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Advance in Overset Grid Schemes: From Chimera
to DRAGON Grids
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A new approach that uses nonstructured mesh to replace the arbitrarily overlapped structured regions of em-
bedded grids is presented. The present methodology uses the Chimera overlapped structured grids that are inde-
pendently generated and body fitted, yielding a high-quality grid readily accessible for efficient solution schemes.
A hybrid grid scheme is then proposed that maximizes the advantages of the Chimera scheme and adapts the
strengths of the unstructured grid while at the same time keeps its weaknesses minimal. This new adaptation
to the Chimera thinking is the direct replacement of arbitrary grid overlapping by nonstructured (DRAGON)
grid. The nonstructured grid region sandwiched between the structured grids is limited in size, resulting in only a
small increase in memory and computational effort. The DRAGON grid method has three important advantages:
1) preserving strengths of the Chimera grid, 2) eliminating difficulties sometimes encountered in the Chimera
scheme, and 3) making grid communication in a fully conservative and consistent manner insofar as the governing
equations are concerned. Numerical results on representative two-dimensional steady and unsteady inviscid flows
are demonstrated.

I. Introduction

DURING the last decade both structured and unstructured grid
systems have been developed and applied for the computa-

tions in various computational fluid dynamics (CFD) problems. To
deal with situations in which complex geometry imposes great con-
straints and difficulties in generating grids, composite structured
grid schemes and unstructured grid schemes currently are the two
mainstream approaches.

The Chimera grid scheme,1 which uses overset grids to resolve
complex geometry or flow features, is generally classed into the
composite structured grid category. Overset grids allow structured
grids to be used without excessive distortion or inefficient use of
grid density. It has been used to compute inviscid and high-Reynolds
flow about complex configurations,2'3 and even been demonstrated
for unsteady three-dimensional viscous flow problems4'5 in which
one body moves with respect to another. Overset grids have also
been used as a solution adaptation procedure.6-7

The Chimera method is an outgrowth of the attempt to generalize
a powerful solution approach to more complex situations. It is rec-
ognized, however, that there are weaknesses that must be removed
if Chimera is to remain competitive with unstructured grids. There
are two main criticisms leveled against the current implementations
of the Chimera method: 1) the complexity of the interconnectivity
is perhaps as difficult as dealing with an unstructured grid, resulting
in orphan points and bad quality of interpolation stencils, and 2)
nonconservative interpolations to update interface boundaries are
often used in practical cases. The fact that interpolation is generally
used to connect grids implies that conservation is not strictly en-
forced. Our experiences have indicated that the interpolation error
can become globally significant if numerical fluxes are not fully
conserved, in particular when a discontinuity runs through the in-
terpolated region. Also, this error can be strongly affected by the
underlying flux schemes, such as central vs upwind schemes. As has
been noted, conservative interpolation schemes in two dimensions8'9
have been shown to be relatively easy. Extension to three dimen-
sions in determining the volume weights for irregular polyhedra,
however, is not all that straightforward. Even if three-dimensional
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conservative interpolation proves to be feasible, a fundamental diffi-
culty exists because of the nonunique distribution of the coarse-grid
data to the fine grid.

On the other hand, the unstructured grid method is found to
be very flexible to generate grid meshes around complex geo-
metries.10'11 In particular, solution adaptivity is perhaps its greatest
strength.12-13 The unstructured method, however, has been shown to
be extremely memory and computation intensive.14 Also choices of
efficient flow solvers are limited, thus further affecting the efficiency
of the unstructured method.

In general, unstructured grid methods are considered to be more
versatile and easier to adapt to complex geometry whereas com-
posite structured grid methods are considered to use more efficient
numerical algorithms and require less computer memory. However,
both pure-strain approaches have their strengths and weaknesses.

