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This paper presents a strategy called patch assembly for assembling overlapping grid systems. This strategy has

been designed to deal efficiently with specific grid assembly cases. These are cases where the chimera technique is

used to add a new feature, described in a patch grid, to a geometry defined in a background grid. The patch assembly

algorithm automatically performs the blanking of the background grid using simple and robust algorithms. In

particular, the algorithm is not based onany geometricmask,which canbedifficult to build. Theblanking performed

ensures a minimum overlap between grids. This grid assembly strategy is applied to a simple two-dimensional case

and to a big three-dimensional wing-body configuration for modeling control surfaces. On both configurations,

results are compared to results obtained on grid setups manually set with masks. A favorable influence of the

minimum overlap produced has been observed on these configurations.

I. Introduction

S OME aerodynamic problems, such as the aerodynamics of
control surfaces of civil transport aircraft, require computational

fluid dynamics (CFD) on complex geometries: the transonic
turbulent flows that are encountered require the use of efficient CFD
codes and all the details of the geometry must be represented to
obtain accurate results. Moreover, control surfaces are moving parts
and any satisfactory numerical method for studying this problem has
to be able to manage these changes of geometry.

The chimera technique is a good solution for dealing with such
problems. This technique permits different mesh blocks to overlap
each other [1], making it easier to generate meshes for complex
geometries, such as aircraft with control surfaces, by meshing the
different parts of the body separately. The different grids generated
can bemoved or deformed independently to represent the changes of
each geometry. Another big advantage of the chimera technique, and
perhaps the most important one, is that it is a capability that can be
added to complex CFD codes designed for coincident meshes
without large-scale modifications that could reduce their efficiency.

Another important feature of the chimera technique is the
possibility to cut holes into meshes, that is, disable the computation
of the flow in some cells of a mesh. This feature, called blanking, can
be used to remove a part of a given mesh and replace it with a new
elementary mesh that overlaps the first one. This is commonly done
for adding blades to a helicopter [2,3] or releasable stores under a jet
fighter [4]. This can also be done for adding control surfaces such as
spoilers and ailerons on a civil transport aircraft wing.

The global chimera preprocessing, during which holes are cut and
interpolated regions are selected, is called grid assembly. Tomake the
most of the chimera technique in an industrial context, the grid
assembly process has to be automated. In the following, an entirely
automatic process, called patch assembly, for performing the grid
assembly of an overlapping grid system is described and tested.

Every chimera grid assembly process can be divided into twomain
operations: the blanking step and the interpolation step.

During the blanking step, the holes are cut and blanked cells are
identified. This is generally performed using geometrical entities
prescribed by the user, called masks, which define geometrical

regions in which cells will be blanked. In some grid assembly
algorithms, hole cutting is done automatically.

The interpolation step begins by locating all the cells that have to
be interpolated. Even if this location canvary from one grid assembly
process to another, some interpolated cells are mandatory. First, cells
near the borders of overlapping domains on which no boundary
condition is applied must be interpolated (they are usually called
fringe cells). Second, cells near the blanked region also have to be
interpolated because these regions define some new borders of the
computational domain on which boundary conditions have to be set
by interpolation [1].

The second part of the interpolation step is to find donor cells for
the cells that have to be interpolated. Algorithms that can be des-
cribed as “geometric preconditioners” are generally used for rapidly
locating donor cells. When these algorithms are used, an approxi-
mation of the mesh is stored with a logical structure. This approxi-
mation is used for the rapid location of candidate cells that can be
used for interpolation. These can be an alternating digital tree
(ADT) [5], an octree data structure [6], or any other technique. A
simpler, but time-consuming alternative to these preconditioned
donor search algorithms is the stencil walk algorithm [7], which
locates donor cells by iteratively testing cells in the donor mesh
until a valid donor cell is found.

The basic grid assembly strategy requires the user to set masks [2]
and to use only the mandatory interpolated points previously
described. Many solutions are available for implementing these
masks. One solution is to definemasks using a surface taken from the
geometry to blank the cells inside the bodies [8]. The x-ray [9] mask
and the direct cut approach [10] are examples of this technique.
Another solution is to use a geometric approximation of the body
surface [11] for cutting holes. In the Cartesian hole map mask [12],
the surface is approximated on a Cartesian grid. Generally, these
techniques are efficient but complex to implement and to use, at least
because of the thresholds that must be defined for correctly handling
a geometry defined by multiple surfaces.

