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Table 1- Chezy coefficient for all experiments

Q s d50=0.51 mm d50=2.18 mm
(lit/s) Co Cy Ch% Co Cy C%
10 0 23.964 46.782 27.903 20.468 41.344  23.557
15 0 25.332 51.616 29.074 22.409 43.934  26.054
20 0 27.122 53.824 31.400 23.590 45.726  27.538
25 0 28.338 56.740 32.709 24.885 47.820  29.142
30 0 30973 62816 35602  26.429 50.415  31.035
10  0.0001 22.779 45.640 26.287 20.055 39.588  23.261
15 0.0001 24786  50.858  28.385  21.816 42535 25414
20 0.0001 25.606 52.704 29.295 23.005 44486  26.879
25 0.0001 27.521 54.877 31.810 24.311 46.639  28.488
30 0.0001 30.094 60.320 34.724 26.009 48.916  30.709
10 0.0005 22.307 44511 25.778 19.722 38.377  22.990
15 0.0005 24.045 48.258 27.733 21.281 41560  24.775
20  0.0005 25.262 50.836 29.111 22.442 43424  26.214
25 0.0005  26.902  53.672  31.089  23.723 45.054  27.904
30  0.0005 28.910 57.466 33.451 25.217 47.736  29.700
10 0.001  21.988 43230 25539  19.092 37.609  22.159
15 0.001 23.452 46.635 27.132 20.816 40.018  24.373
20 0.001 24.997 49.998 28.864 21.934 42277  25.657
25 0.001 27.034 52.011 31.645 22.852 43.835  26.778
30 0.001 28.900 55.379 33.878 24.459 46.390  28.784
10 0.0015  21.707  42.062  25.342 18544 36.880  21.453
15 0.0015 23.412 46.066 27.184 20.445 39.284  23.943
20 0.0015 24492 48491 28378 21516 41317  25.203
25 0.0015 26.347 50.043 30.990 22.232 42,767  26.026
30 0.0015 28337  53.819 33331 23.821 45.018  28.073
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Extended Abstract

Introduction

Accurate estimation of flow resistance, such as Chezy coefficient, is important for calculating
the hydraulic flow conditions and sediment transport in open channels. Chezy coefficient is
affected by various factors: bed particles size, vegetation, irregularity of waterway cross-section,
irregularity of waterway path, scour and sedimentation, presence of obstructions, suspended and
bed load, and bed form (Bahrami Yarahmadi & Shafai Bejestan, 2010, 2011). Previous
researches, Talebbeydokhti et al. (2006), Omid et al. (2010), Nasiri Dehsorkhi et al. (2011),
Chegini & Pender (2012), Kabiri et al. (2014), and Kwoll et al. (2016), have shown that the bed
forms can affect the hydraulic or sediment transport characteristics. However, there is a lack of
study to investigate the effect of bed forms with different sediment sizes on the Chezy
coefficient. Therefore, the present study aims to conduct experiments on a straight channel
whose bed is covered with the artificial bed forms made from P.V.C sheet, and on its surface is
glued sediment of different sizes in the range of 0.51 and 2.18 mm.

Methodology

The experiments were performed in a straight flume of 12 m in length and 0.30 m wide
(Figure 1). In this study, different flow discharge of 10, 15, 20, 25, and 30 I/s and different bed
slopes of 0, 0.0001, 0.0005, 0.001, and 0.0015 were tested. Two series of experiments were
carried out: plane bed or bed without form and bed covered with form. Each form was made in a
triangular shape with a P.V.C sheet. The form's length and height were equal to 20 and 4 cm,
respectively, and the angles of its upstream and downstream to the horizon were selected as 16.4
and 32 degrees, respectively. After each form was built, the desired sediment size was glued to
their surface. This study used two types of uniform granulation with average sizes (dso) of 0.51
and 2.18 mm. The total number of experiments in the present study was 100. Since in alluvial
rivers with bed form, the resistance Chezy coefficient includes the grain Chezy coefficient and
the form Chezy coefficient. A formless bed, covered with the same sediment size, was tested to
determine the grain Chezy coefficient (C,). The bed with the form was used to determine the
total Chezy coefficient (C,) and the form Chezy coefficient (C,). Ripple and dune form is
formed in a lower flow regime, in which the Froude number of the flow is less than 1 (Shafai
Bajestan, 2008). In this study, the Froude number values in all tests with bed form were 0.435 to
0.6, indicating a lower flow regime.

Results and discussion
Figure 2 show the variation of the grain Chezy coefficient (C,) against relative submergence

(R’ /dsp) for various tests. This figure shows that, with increasing relative submergence, C,
increased.
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Figure 3 shows the changes in the total Chezy coefficient (C,) against Froude number for
sediment-covered substrates of 0.51 and 2.18 mm. It can be seen that as the Froude number
increased, the total Chezy coefficient (C,) increased. In addition, increasing the longitudinal
slope of the bed decreased Cj,.

Figures 4, 5 and 6 illustrate the effect of sediment particles size on C,, C;, and C,. These
figures showthat C,, C,, and C, decreased with increasing particles size. In addition, Figures 5
and 6 show that with increasing R/A, the total Chezy coefficient (C,) and the form Chezy
coefficient (C,’) increased. Calculations showed that the value of C; in beds with a sediment
size of 0.51 mm for slopes of 0, 0.0001, 0.0005, 0.001, and 0.0015 was, on average, 14, 12, 12,
15, and 16.4% more than 2.18 mm sedimentary beds, respectively. In addition, the value of C, in
beds with a sediment size of 0.51 mm for slopes of 0, 0.0001, 0.0005, 0.001, and 0.0015 was, on
average, 15, 13, 13, 16, and 16.5% more than 2.18 mm sedimentary beds, respectively.

The results of Table 1 shows that the grain Chezy coefficient (C,) for particles with sizes of
0.51 and 2.18 mm was, on average, 98 and 93% more than the total Chezy coefficient (C,),
respectively. In addition, The form Chezy coefficient (C,) for particles with sizes of 0.51 and
2.18 mm was, on average, 16 and 17% more than the total Chezy coefficient (C), respectively.

Conclusions

The results of this study shows that generally with increasing the bed slope and the bed particle
size of movable bed sediment channel, the flow resistance increases or the total Chezy
coefficient (C,), the form Chezy coefficient (C;') and the grain Chezy coefficient (C,) decreases.
Increasing the bed particle size from 0.51 to 2.18 mm reduced the coefficients of C,, €./, and C,
by 15.14, 12, and 12.9%, respectively. Moreover, the value of C,, C,, and C, in sedimentary
beds with particles of 0.51 mm were, on average, 18, 14 and 15% more than sedimentary beds
with particles of 2.18 mm, respectively.

Analysis of data have also show that in movable bed channel with bed form, the increase in
relative submergence (R/A) leads to an increase in C; and C,. So that for the sediment size of
0.51 mm and bed slope of 0.0001, with the change of relative submergence from 1.3 to 1.875,
the above coefficients increased by 32.1 and 32.16%, respectively.

The grain Chezy coefficient (C,) for particles with sizes of 0.51 and 2.18 mm was found, on
average, 98 and 93% more than the total Chezy coefficient (Cp), respectively, and was 71 and
65% more than the form Chezy coefficient (C}'), respectively.

Keywords: Bed form, Chezy coefficient, Dune, Resistance to flow, Ripple.
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