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I. Introduction

GRID generation is a very important aspect of solving
computational fluid dynamics (CFD) problems where a

set of partial differential equations has to be solved in a
given domain. It is desirable for the grid to have good ortho-
gonality properties, and the grid generator should be able
to produce an arbitrary amount of clustering near the body
surface when necessary. Generation of body-fitted coor-
dinates meeting these requirements using algebraic techniques
are described by Eiseman1 and Smith.2 It is well known that
the most efficient way of dividing the domain for external
flow problems is by generating an O-type grid for a two-
dimensional case or an O-O topology grid for a three-dimen-
sional case, since they give the maximum resolution near the
body surface with the minimum number of grid points. A sim-
ple algebraic technique has been developed for generating an
O-type grid or an O-O topology grid for a geometry with sharp
edges having a high grid density near the body surface while
maintaining orthogonality. The present method generates the
grid by distributing spacings in the outward normal direction
from a closed contour as a function of the rate of change of
arc length in that direction. This procedure, when applied to
subsequently generated contours, evolves a nearly orthogonal
grid with a circular outer boundary. A similar procedure ap-
plied to a closed three-dimensional surface produces a spheri-
cal outer boundary, thereby generating an O-O topology grid.

II. Method
In this method, at every point on the body surface and

subsequently generated constant j contours (/' and j represent
the wraparound and outer boundary directions, respectively),
the rate of change of /-direction arc length s(i) in the outward
normal direction (ds(i)/dn, n being the outward normal vec-
tor) is computed. The value of ds(i)/dn for a panel of length
si is given by (s2-s\)/d where s2 is the distance between the
points obtained by moving a small distance d along the nor-
mals at the panel endpoints. The value of ds(i)/dn at a node is
taken as the average of ds(i)/dn at neighboring panels. The
distribution of maximum physical spacing between the con-
stant j contours [i.e., Smax(y)] is prescribed. Now the spacings
S(/) in the normal direction are distributed such that where
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ds(i)/dn is small, the spacing is large and vice versa, the maxi-
mum spacing being Smax(y) for the particular constant j con-
tour. The j +1 contour obtained by this procedure has a
smoother variation of curvature or ds(i)/dn, and as j in-
creases, the curvature tends to become equal everywhere.
Thus, starting from an arbitrary body surface geometry, the
outer boundary evolves as a circle and an O-type grid is gener-
ated.

Near the body surface, where there is a large difference be-
tween maximum and minimum values of ds(/)/d/i, the ratio
between minimum spacing Smin/Smax [i.e., Smax = Smax(y)]
is kept small (0.1, say) to smooth the variation of ds(i)/dn rap-
idly. As j increases, the variation of ds(i)/dn decreases, and
Smin/Smax is gradually increased to the value of unity at the
outer boundary. In the present work, an exponential distribu-
tion has been considered, i.e.,

Smin/Smax =./min + (l - ./min) x exp[srmin - srmax)cO]

whereyhiin is the smallest value of Smin/Smax for a particular
grid, srmin and srmax are the minimum and maximum values
of ds(i)/dn for the particular j contour, and cO is a constant.

The choice of distribution function for determination of the
actual spacings S(/) on a particular constant j line is not uni-
que. The one used in the present case is an exponential distri-
bution chosen to vary the spacings rapidly near small or
negative values of ds(/)/d/z, and this helps in avoiding cross
over of adjacent lines by reducing the concavity of the surface
very quickly. The distribution function is given by

S(/) = Smin + (Smax - Smin) xexp[cl (srmin - ds(i)/dn)]

where Smin and Smax refer to the maximum and minimum
spacings for a particular constant j contour, sr min is the mini-
mum value of ds(i)/dn for that contour, and cl is a constant.

When the variation in ds(i)/dn is not very smooth, or y-
direction spacings S(i) are quite large compared to s(/),
waviness may be generated that gets amplified as j increases.
To suppress this, a few smoothing sweeps are added before the
final distribution of spacings is used to obtain the contour at
j +1. The smoothing is done selectively at the points where this
waviness is generated by adding a fraction (5-10%) of the se-
cond difference of S(i) in the i direction. The selective smooth-
ing is performed by excluding those points from the smooth-
ing operation at which the newly generated contour at j+1
obtained with the trial spacing distribution is smoother than
the previous contour, i.e., when ds(i)/dn at bothy andy'+l
are positive and [ds(i)/dn]j+l<[ds(i)/dn]jy or when ds(i)/dn
at bothy andy +1 are negative and [ds(i)/dn]J+ {> [ds(i)/dn]j.
Usually about four to six smoothing sweeps are sufficient.

The generation procedure in three dimensions is identical
with the rate of change of surface area considered instead of
arc length for determination of the spacings in the normal
direction. For smoothing in three dimensions, the second dif-
ference is replaced by the sum of the differences in spacings of
the four neighboring points with the point in question.

For calculation of direction cosines of grid lines in the radial
direction at an edge of a flat plate (with zero thickness), a
thickness is temporarily added at all points except those on the
edge. The average of the normals on the neighboring points on
the upper and lower surfaces is now taken as the direction
cosine at a point on the edge after subtracting the component
along the edge. The direction cosine at a corner is obtained by
taking the average of the direction cosines at neighboring
points on the edges meeting at the corner.

No iterations are required in the present method except for
the smoothing sweeps. Other noniterative methods for grid
generation, such as solution of hyperbolic partial differential
equations, are equally efficient. However, with the latter ap-
proach, the slope discontinuities on the body surface are likely
to be propagated into the interior grid.3
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Fig. 1 Grid about NACA0012 aerofoil: a) closeup near aerofoil, b)
closeup near trailing edge.

III. Results
In the examples of grids generated using this technique, the

spacing distribution in the j direction is prescribed such that
5max(/ +1) = Smax(y) x c, where c is a constant for the partic-
ular grid. Figure 1 shows a highly refined grid (in they direc-
tion) about the NACA0012 aerofoil (101 x 49) with Smax(l)
= 0.0006 and c = 1.2. To maintain orthogonality, the spa-
cings s(/) in the trailing-edge region increase much more rap-
idly with increasing y compared to other points on the surface.
This would cause the grid to be very sparse in the circumferen-
tial direction along the /=const line from the trailing edge. To
remove this drawback, more data points need be prescribed
near the trailing edge. This is desirable since the flow gradients
also become quite large near the trailing-edge region.

An example of a three-dimensional grid is shown in Fig. 2
for a flat plate wing with 48 wraparound and 16 span wise divi-
sions (on one half of the wing). Figure 2a shows a composite
view with one from each of the three families of surfaces (i.e.,
the wing surface and the chordwise and spanwise symmetry
planes). Figure 2b shows the enveloping surface aty = 15,y be-

a)

Fig. 2 Three-dimensional grid about a flat plate wing: a) view show-
ing one surface from each family, b) enveloping surface at 7 = 15.

ing the radial direction. The surface is smooth everywhere, in-
cluding those points where the flat plate corners are being
mapped. The spacing distribution in the radial direction is
similar to that in two dimensions with Smax(l) = 0.006 and
c= 1.24. Data points on the wing surface have been concen-
trated near the edges to avoid grid spacings becoming ex-
cessively large on the enveloping surfaces near the sharp edges.

IV. Conclusion
A method has been developed for generating an O-type grid

about aerofoils and an O-O topology grid about wings incor-
porating an arbitrary amount of clustering near the body sur-
face. The grid has good orthogonality properties, and the gen-
eration procedure takes very little computer time since no
iterations are needed.
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