We will begin with the premise that the Chimera grid is a formi-
dable choice for dealing with a multicomponent, complex geometry.
This choice leaves us a clear task for our research: preserve/maxi-
mize desirable features of the method and eliminate shortcomings
associated with the current practice. An alternative way to ensure
interface conservation and avoid uncertainty on the interpolation
scheme altogether would be to introduce an unstructured flow solver
in the vicinity of the interface boundaries, as proposed in Refs.
15 and 16. In this paper a new approach is presented that uses a
nonstructured mesh to replace the overset region in the Chimera
embedded grids. We believe that this approach not only eliminates
the shortcoming of the current Chimera method but also preserves
its advantages. The extension of the present method to three di-
mensions is straightforward and only paced by the capability of
three-dimensional unstructured grid generation techniques.

II. Chimera Grid
Since the Chimera method is a major steppingstone in our

development, it would be worthwhile to briefly describe it for com-
pleteness. The Chimera scheme is a grid embedding technique which
provides a conceptually simple method for domain decomposi-
tion. For instance, a major grid is generated about a main body
element; minor grids are then overset on the major grid so as to
resolve interesting features of the configuration. Usually, the minor
grids are overset on top of the major grid without requiring the
mesh boundaries to join in any special way. A common or over-
lap region, however, is always required to provide the means of
matching the solutions across boundary interfaces. To increase the
flexibility in the selection of subdomains, the Chimera scheme also
allows an implementation to remove regions of a mesh containing

1809



1810 KAO AND LIOU
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Fig. 1 Construct of the Chimera grid.

Fig. 2 Chimera grid used for integrated Space Shuttle geometry.3

an embedded grid from that mesh. That is, an embedded mesh in-
troduces a "hole" into the mesh in which it is embedded. Typically,
a hole is defined through a creation boundary that consists of a sur-
face or a group of surfaces. The purpose of a hole creation boundary
is to identify points that are within this boundary. A mesh point is
considered to be inside a hole creation boundary if it is inside all
surfaces that define the boundary. Figure 1 illustrates the connec-
tions between composite overlapping grids, with hole points being
blanked by a prescribed creation boundary. A practical application
of the Chimera grid system for the integrated Space Shuttle vehi-
cle is shown in Fig. 2, in which three grids conforming the orbiter,
external tank, and solid rocket booster together with the associated
hole boundaries are shown, representing a triumphant case for the
method. Details regarding the grid embedding technique can be
found in Refs. 1 and 17.

The Chimera method has two principal elements: 1) decomposi-
tion of a chosen computation domain into subdomains and 2) com-
munication of solution data among these subdomains. Software is
needed to automatically interconnect grids of subdomains, define the
hole region, and supply pointers to facilitate communication among
grids during the solution process. We have used the PEGSUS1'17

codes to perform these task. PEGSUS 4.017 is the latest release and
executes four basic tasks: 1) precess the grids and user inputs for all
subdomains, 2) identify the hole and interpolation boundary points,
3) determine the interpolation stencil and interpolation coefficients
for each interpolation boundary point, and 4) supply diagnostic in-
formation on the execution and output the results for input to the
flow solver.

It must be noted that the PEGSUS codes, even though very pow-
erful and general, should not be taken as error free. Some problems
may arise, for example, when the slope can not be uniquely defined
either on a hole creation boundary or on the grid. Using the PEGSUS,
as any other new techniques and softwares, will require some knowl-
edge about the underlying techniques and experiences. Fortunately,
PEGSUS has enough flexibility and some ingenuity on the user's
part can usually resolve difficulties.

III. Data Communication
Since the separate grids are to be solved independently, bound-

ary conditions must be made available. Boundary conditions on
the interpolated hole boundary and interpolated outer boundary are
supplied from the grid in which the boundaries are contained. There
are currently several approaches (e.g., Refs. 1, 8, 9, and 18-20) to
obtain data for these conditions, but all involve some form of inter-
polation of data in a grid. Generally, they can be grouped into two
categories: nonconservative and conservative interpolations, which
are discussed in the following.

