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CFD Modeling of Flow and Local Scour Around Submerged Bridge Decks

Yuan Zhang
College of Hydraulic and Environmental Sciences, Yangtze University, Jingzhou 434025, Hubei, China

Abstract: The level set method-based, multiphase hydro- and morphodynamic numerical model REEF3D is used
for the simulation of the flow conditions and local scouring around submerged bridge decks. Presence of hydraulic
jumps, bridge overtopping, pressurized jets and the resulting scouring make the selected test cases especially
challenging from the numerical modelling point of view. The models are validated against experimental data. The
influence of the submergence ratio on the prevailing flow and scouring is investigated. The level set method showed
robustness and good accuracy for the treatment of the complex free surface as well as for the tracking of the mobile bed.
The submergence ratio showed no clear correlation with the prevailing erosion/deposition patterns. As the simulations
offered insights into the prevailing hydrodynamics, the relevance of numerical modelling was emphasized for such
complex sediment transport problems.
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Figure 1 Schematic Sketch of the Studied Flow Problem
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Table 1 Computational Mesh Parameters in the Grid Convergence Analysis Used for the Hydrodynamic Case

Study
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Figure ure 2 Dimensions of the Computational Domain and the Initial Water Level for the Hydrodynamic Case
Study
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Figure ure 3 (a) Numerical Setup for the Morphodynamic Case Study and Detail of the Computational Mesh Near
the Bridge Geometry; (b) Geometry of the Six-Girder Bridge Deck
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Figure 4 Qualitative Comparison of the Experimental Conditions and Time-Averaged Numerical Model (G3)
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Figure ure 5 Verification of the Hydrodynamic Model and the Results of the Grid Convergence Study
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Figure ure 6 Modeled Distribution of Time-Averaged Velocity Magnitude (Top) and the Turbulent Kinetic Energy
(Bottom) with a Logarithmic Colormap
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Figure ure 7 Velocity Magnitude Distribution Before (Top) and After 42 Hours of Sediment Transport Time
(Bottom)
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Figure 8 Velocity Magnitude Distributions Before (H1-H3, Left Column) and After 42 Hours of Sediment

Transport Time (S1-S3, Right Column) in Case of Different Levels of Submergence
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Figure 9Turbulent Kinetic Energy Distributions Before (H1-H3, Left Column) and After 42 Hours of Sediment
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Transport Time (S1-S3, Right Column) in Case of Different Submergence Ratios
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Figure 10 Longitudinal Variations of Final Bed Shear Stress Before (H1-H3, with Blue) and After the
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