The main issue with mask-based grid assembly strategies is that,
whenmasks arenot correctly set, nodonor cells canbe found for some
mandatory interpolated cells, making the computation impossible.
This problem can lead the user to define the mask through a trial and
error process that can dramatically increase the time required for
performing a CFD study on overlapping meshes.

Some alternatives to this basic technique have been created for
automating the grid assembly process. Another advantage of these
techniques is that they can automatically take into account
constraints for improving the quality of the grid setup produced by
the grid assembly. Three main families of automated grid assembly
algorithms can be distinguished: advancing front algorithms,
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algorithms based on a cell quality criterion, and algorithms indepen-
dent of the geometry.

Advancing front algorithms find the blanked cells through an
iterative process which moves the borders of the blanked region to
ensure aminimumoverlap between the grids. Themovement of these
borders is done to place the overlap region as far as possible from the
bodies. This ensures that meshes that are near bodies, which are
supposed to be better adapted for computing the flow around these
bodies, will be used for the calculation. The minimum overlap
produced allows a better convergence rate of the computation [13]
and simplifies the integration of forces and moments acting on the
body. However, these techniques still require the use of masks for
blanking the cells that are inside bodies. The “cut paste” algorithm
[14,15] and Wey’s advancing front technique [16] are examples of
this type of algorithm.

The next algorithm group includes algorithms based on a cell
quality criterion. The principle of these algorithms is to select
interpolated cells using a cell quality criterion. For example, in the
“implicit hole cutting” (IHC) algorithm [17–19], the selection of
interpolated cells is based on the volume of cells: the IHC algorithm
generates grid setups in which the finest cells available are used for
computation and the coarse cells are interpolated. The main
advantage of this algorithm is that it ensures that the finer mesh will
be used to enable best flow resolution. Another advantage is that it is
very simple to implement because it only requires a donor search
algorithm: no blanking method needs to be implemented. One
drawback of this algorithm is that the interpolated cells can be
numerous, implying high computational costs in terms of time and
memory. Another difficult point with this algorithm arises from cells
inside bodies which are not blanked by the cell selection process. A
mask is required for blanking these cells. Cai et al. [20,21] use a grid
assembly strategy similar to the IHC, based on grid density for
selecting the interpolated cells, with a mask defined using the body
surfaces for removing the cells inside bodies.

It is interesting to note that the criterion used in the advancing front
algorithms (criterion based onwall distance) and the criterion used in
the IHC for selecting interpolated cells (criterion based on cell
volume) can bemodified. For instance, a criterion based on cell angle
and stretching is used in PEGASUS5 [22,23] grid assembly software
for providing better grid setups.

Algorithms independent of the geometry do not use any geo-
metrical operation for the grid assembly. The grid assembly process
is completely driven by the test results concerning the location of the
boundary cells and the cells that can be interpolated. The only grid
assembly process known by the author that is entirely based on this
technique is the one implemented in the CMPGRD [24] (or in
Overture in a more recent version) and in Xcog [25]. This software
seems to be efficient. However, because of its costly iterative
structure and the numerous operations requiring data coming from
several elementary grids, it seems that it cannot be easily used for
assembling big industrial meshes with several millions of cells on
distributed memory parallel computers that are now commonly used
in the industry.

The patch assembly algorithm proposed in this paper is a new
automated grid assembly algorithm. This algorithm does not aim at

being better in general than the other automated mesh assembly
algorithms: this algorithm has just been designed to be completely
automated and as efficient as possible on a particular type of
overlapping grids (described further in this paper). The patch
assembly algorithm enters the family of the algorithms independent
of the geometry and it has an original structure that makes it adapted
for the assembly of big meshes on distributed memory parallel
computers. The algorithm is presented and applied only for the
assembly of structured chimera grids. Chimera on unstructured
meshes is not considered here (for chimera on unstructured meshes,
see, for example, Noack and Boger [26] and Togashi et al. [27]).

Section II presents the patch assembly algorithm, followed in
Sec. III by a description and analysis of results obtained on grid
setups generated with this algorithm.

