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Abstract 
 
The overlapping grids method, also known as the Chimera method, is reviewed and 
discussed in the context of a methodology for the solution and analysis of flows around 
complex geometries and moving bodies.  The overlapping grids method is a way of 
assembling multiple overlapping grids and treating them as a single grid that periodically 
update and exchange boundary information through proper interpolation in the regions 
where they meet.  In this way, this method provides a flexible and efficient spatial 
discretization procedure for numerically solving PDEs on 2D or 3D domains.  Topics to 
be addressed include the solution of the Navier-Stokes and Euler equations, in cases 
when the boundaries move according to a prescribed law of motion or when they remain 
fixed.   
 
 
1. Introduction  
 
Different problems with unsteady or periodic motion of one or multiple rigid bodies can 
be found in both nature and industry.  The two main components for the solution of the 
flow field in such problems are: the flow solver and the moving grid approach.  In the 
present work a methodology that uses overlapping grids to resolve complex geometries 
and moving bodies is used. 
 
Overlapping grids, also known as overset composite grids or Chimera grids (named like 
this after the composite monster of Greek mythology), were first introduced into the CFD 
community about two decades ago by Steger et al. [1] and Benek et al. [2]; the method 
was further developed by Meakin and Suhs [3] and Chesshire and Henshaw [4].  It is now 
recognized as an attractive approach for treating problems with complex geometries and 
moving boundaries. The solution process discussed here uses a grid system that 
discretizes the problem domain by using separately generated but overlapping body-fitted 
conforming structured grids (the use of unstructured meshes have also been considered 
by Togashi et al. [5] and Wang and Kannan [6]). In industry and academia, the 
overlapping grids method has been used to solve a wide variety of problems in fields 
such as: aerodynamics, rotor dynamics, combustion, fluid-structure interaction, reactive 
flow with detonations, biological flows, and flows with deforming boundaries, to name a 
few.  For example, a Reynolds-averaged Navier-Stokes calculations for a prototype 



Martian rotorcraft vehicle was carried out successfully using the overlapping grids 
method [7], in this study, solutions for hovering rotor performance at Mars experimental 
flow conditions were produced for a series of collective pitch angles, in a moving grid 
system of about 10 millions grids points.  Also, the unsteady viscous flow around a V-22 
tiltrotor helicopter in high-speed forward flight was solved using moving overlapping 
grids [8].  
 
A wide variety of Cartesian grids, unstructured meshes and structured grids techniques 
have been developed for reliable and accurate computations of problems involving 
moving boundaries and highly complex geometries. However, most of these still impose 
significant restrictions either on the complexity of the geometries or on the complexity of 
the motions and deformations that can be efficiently handled.  The approach discussed 
here, using overlapping grids, may be viewed as a combination of Cartesian grids and 
structured grids methods. We use body-fitted conforming structured grids to achieve 
high-quality representations of near-body boundaries. At the same time, the majority of 
grid points in an overlapping grid system tend to belong to Cartesian grids (off-body) so 
that the numerical and computational efficiencies inherent with such grids can be 
exploited. Finally, the irregular boundary associated with the overlapping grid system, 
takes the form of an interpolation boundary between the different overlapping grids.  
 
The remainder of this paper is organized as follows. Section 2 presents the overlapping 
grids methodology. Section 3 briefly describes the extension of the methodology to 
moving boundary problems. Some demonstration cases for fixed and moving boundaries 
are presented in Section 4. Finally, concluding remarks are given in Section 5. 
 
 
2. Overview of the overlapping grids methodology 
 
The overlapping grids method consists in generating a set of body-fitted conforming 
structured components grids that completely cover the physical domain that is being 
modeled and overlap where they meet [9] (see figure 1). The geometry of the components 
of the domain can be defined individually and hence the grids around them can be 
generated separately. Body-fitted conforming grids are used near the components’ 
boundaries while one or more background Cartesian grids are used to handle the rest of 
the domain, all without any constraints on the grid boundaries as long as overlap exist 
between adjacent grids.  In this way, this method offers an effective way to reduce a 
geometrically complex problem into a set of simple component grids, allowing arbitrary 
movement of the component grids and scalability on parallel computer platforms [10].   
 



Figure 1.  Simple overlapping grid system in physical space ࣪ 
 
2.1. Problem formulation 
 
Let us suppose we want to solve some PDE on a domain ࣞ in ঎ space dimensions (঎ = 1, 
2 or 3), using overlapping grids.  As previously stated, an overlapping grid ॳ, consists of 
a set of ࣨ structured component grids ࣡g,  
 

ॳ= ൛࣡gൟ,   g = 1, 2, … , ࣨ, 
 
that cover the domain ࣞ and overlap where the components grids meet.  Each component 
grid is a logically rectangular structured grid in ঎ space dimensions and is defined by a 
smooth mapping from the computational space ࣝ ൌ ࣝሺξ,η,ζ,τሻ (the unit square for 2D 
applications or the unit cube for 3D applications) to the physical space ࣪ ൌ ࣪ሺx,y,z,tሻ, 
such that 
 

࣪ = ࣡gሺࣝሻ,     ࣝ  א  ሾ0,1ሿ঎,      ࣪  א  Ը঎.  
 
