol 5 05 azsls
S oalS W15 ol 28l o gpe el < VOAL Ll
Gl iy 13l (oo ragtils £+ b il o (3 o JUS” Jobo 2o
(B) o815 sy ol & dFeme A/ (Fesdes J=eie e VIA L
oxs &) Y Jgda 3 la— yisle] Sloja sl duoy> < YAD L il
Oinlos] 5148 sl 03gr 390 V0 b ol Lot zsles] JS sl .ol
oielejl 5l (olS (b ok oSy JUS car 0 I olad
9 4d) my (2L by b oSy JUI cax Ve I F ojlads
ool (alS (e b S e JUIS a2 10 NN ol ilo]]
S o yaile gblio )3 (Job )Ll o po (g yolate 4y D plox]
SIS 4 il (odye — (b g0 (l (S5) odle (325
JUS e S 3 (555 oo o)k o 0 JUI 650 ples 3 oS
U Jsbo 51 Sl goslinl jolato & 5255 b9y cnl D9 i
$ Wbl il Sloj Job jlaml cops gony Inj
e A8l 0ad el Bee g ye ) JolS g 4 (Sanie
sob @ (28 Ojgo b (ShiSy (oo)s —(dad 3B b pslaie
oS Spo b (St Gl B3 il an g Cusl ond plol ol
Ll 5o Ol os (392 o8 e 4 o8 Jobo )3 5 g sl &S
13 S iy 38l o 5151 o (gLl a4 _oalSutlos]
@l 5 Sile 3) mre Jole oo Ll g 3550 ST Jobo
ol 25¥ Il 29 0 e Jgb )3 Sl s JolS g0 g 022,V
il qupo g clale gpSojlul sy (gwyp 3y90 ol (g
Sygo & odd 55 S5y godle 45 298 il glaigS 4 Jobo
g o2 plool ol lagilejl & argil b Ll Gas ,> JalS
el (Sposle (s 525 il dm yio VO Jsbo > (e Shinlis
4 b 05y Sy yulke ablis ) &S (468 susl sl
Cawl 0l iy Juol JUB 5 cudiDaw > Bos j oS &y
S6S 4 oy 3590 (slmolSiun] 45l 0 L aw lislojl 4
ke JUK o1y by goole clale yus (S0ss oS ail S
Jol i b el onzmg e S e sl &5 (S5
A Jolss 3 by osle clalé ulply 035 518 (y 2 3590
GuF e Cansipmly g e VIO 5 5100 BIS XISD XV FIND
s o3lo b (S3gl il sl b la Liulej] 295 e 550l
@ by s osle b pbonil 1y p)S Ve chale b el ©USUe
o8 )5 psld (ore IS 0 Ay o S by (gl daxd 50
bpsls Jsb ) (850 g0 & ol dw > Clale Sl ol



292 e g Sl (s

ol (25 pids sl 3blie 3 laailag, 5l ol ol s b
Ol o bS5 aLS (gl iy Cuglis b cou
Fra 3 (LS (ludgy b (oo GRIFEI by Ges 4 5 (halS
Ok GRS (Gl s (2] GRIFI Corge wlg) antle
) ol Y copo @i s Ol il Sl co g
pTon 23 9 (o0 &gy w5y alle )3 by oy g
g JUB (Sdgpin sl yiall 5 (Sgyien Llyd g p5l
SS9 Ll 590 sl 00 (655 031l talosl iz 5o adllas
s o )3 g asb oo < FY (00 DY s os 5
P pldy g o)y < VAD (LS 1S15 (a8 by
Gy Sdgphen glad glaie aw lajially g ol (Bolas
o3y (Ui (V) Joso )3 5 duslons jalghn) das 9 3953 D (ob>

ol 0

Ve oA e WY YA G, g
7 Oleby

X YD e WY AR bl iy
YA

W XD D T eYAY bl iy
VA

W crd e el SVAD bl by
yA

\F Y ~vo  0..¥. «.YAD ol g
VA

' oA e ¥V YA bl iy
VA

Ol (Sdgyien bl

o @il (ool (Sdg b byl el — ¥ Jgo

o)los  (Gos Slani Sy cage L Qhio maws  Ces g P das das
ohalejl a3, % gx;  msT) (m?) (ms?)  Sdgpae 298 e,
2 0.30 - - 0.0347 0.047 0.23 0.21 0.13 0.12 26423
0.30 5 0.785  0.0403 0.047 0.25 0.18 0.14 0.103 25380
12 0.30 - - 0.0408 0.047 0.27 0.17 0.15 0.098 25500

(F) a5 (1" ) olej il i sl oy b (F
(8) ealy 51 (B ) (So9 ) SIS by ammbe (8

(5 ) alady 3 (K ) Jobo bt oy dplono (5

b Mow g ol JUB 53 gl balpd (39 Oglite 4 4295 L
4 (MC) Lol JUs 5 (FP ) cusidlw sl i gy
wdal Cands pdlia I (638 ko b g 0 duaslee AilElas &g
0123,5 &yl Silojl yo y3 (K') 8 se glaiie JS Jsbo L] o
Lilys b clagiololl o awlio ¢y gylme olgie 4 b col
235 51,8 ookl 350 caliseo

