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ABSTRACT

In this study, we develop a two-dimensional (2D) meshless shallow water model that employs
smoothed particle hydrodynamics (SPH) to solve the Eulerian form of the 2D shallow water
equations for simulating flows around non-submerged and submerged spur dikes. To improve
stability and accuracy, the model incorporates an HLLC (Harten-Lax-van Leer-Contact) Riemann
solver for handling discontinuities, an implicit approach for bed friction slope in cases of extremely
shallow water, and a hydrostatic reconstruction technique to ensure well-balanced and positivity-

@ preserving properties. Two experiments, one with two non-submerged spur dikes and another with
five submerged spur dikes, are used to validate the developed model. Convergence analysis confirms
that the simulated velocity and water depth exhibit a first-order spatial convergence rate.
Additionally, the simulated water depth and velocity profiles show good agreement with the
experimental results, demonstrating the model's reliability in simulating flows around spur dikes.

The two case studies further examine the effects of spur dike spacing and the number of spur
dikes on flow characteristics. In the non-submerged case with an inflow Froude number of 0.13,
spur dike spacing has a minimal impact on the distance required for the flow velocity behind the
spur dikes to recover to 99% of the inflow velocity. When the spacing is twice the spur dike length,
the recovery distance is 1.08 times that of the case with a spacing of one spur dike length. In the
submerged case with an inflow Froude number of 0.52, the number of spur dikes significantly
influences the distance required for the flow velocity behind the spur dikes to recover to 60% of the
inflow velocity. When five spur dikes are used, the recovery distance is 1.42 times and 1.14 times

that of the cases with one and three spur dikes, respectively..

Keywords: Smoothed particle hydrodynamics, Shallow water, Spur dike, Non-submerged and
submerged.
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