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Summary

An automated mesh convergence workflow for large-eddy simulation (LES) is assessed for a truly neutral turbulent
flow around an isolated obstacle. The objectives are to automatically obtain a mesh adapted to a complex flow and
quantify the errors induced by spatial discretization. The workflow relies on two criteria designed to assess grid
independence of the mean flow field and resolution of turbulent structures by the LES subgrid-scale (SGS) model.
A coarse mesh subjected to this automated convergence process is compared to a static mesh, designed according
to best practices and guidelines. Both meshes produce results that are consistent with experimental data. However,
convergence criteria values appear not restrictive enough to accurately resolve the flow structures near the obstacle
surface, and in its wake. Nevertheless, it yields satisfactory results while using fewer elements and requiring lower
computational cost. These findings highlight the potential of this workflow for complex atmospheric flows.

Keywords: mesh convergence, LES, atmospheric flow, complex environment

1 INTRODUCTION

Atmospheric boundary layer flows are characterized by high Reynolds numbers and a wide range
of spatial and temporal scales. In numerical simulations, these scales cannot be resolved using a
RANS formulation but can be captured by LES (Tominaga, 2024), which explains the increasing
use of LES in the atmospheric flow community. Despite being fundamental to CFD studies, mesh
generation still lacks a unified framework, and crucial mesh-related information remain largely
absent from the literature (Pantusheva et al. 2025).

In the case of the CEDVAL Al-1 wind-tunnel dataset, several LES studies (e.g., Cotteleer et
al., 2023; Ai and Mak, 2015) report mesh cell counts, coarsening strategies, and y+ values, but
generally omit key information needed to evaluate turbulence and flow-resolution quality. Sivara-
man et al. (2025) provide a more complete methodology based on Pope’s criteria and ensuring that
the SGS model operates within its validity range. Building on Pantusheva et al. (2025), who ini-
tiated a systematic approach for urban-mesh generation, this work evaluates mesh-quality metrics
for atmospheric flows in built-up areas and proposes an automated mesh-convergence workflow
for LES.

2 METHODS

The truly neutral filtered LES incompressible Navier-Stokes equations without the Coriolis force
are considered. They are solved using the incompressible solver of the highly parallel YALES2
platform (Moureau et al., 2010). It relies on 4th order explicit time integration and 4th order central
finite-volume schemes and the use of unstructured dual-meshes.



Mesh adaptation workflow
The automated mesh convergence workflow is based on two criteria:

2
RelM = el d L/A 1

EAT = ﬁ an / ( )
where vr is the turbulent kinematic viscosity acting on the mean field in LES, A the local cell size,
c a constant depending on the dimension of the problem (¢ = 1/5 in 3D) and L the integral length
scale.

The first criterion is a Reynolds number based on the mean velocity error which controls the
mean flow independence to meshes composed of isotropic tetrahedra (Lam et al., 2025). The
second criterion monitors the resolution of turbulent structures using the ratio of integral length
scale L over the local cell size A (Barbera et al. personal communication). This ensures that the
cell size lies within the inertial subrange and provides explicit control over the contribution of the
SGS model. For prescribed values of Reg‘> and L/A, two local target cell sizes are computed:
A and A®9°, respectively. The final target cell size A’ is then defined as A* = min(A, As9%).

The workflow starts from a user-defined initial mesh and follows an iterative sequence of LES
computations and mesh-adaptation steps. Convergence is reached when the total number of el-
ements varies by less than 10% between two successive iterations. The resulting mesh is then
referred to as the converged mesh, indicating that the prescribed convergence criteria are satisfied.
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Figure 1: Side (left) and top (right) views of the computational domain, based on Cotteleer et al. (2023).

Numerical setup

The CEDVAL A1-1 wind-tunnel experiment (Leitl and Schatzmann, 2010), involving a truly
neutral turbulent flow around an isolated obstacle, is investigated. The numerical domain is shown
in Fig. 1, with a characteristic height / = 0.125m and designed by Cotteleer et al. (2023)
according to best practices and guidelines. Slip boundary conditions are applied at the upper
and spanwise boundaries. A logarithmic law-of-the-wall is imposed at the ground and obstacle
surfaces. The inlet boundary condition consists of the superposition of a static mean profile used
by Cotteleer et al. (2023), and a time-varying fluctuating profile obtained from Homogeneous
Isotropic Turbulence (HIT). This HIT is parameterized using the experimental turbulent length
scale I, and the turbulent kinetic energy profile from Cotteleer et al. (2023), assuming vk = o,.