II. Patch Assembly Algorithm

A. Basis and Principle of the Algorithm

Two types of chimera grids can be distinguished:
1) Multiple group overlapping grids: These are overlapping grids

made of numerous elementary grids that overlap each other and
where no hierarchy can be established between the elementary grids.
In such overlapping grids, an elementary grid has no meaning alone
because it meshes only a part of the surface of the geometry. A simple
example could be an airfoil mesh where the leading edge, the trailing
edge, the upper wing, and the lower wing would be meshed by
different overlapping grids. See the work of Slotnick et al. [28] on a
space shuttle mesh for a more complex example. This type of grid is
encountered mainly when the volume mesh is generated from on an
overset surface grid decomposition [29].

2) Patch overlapping grids: In these grids, two subgroups of grids
canbe distinguished. Thefirst one is called the backgroundgrid: it is a
complete coincident mesh around a given geometry on which a new
feature is to be added. The second subgroup, called the patch grid,
meshes a new feature added to the geometry defined in the
background grid. The background grid does not necessarily need to
be a completemesh. The only requirement is that it has to be complete
in regions that are not covered by the patch. This description covers a
wide range of cases. Stores under amilitary plane, control surfaces of
an airplane (see Fig. 1), rotor blades, and ice on an airfoil are some
examples of configurations that can be represented using a patch grid
added onto a background grid.

The patch assembly algorithm is designed for the second type of
overlapping grid. On these grids, the patch assembly algorithm gives
priority to the patch grid. This means that the flow will be computed
on the patch grid in regions of overlap, while the background grid
will be either blanked or interpolated. The hierarchy introduced
between the elementary grids is justified by the fact that the patch grid
is most of the time better adapted than the background grid for
describing the flow near the new features added.

The patch assembly algorithm is only capable of dealing with
chimera grids containing one patch grid. That is the reason why it
cannot deal with multiple group overlapping grids. As such grids are
generallymade ofmore than two subgroups of chimera grids, several
patch grids must be considered if a “background grid plus patch

a) Background grid: OAT15A air foil b) Patch grid: a fully deployed spoiler

Fig. 1 Examples of background grid and patch grid.
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grids” paradigm is used for assembling these grids.Making the patch
assembly capable of dealing with more than one patch grid would be
a first step toward the use of this algorithm on various types of
chimera grids.

For a pair of background and patch grids, the main necessary steps
proposed for completing the grid assembly are as follows:

1) Cells near borders of patch grids with no prescribed boundary
conditions have to be interpolated. This allows the flow information
to be transferred from the background grid to the patch grid.

2) A blanking has to be performed in the background grid. Around
blanked cells, some cellswill be interpolated. Thiswill allow theflow
information to be transferred from the patch grid to the background
grid. As already mentioned, it can be interesting to minimize overlap
between grids. The size of the blanked region has to be maximized to
fulfill this constraint.

The patch assembly algorithm performs these two steps using the
following strategy: Blank as many cells of the background grid as
possible, ensuring that the fringe cells around the blanked cells can be
interpolated.

To solve the previous problem, the patch assembly algorithm uses
three main steps:

1) Perform the donor search for fringe cells on the borders of the
patch grid.

2) Find all interpolatable cells of the background grid.
3) Blank as many cells of the background grid as possible:

a) Blank all interior cells of the background grid.
b) Blank all unnecessary interpolatable cells.

Eachof these stepswill nowbedescribed.During this description, it
will be supposed that a donor search algorithm is available. The
purpose of this algorithm is to find, for a given cell in a mesh, a cell in
another mesh that can be used for its interpolation. To ease the
descriptionof thepatch assembly algorithm, illustrations are restricted
to a two-dimensional representative test case. This is a background
mesh containing an OAT-15A airfoil [30] on which a spoiler is added
using a patch grid (seeFig. 1). For the sake of clarity, only the case of a
gridsetupadapted toaflowsolverbasedonafive-pointcenteredspatial
derivation stencil will be considered. However, the patch assembly
algorithm can be easily adapted to any flow solver spatial stencil.

B. Interpolation of Borders of the Patch Grid

Most of the time, borders of the patch grid do not have any defined
physical boundary conditions. Cells near these borders need to be
interpolated to define boundary conditions. The number of layers of
cells that need to be interpolated near these boundaries depends on
the size of the spatial derivation stencil. The temporal derivation
stencil can be taken into account for moving body cases [31] but this
possibility has not been considered here.With the five-point centered
stencil considered here, two layers of cells need to be interpolated on
these borders. Fringe cells on the border of the spoiler grid are shown
in Fig. 2.

