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Structured Background Grids for Generation of
Unstructured Grids by Advancing-Front Method

Shahyar Pirzadeh*
ViGYAN, Inc., Hampton, Virginia 23666

A new method of background grid construction is introduced for generation of unstructured grids using the
advancing-front technique. Unlike the conventional triangular/tetrahedral background grids that are difficult to
construct and usually inadequate in performance, the new method exploits the simplicity of uniform Cartesian
meshes and the superiority of the elliptic grid point distribution for unstructured grid generation. The approach
is analogous to solving a steady-state heat conduction problem with discrete heat sources. The spacing parame-
ters of grid points are distributed over the nodes of a Cartesian background grid by solving a Poisson equation;
To increase the control over the grid point distribution, a directional clustering approach is developed. The new
method is convenient to use and provides better grid quality and flexibility. Some sample two-dimensional results
are presented to demonstrate the power of the method.

Introduction

N important feature of any grid-generation technique is

its ability to distribute grid points smoothly throughout a
computational domain. The need for smoothness is dictated
by requirements for numerical stability and accuracy of flow
solutions and is independent of the mesh type, e.g., structured
or unstructured. For structured mesh generation, the question
of grid point distribution is usually addressed by the solution
of appropriate equations (algebraic, differential, etc.), which
generally results in smoothly varying meshes. Many unstruc-
tured grid-generation techniques, however, do not rely on any
rigorous mathematical approach for distributing grid points
and thus may lack the desired smoothness. '

One of the techniques for generating unstructured triangu-
lar/tetrahedral grids is the advancing-front method.!-3 In this
approach a grid is generated by forming cells starting from the
domain boundaries and marching toward the interior of the
computational domain. The local grid characteristics, such as
grid point distribution, are controlled by information stored at
the nodes of a secondary coarse mesh referred to as the ‘“back-
ground’’ grid. Typically, a background grid consists of un-
structured triangular or tetrahedral cells that enclose the entire
domain without the requirement of conforming to the config-
uration. Its sole function is to guide a marching front for
insertion of new points at proper locations. As the front ad-
vances into the field, the grid parameters defining the position
of a new point are interpolated from the values stored at the
nodes of the background grid cell that encloses the point.

The quality of a generated grid and the convenience by
which it is obtained largely depend on the adequacy of the
background grid used. The smoothness in variation of grid-
spacing parameters from point to point in the field not only
determines the quality of the final mesh but also affects the
robustness of the grid-generation process itself. An unsatisfac-
tory distribution of grid parameters at the nodes of a back-
ground grid (for example, a sudden change in spacing) often
creates physically impossible conditions that result in frequent
failures of a grid-generation process. Therefore, as an essential
part of the advancing-front method, background grids intro-
duce some additional important grid-generation issues that
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should be considered. Among these are the questions of sim-
plicity, accuracy, efficiency, and flexibility of background
grids. For convenient generation of a good quality mesh, 1) the
background grid should be easy to construct with a reasonable
amount of the user’s time and effort, 2) the background grid
should provide a smooth and controllable distribution of grid
points throughout the domain, 3) the interpolation from a
background grid to a point in the domain should be done
efficiently, and 4) the modification of a background grid
should be convenient after it is constructed for a problem.
These issues-have a considerable impact on the robustness and
usability of an unstructured grid generator requiring a back-
ground grid. ‘

This paper presents a new type of background mesh that
resolves many of the problems associated with the conven-
tional approach. The new method is based on uniform Carte-
sian meshes and automatically distributes grid parameters in
the field by solution to an elliptic partial differential equation.
A directional distribution approach is used to enhance the
control over grid point clustering. Only two-dimensional prob-
lems are considered in this paper. The extension of the method
to three-dimensional problems is relatively straightforward.
The following sections describe the new methodology in detail.
A brief explanation of the shortcomings of the conventional
background grid is presented first to demonstrate the impetus
for the present work.

Unstructured Background Grids

A background grid made of a number of triangular cells that
covers the domain around a two-dimensional configuration is
shown in Fig. 1. A background grid of this type is usually
generated either manually or graphically. Several methods for
generating such grids are given in Ref. 3.

For small problems involving generation of grids around
simple geometries, a background grid composed of a few trian-
gular or tetrahedral cells'may easily be constructed by hand
with controllable distribution of spacing parameters among
the background grid nodes. However, as the complexity of the
geometry increases or for meshes that are adapted to a flow
solution, larger and more sophisticated background grids are
required.? Obviously, the manual construction of a back-
ground grid having a few hundred nodes is both difficult and
time consuming.