A. Nonconservative Interpolation
Once the interpolation stencils are searched and identified,

PEGSUS employs a nonconservative trilinear interpolation scheme.
There is much uncertainty as regards measuring the local or
global effects of the nonconservative interpolation on the solution,
especially when a strong gradient region intersects the interpolation
region. In Ref. 21, the order of interpolation has been studied in rela-
tion to the order of partial differential equations (PDE), the order of
the discretization, and the width of interpolation stencils for a model
boundary value problem. For a second-order formula, it was found
necessary to use an interpolation of at least third order, as the overlap
width is on the order of the grid size. An assessment of the Ref. 21
proposal's validity for a range of problems is warranted because
interpolating has the advantage of being a relatively simple matter
to perform. Another study22 on incompressible viscous flow also
has indicated that a certain amount of mass source is created along
the interpolation boundaries, resulting in a pressure buildup in those
regions. For some cases,23 use of direct interpolation for supplying
required boundary information results in incompatible boundary
conditions which prevent the numerical solution from converging.

B. Conservative Interpolation
It has been asserted that the conservation property needs be en-

forced for cases in which shock waves or other high-gradient regions
cross the region of interpolation. Several conservative interpolation
schemes have been proposed for patched interfaces7'20 and arbitrar-
ily overlapped regions.8'23 These schemes are relatively easy in a
two-dimensional domain but are still substantially more complex
than the nonconservative schemes. Their extensions to three dimen-
sions are extremely difficult, if not impossible. Simplification is pos-
sible for patched grids in three dimensions,24'25 but more restrictions
are placed on grid generation, making the schemes less attractive.

A fundamental deficiency in all of these approaches is that a
choice has to be made concerning the distribution of fluxes from
one grid to another, even though the sum of fluxes can be made
conservative. Since the overlapped region is necessarily arbitrary,
there will be great disparity in grid density and orientation along
the overlapped region (or hole boundary). The choice of weighting
formulas is not clear and certainly not unique.

IV. Direct Replacement of Arbitrary Grid
Overlapping by Nonstructured Grid

We conclude from the preceding section that 1) maintaining grid
flexibility and the quality of the Chimera method are definitely to
be preserved and even maximized (improved), but 2) focusing on
improving (choosing) interpolation schemes perhaps only leads to
more complication and does not seem to be a fruitful way to follow.

An alternative method which avoids interpolation and strictly
enforces flux conservation altogether for both steady and unsteady
problems is to solve the region in question on the same basis as the
rest of the domain.

Since the overlapped region is necessarily irregular in shape, the
unstructured grid method is most suitable for gridding up this region.
Furthermore, since this region is, in general, away from the body
where the viscous effect is less important compared to the invis-
cid effect, the unstructured grid would avoid penalty from accuracy
consideration. In this approach we in effect directly replace arbi-
trary grid overlapping by a nonstructured (DRAGON) grid.26 Major
differences of the current approach from other hybrid methods are
as follows. 1) We heavily utilize the proven Chimera method and
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Unstructured Triangles
Fill up the Hole

Fig. 3 Direct replacement of arbitrary grid overlapping by non-
structured grid: a) embedded grids with hole region blanked and
b) DRAGON grid.

the powerful and versatile automatic code PEGSUS, thus retain-
ing the attractive features already mentioned in the Introduction.
2) We use unstructured grids only in a limited region and mostly
located away from viscous-dominant regions, thus minimizing the
disadvantages of unstructured grids.

In what follows we will describe the structured and unstructured
grid features of the DRAGON grid method separately.

A. Structured Grid Region
The PEGSUS code now is used and modified to provide infor-

mation necessary for the DRAGON grid. The algorithmic steps are
enumerated as follows.

1) As in the Chimera grid, the entire computation domain is di-
vided into subdomains.