Note that the interpolation of these cells is mandatory. As a
consequence, the global algorithm can fail if some of these cells are

orphan (that is to say if they cannot be interpolated). This situation
can mainly happen if one border of the patch grid that must be
interpolated enters in a body defined in the background grid (see
Fig. 3). For moving body cases, special care must be taken to make
sure that this does not happen during the computation while meshes
are moved.

Some solutions can be proposed to remove these orphan cells.
First, the surface of the bodies defined in the background grid can

be used to perform the blanking (for instance using an x-raymask) of
all cells of the patch grid that are inside these bodies. Such a
modification would improve the robustness of the patch assembly
algorithm but would reduce its generality. For example, with this
modification, the algorithm could not deal with caseswhere the patch
grid is used for adding a cavity inside the body defined in the
background grid.

A second solution is used here to remove these orphan cells. The
principle of this solution, based on a method proposed by Chesshire
andHenshaw [24] andNakahashi et al. [32], is to iteratively blank all
the fringe cells that cannot be interpolated and move the interpolated
cells toward the outside of the bodies. The implemented algorithm is
the following:

1) I is the list of cells that have to be interpolated
2) N i is the list of cells that cannot be interpolated
3) d�A� is the list of cells that are in the derivation stencil of cell A
4) isFinished True
5) for all cell A 2 I do
6) interpolate A
7) if A cannot be interpolated then
8) add A to N i
9) isFinished False
10) end if
11) end for

12) for all cell A 2N i do
13) blank cell A
14) for all cell B in d�A� do
15) if B is not interpolated nor blanked then
16) add B to I
17) end if
18) end for
19) end for
20) if isFinished � False then
21) go to 4
22) end if
Figure 3 presents the result given by this algorithm on a casewhere

the patch grid is a simple Cartesian grid added on a background
airfoil mesh. Some fringe cells of the patch grid are obviously not
interpolatable if no correction is applied.

C. Finding All Interpolatable Cells of the Background Grid

A donor search is performed on all cells of the background grid to
identify all interpolatable cells. The computational time of this step
can be significantly reduced by limiting the donor search to the cells

Interpolated cells on the  borders 
of the patch grid

Donor cells for the borders 
of the patch grid

a) b)

Fig. 2 Interpolated and donor cells for the borders of the patch grid.
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of the background grid that are included in the Cartesian envelope of
the patch grid. The donor cells of the background grid that are used
for interpolating the cells of the fringe of the patch grid are excluded
from this search (see Fig. 4). Their interpolation would lead to a
wrong grid setup. Isolated cells that can be seen in Fig. 4a are cells
that are located between the interpolation stencils of patch grid fringe
(visible in Fig. 2b). As these cells do not enter in these stencils, they
are candidates for interpolation.

D. Blanking of Cells of the Background Grid

The next step of the patch assembly algorithm is to blank a
maximum of cells of the background grids. Note that, according to
some authors, this blanking is unnecessary [17]. For example, the
IHC algorithm does not produce any blanked cells. Here, the
blanking is performed for four main reasons:

1) The computation of the completely nonphysical flow in the
unblanked cells inside the bodies can cause the failure of the flow
computation.

2) Removing unnecessary interpolated cells reduces the
computational cost of the interpolation process, in terms of time
and memory.

3) In Lee and Baeder [17], cells inside bodies are not blanked
because they are considered as sufficiently far from any other
computed cell. Thus, the solution in these interior cells has no
influence on the computed cells, if the Courant–Friedrichs–Lewy
(CFL) number is sufficiently low.Here, the patch assembly algorithm
is associated with a solver that uses an implicit time advance
algorithm which allows very high values of the CFL number.

4) Blanking of these cells greatly simplifies postprocessing on the
grid setup. Two types of cells have to be blanked can be identified.

These are 1) noninterpolatable cells, which are mainly cells lying
inside bodies defined by the patch grid, and 2) interpolatable cells
that are not necessary to the computation.

Two specific algorithms, described in the next two subsections, are
sequentially used for blanking each type of cell.

1. Blanking of Cells Inside Bodies

The blanking of cells that are lying inside bodies is a general
problem in algorithms for automated grid assembly. The surface of
bodies is generally used for defining a mask: for example, an x-ray
mask or a “Cartesian hole map” can be chosen. Using these masks,
which have to be defined by the user, would reduce the level of
automation of the patch assembly algorithm. Thus, an automated
algorithm has been developed to solve this issue.