Furthermore, the task of individually prescribing spacing
parameters for a large number of background nodes is both
tedious and inaccurate. It is not uncommon to prescribe an
unsatisfactory distribution of spacing parameters that results
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a)

b)
Fig. 1 Typical triangular background grid: a) far field, b) near field.

in a poor quality grid and in some cases severely affects the
process of front advancement. Often, several attempts are
required to produce an acceptable distribution. The two pro-
cesses of constructing a good background grid and smoothly
distributing spacing parameters by the conventional method
account for a large portion of the total grid-generation time
and require a great deal of the user’s experience. In addition,
the control over point distribution in the computational mesh
using an unstructured background grid is difficult unless a
large number of background grid points are introduced.

The third problem associated with a conventional back-
ground grid is its lack of flexibility for change and modifica-
tion after it is constructed. Should a portion of a background
grid be altered or if more nodes are subsequently desired in a
section of the domain (for example, for addition of a nacelle/
engine to a wing), a new background grid must be generated
for the entire configuration to supply additional information.

Finally, interpolation from the nodes of an unstructured
background grid requires storage of the mesh coordinates and
connectivities. For each new grid point being introduced dur-
ing the process of grid generation, a series of search and check

operations must be performed to find the background grid cell
that encloses the point. Each operation requires computation
of several Jacobians of the background grid cells and shape
functions.

Structured Background Grids

Since a background grid is used only for interpolation of
grid characteristics and need not conform to the boundaries of
the configuration, a simple uniform Cartesian grid can also
accomplish the objective sufficiently. A Cartesian mesh is eas-
ily generated with a few simple lines of computer coding
as opposed to the time-consuming manual construction of
triangular/tetrahedral unstructured meshes. Associated with a
Cartesian background grid is an arbitrary number of user-pre-
scribed source elements at which grid parameters are defined.
The source elements propagate spacing parameters in the field
automatically and in a systematic manner. Two types of
sources are used in this work: nodal and linear elements. The
sources may be positioned anywhere in the field, preferably
near the surfaces of the geometry and at the outer boundaries.
Generally speaking, the location of a source element is chosen
where a well-controlled distribution of grid points is desired

¢ - ® L
® L
®

a)

b)

Fig.2 Typical Cartesian background grid with source elements:
a) far field, b) near field.



PIRZADEH: GENERATION OF UNSTRUCTURED GRIDS 259

such as the leading edge of an airfoil/wing or at an expected
shock wave location.

Figure 2 shows a structured background grid covering the
computational domain around the same configuration as the
one in Fig. 1. Note that the positions of the background grid
points match neither the boundaries of the geometry to be
gridded nor the source elements. The number and locations of
the sources, in this example, are chosen the same as those of
the unstructured background grid nodes in Fig. 1 for compar-
ison of the generated grids. Fewer source elements are typically
required for such a simple geometry.

Distribution of Grid Parameters

The spatial variation of grid parameters in a field is deter-
mined by a process similar to that of computing the diffusion
of heat from discrete heat sources in a conducting medium.
The process is modeled by solving a Poisson equation on the
Cartesian grid with specified sources and Dirichlet boundary
conditions. The solution to such a problem provides ‘‘pseudo-
isotherms’’ that vary smoothly from high- to low-potential
regions. The procedure is similar to that of elliptic structured
grid-generation schemes in which a system of elliptic partial
differential equations are solved on a uniformly spaced grid in
the computational domain to obtain the coordinates of the
grid points in the physical space. For the present method, a
single elliptic equation is solved for grid point spacing parame-
ters in the physical domain with no transformation between
different frames of reference. The concentration of grid points
in a region can easily be controlled by strength and intensity of
local sources.

A smooth distribution of grid-spacing parameters within a
domain is modeled by

VS =G 8y
along with a set of given boundary conditions
S=S5 2

where S denotes the grid-spacing parameter, G is a source term
maintaining the spacings in the field, and S, represents pre-
scribed spacing values at the outer boundaries. A discretiza-
tion of Eq. (1) is obtained by assuming that propagation of
spacing parameters to a background grid node from the source
elements and the adjacent grid nodes (Fig. 3) is determined by
a weighted averaging procedure based on the inverse of dis-
tance squared. The outcome is a five-point approximation of
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Fig. 3 Source elements in a Cartesian background grid.