S 5 4ol 9 Sy
Geios ol 8 Y Lalgy) sl el L5 g 53 45 wisSolan
391 L] gy e (s (5l o3bs e S5l i3, ]
P o i iy ladss gl L (YYA) Gl ol odlil
5 sy ol ) linal (SIS, 5SS, b ol Ly
ol blpd (39 Coliste 4y dagi b+ (V0 ) a3 (o0 oy (it
(KFP) (oMo s (6l jlisl oy aestsdws ¢ (Lol JUE )
5Sls b g 00 dslme alTas &y 43 (KMC) Lol JUIS
oo IS Job slinl cops wrel cant jlie 5l oS
xS 030l 5| Juols ol 3,3 @8l iulejl  p3 ((Kavecs ,e
Sl > M (595 9 ol JUB 53 b slil oy (1Sl

s g3 by () Jga 9 (AUS (ids g oG]
ol 0 1) (F) oo j0 3ol g ddyd) iy (LS

!

2 Cdddw (2lS iy iU g Jobo Ll oyl s 4l
chle loj g b be ol g
(3 k) o3l low Jobs (g 311y Kyt cules 2 9 Sl

Dy9] Cawdy ilizo  alBiolojl bl (glps

@9 pj blgy 5l edlsl o

M; = [tic(t)dt (1) alasl,
m=:t () ol
? X
Uc = m (V) 4kl
6 = 2= () (1) et
5x2 = StZUcz (8) il
8y°
~om (%) ks,

Sl 03 55 o] oloj ~Cle @i Jloj il O oS
o3 dnloo 13 S5V 2 85 plas Job5 gy Sl eolil b oS
$0 8 bagio co g Upiclile iy ol o slisM
(xS ol oo g Gy Jome o oo dlole X o, p 2
ol ol e iy " 5 (5o ) il olog Lawsio
23 Coye & Job Ll o dbre Jolye cnlply A3l e
: ol

(V) oy 5 (M) cldale oloj (slaysleaS dmslxo ()

(V) oy 5 (H) Sogll ol Ghalony oloj bawsie duusloxa(Y
by 51 (Ug ) by pr 3550 8 > brsgie G s dnlono (1
(v)

OV-YY :(V) YA ) £+ £ .0l lio _owabiggo obdgs — ool dolibuad



Jle GLJUE 45 Job Wikl g 1 (Maw Cadd prdycBllanil 2LS indgr il (2Ruigle;l axdllne

2 kol JBIS 5 et 3 1y Ll ey s () JS5
glo JU s (IS jokay ams o0 ol (alS by (90 >

bl JUIS g othons Condd 53 b kil gy —F Jgio
AU iy (190 &8 po juile JUK 50

JBE g (oMo s 5 jLis] oo ((BLS e (gh oSy 2 ad R KFP Kmc Kave
il e e v okl e (em?/s  (em?/s  (cm?/s
D) Sl 5 Bl gy S A e Bos GRIPI L Lo (Dr) ) ) )
Boe U cidaMuw )3 il co s £ 290 oo odnlie 45 johailen 1 0.10 3543 977.8  666.05
ol Loyd « Ve U 2N o g Gialidl 0o )3 FY i 40 V0 i 2 0.15 499.9 5773 5386
T ol 4 il cops ¢ s Bas LRIBIL o]l ax g 03y 3 0.20 486.4 3395  413.1
b Lol JUB o jlisl cops (B)b jlaiSe Ty (il 81 o) 4 0.25 668.9 3267 497.8
sl “\_;9) Uj )I Jx ) u@lj loyd S0 39» » B "y w_; 5 0.30 724.8 324.8 524.8
oy o Pl 4y 5 03,8 (o pl s |y 055
s3obad g alyd,y g ]yl U o8 po yaile JUIS p3 Lol JUIS 5 (oMew i 53 Job Uil gy —€ Jodo
oinlo;l 5, lowd d“"‘”}' Caurdg e Gos KFP KMC Kave KFP/U+H KMC/U+H K(Ave)/U+H
e o) (em¥/s)  (cm¥s)  (cm?/s)
ey
6 by iy 0.10 165.7 1812 989 2.3 25.25 13.78
7 by i,z 0.15 121 1261 691 1.16 12.17 6.66
8 by s,z 0.20 89.5 847.2 468.4 0.57 5.48 3.03
9 by i,z 0.25 114 664.3 385.2 0.5 2.92 1.69
10 Db ) @ 0.30 123.9 426 275 0.44 1.52 0.98
11 ool Jide 0.10 281.9 2339 1310 3.93 326 18.28
12 ool jide 0.15 187.9 1481 834.7 1.81 14.3 8.05
13 ool Jide 0.20 158.9 983.9 571.4 1.03 6.37 3.7
14 ool Jide 0.25 195.4 777.6 486.5 0.86 3.41 2.14
15 ol Jide 0.30 239 705.8 472.4 0.85 2.13 1.69
).:I)J/\Lu)a.:g).u.&uo)lw %))@@Lf L)‘““’9" d‘): LA.@‘ 1500
Al o (oMo Cubd —— FP
7 —&—MC
£ 1000
2000 IS
Y &
@ 1500 FP Z 500
S —-—MC 2
2 1000
© 0
500 0 0.1 0.2 0.3 0.4
*—o : DR
0 . 0 o JU 5 (FP) a5yl g g & paeds — T JSi5

