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2-DIMENSIONAL UNSTEADY FLOW COMPUTATION OF FLOOD
PROPAGATION IN CHANNELS
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1. INTRODUCTION

It is important to understand flood propagation in rivers due to our desire to reduce and ultimately eliminate the
loss of life and property in potentially inundated areas through accurate predictions. Accurate predictions are needed for
channel designs, evaluation of span and height of bridges and flood relief management schemes to mention a few. Most
rivers have cross sections that are compound with irregular and meander alignment, which complicate flood flow.
Meandering and irregular channel causes unsteadiness of flood flow in rivers, which is characterized by time and space
variation of flow parameters such as water discharge, velocity and water level. Analysis of such flood flows in a meandering
channel is essential for evaluation of flood events as it depicts the real situation in nature. In this paper, first results of
numerical model of unsteady flow in a single sine-generated meandering channel are compared with experimental results.
The objective of the study is to understand different phenomenon occurring during flood flows. A 2-Dimensional depth
averaged model has been constructed; it overcomes most spatial deficiencies encountered in 1-Dimensional models and has
few parameters that are needed for calibration compared with 3-Dimensional models.

2. MODEL DESCRIPTION

Shallow water theory is accepted in most open channel flows, in which the effects of vertical accelerations are
ignored. In this study, 2-Dimensional depth averaged unsteady flow equations have been derived from Navier Stokes
equations (Chaudhry, 1993). Hydrostatic pressure distribution and small bottom slopes have been assumed. The governing
equations obtained can be expressed as;
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Z = d + Z,, is the water level elevation, d is the flow depth, Z,, is the ground elevation, W and V are mean velocities over
depth in x and y directions respectively, g = acceleration due to gravity, Turbulent shear terms are Tyy, Try(=Ty) and 1,;. And
boundary shear stress terms are Ty, and Tyy.
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Figure 1: Channel Layout Plan
Coordinate transformation is done to incorporate the main channe] boundaries accurately without the need of
interpolations. The conservation form of the transformed equations in the natural coordinate system is indicated in 1(b). The
depth averaged turbulent shear stress terms, Tys, Try{Tys) and Ty, are determined as shown in equation (2). The effect of the
wall is accounted using Molls et. al. (1998) approach, were the length at the wall is distributed in the hydraulic radius as
seen in (3).
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Where: d, and dy; are the water depth at the walls in the
cross section, An; is the lateral spacing and NJ is the last
computational node from node zero.
Bed Shear Stress terms Ty, tyy and Manning’s

coefficient, n was determined as seen below.
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Numerical approach used to solve the 2-
Dimensional depth averaged flow equations was
MacComark scheme. The procedure is a two step explicit
scheme that is accurate both in space and time. Upstream
boundary conditions were measured discharge as a
function of time while downstream condition was water
depth as a function of time. A non-slip condition was
used for the wall boundary. Artificial viscosity was
added to damp any effect of truncation errors caused by
replacing continuous governing equations with discrete
equivalent.
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3. MODEL APPLICATION

The model was verified using measured
experimental data (Fukuoka et. al., 2000) for the single
main channel only, seen in figure (1). The experimental
channel was 22.5m long, 0.5m sine generated main
channel width and length of one wave was 4.1m. Points
located as P2-01, P2-07, P3-10 and P4-07 were used to
verify the computations because they had measured
experimental data. The results presented in figures 2-5,
compares computed (cltd) with measured data (msd).

4. CONCLUSION

In this stage of model development, prediction
capability of the model is investigated. The model was
able to reproduce well the water depth experimental
results for single channel flow as can be seen in figures 2,
4 and 5. Velocity computation also agreed well with
measured data as can be seen in figures 3. Some
variations in velocity were also observed these could be
the result of depth averaging of wvelocity. Small
discrepancies can be eliminated by fine tuning the model.
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Figure 2: Water depth hydrograph at location P3-10
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Figure 3: Velocity variation with time at location P3-10
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Figure 4: Water depth hydrograph at location P4-07
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Figure 5:Water depth hydrograph at location P2-01and2-07
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