Eq. (1) on the Cartesian background grid with the resulting
source term

N
Gij = X vn(SiJn = 1) ®

where (7, j) represents a background grid node index, N is the
total number of source elements in the field, and ¢, is an
intensity factor for the nth source element. The functions 7,
and J, in Eq. (3) are defined as

S, /r? nodal source
h=a{ s®, . @
1), 1@ inear source
A
and
-
1/r? nodal source
Jp=< 1 dre . %)
0] . W linear source

-

where S, is the prescribed spacing at the nodal source n with a
distance r from the interpolation point and f(¢) denotes a linear
variation of spacing along the line source » with a length 14, 1.
The line integrals in Eqgs. (4) and (5) are evaluated analytically
for straight line elements for which spacing parameters are
prescribed at the endpoints.

The implementation of the Gauss-Seidel iterative scheme
with successive over-relaxation to the problem yields

Si,r;l'+1 = (1 - w)S,ﬁ + O)< i”i—*i,_li + SI”‘; 1,j + S,’:l]i} + SK,"+1

N N
+h22¢n1n>/<4+h22¢,,1n> 6)

n=1 n=1

where h is the uniform background grid spacing, m is an
iteration level, and w is a relaxation parameter (0 <w<2). The
iterative solution is stable due to the diagonal dominance of
the resulting coefficient matrix. An optimum value for » which
significantly accelerates the convergence rate of the iterative
process can, in general, be obtained by some numerical exam-
ination. For a two-dimensional problem on a rectangular do-
main, however, a theoretical analysis is available for evalua-
tion of an optimum .5

The spacing parameters at the nodes of a background grid
are first interpolated from all source elements using

N N
Sy = 2_:1(¢n1n) / )_31 Wndn) 0]

This rather crude distribution serves as initial values for the
iterative scheme. Equation (6) is then solved iteratively on the
interior background grid points, subject to the fixed boundary
values determined by Eq. (7), until convergence when a final
smooth distribution of grid spacings is obtained.

Distribution Control

The spacing parameter prescribed for a source at a location
represents the local dimensional grid size with its effect gradu-
ally diffused as the distance from the source is increased. The
control over distribution of points in a grid is achieved by
adjusting the locations, spacing parameters, and intensities
specified for the source elements. The intensity of a source ¢,
controls the extent by which the effect of the element propa-
gates in a field. It can be viewed as a factor influencing the
effective distance between a source element and a point in the
field as indicated in Eq. (7). Unlike the spacing parameter of
a source element that is absolute, the intensity is a nondimen-
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sional factor, and its function is relative to those of other
sources in the field. The higher the relative intensity for a
source, the farther the influence of the source can extend into
the domain. Figures 4a and 4b compare two grids generated in
a square domain with side lengths of unity by specifying one
nodal source element in the middle and four at the corners of
the field. The source elements in both cases have identical
spacing parameters: 0.2 at the corners and 0.005 in the middle.
The source elements at the corners have intensity of 1.0 in both
cases. The intensity of the source in the middle is prescribed as
8.0 for case a and 2.0 for case b, resulting in completely differ-
ent grid distributions.

In addition to a simple symmetrical intensity adjustment, a
directional control capability is developed that considerably
enhances the overall flexibility of point distribution in a grid.
This is done by limiting the source intensities to certain zones
and directions as follows. Consider a nodal source n located
at a distance r, from an interpolation point p as depicted in
Fig. 5, which also shows a unit vector # defining the desired
propagation direction. A directional (zonal) intensity for the

a)

b)
Fig. 4 Effect of source intensity on grid distribution: a) high inten-
sity, b) low intensity.
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Fig. 5 Interpolation point p in relation to a nodal source n propagat-
ing in direction of vector u.

