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Abstract

Introduction: The need to control floods and their dangers is not hidden from anyone. In
addition, a wide range of economic, social and environmental issues are affected by this
phenomenon. The first step in the design and optimal management of flood control methods
is the correct identification of river behavior during floods. In most river engineering projects
such as flood routing, determining the bed and river area, etc., calculating the average values
of hydraulic parameters of the river section is sufficient. Today, the use of numerical and
analytical methods in the study of fluid environment have grown and developed. Due to the
production of reliable results, they have been able to be a good alternative to physical
models. Today, with the rapid development of numerical models and increasing the speed of
computer calculations, the use of 3D numerical models is preferred and also due to the fact
that measuring the velocity distribution and shear stress in rivers is very time consuming
and expensive, and thus the results of 3D numerical models will be valuable. On the other
hand, the available studies show that a comprehensive numerical research using FLOW-3D
model on composite sections had not been performed yet, so a suitable ground for research
is provided. Therefore, the innovation of the present study is the numerical study of the
effects of parameters such as roughness on the status and hydraulic performance of the flow
in non-prismatic composite sections, which are accompanied by divergent and convergent
floodplains, which have received less attention numerically.

Methodology: Younesi (2013) research has been used to validate the results of numerical
simulation. In these experiments, first the hydraulic flow in composite prismatic and non-
prismatic sections with fixed bed was examined and then, while maintaining the conditions,
sediment transfer experiments were performed in prismatic and non-prismatic mode. The
experiments were performed in a research channel 15 meters long. This canal is a composite
canal by two symmetrical floodplains with a width of 400 mm and a flow rate that can be
provided for recirculation in the system of 250 liters per second and a longitudinal slope of
0.0088 000. The depth of the main canal to the edge of the floodplain is equal to 0.18 meters
and the width of the main canal is equal to 0.4 meters. For roughing the bed and walls of the
main canal, sediments with an average diameter of 0.65 mm have been used and at each
stage, the walls and bed of floodplains have been roughened by sediments with an average
diameter of 0.65, 1.3 and 1.78 (mm). A triangular weir at the upstream of the canal is used to
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measure the inflow to the canal. In order to measure the flow velocity in experiments with
relative depth of 0.15 and 0.25, a micro-Molina with a diameter of 14 mm and in experiments
with relative depth of 0.35, a three-dimensional speedometer (ADV) was used. The water
level was also taken by depth gauges with an accuracy of 0.1 mm.

Result and Discussion: In the present study, in order to validate the numerical model of
water surface profile, average depth velocity distribution and boundary shear stress in the
three sections at the beginning, middle and end of the divergence zone in experiments test of
the prismatic composite section (i.e., Np-0.25-2-11.3, Np-0.25-2-5.7 and P-0.25-2-2) has been
evaluated. The results related to the validation of the average depth velocity of the
experiments Np-0.25-2-5.7, NP-11.3-2-0.25, and P-2.0-2-2 are discussed using some statistical
indexes. In Np-0.25-2-5.7 experiment, the amount of NRMSE in elementary, middle and final
grades was calculated to be 5.7, 11.8 and 10.3%, respectively, which is in the excellent grade
in the elementary grade and good in the middle and final grades. The RMSE values of three
aforementioned states are calculated as 0.026, 0.037 and 0.026, respectively. In the experiment
Np-11.3-2-0.25, the NRMSE values in the primary, middle and final levels were calculated as
7,11.2 and 15.4%, respectively, which are in the excellent category in the primary level and in
the good category in the middle and final levels. The RMSE values are calculated as 0.032,
0.038 and 0.04, respectively. In the P- 0.25-2experiment, the NRMSE value was calculated to
be 1.7%, which is in the excellent category. The RMSE value is also calculated to be 0.004.
Regarding the medium-depth velocity distribution, it can be said that the numerical model
has an acceptable compliance with the laboratory results and only a small error has been
entered in the junction area, which can be considered as a result of the movement of
secondary cells towards the corners.

Conclusion: In this research, the flow pattern in waterways with composite prismatic and
non-prismatic sections was studied using Flow 3D software that is capable of three-
dimensional flow analysis. For three different relative roughness’s (1, 2 and 2.74) as well as
three relative depths (0.15, 0.25 and 0.35) and divergence angles of 5.7 and 11.3 degrees,
changes in the longitudinal component of velocity, the average depth velocity distribution,
the boundary shear stress distribution as well as the flow rate transmitted by the floodplains
were investigated. The results showed that with increasing the width of floodplains along
the canal, the amount of velocity decreases. Also, the study of the effect of roughness on the
flow pattern showed that in general, with wall roughness, the amount of velocity has
decreased in all sections and also the flow pattern at the junction of the main canal and
floodplain is more affected by wall roughness. The results also showed that with increasing
relative depth or decreasing relative roughness, the velocity gradient between the main
channel and floodplains decreases
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Fig. 36 Investigation of the effect of increasing divergence angle on the transverse velocity distribution in NP-11.3, 5.7-2.74-
0.35 experiments
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