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Figure 1. A) Scheme of experimental flume and B) meandering channel with sedimentary bed.
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Table 1. The length of measurement sections and the first point of Ec measurement

Oilasl 3550 a3k gl M) LusS 5l clle g ,So3ll bli alols ool o bl
The test section The length of measurement section (m) L, (L/h)
Injection point-A 2.38 -

A-B 3.17 31.7

A-C 5.42 54.2

A-D 6.22 62.2

A-E 8.82 88.2

A-F 9.38 93.8

A-G 11.32 113.2
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Figure 2. Installation of the Bendway weirs in laboratory meandering with sedimentary bed a) test set Ws,.1, B) test set
WSB-B-

o @B b e 5 25 O 0 1) bl a3 s Sas sl seal (6,8 ISE 5 sy S S 3l e

bosl & slp wbisgy s Glagm ssdm Ok 5 b Sl 53 6l bl s 8 pasete i 5,5 Ges (ol
b abiagy s Sl GONSLEEE ) sk & G cal 5> 23S bl Ssline slae g sl 5 adsb
S50 Saden gl anls (V) sl 53 s el flesl 4 gaome oo DU laadse i sla Ll

ol o &1 e

P Gz 53 alesl 5,0 (S gsden sl al,l aals =Y Jgis
Table 2. Range of Hydraulic parameters of experiment in the current paper.

Mg, ade 35,5 2de > FL IR PPN by Las g0 oL il R/h Wih
Re Fr g (m*/m.s) V (m/s) h (m)
76000 0.157 0.022 0.22
46000 0.128 0.018 0.18 0.1 7.5 5
33000 0.099 0.014 0.14
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Figure 3. Temporal concentration profiles of Ec for different location for g=0.018m*/m.s and The test set Wgy.o
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Figure 5. Temporal concentration profiles of Ec for different location for g=0.018m*m.s and the test set Wsy.o
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Figure 6. Temporal concentration profiles of Ec for different location for q=0.018m*m.s and The test set Ws,.
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Figure 7. Temporal concentration profiles of Ec for different location for q=0.018m*/m.s and The test set Wgg.5
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Figure 8. Comparison of observed concentration and calculated concentration for different discharge and sections
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Figure 9. A view of the flow pattern around the bendway weirs a) test set Ws;_; , B) test set Ws3.a.
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Table 3. The values of parameters obtained in different sections for different flow rates in the set of tests Wgq.q to Ws3z-3

el ot Ay ool i) e =
e o2 ! Cr Tor Tar Y S
Sﬁ;}:]zn q (m*/m.s) Ts;:nsst u(m/s) ! ’i

D, (m“/s)

Wso0 0.456 0.166 0.090 0.1317 0.0396

W11 0.418 0.310 0.316 0.0718 0.0136

0.014 Wi 0.459 0.428 0.574 0.0658 0.0326

Wss.o 0.273 0.240 0.045 0.1129 0.0192

W3 3 0.250 0.285 0.215 0.0988 0.0459

Wso.0 0.386 0.217 0.141 0.1580 0.0895

AB W11 0.399 0.640 0.191 0.0527 0.0072
0.018 Wi 0.417 0.296 0.449 0.0658 0.0063

Wss.o 0.296 0.285 0.114 0.1129 0.0083

W3 3 0.324 0.222 0.171 0.0878 0.0219

Wso.0 0.452 0.120 0.191 0.2633 0.6691

W11 0.451 0.785 0.315 0.0564 0.0090

0.022 Wi 0.305 0.304 0.307 0.0988 0.0136

Wss.2 0.274 0.538 0.123 0.0658 0.0098

W33 0.253 0.227 0.045 0.1580 0.1324
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Table 3. The values of parameters obtained in different sections for different flow rates in the set of tests Wgq.q t0 Ws3-3