2) Hole regions are created, see Fig. 3a, and the IBLANK array is
generated in which the elements associated with grid points inside
the hole boundary are set to 0 (default value is 1). For example, the
outer boundary of a minor grid is used as the hole creation boundary.

3) Both fringe points (hole boundary points) and interpolation
boundary points are no longer treated as blanked points. Instead, they
are now represented as interior points, and their IBLANK values are
set to 1 (rather than 0) in the PEGSUS code.

4) The fringe points as well as the interpolation boundary points
are now forming the new boundaries for the unstructured grid region.
Details for the unstructured grid will be addressed shortly.

5) Since the interpolation process is no longer performed between
structured grid blocks, output files providing interpolation informa-
tion are deleted from the PEGSUS code.

It is noted that we now achieve a grid system in which grids are not
overlapped. When no overlapped region is found, then the empty
space will be filled with an unstructured grid, thus resulting in a
much more robust and flexible procedure.

B. Nonstructured Grid Region
The gap region created by arbitrarily overset grids inevitably is

of irregular shape and it would be very difficult to represent it with
structured grids. Unstructured grids are most suitable to fill in this
irregularly shaped space. Triangular cells, especially, can provide a
good deal of flexibility to adapt to the odd shape. Recall that one
important feature in the DRAGON grid is to eliminate any cumber-
some interpolation. Unstructured grids alone are not sufficient to do
the task. An additional constraint to the grid generation is imposed
to require that the boundary nodes of the structured grid, which are
output from the PEGSUS code, coincide with vertices of boundary
triangular cells. Fortunately, this constraint fits well in unstructured
grid generation. The Delaunay triangulation scheme is applied to
generate an unstructured grid in the present paper. Figure 3b depicts
the unstructured grid filling up the hole created in the structured grid
by the Chimera method. The steps adopting the unstructured cells
in the framework of the Chimera grid scheme are summarized next.

1) Boundary nodes provided by the PEGSUS code are reordered
according to their geometric coordinates.

2) The Delaunay triangulation method is then performed to con-
nect these boundary nodes based on the Bowyer algorithm.27

Fig. 4 Comparison of the letter C in a channel obtained by a) Chimera
grid and b) DRAGON grid.

3) In the unstructured grid, since there is no logical ordering of
the cells and their neighbors, connectivity matrices containing the
cell-based as well as edge-based information are introduced. Also
the present approach requires additional matrices to connect the
structured and unstructured grids. The connectivity matrices used
in the present two-dimensional version are summarized as follows:

IEDGENODE(1:2, edges)
ICELLEDGE(1:3, cells)
IEDGECELL(1:2, edges)
lEDGETYPE(edges)

IEDGEFLUX(grids, edges)

IFLUXINDX(grids, edges)

IFLUXINDY(grids, edges)

2 nodes for each edge
3 edges for each triangular cell
2 neighboring cells for each edge
edge type (type of boundary

condition)
edge number that connects

structured and unstructured
grids

i index of structured cell that
shares the edge fluxes with
unstructured cell

j index of structured cell that
shares the edge fluxes with
unstructured cell

Questions concerning triangular grid quality and improvements
are not pursued here because they are beyond the scope of the present
paper.

This step completes the specification of the initial grid. Figure 4
now compares the DRAGON grid and the Chimera grid for the letter
C in a channel. The Chimera method wraps around the C with a body-
conforming (minor) grid and oversets it on the background (major)
H type grid. Note that we intentionally make an unsymmetric C to
emphasize grid flexibility.

V. Governing Equations and Solver Algorithm
A computer code based on a time-accurate, finite volume, high-

resolution scheme for solving the compressible Navier-Stokes equa-
tions has been developed to include both the Chimera overset grid
and the nonstructured mesh schemes.

