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Introduction and objectives

The 2D shallow water equations are used in flow simulation of rivers, floodplains, coastal currents,
etc. In the research, updating or the so-called numerical integration of temporal terms of two-
dimensional equations using first-order methods is more stable but less accurate. In contrast, high-
order accuracy methods have numerical stability problems and cause divergence (Brouwer et al.,
2014). For this reason, second-order accurate methods with median properties are widely used. Despite
much research on how to deal with spatial terms, according to a review by the authors, there is less
research on how to deal with the temporal terms of equations. In addition, studies on time integration
methods are limited to solving 1D problems. In this research, two different time integration methods
of Runge-Kutta third order (RK-3 method) and Strang splitting operator method (Strang method),
which have a second-order of accuracy and are commonly used in various research (Huang et al.,
2013), have been investigated. Therefore, two models have been obtained in which the applied time
integration methods are different, but the ways adopted to deal with spatial and sources terms of
equations are same. Then, 1D and 2D reference problems are implemented using these two models and
their results are presented in order to recognize the appropriate time integration method for solving 2D
shallow water equations.

Methodology

By solving the governing equations, the main characteristics of the flow, such as velocity and depth,
would be obtained. In general, 2D Shallow water equations have no analytical solution; therefore, they
should be solved using numerical methods which discretize the terms of equations. Based on the aims
of this study, to compare the performance of the different time integration methods employed for
solving shallow water equations discretization of temporal terms is done using two common methods,
including the Strang operator splitting method (Strang method) and the Runge-Kutta third order
method (RK-3 method). In the Strang method, the main equation is divided into two initial value
subproblems; then the first subproblem is solved for a half-step of time; and finally, obtained results
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are used as the initial conditions of the second subproblem to update the equations for a complete step.
In the RK-3 method, the MUSCL method is used to reconstruct flow variables in each face of cells of
the computational domain. In order to contribute to the convergence of the model, the friction source
term is applied in a separate step. These two methods give a second order of accuracy and are
repeatedly used by the researchers. After discretization of the governing equations, two models with
different time integration methods were obtained. To examine them, 1D and 2D reference problems
are implemented using both models.

Findings

Reference problems include a 1D dam breakdown with experimental data and a 2D problem of
oscillation water body in a parabolic domain with an analytical solution. The dam break test has carried
out in a laboratory flume (Fig. 1). This test was implemented with both models and its simulation
results have been obtained. The flow fluctuates in the flume shortly after the dam break. In order to
have a proper judgment of the performance of the two models, water depths at specific locations where
the depth laboratory data are available were extracted from both models (Fig. 2).

At the beginning, since the fluctuation of the flow is more intense, only the results of the RK-3
method are closer to experimental data. Over time, however, with less fluctuations, the results of both
models are close to the experimental data.

The ideal 2D problem used in this research, which has an analytical solution given by Thacker
(1981), is one of the important references for validating and evaluating the performance of 2D models
(Delestre et al., 2011). In this test, water body never reaches the boundaries and the circle shape of
water boundary must remain constant during the oscillations. In the figure (Fig. 3), the shoreline circle
and depth contours are shown in the Strang method after four frequencies.

According to the results, the flow is correctly simulated by both models. The consistency of the
simulation results with the analytical solution adequately demonstrates the capability of the models in
the implementation of 2D shallow water problems. Although both models have satisfactory results, the
statistical parameters were used to compare the performance of models with each other. The low errors
in successive repetitions well describe the proper arrangement of methods used in both models for time
integration and dealing with spatial and source terms. Nevertheless, the depth mean absolute error in
the RK-3 method is incremental through time.

Fig. 1- The experimental setup of the 1D dam break test.
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Fig. 2- Water depths obtained from two models and laboratory data at the point G10.
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Fig. 3- Shoreline and water depth contours status for Strang method at t = 4T.

Conclusions

In this study, in order to compare two common time integration methods, including RK-3 and
Strang method, two models were implemented and used to simulate 1D and 2D flow problems. In the
1D dam break problem, which is an actual experimental test case, both models provide satisfactory
results. However, at the beginning of the simulation when flow is completely fluctuating, the RK-3
method has a higher accuracy. But over time, by decreasing fluctuating, both models have identical
results which are close to experimental data. In the 2D oscillation problem with an analytical solution,
water boundary remains circular in different frequencies, which refers to the capability of both models
to simulate 2D problems and indicates an appropriate arrangement of methods used to deal with spatial
and sources terms in both models.

However, the absolute mean error in the RK-3 method increases with increasing number of
oscillations. This can be due to the existence of various computational stages in the RK-3 method so
that by simulation 2D problems there is a slight error that is cumulative in the various stages of this
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method. However, in the Strang method, the absolute mean error is uniform and does not increase
through the time.
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Fig. 2- Experimental setup of 1D CADAM dam-break test case
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Table 1- R-squared and MAE for depth results of gage G10

Parameters SM RK-3
R* (%) 68.9 94.8
MAE 0.05 0.02
G20 G10
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Fig. 3- Experimental water depths compare to models results, G10 (a), G20 (b)
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Fig. 4- Water depths after dam-break occurrence in both models
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Fig. 5- Initial conditions of planar vacillatory water-body
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