ol Ay o e ol ] Ljﬂ
= o ! cr Tor To T
Sr?;rt:](;n q (m*m.s) Tﬁ::nsst U(m/s) o ’f
D, (m?/s)
Wso0 0.033 0.619 0.273 0.1126 0.0075
Wsiq 0.573 0.692 0.429 0.1126 0.0463
0.014 Wsio 0.554 0.705 0.537 0.1216 0.0423
Wsy.o 0.400 0.454 0.184 0.2027 0.1146
Wass3 0.569 0.564 0.380 0.1322 0.0383
Wso0 0.248 0.354 0.141 0.2764 0.0889
Wa11 0.634 0.567 0.391 0.1382 0.0513
A-C 0.018 Wai.o 0.526 0.741 0.680 0.1600 0.0819
W 0.328 0.354 0.380 0.1900 0.0856
W3 3 0.616 0.666 0.372 0.1520 0.1013
W0 0.497 0.307 0.175 0.3378 0.5561
Wa11 0.684 0.636 0.428 0.1322 0.0778
0.022 Wai.o 0.409 0.451 0.488 0.2027 0.0765
W 0.290 0.607 0.388 0.2027 0.0461
Was3 3 0.429 0.588 0.230 0.1382 0.0388
W0 0.648 0.576 0.216 0.1324 0.0332
Wa11 0.544 0.522 0.465 0.1536 0.1307
0.014 Wai.o 0.455 0.543 0.620 0.1477 0.0657
W 0.239 0.714 0.436 0.1200 0.0160
W33 0.695 0.587 0.530 0.1067 0.0337
Wso0 0.584 0.388 0.313 0.2400 0.7707
Wa11 0.679 0.613 0.452 0.1371 0.0589
A-D 0.018 Wi 0.593 0.638 0.582 0.1600 0.1114
W, 0.344 0.761 0.438 0.1371 0.0298
W33 0.704 0.603 0.474 0.1371 0.1103
Wso0 0.653 0.413 0.178 0.2259 0.4157
Wa11 0.687 0.604 0.495 0.1536 0.1499
0.022 Wi 0.522 0.555 0.548 0.1829 0.0422
W, 0.463 0.540 0.416 0.1829 0.1805
W3 3 0.352 0.547 0.472 0.1600 0.0463
Wso0 0.562 0.679 0.185 0.1789 0.0822
Wa11 0.684 0.758 0.572 0.1464 0.1191
0.014 Wi 0.635 0.684 0.708 0.1610 0.0992
W, 0.616 0.709 0.493 0.1533 0.0534
W3 3 0.592 0.818 0.576 0.1533 0.1038
Wso.0 0.478 0.595 0.262 0.2300 0.0799
A-E We14 0.560 0.764 0.673 0.1651 0.0586
0.018 Wi 0.575 0.653 0.609 0.1894 0.0792
W, 0.635 0.612 0.476 0.1610 0.0594
W3 3 0.700 0.661 0.503 0.1498 0.0889
Wso.0 0.547 0.619 0.285 0.2385 0.1311
We14 0.744 0.773 0.504 0.1610 0.0840
0.022 Wi 0.613 0.595 0.663 0.2147 0.1837
W, 0.501 0.600 0.564 0.1894 0.0949
W3 3 0.609 0.565 0.483 0.2147 0.3109
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Table 3. The values of parameters obtained in different sections for different flow rates in the set of tests Wgq.q t0 Ws3-3

ol Ay o e ol ] Ljﬂ
= o ! cr Tor To T

Sr?;rt:](;n q (m*m.s) Tﬁ;:nsst u(mr/s) 5 o ’f
L (m%/s)

W0 0.689 0.705 0.304 0.1458 0.0922

Wsi1 0.718 0.718 0.640 0.1273 0.1211

0.014 Wsio 0.789 0.760 0.776 0.1094 0.0670
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Abstract

Background and objectives: In recent years, the rise in pollutant entry into surface waters and rivers has
made studying the mixing process of pollutants increasingly important. Mixing in streams is influenced
turbulence, nonuniform velocity, and molecular motion. Secondary current plays a significant role in
determining mixing coefficients; enhancing these flows can improve the overall mixing process. One
critical mixing coefficient is the longitudinal dispersion coefficient, which can be estimated through
both theoretical and experimental methods. Increasing turbulence in rivers is one way to enhance their
self-purification capacity. Installing structures like river wall protection systems, including various
types of weirs, Bendway weirs, and submerged plates, can enhance turbulence and secondary flow
patterns. This, in turn, helps improve the mixing of pollutants in the water. This present study aim is to
investigate the effect of the bendway weirs on the mixing process and the longitudinal dispersion
coefficient in the laboratory meandering channel. To achieve this, tracking experiments were
conducted in a laboratory meander channel with a sedimentary bed, comparing conditions both with
and without bendway weirs.

