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Figure 3.4 A general curved element can be described in terms of a series of parametric functions
fA(ξ1), fB(ξ2), fC(ξ1), and fD(ξ2). Representing these functions as a discrete expansion we can
construct an iso-parametric mapping χi(ξ1, ξ2) relating the standard region (ξ1, ξ2) to the deformed
region (x1, x2).

the hierarchical modal expansion. For example, a quadrilateral domain of the form shown
in figure 3.2(b) the mapping can be defined by equation (3.37).

We note that this simply involves the vertex modes of the modified hierarchical expansion
basis within a quadrilateral domain (see section 2.1.1). We could, therefore, have written
the expansion as

xi = χi(ξ1, ξ2) =
p=P1∑

p=0

q=P2∑

q=0

x̂i
pqφpq(ξ1, ξ2) (3.38)

where φpq = ψa
p (ξ1)ψa

q (ξ2) and x̂i
pq = 0 except for the vertex modes which have a value of

x̂i
00 = xA

i x̂i
P10 = xB

i x̂i
P1P2

= xC
i x̂i

0P2
= xD

i .

The construction of a mapping based upon the expansion modes in this form can be
extended to include curved sided regions using an isoparametric representation. In this
technique the geometry is represented with an expansion of the same form and polynomial
order as the unknown variables.

To describe a straight-sided region we needed only to know the values of the vertex
locations. To describe a curved region, however, requires more information. As illustrated
in figure 3.4, we typically expect to have a definition of a mapping of the shape of each edge
in terms of the local coordinates which we denote as fA

i (ξ1), fB
i (ξ2), fC

i (ξ1) and fD
i (ξ2). The

process of defining the mapping functions can be considered as part of the mesh generation
process, the discussion of which is in section 3.3.3.

Knowing the definition of the edges (or faces in three-dimensions) a mapping for a
curvilinear domains can be determined using the isoparametric form of equation (3.38)
to include more non-zero expansion coefficients than simply the vertex contributions. In
two-dimensions we wish to use the coefficient along each edge of the element, and in three-
dimensions we can use the face coefficients as well. Along each edge we therefore need to
approximate the shape mapping fi(ξ) if it is not already represented by a polynomial of