A. Governing Equations
Considering both structured and unstructured grid systems, the

time-dependent compressible Euler equations can be expressed in
an integral form over an arbitrary control volume £2:

(1)

(2)

(3)

(4)

F- dS = 0
/a ut Jon

where the conservative-variable vector U is

U = [ p , p u , p E ] T

the inviscid flux F

F = [pu, puu + /?/, pHu]T

and the equation of state for ideal gas

p = (y - l)p*
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Here e represents the internal energy. The vector quantities, ex-
pressed in terms of Cartesian coordinates, are bold face, and the
tensor quantities are indicated with a tilde or a dyadic notation such

B. Flux Splitting
Based on the cell-centered finite volume method, the govern-

ing equations are semidiscretized. We use the new flux scheme28

AUSM+ to express the numerical flux at the cell faces. The AUSM+

scheme allows an exact capture of a normal shock by using a suit-
ably chosen interface speed of sound, yields smoother solution
by way of including higher order polynomials, and leads to faster
convergence rate.

The scheme first splits the full flux into convective and pressure
fluxes, Fc

l/2 and F^/2 respectively,

Unstructured Grid
Control Volume / Structured Grid

' Control Volume

=FC
1 +FP

{ =
2 1 2

(5)

at the cell interface L < 1/2 < R. The interface pressure Pi/2
simply comprises the positive and negative data from appropriate
domains of dependence via characteristic speed decomposition. The
passive scalar variables 3> = (p, pu, pH)T are transported by a
common convective velocity ci/2 that is constructed in a fashion
similar to P\/2- Then the upwind idea is used to select the state, i.e.,
L or R, of the variables to be convected. As such, the interface flux
can be recast in the following form:

^ (6)

where Ai/2() = ()/? — ( )L- Here the first term on the right-hand
side is clearly not a simple average of the L and R fluxes, but
rather a weighted average via the convective velocity. Readers are
encouraged to find the details about the AUSM+ scheme in Ref. 28.

C. Time Integration
The time integration scheme updates the conservative variables

at the cell center. The present method originates from the Taylor
series expansion in time, as was done in the Lax-Wendroff scheme.
Then a two-step scheme, called predictor and corrector steps, with
second-order time accuracy can be obtained.

Predictor:

Corrector:

U* = U" + L

u** = u* + .
TJn^^ = -(Un

^un

'~JT

du*

(7)

(8)

It is noted that 1) the predictor step allows a full time step, 2)
like other two-step integration schemes, only two levels of storage
are needed as Un is absorbed in forming the residual, and 3) both
predictor and corrector steps are identical, with no need of defining
a midpoint for the corrector step, leading to simplification of coding
and the complexity of evaluating the transport terms.

The stability of the scheme is restricted by the Courant-
Friedrichs-Lewy (CFL) number not exceeding unity. For steady-
state cases, local time stepping is used to accelerate convergence.

As in the Chimera method, each subdomain grid, including the
unstructured grids, is solved independently, the intergrid commu-
nication, which is vital for properly propagating flow variations
throughout grids, must be established and is the subject of next
section.

D. Data Communication Through Grid Interface
In the Chimera method, this communication is made through the

hole boundary or the outer boundary. Since the interface treatment
methods are not necessarily satisfying any form of conservative
constraints, the solutions on overlaid grids are often mismatched
with each other. More seriously, this may ultimately lead to spurious

Fig. 5 Fluxes at the cell face
connecting the structured and
unstructured grids.

Structured/Unstructured
Interface

or incorrect solutions, especially when a shock wave or high-
gradient region passes through boundaries of overlaid grids, as will
be seen later.

In the current work, both the structured and unstructured flow
solvers were based on the cell center scheme in which the quadrilat-
eral and triangular cells are used, respectively. Figure 5 shows the
interfaces connecting both structured and unstructured grids. As de-
scribed earlier, the numerical fluxes, evaluated at the cell interfaces,
are based on the conditions of neighboring cells (L and R cells). For
the unstructured grid, the interface flux F will be evaluated using the
structured-cell value as the right state and the unstructured-cell value
as the left state. Consequently, the interface fluxes which have been
evaluated in the unstructured process can now be directly applied in
computing the cell volume residuals for the structured grid.