DR
JUE 9 (FP) Cudadlonw 55 jUiiil g s ol s — ¥ JSCd
LS ) iy pigy b 3 (MC) Lol

Sl el JUE 5 cadadlow jlinl oy Sl (A) S
o oalio & pohailen s (oo (L ) (Bolad (LS b
wlio Loy Lol JUIS 5 cudadw 53 )Lisl o o Ol 59
Sl cape ol S Ol il oo abd) gy (2L by b
by Codidw 345 o 5 039 oinlS gy (sl Lol JUIS
b il oy ol JBIS 5 &8 md o it gl il o el

A o Gl s Wb e (il Mo pd Ve Bes iol3dl

OV-YY :(V) YA ) £+ £ .ol ilio _owiliggo obdg}s — ool dolibad

AL Glwdgr gen s 3 (MC) ol

il b (ol JBIS g cabasMans 53 )il o i &l s (V) JSS5
L pm sl JUS 5 IS gl m o i ]y 4, g (ol
il b Lol JUK o jlisl coys cpdy Gllas] LS (iids
2 Sl pl &S cawl (Jb g opl 0yl dalS By s Bes
e Bl oo ol Lo ,ds g 0040 ol JUIT a4 (oMo Cuid
oo B> 1> (Sl 5 s g Copr Sl I 0 5l ]
Cupd 9b (o odalie & johilen 3L (LS Hpas e 4
UiplS a3 YE a3 o Bes Liuli8l L Lol JUK o Ll
JUS 5> oo il s o8 S lgan IS ko bl il o



292 e g Sl (s

Al oo ply (RBgr (9l g Lbg b bl (sl

2500 —— Ui 19N
—— ) iy

2000 il gy

=
(O]
o
o

1000

K (CM2/S)

500

0 0.1 0.2 0.3 0.4
DR

B (MC) Lol JUIS 13 Uil ey oy — Vo JSUS
P iligy jpuin g AL (iadgy (e Sl

GBS Ll gy bawsie ol oy ool dwglie (V1) US55
el 0ad ploxl (LS Jidgy b g Gludey (g Ll 93 53 Sy
O b sl (gly Clyuss X9y 598 (o oanlie 45 jglailan
oy bulpd eled )3 g 03 dalS abd) w5 (Solad LS
0 Dlad (2l e 5l peS A aiy aLS g Ll
Gos il 38l L Libey ey I o oS sl Jls jo ) il
O3 o 5 039 idlS HLisl cups Lgy oY Ges By s
Capd ) s Bas ) &S Gl s a4 piY L o il
££5 5 CM2[S A €M2/S WY plp iy a4 Ly
cla JUIS 5 Ll bagio co i 305 ke 4 03b o CM2 /S
Sudy LXA 9 JAY Gl abd,y gy g (Bolad alS ide b
o Gos LRl b miomen il e e 98 LJU ]
GBIyt (LS idgr (e SJUE )y jLisl cups l5ee

Doy (oo YA a5 BMEB ] oY Gas )3 g A daled e b

1400 —— i 5 05
1200 —— i & sy

uA’JLAS i 93

=
o
o
o

800
600

K (CM2/S)

400
200

0 0.1 0.2 0.3 0.4
DR

s S Bos 50 (Jsb )Ll oy Sl e aslie jolate &
il dn gk o ps dgaine o3kl n et eyl 5l calisee

015 Sy 9t PSSl o (6 apdd g (olal LT 3l oolizal L Jobo

Lo il (LS gy sy ol JUIS 3 Jgbo )Ll s
2500
2000
~1500 —8—MC
L2
1000
8 500
2 0 ——
0 0.1 0.2 0.3 0.4
DR
JUE 9 (FP) Cobadlow 53 Uil o pd O g — A JSUi

Holas Liudgs el 3 (MC) Lo

O b 5> cadaMs > Ll Gy Sl (1) USS
oAb dumllio JSOS0 L (Bolad g 3y gy phder (LS Lidg
sea b b o Ll co s &S dad o ol s .l
Gos B epidey g JUI 53 cups cnl ol aidly rals o lals
UialS 2oy ¥0 Ly y35 LS gy b JUK )0 9 (ial3dl e Ve o
I dm o BlS by b LI & ol udgs 4 pf¥ b (o0
A8l (o (el B B9y S s Jlisl oy oY s Bos
—— iy O
i el g
800 At sy

