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Density currents induced by salinity gradients are of significant importance in estuarine
environments, lakes, and dam reservoirs. This study numerically investigates such flows
using Fluent software. The effects of near-wall modeling approaches, including standard and
non-equilibrium wall functions, as well as the enhanced near wall treatment, on flow
simulation accuracy were evaluated. The results demonstrated that all three methods were
reasonably capable of simulating the velocity and density distributions; however, their
performance varied across different sections and regions of the flow. The standard wall
function approach yielded higher accuracy in regions adjacent to the wall, whereas the
enhanced near wall treatment approach produced more accurate results at the interface
between the density current and the ambient fluid. Regarding the density distribution,
although no major discrepancies were observed among the different methods, the enhanced
near wall treatment approach provided slightly better results compared to the other two.
Overall, based on the obtained results, it can be recommended that when using coarser
computational grids, the standard wall function approach is more appropriate. This
recommendation is supported by the ability to position the first grid point at a dimensionless
wall distance y* of approximately 11.225, eliminating the need for highly refined meshing
near the wall. However, when finer grids are employed, the use of a modified near-wall
treatment approach may be more suitable. This is because it requires placing the first
computational node very close to the wall, such that the y* value is around 1, which allows

for a more accurate resolution of the near-wall flow behavior.
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Introduction
Density currents refer to flows driven by horizontal density differences between two fluids.

Salinity-induced density currents specifically result from the presence of two fluids with
differing salt concentrations and are commonly observed in a variety of natural and engineered
environments, such as estuaries, rivers, dam reservoirs, and lakes.

Extensive laboratory research has been conducted on density currents. However, experimental
studies are inherently limited by certain constraints for example, they are typically feasible
only at small scales, and the measurement of transient flow characteristics is often challenging
and costly. Numerical modeling offers a promising alternative to overcome these limitations.
In previous studies, three numerical approaches have been employed to model turbulence in
density currents: Direct Numerical Simulation, Large Eddy Simulation, and Reynolds-
Averaged Navier—Stokes (RANS) equations. Density currents in real-world environments
such as rivers and dam reservoirs typically exhibit high Reynolds numbers. As a result,
applying DNS or LES at such large scales is nearly impractical due to their immense
computational demands. Under these conditions, the use of RANS equations is more
appropriate, as they allow for coarser computational grids and larger time steps, making
simulations more computationally efficient.

When density currents propagate along solid boundaries, they are highly influenced by wall
boundary conditions. Two strategies are commonly used to model near-wall effects. The first
approach involves the use of wall functions, wherein the first computational node near the bed
is positioned outside the viscous sublayer. These functions serve to bridge the turbulent flow
region above the viscous sublayer with the wall-adjacent flow behavior within it. The second
approach involves fully resolving the near-wall region. In this method, several computational
nodes are placed within the viscous sublayer to capture the flow behavior in greater detail.
While this approach offers increased accuracy near boundaries, it significantly increases
computational cost.

Despite numerous studies conducted to date, uncertainties remain regarding the appropriate
choice of near-wall models for simulating density currents. Most previous research has
primarily focused on the general behavior of density currents and has not examined or
compared the influence of different wall treatment methods on the accuracy of simulation
results. Accordingly, the present study investigates the effect of various near-wall modeling
approaches on the simulation of salinity-driven density currents using the Fluent software.
The wall treatment methods considered include the standard wall function, non-equilibrium
wall function, and enhanced near wall treatment. To evaluate the accuracy of the numerical
results, the model outputs were compared with the experimental data.

Method
The governing equations employed in the Fluent software for simulating saline density
currents consist of the Reynolds-averaged continuity and momentum equations (i.e., the
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Navier—Stokes equations), along with an equation of state and a conservation equation for the
mass fraction of the saline constituent. To model turbulence, the standard k—¢ turbulence
model was used, which had been modified to account for buoyancy effects. The computational
domain included two vertical boundaries at the upstream and downstream ends, a free surface
at the top, and a solid bed at the bottom. Symmetry boundary conditions were applied at the
free surface, a pressure outlet condition was imposed at the outflow boundary, and a velocity
inlet condition was used at the inflow boundary. To model the near-wall region, two general
approaches were utilized: the wall function approach and the near-wall modeling approach.
For the wall function method, both the standard wall function and the non-equilibrium wall
function models available in Fluent were employed. For the near-wall modeling approach, the
enhanced near wall treatment method, also available in Fluent, was used. To evaluate the
accuracy of the simulation results, outputs from the numerical model were compared with the
experimental data reported by Gerber et al.

Results

Following the presentation of longitudinal velocity and density profiles obtained using the
standard wall function, non-equilibrium wall function, and enhanced wall treatment
approaches for various mesh resolutions, the results were compared against the numerical and
experimental data reported by Gerber et al.

Subsequently, the simulation results derived from the enhanced near wall treatment approach
were compared with those from the standard and non-equilibrium wall function methods,
based on the best-performing configurations of each approach. For this comparative analysis,
the statistical error metrics of Mean Absolute Error (MAE) and Root Mean Square Error
(RMSE) were utilized.

Regarding the varying performance of different approaches in simulating flow characteristics
at different locations, it is noteworthy that the nature of the density current itself changes
significantly along its length. Specifically, at the inlet, the flow exhibits lower height but
higher velocity and density values, whereas in the downstream region and near the front of
the current, the height increases while the velocity and density values decrease.

Conclusions

In the present study, a salinity-induced density current was simulated using the Fluent
software. Comparison of the numerical results with experimental data confirmed the reliability
of the model in simulating this type of flow. Subsequently, the effects of different near-wall
treatment methods—including the standard wall function, the non-equilibrium wall function,
and the enhanced near wall treatment on the simulation of the density current were
investigated. Overall, all three methods reasonably reproduced the velocity and density
profiles. However, it was not possible to definitively identify one single approach as the most
suitable for near-wall modeling. Given the complex nature of density currents and the
significant spatial variation in their properties, each method yielded more accurate results in
specific regions near the wall and at the interface between the dense current and the overlying
ambient fluid. Among the methods evaluated, the standard wall function produced better
results in terms of simulating the velocity distribution near the bed. Conversely, in the upper



Investigation of wall effect simulation methods ... 39

regions of the density current, i.e., near the interface with the ambient fluid, the enhanced near
wall treatment provided results that were more consistent with experimental observations.
Although no major differences were observed among the methods in simulating the density
distribution, the enhanced near wall treatment demonstrated slightly better agreement with the
experimental data compared to the other two approaches. Based on these findings, it is
recommended that when a coarser computational mesh is used, the standard wall function
should be employed. This approach allows the first grid node to be placed at a dimensionless
wall distance y* = 11.225, eliminating the need for a highly refined mesh near the wall.
However, if a finer mesh is utilized, the enhanced near wall treatment appears more
appropriate due to its requirement for placing the first node at a position close to the wall,
with y" = 1.
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