Thus, the communication in the DRAGON grid is considered
seamless in the sense that no manipulation of data, which introduces
uncertainties, is required, and the solution is obtained on the same
basis whether it be in the structured or unstructured grid region.
Consequently, this strictly enforces conservation property locally
and globally.

VI. Test Cases and Result Discussions
Computational results are presented in this section for two-

dimensional, inviscid, steady and unsteady problems. The test cases
include supersonic flow past a cylinder and the shock tube problem.
In addition, a supersonic shock past a CFD body (letters) in a
channel is simulated to demonstrate the strength of DRAGON
grid in dealing with complex geometries. Since our unstructured
flow solver is only first-order accurate, the same order of accuracy
was also chosen for the structured solver. Implementation of a
higher order accurate procedure to the unstructured code is currently
underway. For the DRAGON grid approach, both structured and
unstructured results can be displayed on the same plot using the
flow analysis software toolkit29 (FAST) visualization package on an
IRIS workstation.

A. Case 1: Supersonic Flow past a Cylinder
The first problem solved was that of a circular cylinder in a

supersonic freestream (M = 4) with the associated bow shock.
The flowfield is resolved using the Chimera overset grid scheme
where the H type grid (31x31) covers entire domain and the C type
grid (41 x 21) wraps around the cylinder body, as seen in Fig. 6a.
Note that the points inside a prescribed hole creation boundary are
blanked and a sufficient overlaid region is placed. Thus, a noncon-
servative bilinear interpolation method is performed at the grid in-
terfaces which allows fluid proporties to communicate between the
background and cylinder grids. With the DRAGON grid approach,
the blanked hole is now extended beyond the outer boundary of
the cylinder grid and a new gap region is formed between the em-
bedded grids. The Delaunay triangulation method is then employed
which generates triangular meshes to fill in this gap region (Fig. 6b).
The new generated unstructured mesh includes 124 nodes and 166
triangular cells for the present test case.

The values of the dependent variables at all of the grid points are
set equal to their freestream values initially. The equations of mo-
tion with the different grid systems are integrated until the solution
converged to its steady-state value. Figures 7a and 7b illustrate the
pressure contours obtained at convergence using the Chimera and
the DRAGON grids, respectively. The solid-square symbols in these
figures represent the shock position predicted by another numerical
approach in Ref. 30. It is noted that excellent shock positions are
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a)

Fig. 6 Grid systems for supersonic flow past a cylinder: a) Chimera
grid and b) DRAGON grid.

Fig. 7 Comparisons of pressure contours for supersonic flow past a
cylinder: a) Chimera grid and b) DRAGON grid.

captured in both grid systems. As displayed in Fig. 7a, however, the
Chimera grid produces pressure oscillations and spurious waves in
the vicinity of the shock wave/grid interface intersection. On the
other hand, with the DRAGON grid shown in Fig. 7b, the continu-
ous contour lines are illustrated when they cross the grid interfaces,
implying smooth shock transition. Note also in Fig. 7b that small
gaps interrupting the contour lines are displayed along the interface
boundaries because cell center values are displayed in the struc-
tured grid region whereas in the unstructured grid region variables
are plotted at cell vertices.

We further perform comparisons of the primitive variables along
the cylinder body, as illustrated in Figs. 8a-8d. The computed pres-
sure, density, and the velocity components are plotted against the
results given in Ref. 30. It is obvious that the DRAGON grid method
predicts more accurate solutions than the Chimera scheme. Note
that as a result of the first-order boundary condition applied at
the exit plane (0 = 90 deg), the solutions show a slight discrep-
ancy and further improvement can be achieved using a higher order
method.