This algorithm is based on the fact, visible in Fig. 4b, that inter-
ior cells of the background grid are a group of cells that are
completely surrounded by interpolatable cells. The algorithm used is
as follows:

1) O is the list of interior cells
2) for all cell A of the background grid that is in the Cartesian

envelope of the patch grid do
3) add A to O
4) end for
5) isFinished True
6) for all cell C in the background grid such that C is not inO do
7) for all cell S 2 d�C� do
8) if S 2 O then
9) remove S from O
10) isFinished False
11) end if
12) end for
13) end for
14) if isFinished � False then
15) go to 5
16) end if
17) blank all cells in O
This algorithm can be understood as an “advancing front

technique” where cells are removed from the list of interior cells by
propagating, toward the region of interpolated cells, the border
between the computed cells of the background grid and the interior
cells (as defined in step 2 of the algorithm). Interior cells found by this
algorithm are presented in Fig. 5a, starting from the state of Fig. 4b.

The main possible case of failure of this algorithm would be a
chimera grid where the interior cells of the background grid are not
completely surroundedwith interpolatable cells. This could occur on
the spoiler test case used here, if there was a gap between the airfoil
skin defined by the background grid and the airfoil skin defined in the
patch grid. In this gap, a layer of noninterpolatable cellswould appear
in the background grid. This layer would cause the failure of the
interior cell detection algorithm by “connecting” interior cells inside
the spoiler to the noninterpolatable cells that are far from the patch.
To solve this problem near multiple defined skins, a correction of cell
coordinates [31,33] can be used.

Fig. 3 Correction of the fringe of the patch grid. Top, the patch grid.

Middle, fringe cells of the patch grid that are not interpolatable. Bottom,
blanked cells and fringe cells after the execution of the algorithm.

a) b)Cells of the background grid that
are candidates for interpolation

Cells of the background grid 
that are interpolatable

Fig. 4 Finding the interpolatable cells of the background grid.
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2. Blanking of Nonnecessary Interpolated Cells

When the overlap between the patch and the background grid is
large, there can be a lot of interpolated cells in the background grid. In
most of the cases, there is no need to interpolate all these cells. The
algorithm described next blanks some of these interpolatable cells.

Generally speaking,when a region of amesh is blanked, a fringe of
interpolated cells is built around themasked cells to apply a boundary
condition on the newboundaries created around themask. The size of
this fringe depends on the size of the spatial derivation stencil. With
the five-point stencil considered here, the fringe is two points wide.
This ensures that no blanked cells will be used in the spatial deriv-
ation stencil of any computed cell of the background grid.

The current algorithm blanks as many interpolated cells as
possible, keeping the two-point wide fringe of interpolated cells
around blanked cells. Note that these fringe cells will be, by construc-
tion, interpolatable because they are selected among all the
interpolatable cells of the background grid. These fringe cells cannot
be orphan cells.

The criterion used for finding the unnecessary interpolated cells is
as follows: Blank all the interpolated cells of the background grid that
do not enter in the spatial derivation stencil of any of the computed
cells.

The blanked cells added by this algorithm can be seen in Fig. 5b.
The set of blanked cells that appears in this figure ensures aminimum
overlap between the chimera grids. The fringe of interpolated cells
around the blanked region of the background grid appears by
removing the blanked cells from the interpolatable cells (Fig. 4b).

III. Numerical Results

The patch assembly algorithm has been implemented in the elsA
[34] flow solver, which already includes some advanced chimera
functionalities [3] but no automated overlapping grid assembly
algorithm. In particular, the ADT-based donor cell search algorithm
was already available for the implementation of the patch assembly
algorithm.

The outline of this section is as follows: first, the patch assembly is
tested on a simple 2-D case. On this case, results obtained with the
patch assembly algorithm are compared with results obtained with a
grid setupwithout overlapminimization (manually donewithmasks)
and with a coincident mesh on both steady and unsteady compu-
tations. Lacking any experimental data for this case, the results on the
coincident mesh will be considered as a reference in these com-
parison. This is not too strong of an assumption, as elsA flow solver
with coincident mesh has been validated on numerous steady and
unsteady simulations [35]. Second, the patch assembly algorithm is
applied to a complete aircraft configuration where the algorithm’s
efficiency is analyzed.

A. NLR7301 Airfoil Under a Wall

1. Steady Flow Computation

The patch assembly algorithm has been tested on a simple two-
dimensional case. This case consists of a two-dimensional NLR7301
airfoil under a wind-tunnel wall.

