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Fig .1. The schematic design of the channels used in this
research with a different Sinuosity values.
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Case Meandering belt Wave length  Inner radius (m)  Outer radius Cross-over Sinuosity Cross-over
width (Bm)(m) (m) (m) length (m) (S) angle (0)
A 0.7 - 0.9 1.6 1.2 1 0
B 1.1 3.61 0.9 1.6 1.2 1.026 15
C 1.63 4.58 0.9 1.6 1.2 1.096 30
D 2.28 5.23 0.9 1.6 1.2 1.209 45
E 2.99 5.53 0.9 1.6 1.2 1.381 60
F 3.71 5.45 0.9 1.6 1.2 1.641 75

Table. 1. Geometric parameters for six type of channels (A-F)
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Fig .2. Plan details of geometry and measuring sections (Case E).
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Fig.5. Comparison between experimental and numerical results
for the ratio of transverse velocity to streamwise velocity (V/U)
at CS1,7.
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Fig .6. Comparison between experimental and numerical

results for the ratio of main channel discharge (Qmc) and total
discharge (Q) along half a meander.

Js el yase e (V5 0) JSd 53 oS 455 0las
wisls ke Sl Jus & G (¢ 2 C35RNG Sais |
Sl Sl ple SaisT de Olge & s cnl ool b
AE b me (g3ds

Gl—dts Gl pRNG Sai il Juo Sl 4 4 5 L
S s3de bt s iy s Sl a3l 53 (s3de
hie Jol JUS e b g0 o e a2 L5T slaesls
el 0 eslizad (V) 3 3las CS1

03 s g Co o 6l L;;.\;j@lf\,:_;uj@u sl VIS

CS1 waie
0.6
E ost
3 04} O =
=
P
- O o oo
< 03}
) © 03555 S
g
2 02}
$
=
& o0af
=
0 0T 03 03 73 0 X3 07
y (m)

Fig.7. Comparison between experimental and numerical results
for Depth-averaged velocity at CS1.
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Fig. 10. The ratio of transverse velocity to streamwise velocity (V/U) in
the centerline of meandering main channel at CS7 for six cases (A-F).
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Fig. 11. Streamwise velocity (U) distributions in the meandering main
channel at CS1 for six cases (A-F).
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Fig. 13. Depth-averaged velocity profiles in a meandering main

channel at CS7 for six cases (A-F).
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Case Sinuosity Total discharge Main channel discharge Flood plain discharge
(S) Q(m3/s) Qmc(m3/s) Qgp(m3/s)
A 1 0.189 0.070 (0.37) 0.119 (0.63)
B 1.026 0.189 0.068 (0.36) 0.121 (0.64)
C 1.096 0.189 0.064 (0.34) 0.125 (0.66)
D 1.209 0.189 0.059 (0.31) 0.130 (0.69)
E 1.381 0.189 0.051 (0.27) 0.138 (0.73)
F 1.641 0.189 0.043 (0.23) 0.146 (0.77)

Table.2. average total discharge (Q) and average sub-area discharge (Qmc and Qf) along half a meander.
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Abstract

Natural rivers are rarely in direct flow because of regulating energy grade-line, and usually have a curved path to which
it is referred to as "meandering channels". After the appearance of meandering rivers, with the passage of time and lateral
movement of the meanders, the external bending progression and the sinusoidal or curvature is increased. In meandering
channels, the curvature of the meandering sections with a dimensionless number can be defined as the sinusoidal which
is the ratio of meander length of main channel to the floodplain length. By increasing sinusoidal slope number, flow
velocity and river discharge capacity decrease. As a result, the risk of flood has increased significantly and during floods
the water level exceeds to the bankfull and then enters to the floodplains. In this case, due to the interaction between
higher velocities in the main channel and the lower velocities in the floodplains and the momentum transfer between
these two regions, the flow profile is constantly changing. In this research, the hydraulic characteristics of flow including
the depth-averaged velocity, the water surface profile, longitudinal velocity distributions, ratios of transverse to
longitudinal velocities in the central axis of the main channel and the mean velocity and flow rate of the main channel
along the meandering compound channel have been investigated numerically, regarding the change in the sinusoidal ratio
for six types of channels with different sinusoidal ratios. In order to investigate the effect of sinusoidal ratio in meandering
compound channels on the hydraulic characteristics of the flow, the FLOW3D software is used. So that, the turbulence
model with experimental data have a better compliance. for this purpose, two RNG and k-¢ turbulence models were then
used and the performance of these two models were investigated to simulate the important hydraulic characteristics of
the flow, such as the flow velocity, and it was determined that the RNG turbulence model has a better accuracy than the
k- € turbulence model. In the following, this model was introduced as a final turbulence model for numerical simulations.
Numerical simulation results show that by increasing the sinusoidal ratio of channel from 1 to 1.641, the mean velocity
of the main channel section is decreased by 54% on average and the flow rate of the main channel decreases by the
average of 38%. Also, by increasing the sinusoidal ratio, the maximum depth-averaged velocity, Ug, decreases from 0.55
m/s to 0.38 m/s, and the maximum free surface height of the water rises from 0.305 m to 0.332 m in the outer bend of the
CS1 cross section. By increasing the sinusoidal ratio causes the ratio of the transverse velocity to be increased
longitudinally in the central axis of the main channel, so that its value in the most critical state reaches from zero to 0.4.
As the sinusoidal ratio increases, the maximum length velocity moves towards the right side floodplain (internal bend)
and decreases its value. So that by increasing the sinusoidal ratio from 1 to 1.641, the maximum longitudinal velocity
0.55 m/s to 0.42 m/s and its position moves from the centerline of the main channel to the inner bend over the depth of
the main channel overflow.

Keywords: Compound Channel, Meandering, Sinusoidal, Depth-Averaged Velocity, FLOW3D.
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