B. Case 2: Shock Tube Problem
It has been of concern in the CFD community that inaccurate

shock speed and strength may result if the numerical procedure is not
fully conserved. This case serves to show the effect of interpolation
in the Chimera grid and the validity of the DRAGON grid method
for a transient problem as a plane shock moves across the embedded-
grid region. The shock wave is moving into a quiescent region in a
constant-area channel with a designed shock speed Ms = 4. Solu-
tions were obtained using three grid systems, namely, the single grid,
the Chimera grid, and the DRAGON grid, as displayed in Fig. 9. The
single grid has dimensions of 801 x21 (Fig. 9a). The solution on this
grid will be used for benchmark comparison. Figure 9b illustrates
the Chimera grid which includes a major grid (upstream region) of
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Fig. 8 Distributions of pressure, density, and velocity components
along the cylinder body, •, Ref. 30: a) pressure, b) density, c) u compo-
nent, and d) v component.

size 41 x 21, and a minor grid (downstream region) of dimension
781 x 21. The grid lines in the overlaid grids are generated in any
arbitrary fashion. Upon the replacement of grid overlapping by the
nonstructured grid, the DRAGON grid is shown in Fig. 9c. Note that
all three grid systems apply equivalent grid densities in the major
portion of the computation domain, except for that near the interface
boundaries.

It is designed so that the initial shock position is marked in the
upstream region (Fig. 9). The initial conditions for the flowfield are
assumed to have the left and right values as

fp\
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Initial Shock Position

Fig. 9 Grids for moving shock problem, Ms=4: a) single grid,
b) Chimera grid, and c) DRAGON grid. Fig. 13 Evolution of flow, as depicted by pressure contours, about the

letters CFD at three representative times.

Interface
Boundaries

I
Fig. 10 Pressure contours of the moving shock problem.
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Fig. 11 Comparison of centerline pressures from the three grids.

Fig. 12 DRAGON grid for letters CFD in a channel.

Figure 10 displays the pressure contours after 500 time steps;
all three grids give similar clean contours after the shock wave has
passed through the interface boundaries. A critical comparison of the
pressure distributions along the centerline of the channel, however,
as plotted in Fig. 11, shows that the Chimera scheme predicts a
faster moving shock in the tube, whereas the present DRAGON
grid and the single-grid results coincide, indicating that the shock is
accurately captured and conservation property well preserved when
going through the region of the embedded DRAGON grid.

C. Case 3: Supersonic Shock past Letters CFD Body in a Channel
This case is intended to show 1) the effectiveness of the DRAGON

method for handling complex geometries involving odd shapes and
composites of different grid topologies and 2) the performance of the
solution near the hybrid grid region. Figure 12 shows the DRAGON
grid generated for the letters CFD according to the procedure out-
lined in this paper. In this example, we have hybridizations of C-H
grids for the letters C and F and O-H grids for the letter D. In let-
ter F, there is also a hybridization of C-C grids. The strength of the
Chimera and, thus, the DRAGON methods is exemplified here since
1) each letter is wrapped (easily) with a body-conforming grid which
also well-resolves sharp corners and 2) each letter grid is generated
independently and can be moved about at will without affecting

other grids. Furthermore, it can be imagined readily (although not
demonstrated here) that grid enrichment for resolving geometry or
flow details can be added on in a specified region, or vice versa for
the reverse process.

Next we show the time evolution of flow as a supersonic shock
starts moving toward the letters CFD body. Figure 13 displays
pressure-contour photographs of the flow at three representative
times. It should be noted that the contour lines smoothly cross the
intersection boundaries of the structured and unstructured cells.

VII. Conclusions
In this paper we presented a new approach, termed the DRAGON

grid, that uses nonstructured meshes to replace the arbitrarily over-
lapped structured regions in the framework of the Chimera grid.
It is designed to further enhance the flexibility of the Chimera
embedded-grid technique and to enforce conservative grid com-
munication between embedded grids. Numerical results obtained
for steady and unsteady problems indicated that the fluid properties
have been accurately carried through the interface boundaries using
the DRAGON grid method.
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