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Abstract

Introduction: One of the most important parameters in the hydraulic engineering is the flow
resistance coefficient, e.g. Darcy-Wiesbach, in alluvial rivers; in which is divided into two
categories: grain resistance and form resistance. The grain resistance is a function of the bed
sediment size; while the form resistance is a function of the bed form geometry. Ripple and
dune are among the most common forms formed in alluvial rivers that are triangular in
shape (Shafai Bajestan, 2008; Julien, 2010). The effect of the bed form on the flow resistance
have been studied by few researchers such as: Talebbeydokhti et al. (2006), Omid et al.
(2010), Nasiri Dehsorkhi et al. (2011), Chegini and Pender (2012), Kabiri et al. (2014), and
Kwoll et al. (2016). However, the effect of roughened bed form, bed form covered with
artificial roughness of different sizes, on the Darcy-Wiesbach friction coefficient has received
little attraction. Therefore, it is the main goal of the present study to experimentally analyze
this issue by considering different flow rates and different bed slopes. In this study,
sediments with sizes of 0.51 and 2.18 mm were used to rough the surface of the bed forms.

Methodology: The experiments were performed in a sloping straight flume (manufactured
by Armfield, UK). The length and width of the flume respectively were 12 and 0.3 m . In this
study, flow rates of 10, 15, 20, 25, and 30 1/s and bed slopes of 0, 0.0001, 0.0005, 0.001, and
0.0015 were examined.

The present study experiments were divided into two categories: bed without form and bed
with form. Each form was made by P.V.C sheet in a triangular shape. The bed form 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 making
each form, the desired sediments were glued on their surface. In this study, two types of
uniform granulation with average sizes (d50) of 0.51 and 2.18 mm were used. The total
number of experiments in the present study was 100.

Results and Discussion: Ripple and dune form are usually being developed in lower flow
regime, in which the Froude number is less than 1 (Shafai Bajestan, 2008; Julien, 2010). In this
study, the Froude number values in all tests with bed form were from 0.435 to 0.6, indicating
a lower flow regime.

The results indicated that as the Froude number increased, the total Darcy-Wiesbach's
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coefficient (f,) decreased for sediment-covered with sand sizes of 0.51 and 2.18 mm. In
addition, increasing the longitudinal slope of the bed, causes the fi, to increase.

The results also showed that with increasing relative submergence rate, the total Darcy-
Wiesbach's coefficient decreased due to the relative roughness reduction for the slope of
0.0001. In addition, it is concluded that fy, increased with increasing particle size. Calculations
showed that the value of f,, in beds with a sediment size of 2.18 mm for slopes of 0, 0.0001,
0.0005, 0.001, and 0.0015 on average 32.8, 28.8, 28.46, 33.8, and 35.9% are more than the bed
covered with 0.5 mm sediment size, respectively.

The analysis of results indicated that the grain Darcy-Weisbach's coefficient (f}) for particles
with sizes of 0.51 and 2.18 mm are on average 25.45 and 26.8% of the total friction coefficient
(f), respectively. In addition, from Darcy-Weisbach's coefficient (fi) for particles with sizes
of 0.51 and 2.18 mm is on average 74.55 and 73.2% of the total friction coefficient (f}),
respectively. According to the results, it can be seen that the value of f{ for particles with a
size of 0.51 and 2.18 mm on average is 193.6 and 173.4% more than fj, respectively.

Conclusion: The results showed that with increasing the particle size of the bed, the total
Darcy-Wiesbach's coefficient (f,) and the grain Darcy-Wiesbach's coefficient (fp) increased.
The value of f, in sedimentary beds with a size of 2.18 mm is on average 32% higher than
sedimentary beds with a size of 0.5 mm. Meanwhile, the value of the form Darcy-Wiesbach's
coefficient (f,') for particles with a size of 0.51 and 2.18 mm on average is 193.6 and 173.4%
more than fy, respectively.

