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Introduction

Prediction of dam-break hydraulic components, including water depth and flow velocity, has always
been important for hydraulic engineers due to its impact on the severity of the failure disaster. Due to
sensitivity of the subject, many previous studies have been conducted on the dam break phenomenon.
For example, the modeling of the dam break flow was done by Wood and Wang (2015) using the
ADI implicit finite difference method in the curvilinear coordinates on a dry bed in the convergent
and divergent channels and in a 45 degree bend. Their results suggest that the provided model has the
ability to record the moves of shock waves and provided a good agreement in comparison with the
experimental data.

Most of the existing models for simulating dam break flow have been developed in cartesian
coordinates. Given the fact that most physical spaces are non-rectangular, the application of the
rectangular computing domain (Cartesian coordinates) to such space and the interpolation to apply
boundary conditions causes errors with the most sensitivity. To overcome this problem, the transfer
of physical space to the computing space is used by the curvilinear coordinate system. In this
research, a comprehensive computer model has been developed in which using the explicit finite
difference method and simultaneous use of Leap-Frog and Lax algorithms on the staggered mesh,
shallow water equations are solved to simulation dam break problem. This will increase the number
of involved points in the computation and sharpen hydraulic gradients become smooth and the
probability of oscillation and divergence will decrease without the use of artificial viscosity. The
application of the model was investigated in various hydraulic problems in addition to the dam break.

Methodology

In hydraulic engineering, shallow water flow equations are used as the governing equations for
studying many physical phenomena including dam break. In this research the governing equations in
curvilinear coordinate system (& #) were solved. The governing equations in the curvilinear
coordinates were discretised on staggered mesh with the intervals of A& and An. The discretisation
method is an explicit Leap — Frag method that uses the Lax algorithm. The momentum equation
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along & direction is discretized in (i+1/2, j, n+1/2), the momentum equation along m direction is
discretized in (i, j+1/2, n+1/2) and the continuity equation is discretised in (i, j, n+1), and the symbols
of i and j are used for space and n is used for time.

Results and discussion

The purpose of verifying the current model is to compare its results with laboratory, analytical, or
with other numerical models presented by previous researchers, including hydraulic jump simulation,
full dam break over wet bed, Asymmetric partial dam break on wet bed, partial dam break in a
convergent-diverging channel. Here are some of the results:

Asymmetric partial dam break on wet bed

The studied area is the same as the area considered by Chaudhry (2008). This area consists of a
channel with 200 m in length and width. The dam break opening is asymmetrical that has a width of
75 m. The results are provided for coarse mesh (301x301) and fine mesh (401x401) along & and .
The comparison of lateral water surface profile in the upstream of the break location (x=75 m), inside
of the break location (x=95 m) and downstream of the break location (x=115 m) are presented in
figure (1). According to the model results for fine mesh, lateral water surface in upstream and
downstream area of the dam location are more consistent with the results of the Chaudhry model, but
for coarse mesh, the water surface at break location is more consistent with the Chaudhry model.
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Fig. 1-Comparison of lateral water surface profile: a) result of current model (Dash-line coarse mesh,
continues-line fine mesh) b)Result of Chauhdry model(Dash line Gabuti algorithm, continues line(Mac-
Cormack) c¢)2 -D view d) 3-D view of water surface 7.5 sec after dam break

Dam break in convergent — divergent channel with and without bed slope

For this purpose a channel with the length of 21 m, width of 1.4 m, without bed and walls friction
and with a bed slope of 0 and 0.01 was considered. As it is shown in figure (2), a gate has been
installed on the contraction area at x=8.5 m from the beginning of the channel. The flow depth in the
upstream of the gate is considered 0.3 m and the downstream is considered as dry bed. The
computational domain include 421 nodes along & and 57 nodes along .
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Fig. 2- a) Study area, converging-diverging experimental flume (Bellos Saulis and Sakas, 1992) b) sampel of
generated mesh for the study area

The calculated and measured water level profiles at different times after the dam break are shown
in Figure 3. The comparison of presented diagrams in figure (3) shows that the results of present
model are consistent with the results of experimental models with and without bed slope. The
numerical model error for calculating the water level profiles on the channel bed without slope is
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about 4.02%. While this error value is equal to 1.56% for the bed with a slope of 0.01.
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Fig. 3- comparison current model result and experimental data of Bellos et al (1992)
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Conclusions

In this research the computer model was developed in the curvilinear coordinate in which the
governing equations on the shallow water flow are solved by the explicit finite difference method and
the simultaneous use of the Leap- Frog and Lax on the staggered mesh. The application of the model

in various hydraulic problems showed:
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1- In the simulation of the partial asymmetric dam break with tail-water depth, the results of
numerical model are consistent with the results of the Chaudhry model (2007). However the
results of none of the three algorithms Gabutti, Mac Cormack (in Chaudhry model) and Leap-
Frog and Lax (in the present study) are not completely match, but all of these three algorithms
follow a same trend.

2- To achieve the main goal of this research, the results of dam break phenomenon simulation in
convergent — divergent channel with and without bed slope were compared with the results of the
measurements in the Bellos et al (1992) study. It has been determined that a numerical model
with an average error of less than 5% estimates the depth of flow at dam break location.
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Table 1- Comparison of calculated flow depth and discharge at dam break location by nu™\
analytical solutions

Method Flow discharge(m®/s/m) Depth(m)
Analytical 0.927 0.45
Current= numerical model 0.927 0.449
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Fig 4. a) Shematic view and b) part of domain mesh for partial dam break
(adopted from study of Chauhdry, 2007)
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Table 2- Calculated water level ( m) with current model and Bellos et al. (1992) measured data at dam break

location
Used method for determining water level 2sec 4sec 6sec 12sec 20sec 60sec
Experimental method (channel without bed slop) 0.156 0.174 0.181 0.141 0.102 0.0392
Numerical method (channel without bed slop) 0.165 0.175 0.181 0.143 0.106 0.0341
Relative Error % (channel without bed slop) 5.76 0.57 0.0 1.42 3.92 12.8
Experimental method (bed slope =0.01) 0.314 0.316 0.32 0.296 0.248 0.195
Numerical method (bed slope =0.01) 0.322 0.326 0.328 0.295 0.249 0.197
Relative Error% ( bed slope=0.01) 2.54 3.16 2.5 0.33 0.4 1.02
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