For the overset meshes, two grids were used: one for the wall and
the other for the airfoil. See Fig. 6 for the grid setup without overlap
minimization obtained using masks, and Fig. 7 for the grid setup
produced by the patch assembly algorithm.

For the patch assembly grid setup, the wall mesh was declared as
the background grid and the airfoil mesh as the patch grid. For the
grid setup without overlap minimization, the mask used was built
using the airfoil skin. The large overlap between meshes in this grid
setup can be clearly seen. At a first glance, the two chimera grid
setups look very different, however, the only real difference is in the
amount of blanked cells in the wall mesh. The blanking of the airfoil
grid is almost the same for the two grid setups.

Computations were performed on both grid setups. The Reynolds-
averaged Navier–Stokes equations with a Spalart–Allmaras [36]
turbulence model were solved for a Mach number equal to 0.85,
using a Jameson scheme [37] with a lower–upper symmetric
successive overrelaxation implicit phase [38]. A multigrid technique
[39,40] with one coarse grid was used to accelerate the convergence.
The wind-tunnel wall was treated as an Euler wall (slipping wall
boundary condition). The airfoil skin was modeled by a Navier–
Stokes wall boundary condition with a mesh refinement that ensures
y� � 1 at the Reynolds number used for the computation Re�
2:16 � 106 m�1.

Solutions computed on the grid setups obtainedwith amask-based
grid assembly (see Fig. 6) and the patch assembly algorithm (see
Fig. 7) are compared with results obtained on a coincident mesh (see
Fig. 8). See Fig. 9 for the flow computed on the coincident mesh. On
Figs. 10 and11, a comparisonof the results on eachgrid configuration

a) b)Blanked interior cells of the 
background grid

All blanked cells of the 
background grid

Fig. 5 Blanking of cells of the background grid.

Wall

Fig. 6 Computed cells, grid setup without overlap minimization.

114 BLANC



is presented. The two conclusions of these computations are as
follows:

1) The grid setup produced by the patch assembly algorithm is
valid. Flow computation gives the same results as on other grid
setups.

2) The type of grid and the chimera grid setup has no influence on
the pressure computed on the airfoil skin (see Fig. 11). In particular,
the same results are obtained on the overset mesh and on the
coincident mesh.

3) The chimera grid setup does not seem to affect the convergence
of the computation (see Fig. 10): residuals curves on both chimera
grid setups are similar.

2. Unsteady Flow Computations

Unsteadyflow computationswere done on theNLR7301 case. For
these computations, the airfoil was excited by a forced sinusoidal
pitching motion around an axis located at 25% of the airfoil chord.
The reduced frequency of thismotionwas k� 0:21 and its amplitude
was 2 deg. Unsteady Reynolds-averaged Navier–Stokes equations
were solved on each grid setup using a dual-time stepping scheme

[41]. The number of physical time steps computed per period was set
to 35.

As one of themotivations of these computations was to investigate
the influence of the grid setup on the convergence speed, a number of
subiterations were tested ranging from 20 to 180 to investigate if
fewer subiterations could be used with the overlap between the
chimera grids reduced.

The pitching motion of the airfoil is obtained by deforming the
mesh. On the chimerameshes, only the airfoil mesh is deformed. The
harmonics of the generalized aerodynamic force acting on the airfoil

Fig. 8 Coincident mesh.

Fig. 9 Contours of pressure coefficient obtained on the coincidentmesh

for the steady computation.
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were computed (generalized force relative to the pitchingmotion). Its
mean value, its complex module, and argument are presented,
respectively, in Figs. 12–14 for each number of subiterations tested.
The following points were observed:

1) The grid setup has an influence on results: a difference between
the force computed on the grid setup without overlap minimization
and on the patch assembly grid setup can be observed.

2) The results obtained on the patch assembly setup are closer to
the results on the coincident mesh than those obtained on the grid
setup without overlap minimization.

3) The grid setup does not seem to have any influence on the
number of subiterations required to obtain converged values of forces
acting on the airfoil. In particular, using grid setups with minimum
overlap does not reduce the computational cost of an unsteady
computation by reducing the numbers of subiterations performed.

4) The difference of results on the grid setups only appears for the
unsteady computations (see Figs. 12–14).

The second point shows a favorable influence of the grid setup
produced with the patch assembly algorithm on the computation
result.

