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Figure 11 : Close look at the wing of a Falcon aircraft. Mesh of polynomial degree four with (a) the initial model,
and (b) the final model with the leading edge recast.

Figure 12 : Curved tetrahedral mesh of polynomial degree p = 4 of a Falcon aircraft with no invalid elements.

Our method incorporates a unique sharp-to-smooth
modeling capability not fully available in standard
CAD packages. This capability allows removing sharp
features, i.e. vertices and curves, and smoothly merge
the incident entities, i.e. curves and surfaces. The
resulting surrogate geometry features C1-continuity
along the merging region. On the contrary, stan-
dard CAD packages use NURBS curve and surface
modeling and thus, do not feature all these sharp-
to-smooth modeling combinations. Note that with
NURBS, it is possible to impose di↵erent levels of
continuity between adjacent NURBS curves (surfaces)
sharing a common point (curve) but only when us-
ing non-trimmed NURBS. Furthermore, NURBS mod-
eling does not allow determining C1-continuity on a
point shared by more than four non-trimmed quadri-

lateral surfaces.

Recall that in topographical applications, it is stan-
dard to have a structured mesh representation, and
thus, this methodology leads to C2-continuous topog-
raphy surface meshes. We also found that since the
method is fast and explicit, even a non-vectorized Ana-
conda Python implementation, is competitive with
whole mesh curving methods that might need parallel
implementations for fine meshes.

The sharp curves and surfaces of the initial mesh deter-
mine the target geometries, and thus, when higher is
the refinement level, closer to the target geometries is
the resulting mesh. This capability of matching limit
curves and surfaces is required to perform convergence
studies to validate and verify the in-house flow solver.



If after successive refinement, the computational ge-
ometry would not lead to a limit geometry, the flow
solution would not converge, too. Note that, after
successive refinement, the meshes become nested and
thus, the incorporation of a geometrical multigrid ca-
pability into the flow solver could be adequate.

The proportion of invalid elements is small compared
to the size of the meshes, and thus, we showed that it
can be fixed using local untangling and curving with-
out the need for a global solver. That would not be
the case for meshes for viscous laminar flow where
highly stretched elements are needed to resolve bound-
ary layers. Nevertheless, the meshes obtained with
the proposed approach are well suited for those ap-
plications where isotropically but graded meshes are
needed, such as in inviscid flow simulation and un-
steady large eddy simulation.

In conclusion, it is possible to refine and curve a vol-
ume mesh and obtain smooth surfaces while preserving
sharp features determined by vertices and polylines,
the latter targeting smooth limit curves. For mani-
folds with boundaries, only a straight-edged mesh with
boundary triangles marked with surface identifiers is
required. Then, the method automatically computes
the boundary curves and vertices from the triangle
marks. Finally, the technique is well-suited to curve
large quadratic and quartic meshes in low-memory
configurations, e.g. curving a topographic mesh com-
posed of two million and a half quartic elements using
a laptop equipped with 16 GBytes of main memory.
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