700
~ 600
500
400
300

200
100 s ==
0 0.1 0.2 0.3 0.4
DR

K (CM2/S

2 (FP) Colbadows 53 il o pds Ol g — 4 JSW0
P Oidg jpas 9 (B Hiuig 9 Ll

Os bulyd aw > Lol JUI el jliml cu o Olpess anlie
oud &Ll (Vo) U ) (Bolal g Ly iy Hiubyy < o0lS iy
Cupd o Fos Gl L gd (oo sdalie &S jghailen
S K9y S (2LS Jidg by Gldgy 9 UK (6l L]
Sy oidlS g gl ¥ o 5oe b 45 dmtee ol gl 3y
Ot LUK 55 Gee (ol 5l s bl 03y alie JUIS & 95 50 &
Lgy cpl aSls jd wi dled ol Lo ,d )lisl o b lade i
55 0 piY bl Lo ael] LS e b sl JUS (ol Lals
6y bl JUS 3 )Ll oy OS] o (305 5 4
Ok @S cnl Ml oo il Loy 5 e3g 52l JUS g5 50 o

OV-YY :(V) YA ) £+ £ .0l lio _owabiggo obdgs — ool dolibuad



Jle GLJUE 45 Job Wikl g 1 (Maw Cadd prdycBllanil 2LS indgr il (2Ruigle;l axdllne

b oowomen b 0 vF 9 V.0 iy 4 (s Cibd g Lol
2 K/UH smy (gt s ¥ a0Vl s Gae (1381
Sl e pials 1oy AV ol U 5 duopy AS sy
Odg 53 Ll o A (0 bawgle ol &S Cunl b g @ p)Y
Gos sl jlade cpl il e add) my il iy Bolay LS
boply ey @ abd) g g (bl (alS Gldg ) ) (s
Lo oalS Lidss £55 99 10 hpb J il e \WVA 5 VAYD
2 4 sk Wb (oo Rl an (o )Ll o s (s Bes (38l
2l (Mo s g ol JUB 53 o pd cpl + ¥ (ol e

RWIRTANES

25 - == MC
20 - Average

K/U*H

5 .
0 M— = .
0 0.2 0.4
Dr
o Blos! )3 w0 Ul b Ol g — VY SO
B (AL g b dlide

& AL Gy Sl 39 ) @l G ) anelie VY S5
X% rnb;}l (D)ul)&o@ 9 9>.>|))9 ]a.wy [XW) rabu‘ Sladss 9 4,
Gy Sy JUI S g 1) 295 laislejl liie cpl ol
il ol Sy Slgsten buly 55 5 3485 (] 4l ko
Sl s dges e3litnl clo lalS 5l g3 lidss j> 1
Obe bl JUI o jlidl de (o copd Olpusi Sgy oS dadee
L;Q:Lf u,\m”:y )‘ odlawl Lol c_\ml; ) AJLw.A )_,,\, Collass] 9 balao

30.00 4
& FP(Farzadkho et al,2018)
25.00 | [} +—FP (Present study)
5 MC(Farzadkho et al. 2018)
MC (Present study)
20.00 4
Il =}
E 15.00 4
10.00 4
]
4 =]
5.00 o
»
.
%”””i‘*ff—ga------i_
0.00 . . : : s + .
9 0.05 0.1 0.15 0.2 0.25 0.3 0.35

Gllanil AL iwiss b BJU 3 gl dulie - V£ JSW
o g iy

OV-YY :(V) YA ) £+ £ .ol ilio _owiliggo obdg}s — ool dolibad

U* )b 8o P (slojmolly bl b gy ol 5
Sl a8 plgie 4 (CbbdMow > O Gae) Ny (b o pu)
297 o gl K/UT L US04, Jobo sl o 5 1) 85
o1 &) e (LS (slo by slp 39 Jghe ) cops
U (sl (oo Boe s 2 3o (9 L] o Dy ]
ol 50l o 0aly L (VY) USKS 50 adydy ey (o LS iubg b
Mo (yizran 5 hol JUIS ¢ (Mo cad> (gl Ll i S0
5535 0yl ol JUIS 55 oy e o 6] L oo
oo ol e v ) s Bes 0 a4 skay 0dgy (Do i
e VY o YO L ply ey & (oMo cudd g (Lol JU (6l
M o e (o Boe (Rl L e (LS ls 0L
2 apd ool e gl B8 & 0 sals ol LoyE5 g adly tals
9 V0 iy 4 (ow s g (ol JU el o (el Bee
a5l e o ¥

b (o Gl o Boe GRIPIL g sl oo Lawgie jladke
CAA G e e o sy W e ] 8 o) 65 @
Sxr gyl (alS gy ey (o <Yl Bes
Gy g bz Gos GlBl (o Ges GLIFI L ok jLaz]
oL ulihled 5550 1y S g5 398 (o0 el o wdle
Uil 38 53 oo Sl sl jel)l J1 (o Gl Boe oS aie
cshol JUB 3 sl o po BB o5 o )3 53 &Sy gk 2L (o
Ol Ol Gos GRIBIL 9 a8l (o 3L o (M <l
b e il B!

20 == MC

Average

0 oo .