Figure 2 shows a simple overlapping grid consisting of two component grids, an annular 
boundary fitted and a background Cartesian grid.  The top view shows the overlapping 
grid in physical space ࣪ while the bottom view shows each grid in computational 
space ࣝ.  In this example the annular grid cuts a hole in the Cartesian grid so that the 
latter grid has a number of unused points (chimera hole).  These unused points are tagged 
and no computation is performed there.  They are either outside of the computational 
domain ࣝ, or are eliminated to make the total number of grid points in the overlapping 
grid system ॳ smaller.  The other points on the component grids are marked as either 



discretization points or interpolation points. The discretization points are those where the 
discretization of the governing equations or boundary conditions is applied and the 
interpolation points interpolate their solution value back-and-forth between the different 
overlapping grids.  Unused points are determined using physical boundaries to mark 
points exterior to the domain following a hole-cutting algorithm (Chimera hole creation). 
 

Figure 2.  Simple overlapping grid consisting of two component grids ࣡g. An annular 
boundary fitted (࣡ଶ) grid and a background Cartesian grid (࣡ଵ).  The top view shows the 
overlapping grid in physical space ࣪ while the bottom view shows each grid in 
computational space ࣝ.  
 
The classification of points on a grid into discretization, interpolation and unused points 
is determined by the overlapping grid generator. We use the Ogen grid generator [11], 
which is a highly optimized tool to treat overlapping grids. Ogen takes as input a set of 
overlapping component grids along with a classification of the boundaries of each grid as 
a physical boundary, an interpolation boundary or a periodic boundary.  Physical 
boundaries are discretization points.  Interpolation boundaries are non-physical 
boundaries where the grid generator will attempt to interpolate the solution values from 
other components grids.  Finally, periodic boundaries can either be a branch cut (as on an 
annulus) or it can indicate an actual periodic domain.   
To determine which component grid to prefer when there are two or more component 
grids that overlap each other, these are ordered with respect to their priority such that grid 
࣡g have priority g. When there is a choice which grid points to use in the overlap domain, 
the basic strategy of the overlapping grid algorithm is to prefer grid points from 
component grids with higher priority. 



Figure 3.  Overlapping grids method sequence. 1) Initial geometry and component 
overlapping grids. 2) Overlapping grids after cutting holes. The solid squares symbols 
indicate exterior or unused points. The exterior points are easily swept out after the hole 
boundary has been marked (solid circle symbols), in this way a Chimera hole is created. 
3) Overlapping Grid after marking all proper interpolation points (indicated by filled 
circle symbols). In this stage also all the exterior points are removed. 4) Final grid after 
marking and removing excess of interpolation points. 
 
In computational space ࣝ, solution values at interpolation points are generally determined 
by a tensor-product polynomial interpolation scheme. A simple interpolation method is to 
directly transfer the flow variables from the donor cell or point to the receptor one. With 
little additional work, however, a more accurate higher-order interpolation scheme can be 
used, like for example a tri-linear or Lagrange interpolation scheme. In fact, higher-order 
interpolation schemes can be used with no major difficulties, but a larger overlapping 
region with more stencil points will be needed.  In the present work, solution values at 
interpolation points are determined by using a non-conservative Lagrange interpolation 



scheme, whose interpolation stencil is fully compatible with the second order numerical 
scheme used to solve the governing equations. More sophisticated interpolation 
algorithms that maintain conservation are presented in [12] and [13]. 
 
In addition, component grids are usually created with one or more rows of auxiliary ghost 
cells around the boundary of each one, these ghost cells are used to facilitate the 
discretization of boundaries conditions (figure 2). In the present work, two rows of ghost 
cells are used because the effective size of the stencil of the numerical scheme used is     
5 ൈ 5, hence the central point requires values up to a distance 2 cells away.  
 
As a closing remark, it can be said that there are three major steps involved in the 
traditional overlapping grids scheme: (i) domain ࣞ geometry generation and component 
grids ࣡g generation, (ii) an algorithm for determining how to cut holes (unused points 
identification) in the component grids ࣡g which are overlapped, and (iii) an algorithm for 
the identification of the interpolation stencils and interpolating field data between the 
various grids ࣡g. In figure 3, the various stages in the overlapping grids algorithm are 
shown. 
 
2.2. Data structures 
 
The hole cutting algorithm and interpolation algorithm used in the overlapping grids 
method, involve frequent searches over the cells in the different component grids ࣡g, 
hence an efficient way to handle the data structure must be implemented.  These searches 
could be very expensive for large grids or complex grid systems.  In a steady state 
simulation, wherein the grid geometries remain invariant, hole cutting and interpolation 
stencil identification both need to be done only once. However, for a simulation that 
involves moving bodies, these procedures have to be done repetitively as  the  position  of  
the  overlapping  grids  relative  to  each  other changes with time. Hence, it is imperative 
to expedite the search processes.  These searches are highly optimized using an 
alternating digital tree (ADT) data structure [14].  In ADT’s, node points are organized in 
a hierarchical tree structure such that contiguous points in the structure are actually 
neighboring points in the physical space ࣪. During an ADT search process, when an 
algorithm has to scan the grid system ॳ for cells that match a given data, traversing down 
the tree enables the algorithm to get to the destination cells very efficiently. The ADT 
optimizes the search operations to Oሺ log2N ሻ. 
 