source element 7 in relation to the interpolation point p is
calculated as

¢n=an6+bnl¢|k (8)

where a, and b, are prescribed parameters specifying the mag-
nitude of the domain of influence of the source element, £ is
a positive constant (a value of 10 is used in this work), and 8
and ¢ limit the source propagation in accordance with the
prescribed zone and direction. The parameter ¢ is defined by

lal
¢=<1-%>v~u+%lv-ul ©
where
v =r,/r, (10)

and 3 is equal to 1 unless b, is zero for which
: {0 if a(v - u)<0 a1

=1 ifaw-uy=0

A value of 1 for « indicates propagation on one side of the
source in the direction of the prescribed unit vector u whereas
— 1 specifies propagation on the opposite side. For « equal to
0, propagation would be on both sides of the source. The first
term on the right-hand side of Eq. (8) gives a circular or
semicircular (one-sided) propagation around a nodal source
with a, controlling the propagation radius, whereas the sec-
ond term provides an extended, one- or two-sided propagation
along the prescribed direction with b, influencing the extent of
the propagation. For a linear source, a, and b, also inde-
pendently contribute to the propagation on either or both sides
of the element. The magnitude of the intensity parameters a,
and b, are determined best by experiment for individual prob-
lems. In practice, a balance between the total intensity of the
inner source elements (around the geometry) and that of the
sources positioned at the outer boundaries would result in a
satisfactory grid distribution in the field for two-dimensional
problems.

Figures 6a-6¢ depict three sample grids generated with vari-
ous directional intensities prescribed for a nodal source ele-
ment located at the center of a unit square with a propagation
direction specified toward the upper left corner. The intensities
of the four outer sources and the spacing parameters in these
grids are identical to those in Fig. 4. The parameters for the
middle source are given in Table 1. Note that, in addition to
the side, direction, and extent, the expanse width of the nodal
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Fig. 6 Effect of directional intensity on grid distribution.
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Table 1 Middle source
parameters for the grids in Fig. 6

Grid an by o
a 8.0 0.0 1.0
b 1.0 16.0 0.0
c 1.0 16.0 1.0
d 0.2 4.0 0.0
e 0.2 4.0 1.0
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Fig. 7 Triangular grid around NACA 0012 airfoil generated using a
conventional unstructured background grid: a) far field, b) near field.

AVl

source is also controlled as shown in Figs. 6a and 6c. A similar
approach applies to linear sources with control over the prop-
agation of grid spacings on either side of the element. Figures
6d and 6¢ show a linear source element with two- and one-
sided propagations, respectively, producing different grid dis-
tributions. ‘

Interpolation

During the process of advancing front, the size of a grid
element (side or cell) at an arbitrary location in the field is
interpolated from the spacing parameters stored in the back-
ground grid. Unlike the unstructured background grids for
which the storage of coordinates/connectivities and perfor-
mance of a series of search and check operations are required
to locate an interpolation point in an enclosing cell, uniform
Cartesian background grids provide a simple search/interpola-

tion procedure. An interpolation point p is located in a Carte-
sian cell with a primary node index given by integers

i=(Xp —Xmin)/h + 1 (12a)
j = (yp _ymin)/h +1 (12b)

where x,, and y, are the coordinates of point p, and Xy, and
Ymin are the minimum coordinates of the background grid. The
remaining nodes of the cell covering point p are represented by
indices with one level higher than the primary index. Interpola-
tion from the four nodes is performed by any conventional
method such as bilinear, inverse distance weighting, etc.

Since a background grid is usually very coarse in relation to
the geometry of interest, interpolation from only four nodes of
a background grid cell may not provide sufficient control of
grid point clustering within the cell. This is especially the case
in regions close to the geometry or at an expected shock wave
where a more flexible point distribution and a rapid change in
grid spacings are required. For a better point distribution using
a coarse background grid, the spacing parameter at a location
may be interpolated from the four nodes of the background
grid cell that encloses the interpolation point on the front while
also taking contributions from the source elements using a
weighted averaging procedure similar to that given by Eq. (7).
Contributions from all source elements and from those falling
in the enclosing background grid cell have both resulted in
good grid point distributions.

a)

b)

Fig. 8 Triangular grid around NACA 0012 airfoil generated using a
structured background grid: a) far field, b) near field.
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Interpolation of spacing parameters from the background
grid nodes and the source elements brings up the question of
requirements on the resolution of background grids or even
whether the advancing-front process can be conducted without
a background grid by a simple data transfer directly from
sources. The problem is analogous to comparing algebraic
structured grid-generation methods with those having elliptic
smoothing capabilities. A simple interpolation directly from
source elements in the absence of an “‘elliptic’’ background
grid may lack the desired smoothness of the final grid as
demonstrated in the next section. The density (resolution) of a
background grid depends on the size of the configuration to be
gridded, the desired smoothness of the final grid, and whether
interpolation is from both background grid nodes and source
elements. For a large domain containing a small configuration
and no direct interpolation from sources, a finer background
grid is required to produce a smooth grid with adequate grid-
spacing variation in the field.