0 0.2 0.4
Dr

o GBlos! )3 o LS G o Ol s — VY IS
Ad,y Iy (A iy (5] i

Cadsd pd dmy ey Sl (o s Slinsd o (ol dwolie (V) USUS
ol 0 1) Bolas g b JU (oly Lol JUK g (oM
Dby b alda g £95 cnl 2 )Ll A (9 o b S g,
Olbgy Sy oy bl o Bl Bes LRI L g 0dg ddd) &y
sln B g 4l Jials s o copd e s Ges Ll
JUE (sl =¥ o o 0 o pd cpl Hlde (gl 4565 4 A dnlgs

A



292 e g Sl (s

Bl by 2y JB b S adbe ol @l 4 2 L
(s o il blyd 3 1) (Jobo (ST il pdiSlla]
Il Sy bS5 005 ) 3)lse p Slg e ST Olidss ol L
Pl S b slaailesg) ) Jil slapeslSe

5 S5 £55) (LS hby ol S Shy b s )
’ it

ly (LS Gidg g9 b S S Vel (o 53 oleidyy
oS £55 ol o & b o] Sliiod Cal 0 o0lital
5 (e Jin > adyycsu glajidy awmlie S) als
Sy Jo 3 sbapidy w5b) (Jad Ol S ies
Bl (SASy calpd o (48) Ol 5 L ond

(LS G 93k G5 lojen SIS (gilu s, ¥

w5l ol lojen yil cow clel SusTy slaosssy olpidn
LS Gidg (AU pLasl g (S e dlml 9o o) 5L g9y
S 0 g 10 b 2L J1e Sl p3Y )l 1,8
by g (B 53k g Cop G (hS i iSen
ot S8 o moan VT e 5 Sloj i 2 |y alS
P gaalag) » ol mlie (&S Copie sl o tiSen
ol (53900

o953 GBI gl 5l (59 (S Sillinde

Loy allbgly ygo a4 il Guios o Basscs )lie )Ken

ol 0390 bl culs,

Jbo o
Gl o ol Al B diy g bawgl psls Gaiod Al

OB Xy &5 )L

—Uby f Sl v e ¢ jndeme L) igilbpenl 5 Sk
I ialed U0 £ jpeme Lo taosls Julod 99 )l wlis
S e

Blo o)l

03y @lie yo)l5 WSy W8 yols Allie By bl pl

References

1. Sume, V. Daneshfaraz, R., Kerim, A,
Abbaszadeh, H. & Abraham, ]J. (2024).
Investigation of clean energy production
in drinking water networks. Water
Resources Management, 38(6), 2189-
2208.

2. Hamidifar, H. and M. H. Omid (2020).
"Effects of Vegetation Arrangement and
Floodplain-main Channel Interaction on
the Longitudinal Dispersion Coefficient

et o 555 Lo 5352 5 ) crgn 155 g s gy Sl
el bl Sl golg 9 b jaed sl g sladed (wionen
@ Cuedl Bl b &l )3 (Sogll 5y 025 | 2l
ST b 31 g 0381 iy Chllasi] lalS oles Ayl &y angi b sl
= u)‘):LJ ol ul.o uLmLf 4 Joy)n [RW) Pl?u‘ uLnADo
9 33 o Sy o5 i a3l Bl S
5 50 MY (ose o Fe Jobo ay JSS (sd psld G 5l o
025 & 2w caid daiolojl a4l )3 s eolatul e +/0 £l
Vo sl & b)) egiuas pdy Gllasil HlalS l eolatwl b e - 5
(S iy 0975 ) Sl b 0y < YAD 0515 (askee
Onien g (ol 5 b, @y by £ 90 L Ltale] V0 Dl
oo il s (0 o0 853l LS gl A5 bl gy (g
5 28L o (Dl > )3 ol o 35 )5 o)lsan (Lol JUIS )
Gos > Soygh bl (o (R (o e GRIEIL ke
JBE 53 lawgio il o s er) annd Bos jd (B4l 1.0 dnlgd
W plp e Gl (g 9 4, g5 (Solad by L sl
S50 Oyl 4 il o CM2 /S £55 gcm2 /s A cm2Z/s
@ Abd) i g (Blad (2l by b sl JU 53 cups ol
ol Al oo (s g U ) e X YA 5 VAV
Copd +Y dgdn e 3 g L o il b aS cul Jbs jo
Ol (o Bos il b ogy ales ply JU g0 ya p Ll
Ll JUIS 5l i b ider 98 sla UK o jLis] cops
oLl gl i, JGX\‘A a4 BB pl «Y Gos )d g 0dgy Lide
Ul cwiaiMaw p plhdlhs] alS (ibg jeds a5 b
2w Ol Sgyin 5 Bl 59y 3 U L oS pe yuile
ol Jsde &S 4l Lg5 &y 29 o0 Lm.\;.{YT Jlissl g sy (s0950
ORIBIL 5 Al (o S mia sl 05 o glo e > U
288 e iy el Lol JUK 5 56 lisl co b s Gos
o3lizal 45 315 5 iy Cillanil g o bS5y dunglio g
Ll s o cups G case pd Slasil LS by

A dled Lo (2l ey 4 o

[EXFpe-wY)

in Compound Channels %] Iranian
Journal of Soil and Water Research."
51(2): 479-488.