Materials and methods: The experiments in this study were conducted in the Hydraulics and Physical
Models Laboratory within the Water Engineering Department at the University of Guilan. The
experiments took place in a rectangular flume with a length of 16 meters and a width of 1.5 meters. A
salt and water solution was used as a tracer In each experiment, the flow concentration was measured
with two Ec meters at two points: at the beginning and at the end of the tested intervals. Additionally,
the changes in the salinity concentration curve were assessed at two points: at the start of the
meandering path and at the end of each curve. By using the Temporal concentration profiles, How the
tracer is distributed, transferred, and changed in different intervals and flow rates is examined and then
the longitudinal dispersion coefficient was estimated with the routing method, and the effect between
hydraulic parameters and bendway weirs were compared.

Results: The results indicate that any increase in discharge per unit width from the minimum value (0.014
m/m.s) to the maximum value (0.022 m® /m.s), Cr, Tor, and Ty decreased up to 97% and U and D,
increased by 98% in most experiments. The experiments indicated that most of the considered
parameters increase with distance and number of bends and an increase in the lengths of sections leads
to the improvement of the indicators related to the reduction of salinity concentration as a symbol of
pollution. A comparison of the results showed that by installing the bendway weirs on both sides of the
channel with a ratio of 2.5 times the distance to the length of the spillways, the Cr and D, parameters
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increased by 94% and decreased by 95%, respectively. Cr and D, were achieved by installing the weirs
in the inner arch with a ratio of 2.5 times the distance to the length of the spillways with an increase of
94% and a decrease of 97%, respectively. Additionally, the structure was installed on both sides of the
channel at a ratio of 5 times the distance to the length of the weirs, mentioned parameters were
decreased. Furthermore, the distance of the bendway weirs was reduced to 1.7 times the distance to the
length of the weirs, resulting in another increase of 94%. Comparison of the time measurement
parameters of the distribution and transfer of the tracer, including T, and Tg, obtained from
experiments without structures and with the installation of bendway weirs with different arrangements
showed that the aforementioned parameters increased with the installation of structures. So the Ty
parameter increased by 66% after the installation of bendway weirs on both sides of the meandering
path with a ratio of 2.5 times the distance to the weir length, increased by 61% with the installation of
bendway weirs only on the inner curve with a ratio of 2.5 times the distance to the weir length,
increased by 49% with the installation of bendway weirs on both sides of the path with a ratio of 5
times the distance to the weir length, and increased by 48% with the installation of weirs on both sides
of the meandering path with a ratio of 1.7 times the distance to the weir length compared to the case
without weirs. The T, parameter has increased by as much as 84% in most cases after the installation
of bendway weirs in various configurations. The analysis of the results shows that installing these
bendway weirs, along with the increase in obstacles, has resulted in a decrease in tracer transfer speed
(denoted as parameter U).

Conclusion: The analysis of the results showed that with the increase in the average velocity and
turbulence of the flow in the experiments conducted on the sedimentary bed, the Cr was decreased and
the D_ (Longitudinal dispersion coefficient) was increased. Also, the increase in the distance of
sections and the number of arches of the meandering flume has led to an increase in Cr and D_
parameters. The results indicate that the installation of bendway weirs in various arrangements
generally led to an increase in the Cr parameter and a decrease in the D, parameter. Notably, placing
weirs on both sides of the channel, at a distance that is 1.7 times the length of the weirs, demonstrated
the best performance. This configuration resulted in simultaneous improvements in both the Cr and D,
parameters.

Keywords: Longitudinal Dispersion, Meandering, Pollutant Concentration, Pollutant mixing, Sedimentary
Bed, Tracer Test.