Results

Several two-dimensional grids have been generated around
two configurations and are presented in this section to show

a)

b)

Fig. 9 Triangular grids around NACA 0012 airfoil generated a) with
no background grid and b) with a structured background grid.
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Fig. 10 Local grid refinement by addition of a linear source element:
a) background grid, b) and c) triangular grids.

the capability of the new method. The objective is to demon-
strate the quality and versatility of grids generated for prob-
lems featuring complicated flowfields and complex geometries.
All of the meshes in this study were generated with a modified
two-dimensional version of the advancing-front method re-
ported in Refs. 1 and 3.

To illustrate the improved grid quality obtained by the new
method, two meshes were generated around a NACA 0012
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airfoil configuration with a chord length of 1 and a square
outer boundary having a side length of 20 units. The first grid
was generated with the conventional approach and the other
one with the new method. The triangular background grid
used for the conventional mesh is shown in Fig. 1 having 22
cells and 16 nodes. A corresponding 21 x 21 Cartesian back-
ground grid is shown in Fig. 2 with an equal number of source
elements to the nodes of the unstructured background grid and
with the same locations and prescribed spacings. A converged
solution for the spacing parameter distribution in the field was
obtained in 33 iterations with residuals decreasing by four
orders of magnitude. The interpolation of grid spacings for the
advancing-front process has been from both the background
grid nodes and all of the source elements for this case.

The grid generated using the unstructured background mesh
is shown in Fig. 7 and consists of 3047 cells, 1580 points, and
113 boundary nodes. The grid constructed with the new
method is shown in Fig. 8 and contains 3063 cells, 1586 points,

L4 e
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Fig. 11 Multielement airfoil configuration with prescribed nodal and
linear source elements.
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and 109 boundary nodes. A comparison of these meshes
clearly indicates the improvement obtained by the new
method. The conventionally generated grid lacks the desired
smoothness in distribution, whereas the one generated with the
present method exhibits an orderly progression of contours
resembling concentric ‘‘isotherms’’ around the configuration.
The distribution of points in Fig. 7 appears linear with spac-
ings growing too fast off the surface of the airfoil, whereas in
the new grid more points are clustered around the airfoil by
simple adjustment of the source intensities.

The effect of the background grid ellipticity is further exam-
ined in Fig. 9. Two grids are compared: one generated without
a background grid for which the spacings have been interpo-
lated directly from source elements (Fig. 9a) and another gen-

Table 2 Source parameters for the multielement airfoil grid

Source an bn o u Sn

m 0.75 0.00 0.0 R 0.0025
ny 0.45 0.00 0.0 _ 0.0035
n3 0.75 0.00 0.0 R 0.0025
ny 0.40 0.00 0.0 —_ 0.0150
ns 0.70  0.00 1.0 (0.100, —0.995) 0.0030
ng 0.20 0.60 1.0 (1.000, 0.000) 0.0020
ny 0.20 0.60 1.0 (1.000, 0.000) 0.0020

4] 0.10 0.00 0.0 —_ 0.001, 0.001
1) 0.35 0.80 1.0 (0.707, 0.707) 0.003, 0.005
npl 1.30 0.00 0.0 —_ 3.0000
np2 1.30 0.00 0.0 —_— 3.0000
np3 1.30 0.00 0.0 e 3.0000
Npa 1.30 0.00 0.0 —_— 3.0000
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Fig. 12 Triangular grid around a multielement airfoil configuration.
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erated by interpolating grid spacings from a 100 % 100 back-
ground grid with a smooth distribution of spacing parameters
at the nodes (Fig. 9b). Although the grid in Fig. 9a is accept-
able, it is not as smooth as its counterpart and grows rapidly
off the inner boundary. The choice of a relatively fine back-
ground grid for this case has made up for the omission of
source elements from the interpolation process and has pro-
duced a good variation of grid spacings throughout the do-
main. This speeds up the grid-generation process (simple inter-
polation only from four nodes of a background grid cell);
however, the process needs more memory to store a large
background grid, particularly for three-dimensional problems,
and may still lack the desired grid distribution flexibility.