3. lIzadinia, E., Saadatpour, A., Heidarpour,
M. (2016). 'Estimating Longitudinal
Dispersion Coefficient of Pollutants in
Open Channel Flows Using Artificial
Neural Networks',Water and Soil
Science, 26(1-2), pp. 225-238.

4. Boxall,].B., & Guymer, I. (2003). Analysis
and prediction of transverse mixing

OV-YY :(V) YA ) £+ £ .0l lio _owabiggo obdgs — ool dolibuad


https://link.springer.com/article/10.1007/s11269-024-03752-9
https://link.springer.com/article/10.1007/s11269-024-03752-9
https://link.springer.com/article/10.1007/s11269-024-03752-9
https://link.springer.com/article/10.1007/s11269-024-03752-9
https://link.springer.com/article/10.1007/s11269-024-03752-9
https://link.springer.com/article/10.1007/s11269-024-03752-9
https://ijswr.ut.ac.ir/article_72924.html?lang=en
https://ijswr.ut.ac.ir/article_72924.html?lang=en
https://ijswr.ut.ac.ir/article_72924.html?lang=en
https://ijswr.ut.ac.ir/article_72924.html?lang=en
https://ijswr.ut.ac.ir/article_72924.html?lang=en
https://ijswr.ut.ac.ir/article_72924.html?lang=en
https://ijswr.ut.ac.ir/article_72924.html?lang=en
https://water-soil.tabrizu.ac.ir/article_4891.html?lang=en
https://water-soil.tabrizu.ac.ir/article_4891.html?lang=en
https://water-soil.tabrizu.ac.ir/article_4891.html?lang=en
https://water-soil.tabrizu.ac.ir/article_4891.html?lang=en
https://water-soil.tabrizu.ac.ir/article_4891.html?lang=en
https://water-soil.tabrizu.ac.ir/article_4891.html?lang=en
https://doi.org/10.1061/(ASCE)0733-9429(2003)129:2(129)
https://doi.org/10.1061/(ASCE)0733-9429(2003)129:2(129)

Jle GLJUE 45 Job Wikl g 1 (Maw Cadd prdycBllanil 2LS indgr il (2Ruigle;l axdllne

10.

11.

12.

13.

OV-YY :(V) YA ) £+ £ .ol ilio _owiliggo obdg}s — ool dolibad

coefficients in natural channels. Journal
of Hydraulic Engineering,129(2), 129-
139.

Fischer, H. B., List, J. E., Koh, C. R,
Imberger, ], & Brooks, N. H.
(1979). Mixing in inland and coastal
waters. Elsevier. Academic press.
Shahsavari, H., Khodashenas, S. R, &
Esmaili, K. (2020). Investigating the
effect of rigid non-submerged artificial
vegetation on flow characteristics in
Compound Meander Channel. Journal of
Hydraulics, 15(2), 131-147.

Yang, L., Fang, H. Z, Yang, Z. H., & Huali,
W. X. (2023). Longitudinal dispersive
coefficient in channels with aquatic
vegetation: A review. Journal of
Hydrodynamics, 35(3), 379-395.

Abbaszadeh, H. Daneshfaraz, R, &
Norouzi, R. (2023). Experimental
investigation of  hydraulic jump

parameters in sill application mode with
various synthesis. Journal of Hydraulic
Structures, 9(1), 18-42.

Rutherford, J. C. (1994). River mixing.
John Wiley & Son Ltd

Mohammadpour, R, Ghani, A. A &
Azamathulla, H. M. 2013. Numerical
modeling of 3-D flow on porous broad
crested weirs. Applied Mathematical
Modelling, 37,9324-9337.

Maryami, E. Mohammadpour, R,
Beirami, M. K. & Haghighi, A. T. 2021.
Prediction of hydraulic jump
characteristics in a closed conduit using
numerical and analytical methods. Flow
Measurement and Instrumentation, 82,
102071.

Mohammadpour, R., Zainalfikry, M. K,
Zakaria, N. A, Ghani, A. A. & Weng Chan,

N. 2019. Manning's  roughness
coefficient for ecological subsurface
channel with modules. International

Journal of River Basin Management, 18,
349-361.

Wang, M. Avital, E., Korakianitis, T,
Williams, J., & Ai, K. (2021). A numerical

14.

15.

16.

17.

18.

19.

20.

study on the influence of curvature ratio
and vegetation density on a partially
vegetated  U-bend
Advances in Water Resources,
103843.

Asif, M., Ghani, U., Pasha, G. A., Ullah, M.
K. & Al S. 2024. 3D numerical
investigation of flow behavior in an open
channel with uniform and layered
vegetation patches varying
submergence conditions. Ain Shams
Engineering Journal, 15, 102288.

Omid, M. H. and A. Keshavarzi (2015).
"Effect of Floodplain Submerged and
Non-submerged Vegetation on the
Transverse Mixing Coefficient of
Pollutants %] Journal of Hydraulics."
10(1): 13-23.