A static mesh (ST) is used as a reference, following Cotteleer et al. (2023) and Ai and Mak

(2015), with obstacle-adjacent cell sizes ensuring y* < 10. The Automatic Mesh Convergence
(AMC) strategy is applied starting from a coarse initial mesh and using the parameters ReXL> =20
and L/A = 5. The characteristics of the ST mesh, as well as those of the initial and converged
AMC meshes, are summarized in Tab. 1 and illustrated in Fig. 2.



Table 1: Mesh characteristics (* Number of elements and nodes between z = 0.0 m and z = 2.0m)

Mesh name Aobstacle [m] Asurface [m] Abackground [m] Growth rate N éklem N:ode

ST 0.00125 0.00125 0.02 1.2 6.01 x 107 1.12 x 107
AMC - initial 0.04 0.04 0.04 - 4.00 x 10*  7.47 x 10*
AMC - final 0.0002 - 0.024 0.0002 - 0.085 0.00037-0.091 1.3 7.0 x 106 1.5 x 106
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Figure 2: Slice along the y-axis of the ST (left), initial AMC (middle) and final AMC (right) meshes

3 RESULTS AND DISCUSSION

Time-averaged streamwise velocity profiles for different streamwise positions are shown in Fig. 3.
Both the ST mesh and the converged AMC mesh show good agreement with the experimental
measurements. However, results obtained with the AMC mesh are less accurate in the wake of
the obstacle, particularly in the transition region between the turbulent flow and the recirculation
zone. This behavior is attributed to the chosen parameter L /A = 5 which is not restrictive enough
to capture the flow structures in this region. The local cell size being around /. /4 in this region,
i.e. four times larger than the ST mesh, the turbulence may neither be homogeneous nor isotropic
at this scale, leaving the SGS models out of their validity range. Discrepancies with respect to
experimental measurements appear above the height of the obstacle for both meshes. The flow
dynamics is directly impacted by the turbulent inlet in this area. The reliability of the choice of
HIT-induced fluctuations is questionable and will be the subject of further investigation.

Figure 3 also provides streamwise velocity RMS profiles for the same streamwise positions.
Both meshes are in good agreement with the experimental data. Nevertheless, the highest RMS
values are better captured with the ST mesh, for which the near-wall region on the obstacle is more
accurately resolved. The lower accuracy of the converged AMC mesh is mainly due to the mean
field criterion Reg‘> = 20 which is not sufficiently restrictive in this region, whereas values close

to Re&’> = ) are obtained on top of the obstacle for the ST mesh (maps not shown here for the sake
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Figure 3: Mean (left) and RMS (right) streamwise velocity profiles in the y = 0 center plane along different
streamwise positions.



of brevity).

For a characteristic time 7 = 36H/U,.., the simulation costs 2.9 kCPUh for the final AMC
mesh, 50% less than the ST mesh with 4.5 kCPUh. Despite having a smaller convective time step
induced by a lower smallest cell size, the final AMC mesh cost remains lower because of fewer
mesh elements. This improved cost reveals the potential of the AMC methodology to optimize the
precision-over-cost ratio, crucial in CFD simulations.

4 CONCLUSION

An original criteria-based methodology has been proposed to automatically converge meshes for
atmospheric flows in complex environment. Applied to a turbulent flow around an isolated ob-
stacle, it allowed to retrieve the mean and RMS velocity characteristics. In addition to the mesh
convergence methodology, these criteria allow quantifying the resolution of a given mesh and could
be provided as intrinsic mesh characteristics. Future works imply the determination of a reference
set of criteria values that allow a faithful description of the flow, especially near the obstacle sur-
face and in its wake. The methodology could then be applied to more realistic cases with pollutant
dispersion, where an accurate capture of high-RMS regions is essential.
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