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Abstract

The purpose of this study is to specify the capability of SWE and 3D models in
reconstructing the instantaneous dam-break phenomenon. The numerical simulations
implemented by a CFD software. The results showed that SWE model had lower accuracy, in
reproducing the wave evolution and bed deformation, compared to the 3D model.
Furthermore, the kinematic and dynamic properties of the dam-break wave affected by the
initial conditions and bed characteristics.
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Introduction

The catastrophic floods generated by instantaneous dam failure leads to many life and
property losses downstream the dams. Capart and Young (1998) studied the dam-break on the
granular bed problem. The shallow water theory was applied for elucidating of the free
surface evolution. In other research, Nsom et al. (2000) and Nsom (2002) studied the
influence of the bed slope variation and fluid viscosity on the dam-break flow characteristics.
For this purpose, the Navier-Stokes equations were solved with the approximation of the
Kinematic wave model. Pritchard and Hogg (2002) studied the sediment transport processes
influenced by the dam-break flow on dry and wet beds. They indicated that the formation of
sheet-flow, bed load displacement and sediment concentration are thoroughly different in dry
and wet beds. Kelly and Dodd (2009) evaluated the dam-break flow in ne-dimennsional case
of characteristic method on fixed and mobile beds. They concluded that the numerical and
analytical methods have various performances in a simulation of the flow evolution on
various beds. Banejad et al. (2015), Heydari and Khoshkonesh (2016), Nsom et al. (2019),
Bahmanpouri et al. (2020), Khoshkonesh et al. (2016-2021) simulated the dam-break free
surface evolution in 3D case by VOF technique using a CFD package and the Lagrangian
methods. Results showed that the 3D Navier-Stokes models and Lagrangian models have high
accuracy in predicting the dam-break wave evolution and bed deformations during the dam-
break events.

A concise review of literatures asserts that the performance of the SWE and 3D Navier-Stokes
models in modeling the dam-break flow have been compared rarely. Therefore, the current
study focused on comparing the efficiency of those models in reproducing the dam-break over
mobile bed phenomenon using a CFD package.

Governing Equations

The volume of fluid (VOF) method is a numerical technique for tracking of the free surface of
the flow based on donor-acceptor cell concept. In fact, this technique is an advection scheme
that applied for specification of the spatiotemporal variation on the free surface. While,
function of F represents the regions contains the fluid that updated with the free surface
evolution (Flow Science, 2012). The gradient form of equation of motion in this technique, as
follows:

OF /ot + V.(UF) =0
1)

F is a step-function that filled with fluid:
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(2)

F: Step function represent a fraction occupied by fluid and A, V: area/volume of cell that full
of fluid, n: real number between zero and unit.

Results and Discussion

The processor used in all simulations was Intel Core i3 M330 2.13 GHz with four threads.
The numerical results compared with the experimental results provided in previous
experimental works of Spinewine (2005) according to tables 1 and 2.

Tablel. NRMSE error values of modeling results

Variables SWE LES RNG k-w
H 0.1266 0.0373 0.0388 0.0397
Heg = Hg /Howg 0.4028 0.4083 0.4297
X¢*=x¢ [Hy 0.3476 0.4321 0.4708 0.4772
X *=x; [H, 0.2960 0.2697 0.2778

Based on NRMSE analysis, the SWE model had a least accuracy in simulation of the free
surface profile. In fact, this model indicated considerable rupture in a free surface curve.
Likewise, the SWE presumptions were not valid when the free surface had a sharp gradient
near the dam site. As well, the LES model had most accuracy in simulation of the free surface
profile, among all the 3D models. The results of 3D-models were also analogous. Besides, the
wave-front tip region has a convex shape in experimental and the numerical profiles. Indeed,
this shape modified by the combined effects of bed roughness, bed resistance, mixing of the
bed material on flow and boundary layer developments in this region. It should be noted that
the morphological variation of bed, had a remarkable effect on free surface evolution.
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Figure 1. The free surface evolution in k-e model
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Figure 2. Spatiotemporal variations of the z-component of the dam-break flow velocity
in k-e model

The dam-break free surface evolution was reproduced by both the RANS and LES 3D
models. In contrast, the fluctuations of free surface were significantly high in SWE model



during the wave propagation. Furthermore, the accurate results in SWE model acquired in
higher mesh resolution than the 3D models. The dam-break wave was smoothly propagated
over the downstream in 3D models. The free surface advancing distance was different in 3D
and SWE models (Figure 1). The dam-break flow velocity increased significantly by wave
evolution over the downstream. However, the highest vertical velocity values observed in the
near field at the early stages. The flow was three-dimensional locally across the downstream
channel (Figure 2). The LES model had the highest precision amongst the other 3D models.
The bed deformation, sediment transport and the severe scouring observed in the near field at
the early stages. However, the maximum scouring depth and sediment transport rate were
dependent on the bed-load transport models and selecting the turbulence models. It worth
noting that the model performance in predicting the sediment transport rate was significantly
lower than its performance in reproducing the free surface evolution.

Conclusion

The dam-break wave evolution over the erodible bed was simulated using a CFD package. In
this direction the performance of the two-dimensional SWE model and the 3D Navier Stokes
models were compared in reproducing the free surface height and distance and the bed
deformation. Overall, the 3D models, and LES amongst them, had highest accuracy in
reproducing the free surface evolution and bed deformations compared to the SWE model.
Furthermore, the 3D models need lower computational efforts in reproducing this
phenomenon.
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