Hamidifar, H., Omid, M. H., & Keshavarzi,
A. (2013). Laboratory investigation of
the longitudinal diffusion coefficient of
pollutants in rivers with complex cross
sections. The Third Conference on
Environmental Planning and
Management. Tehran university. Tehran,
[ran.

Hamidifar, H., Omid, M. H., & Keshavarzi,
A. (2015). Longitudinal dispersion in
waterways with vegetated
floodplain. Ecological Engineering, 84,
398-407.

zebardast, s., S. H. Tabatabaei, F. Abbasi,
M. Heidarpour and C. Gualtieri (2017).
"Maximum Length of Solute Diffusion in
a Parabolic Channel under Permeable
and Impermeable Bed Conditions %]
Water and Soil." 31(2): 399-410.
Zebardast, S., S.-H. Tabatabaei, F. Abbasi,
M. Heidarpour and C. Gualtieri (2015).
"Study of the Effect of Discharge and Bed
Roughness on the Maximum Solute
Diffusion Length in a Parabolic Channel
%] Iranian Journal of Soil and Water
Research.” 46(3): 395-404.
Farzadkhoo, m. (2017). "» Research
Note « Estimation of Longitudinal
Dispersion Coefficient in Compound

flow.
148,

channel

under


https://doi.org/10.1061/(ASCE)0733-9429(2003)129:2(129)
https://doi.org/10.1061/(ASCE)0733-9429(2003)129:2(129)
https://doi.org/10.1061/(ASCE)0733-9429(2003)129:2(129)
https://books.google.com/books/about/Mixing_in_Inland_and_Coastal_Waters.html?id=ki9wPH2j1EcC
https://books.google.com/books/about/Mixing_in_Inland_and_Coastal_Waters.html?id=ki9wPH2j1EcC
https://books.google.com/books/about/Mixing_in_Inland_and_Coastal_Waters.html?id=ki9wPH2j1EcC
https://books.google.com/books/about/Mixing_in_Inland_and_Coastal_Waters.html?id=ki9wPH2j1EcC
10.30482/jhyd.2020.231048.1458
10.30482/jhyd.2020.231048.1458
10.30482/jhyd.2020.231048.1458
10.30482/jhyd.2020.231048.1458
10.30482/jhyd.2020.231048.1458
10.30482/jhyd.2020.231048.1458
https://link.springer.com/article/10.1007/s42241-023-0038-7
https://link.springer.com/article/10.1007/s42241-023-0038-7
https://link.springer.com/article/10.1007/s42241-023-0038-7
https://link.springer.com/article/10.1007/s42241-023-0038-7
https://link.springer.com/article/10.1007/s42241-023-0038-7
10.22055/jhs.2023.43208.1245
10.22055/jhs.2023.43208.1245
10.22055/jhs.2023.43208.1245
10.22055/jhs.2023.43208.1245
10.22055/jhs.2023.43208.1245
10.22055/jhs.2023.43208.1245
https://doi.org/10.1002/aheh.19950230614
https://doi.org/10.1002/aheh.19950230614
https://www.researchgate.net/publication/264004558_Numerical_modeling_of_3-D_flow_on_porous_broad_crested_weirs
https://www.researchgate.net/publication/264004558_Numerical_modeling_of_3-D_flow_on_porous_broad_crested_weirs
https://www.researchgate.net/publication/264004558_Numerical_modeling_of_3-D_flow_on_porous_broad_crested_weirs
https://www.researchgate.net/publication/264004558_Numerical_modeling_of_3-D_flow_on_porous_broad_crested_weirs
https://www.researchgate.net/publication/264004558_Numerical_modeling_of_3-D_flow_on_porous_broad_crested_weirs
https://ui.adsabs.harvard.edu/abs/2021FloMI..8202071M/abstract
https://ui.adsabs.harvard.edu/abs/2021FloMI..8202071M/abstract
https://ui.adsabs.harvard.edu/abs/2021FloMI..8202071M/abstract
https://ui.adsabs.harvard.edu/abs/2021FloMI..8202071M/abstract
https://ui.adsabs.harvard.edu/abs/2021FloMI..8202071M/abstract
https://ui.adsabs.harvard.edu/abs/2021FloMI..8202071M/abstract
https://ui.adsabs.harvard.edu/abs/2021FloMI..8202071M/abstract
10.1080/15715124.2019.1672704
10.1080/15715124.2019.1672704
10.1080/15715124.2019.1672704
10.1080/15715124.2019.1672704
10.1080/15715124.2019.1672704
10.1080/15715124.2019.1672704
10.1080/15715124.2019.1672704
10.1016/j.advwatres.2020.103843
10.1016/j.advwatres.2020.103843
10.1016/j.advwatres.2020.103843
10.1016/j.advwatres.2020.103843
10.1016/j.advwatres.2020.103843
10.1016/j.advwatres.2020.103843
10.1016/j.advwatres.2020.103843
10.1016/j.asej.2023.102288
10.1016/j.asej.2023.102288
10.1016/j.asej.2023.102288
10.1016/j.asej.2023.102288
10.1016/j.asej.2023.102288
10.1016/j.asej.2023.102288
10.1016/j.asej.2023.102288
https://jhyd.iha.ir/article_11815.html
https://jhyd.iha.ir/article_11815.html
https://jhyd.iha.ir/article_11815.html
https://jhyd.iha.ir/article_11815.html
https://jhyd.iha.ir/article_11815.html
https://jhyd.iha.ir/article_11815.html
https://sciexplore.ir/Documents/Details/622-105-658-976
https://sciexplore.ir/Documents/Details/622-105-658-976
https://sciexplore.ir/Documents/Details/622-105-658-976
https://sciexplore.ir/Documents/Details/622-105-658-976
https://sciexplore.ir/Documents/Details/622-105-658-976
https://jsw.um.ac.ir/article_38526.html?lang=en
https://jsw.um.ac.ir/article_38526.html?lang=en
https://jsw.um.ac.ir/article_38526.html?lang=en
https://jsw.um.ac.ir/article_38526.html?lang=en
https://jsw.um.ac.ir/article_38526.html?lang=en
https://jsw.um.ac.ir/article_38526.html?lang=en

