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ABSTRACT 

 
The implicit discontinuous Galerkin (IDG) scheme for shallow water equations (SWEs) is 
combined with the surface gradient method for steps (SGMS). The developed scheme is verified 
with problems of discontinuous bathymetry, i.e. vertical steps. As a case study, the dam-break 
flow in the L-shaped channel is simulated and the results are compared with the experimental 
data. 
 

OVERVIEW 
 

So far the majority of DG applications to SWEs have employed explicit Runge-Kutta time 
integration schemes. However, the explicit time-marching schemes raises two issues regardless 
of the order of the scheme. First, it is not very efficient and economical due to severe CFL 
condition. Second, for the efficient implementation of wet-dry moving boundary condition (at 
the moving flood water front where the water depth is extremely small), the schemes become 
very stiff due to the bottom friction terms. Therefore, the implicit scheme is believed to be more 
desirable than the point-implicit scheme (e.g. Lee and Lee [1]).  

Another challenging issue in SWEs approach is that it is not very well suited for 
discontinuous bathymetry (e.g., step geometry) due to hydrostatic assumption used in the 
derivation of SWEs from Navier-Stokes equation. In this study, the implicit discontinuous 
Galerkin scheme of Lee [2] is combined with the surface gradient method for steps (SGMS) of 
Zhou et al. [3]. The developed model is applied to the dam-break flow with a step. 
 

GOVERNING EQUATIONS AND CASE STUDIES 
 

The governing equations are SWEs with turbulent stress terms. The wall boundaries are all 
treated as free-slip boundary. Details can be found in Lee [2]. For the validation of the 
developed model, the well-known dam-break experiment of Soares-Frazão et al. [4] is chosen. 
Figure 1 is the set-up of the experiment and Figure 2 is the plot of water surface after 2 sec from 
the abrupt gate opening. Time-histories of water depth at the gages (Figure 1) are compared 
with the experimental data and good agreement was observed (Figure 3).  
 

CONCLUSIONS 
 

The implicit discontinuous Galerkin scheme ([2]) is combined with the surface gradient 
method for the dam-break problem with a step. The agreement between the numerical 
simulation and the experimental data are good and the developed model is believed to be an 
effective tool for SWEs with discontinuous bathymetry. 



 

 

(a) Plan view with mesh 

 

(b) Side view 

 

Figure 1. Dam-break flow in the L-shaped 
channel 

Figure 2. Snapshot of water surface after 2 s 
of dam-break 

 

 

(a) Gauge 2    (b) Gauge 3 

Figure 3. Comparison of water depths from experimental and numerical results  
(G2 and G3 in Figure 1) 
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