
International Conference on Spectral and High Order Methods ICOSAHOM 2014, Salt Lake City

AN ISOPARAMETRIC APPROACH TO HIGH-ORDER CURVILINEAR
BOUNDARY-LAYER MESHING

D. MOXEY∗, M. HAZAN∗, S. SHERWIN∗ AND J. PEIRÓ∗
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As the popularity of high-order methods increases within industrial and academic communities,
there is a pressing need for new techniques which permit the generation of curvilinear meshes
that align with the underlying geometry. One of the most prominent fields in which high-order
methods have been successfully applied is computational fluid dynamics. For complex geometries
however, boundary layer meshes of thin but necessarily stretched elements are required which
have thus far proven difficult to generate. The purpose of this talk is to present a new technique
for boundary layer mesh generation [1], in which an isoparametric representation of a coarse
boundary layer mesh is used to produce a refined mesh. Figure 1 demonstrates how the technique
works: given a mapping χ from a standard region Ωst to an element Ωe defining the coordinates
of the element, we perform a refinement of Ωst and apply χ to obtain a series of refined elements.
We examine the conditions under which the technique is valid and demonstrate how it can be
employed to generate curvilinear meshes for complex aeronautical geometries.
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Fig. 6 Boundary layer refinement for an intercostal pair of a rabbit aorta (pictured right). The
upper left image shows the high curvature of one smaller vessel, and below the resulting boundary
layer mesh is visualised.

number were high, one must use a thin boundary layer in order to resolve the steep
gradient of the scalar variable representing concentration.

In order to generate a sequence of N subelements which gradually become more
slender towards the surface of the domain, we define a spacing distribution Dk for
1  k  N which defines the height of each prismatic subelement inside W prism

st . In
this case, we choose Dk to be a geometric progression so that

Dk = ark, a =
2(1� r)
1� rN+1

where r denotes a ratio dictating the relative height of each element. Under the
framework of section 3 then, we define a straightforward affine scaling function
similar to that used in figure 2 which obeys the necessary conditions in order to
generate valid subelements. We additionally note that as long as the same spacing
distribution is used for all prismatic elements, the resulting mesh is conformal. One
of the major advantages of this method for the generation of boundary layer meshes

Figure 1: Left: overview of boundary layer refinement technique. Right: application of the
technique to a mesh for an intercostal pair of a rabbit aorta.
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