Keywords: Bed form, Ripple, Dune, Darcy-Weisbach friction coefficient.
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Fig. 1 Experimental setup (a) plan view of the experimental flume. (b) side view of the bed form used in experiments.
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ds0=0.51 mm ds50=2.18 mm
Q (lit/s) S Without form With form Without form With form
Y (cm) Fr Y (cm) Fr Y (cm) Fr Y (cm) Fr
10 0 7.14 0.56 8.15 0.46 7.31 0.54 8.43 0.44
15 0 8.68 0.62 10.45 0.47 9.09 0.58 10.75 0.45
20 0 10.30 0.64 12.13 0.50 10.55 0.62 12.40 0.49
25 0 11.55 0.68 13.48 0.54 11.85 0.65 13.75 0.52
30 0 12.72 0.70 15.13 0.54 13.17 0.67 15.46 0.53
10 0.0001 7.03 0.57 8.05 0.47 7.22 0.55 8.35 0.44
15 0.0001 8.63 0.63 10.33 0.48 9.05 0.59 10.68 0.46
20 0.0001 10.13 0.66 11.97 0.51 10.43 0.63 12.33 0.49
25 0.0001 11.43 0.69 13.40 0.54 11.73 0.66 13.68 0.53
30 0.0001 12.68 0.71 15.00 0.55 13.00 0.68 15.38 0.53
10 0.0005 6.90 0.59 7.95 0.47 7.14 0.56 8.25 0.45
15 0.0005 8.51 0.64 10.23 0.49 8.80 0.61 10.58 0.46
20 0.0005 10.00 0.67 11.70 0.53 10.24 0.65 12.23 0.50
25 0.0005 11.32 0.70 13.25 0.55 11.53 0.68 13.58 0.53
30 0.0005 12.36 0.73 14.73 0.57 12.79 0.70 15.28 0.53
10 0.001 6.73 0.61 7.76 0.49 6.65 0.62 8.14 0.46
15 0.001 8.38 0.66 10.12 0.50 8.68 0.62 10.43 0.47
20 0.001 9.85 0.69 11.25 0.56 10.13 0.66 12.08 0.51
25 0.001 11.03 0.73 12.90 0.57 11.35 0.70 13.44 0.54
30 0.001 12.20 0.75 14.44 0.58 12.61 0.71 15.13 0.54
10 0.0015 6.48 0.65 7.58 0.51 6.70 0.61 8.02 0.47
15 0.0015 8.18 0.68 9.91 0.52 8.58 0.64 10.28 0.48
20 0.0015 9.55 0.72 11.03 0.58 9.95 0.68 11.93 0.52
25 0.0015 10.85 0.74 12.75 0.59 11.10 0.72 13.30 0.54
30 0.0015 12.05 0.76 14.13 0.60 12.44 0.73 14.98 0.55
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Table 2 Darcy-Weisbach friction factor for beds with grains various sizes

ds0=0.51 mm ds0=2.18 mm
Q (lit/s) S - -
fo /b S fo /b S
10 0 0.137 0.036 0.101 0.188 0.046 0.142
15 0 0.122 0.030 0.093 0.157 0.041 0.116
20 0 0.107 0.027 0.080 0.141 0.038 0.104
25 0 0.098 0.024 0.073 0.127 0.034 0.093

30 0 0.082 0.020 0.062 0.113 0.031 0.082
10 0.0001 0.152 0.038 0.114 0.195 0.050 0.145
15 0.0001 0.128 0.030 0.098 0.165 0.043 0.122
20 0.0001 0.120 0.028 0.092 0.149 0.040 0.109
25 0.0001 0.104 0.026 0.078 0.133 0.036 0.097
30 0.0001 0.087 0.022 0.065 0.116 0.033 0.083
10 0.0005 0.158 0.040 0.118 0.202 0.053 0.149
15 0.0005 0.136 0.034 0.102 0.174 0.046 0.128
20 0.0005 0.123 0.030 0.093 0.156 0.042 0.114
25 0.0005 0.109 0.027 0.081 0.140 0.039 0.101
30 0.0005 0.094 0.024 0.070 0.124 0.034 0.089
10 0.001 0.163 0.042 0.121 0.216 0.056 0.160
15 0.001 0.143 0.036 0.107 0.181 0.049 0.132
20 0.001 0.126 0.031 0.094 0.163 0.044 0.119
25 0.001 0.108 0.029 0.078 0.151 0.041 0.110
30 0.001 0.094 0.026 0.068 0.131 0.037 0.095
10 0.0015 0.167 0.044 0.122 0.229 0.058 0.171
15 0.0015 0.143 0.037 0.106 0.188 0.051 0.137
20 0.0015 0.131 0.033 0.098 0.170 0.046 0.124
25 0.0015 0.113 0.031 0.082 0.159 0.043 0.116
30 0.0015 0.098 0.027 0.071 0.138 0.039 0.100
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