To demonstrate the versatility of the method and its poten-
tial application to solution adaptive gridding, one of the source
nodes was replaced with a linear source element on the upper
surface of the airfoil to mimic a grid adapted to a shock wave
(Fig. 10a). The rest of the original background grid remains
unchanged. The results are shown in Figs. 10b and 10c with
grid points concentrated at the presumed shock location. The
extent of the refined region is easily controlled by adjusting the
intensity of the line source as shown; Adaptive unstructured
mesh regeneration is typically done by using the current un-
structured grid as the background mesh for generating the next
grid.? This is computationally time consuming and makes the
interpolation process complicated, especially for regions of
small and skewed cells. In the new method, the original Carte-
sian background grid would remain intact throughout the pro-
cess of adaptive grid regeneration; only the source elements
should be modified based on the flow characteristics.

The capability of the method has been further examined by
generating a grid around a complex multielement airfoil. To
complicate the condition even further, the grid has been as-
sumed to be adapted to a hypothetical complex flowfield con-
taining a shock wave. The geometry is composed of four air-
foil sections set up in a high-lifting arrangement with a total
length of about 1 as shown in Fig. 11. A circular outer bound-
ary for this case has a radius of 6 units. The background grid
used is a 81x 81 Cartesian mesh with seven nodal and two
linear source elements positioned near the airfoil sections (also
shown in Fig. 11) and four nodal source elements at the outer
boundary to set up the boundary conditions. All nodal ele-
ments have symmetrical intensities except the one at the trail-
ing right-angled corner of the main airfoil (ns) that has a
one-sided intensity propagating downward and the two ele-
ments at the leading edges of the third and fourth airfoil sec-
tions (ng and n;) that propagate streamwise mostly. The linear
element on the flap (¢,) has a variable spacing and propagates
mainly toward the upper surface of the airfoil. The source
parameters used for generating this grid are given in Table 2.

Figure 12 shows the generated grid having 13,636 cells, 7020
points, and 410 boundary nodes. The grid distribution is
smooth and efficiently resolves all of the details of the config-
uration and the flowfield. This example démonstrates the high
degree of the mesh flexibility and distribution control that can
be achieved with the present method. For example, note the
miniature grid refinement at the presumed shock location near
the nose of the main airfoil in Fig. 12¢ as compared with the
overall size of the domain in Fig. 12a. The refinement has been
made by addition of a small linear source element (f;) with a
weak symmetrical intensity. Also note that the effect of the
source element at the trailing corner(ns) has been confined only
to the lower surface in Fig. 12d without influencing the grid
resolution on the upper surface of the thin tail section. The
observed degree of grid smoothness, variation, and control
could not be achieved without interpolating the spacing
parameters from both the Cartesian grid nodes and the source
elements unless a finer background grid was used. The repro-
duction of such a detailed grid distribution using the conven-
tional method would require a complex triangular background
mesh with many small cells concentrated at the locations of
interest.

Concliding Remarks

A new method for construction of background grids has
been proposed to improve the generation of unstructured grids
using the advancing-front method. The method is based on
Cartesian meshes and solution to an elliptic partial differential
equation. Because of the simplicity and flexibility of the ap-
proach, many of the problems associated with the conven-
tional unstructured grids are resolved.

The construction of background grids by the new method is,
for the most part, automatic and requires minimal user inter-
action. The input data are limited to information about a few
source elements such as locations, spacing parameters, and
propagation directions of the sources. No grid coordinates and
connectivities need to be generated and stored as for unstruc-
tured background grids. Unlike the conventional method, the
new technique distributes spacing parameters among the nodes
of a background grid in a systematic manner. The smoothness
of a resulting unstructured grid is guaranteed by solution of
the governing elliptic equation.

The new background grids are more flexible to modifica-
tions due to the arbitrariness of the location and directional
control capability of the source elements. As there is no limit
to the number and location of these sources being introduced
to the field, a background grid can be modified at any time by
simply adjusting the number, type, and/or characteristics of
the elements to match the grid requirements. This is specifi-
cally useful for adaptive grid refinement/derefinement in
which more source elements can be automatically added to the
regions of high gradient and removed from locations of uni-
form flow as dictated by the flow solution.

Finally, interpolation from a uniform Cartesian background
grid is convenient since no grid connectivity or additional in-
formation about neighboring cells are required. Also there are
no search and check operations involved for locating interpo-
lation points in a background grid.

The capability of the new method has been demonstrated for
generation of two-dimensional triangular grids. The method is
also extendable to three-dimensional problems with minor ad-
justments and modifications. The significance of the method
would be greater for generation of three-dimensional grids
since the complexity of conventional tetrahedral background
grids is even more extensive. )
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