The differences between the unsteady computations on the two
overlapping grid setups can be explained by the difference of
refinement between the airfoil mesh and the wall mesh. The flow
structures, like the shock wave over the airfoil, move differently in
the two meshes while the airfoil is pitching. In the region of overlap,
where these structures are computed in both meshes, these structures
can have slightly different positions. This can lead to bad results on

the grid setup without overlap minimization which has a large
overlap between the elementary grids.

The location of the interpolated points in the wall mesh also
certainly has an influence on the difference of results. In the grid
setup without overlap minimization, the interpolation in the wall
mesh is done in the region where the shock wave over the airfoil is
located, whereas in the patch assembly grid setup, the interpolation is
done in a region of weakest gradients. This can explain why the
results on the patch assembly grid setup are closer to those of the
coincident mesh.

B. Aileron on a Wing–Body Configuration

The patch assembly algorithm was applied to a case where the
chimera technique is used to add an aileron to a wing–body config-
uration.

The background grid contains thewing–body (Fig. 15a) mesh and
the patch grid contains the aileron (Fig. 15b) mesh. On this
configuration, the grid assembly generated by the patch assembly
algorithm was compared to a grid setup without overlap minimi-
zation, generated using a mask defined using the aileron skin. The
grid setups are presentedFigs. 16a and16b for the patch assembly and
Figs. 17a and 17b for the grid setup without overlap minimization. In
these figures, the blanked cells have been hidden. It can be clearly
seen that the overlap achieved with the patch assembly algorithm is
smaller than with the mask-based approach. Moreover, setting
geometrical masks on this configuration is difficult because of the
small gaps between the wing and the aileron.

The results of the flow computation are presented in Figs. 18a and
18b. The chimera preprocessing and the flow computationwere done
in parallel on 16 processors. The same distribution of mesh blocks
was used for both chimera preprocessing and flow computation. The
distribution chosen favors the load balancing of theflowcomputation
rather than that of the chimera preprocessing. The mesh has
approximately 15 � 106 cells. With the patch assembly algorithm,
almost 9 � 105 cells were blanked in the background grid. This
shows the capability of the patch assembly algorithm to deal with big
industrial meshes on large, distributed memory parallel computers.

The chimera preprocessing took almost 20 min with the patch
assembly algorithm and 5min with the mask-based blanking. This is
not surprising because the patch assembly algorithm performs many
more operations than the basic mask-based grid assembly process.
However, the good performance of the mask-based blanking has to
be balanced by the time spent by the user to iteratively set masks
manually. With the patch assembly algorithm, most of the time was
consumed by the search of interpolatable cells in the background
grid.

For the flow computation, the same physical model and the same
numerical techniques as for the NLR7301 casewere used. TheMach
number is equal to 0.84 and theReynolds number to 2:83 � 106 m�1.
The flow computation took around 10 h. The same computation time
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Fig. 15 Background and patch parts.

Fig. 16 Grid setup achieved with the patch assembly algorithm.

Fig. 17 Grid setup without overlap minimization achieved with the mask defined on the aileron skin.

Fig. 18 Comparison of results on grid setups generated with patch assembly and with masks without overlap minimization.
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is obtained on both grid setups because the number of interpolated
cells is almost identical.

For the whole calculation (chimera preprocessing and flow
computation), the use of the patch assembly algorithm increased the
computation time by less than 5%. Figure 18b shows that the results
obtained on the two grid setups are very close. These curves of
pressure coefficients are typical of a transonic wing flow. A differ-
ence can be noted on the convergence curves obtained in Fig. 18a: the
convergence obtained on the grid with a minimized overlap is
slightly better; the residual curve is smoother and less oscillatory. The
use of the patch assembly algorithm has a good influence on the
computation convergence.

IV. Conclusions

A new chimera grid assembly algorithm has been proposed and
validated on two different configurations. Themain advantage of this
algorithm is that it is fully automated and efficient because it ensures
a minimum overlap between overlapping domains. Good results
have been obtained with the grid setups generated by the patch
assembly algorithm when compared to grid setups without overlap
minimization generatedwith amore conventional approach based on
masks. This comparison shows the significance of minimizing the
overlap region after the blanking of interior cells to obtain good grid
setups.

Further work could be, for example, to make the patch assembly
algorithm able to deal with grid setups with several levels of patch
grids to enlarge the range of use of the method or to study the
influence of the chimera grid setup on a wider range of applications.
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