292 e g Sl (s

Channels with Two Rows of Rigid
Vegetation (tree) over Floodplain %]
Journal of Hydraulics." 12(1): 85-91.

21. Farzadkhoo M, Keshavarzi A, Hamidifar
H, Javan M. (2018) A comparative study
of longitudinal dispersion models in
rigid vegetated compound meandering
channels. Journal of Environmental
Management.217:78-89.

22. - Abbaszadeh, H., Daneshfaraz, R., Sume,
V., & Abraham, J. (2024). Experimental
investigation and application of soft
computing models for predicting flow
energy loss in arc-shaped constrictions.
AQUA—Water Infrastructure,
Ecosystems and Society, 73(3), 637-661.

23. Mohammadpour, R. Shaharuddin, S,
Chang, C., Zakaria, N., Ghani, A. & Chan, N.
2015. Prediction of water quality index
in constructed wetlands using support
vector machine. Environmental Science
and Pollution Research, 22, 6208-6219.

24. Noori, R, A. Karbassi and H. Mehdizadeh
(2011). "Predicting the Longitudinal
Dispersion Coefficient in Natural
Streams Using Developed Artificial
Neural Network Model %] Journal of
Water and Wastewater; Ab va Fazilab (in
persian)." 21(4): 104-109.

25. Abbaszadeh, H., Norouzi, R., Sume, V.,
Kuriqi, A., Daneshfaraz, R., & Abraham, J.
(2023). Sill role effect on the flow
characteristics ~ (experimental  and
regression model analytical). Fluids,
8(8), 235.

vy OV-YY (V) YA Y £+ € .ol qlio uoiigen subiday — ol Aoliad


https://researchers.westernsydney.edu.au/en/publications/a-comparative-study-of-longitudinal-dispersion-models-in-rigid-ve/
https://researchers.westernsydney.edu.au/en/publications/a-comparative-study-of-longitudinal-dispersion-models-in-rigid-ve/
https://researchers.westernsydney.edu.au/en/publications/a-comparative-study-of-longitudinal-dispersion-models-in-rigid-ve/
https://researchers.westernsydney.edu.au/en/publications/a-comparative-study-of-longitudinal-dispersion-models-in-rigid-ve/
https://researchers.westernsydney.edu.au/en/publications/a-comparative-study-of-longitudinal-dispersion-models-in-rigid-ve/
https://researchers.westernsydney.edu.au/en/publications/a-comparative-study-of-longitudinal-dispersion-models-in-rigid-ve/
https://doi.org/10.2166/aqua.2024.010
https://doi.org/10.2166/aqua.2024.010
https://doi.org/10.2166/aqua.2024.010
https://doi.org/10.2166/aqua.2024.010
https://doi.org/10.2166/aqua.2024.010
https://doi.org/10.2166/aqua.2024.010
https://doi.org/10.2166/aqua.2024.010
10.1007/s11356-014-3806-7
10.1007/s11356-014-3806-7
10.1007/s11356-014-3806-7
10.1007/s11356-014-3806-7
10.1007/s11356-014-3806-7
10.1007/s11356-014-3806-7
https://www.wwjournal.ir/article_1354.html?lang=en
https://www.wwjournal.ir/article_1354.html?lang=en
https://www.wwjournal.ir/article_1354.html?lang=en
https://www.wwjournal.ir/article_1354.html?lang=en
https://www.wwjournal.ir/article_1354.html?lang=en
https://www.wwjournal.ir/article_1354.html?lang=en
https://www.wwjournal.ir/article_1354.html?lang=en
https://doi.org/10.3390/fluids8080235
https://doi.org/10.3390/fluids8080235
https://doi.org/10.3390/fluids8080235
https://doi.org/10.3390/fluids8080235
https://doi.org/10.3390/fluids8080235
https://doi.org/10.3390/fluids8080235