 
3. Extension of the methodology to moving boundary 
problems 
  
The presence of moving bodies changes the relative position of the overlapping grids 
continuously during the flow simulation.  As the component grid (around a moving body) 
traverses through the computational domain, Chimera holes and interpolation stencils 
must be recomputed. The automation of hole cutting and interpolation procedures makes 
the present methodology a powerful tool for the simulation of flows with one or multiple 



moving bodies, since the grids do not have to be regenerated as the solution evolves. 
Only the Chimera holes and the interpolation stencils used to communicate information 
between the grids are recomputed at each time step, an operation which can be performed 
very efficiently.  When a component grid changes position during a moving grid 
computation, the overlapping grid generator Ogen is called at each time step in order to 
update the interpolation stencils and Chimera holes.  The component grids themselves do 
not have to be recomputed unless they deform in shape.  An optimized algorithm is used 
to determine the new classification of points for each grid. The algorithm only considers 
component grids affected by the moving geometry and a new classification of points 
begins by assuming that the actual structure is similar to that of the grids at the previous 
time. After identifying interpolation points that are no longer valid, a local search is made 
for new candidates.  In the event that the local search algorithm fails in completing the 
new classification of points, then the general overlapping-grid algorithm is used (global 
search). Without any automation, such problems require the user to provide a priori all 
the input that would enable hole cutting and interpolation stencil identification for any 
given configuration of the overlapping grid, a cumbersome and very time consuming 
operation.  
 
 
4. Numerical examples 
 
In this section, some numerical examples are presented in which the overlapping grids 
method is used together with a Navier-Stokes solver and an Euler solver.  The numerical 
examples presented here, demonstrate the effectiveness of the overlapping grids method 
to handle problems with complex geometries and moving boundaries.  The first example 
is an incompressible flow case, where the flow past multiple bodies at a Reynolds 
number Re = 200.  Figure 4 shows the overlapping grid system and a calculation made in 
the same grid system.  The second example is a high speed compressible flow around a 
cylinder.  In this case the Euler solver is used with automatic mesh refinement (AMR), 
the inflow free-stream Mach number is M = 0.96.  Figure 5 shows the overlapping grids 
system and the respective density contours.  Finally, a moving body case is presented; 
here a NACA 0012 airfoil undergoing flapping motion with a reduced frequency               
k ൌ  ߱c 2U = 1.6075⁄  is simulated. The flow conditions for this case are:  Re = 10000 
and air incidence angle ߙ ൌ 0°.  Figure 6 shows the corresponding grid system; in figure 
7 the respective vorticity contours are shown for two snapshots of the flapping motion.   
 
 
5. Concluding remarks 
 
An overlapping grids methodology has been used in the present work.  The current 
research demonstrates that the overlapping grids scheme is an efficient and powerful 
technique to deal with unsteady flow problems involving complex geometries and 
moving boundaries with one or multiple bodies. 
 



  
Figure 4.  Left: physical domain made up of three component grids and a background 
grid.  Right: velocity magnitude contours for Reynolds number Re = 200. 
 
The main advantage of the overlapping grids scheme is that individual body-fitted 
conforming structured grids can be created separately for each component defining the 
overall geometry and then superimposed to form one complete grid system that covers 
the entire physical domain, all without any constraints on the grid boundaries as long as 
overlap exists between adjacent grids.  This allows complex geometries to be treated 
more easily, substantially reducing the time and effort to generate a grid, also, as several 
overlapping grids are used, only the Chimera holes and the interpolation stencils are 
recomputed as the solution evolves in time when dealing with moving boundaries.  
 

  
Figure 5.  Left: close up of the physical domain showing mesh refinement patches (in 
colors).  Right: density contours for Mach number M = 0.96 for the same grid system. 
 
 
 



Of course, the main disadvantage of the overlapping grid scheme is that the algorithm is 
far more complex than a single-block or multi-block structured grid algorithm due to the 
use of multiple overlapping grids.  Drawbacks to using overlapping grids include having 
to interpolate data points along overlapping zones. In addition, the data structure 
bookkeeping can be especially complex if more than two grids overlap each other. 
Software is needed to interconnect the overlapping grids, create proper hole regions 
(chimera holes), define hole boundaries, and determine the interpolation stencils for 
properly transmitting information between overlapping grids. Though this is perhaps a bit 
complex and time consuming, the computational efficiency and convenience that is 
gained by using such a scheme makes the method worthwhile. 
 

Figure 6.  Physical domain made up of a background grid (in blue) and two component 
grids (in green and red).  
 
Finally, the use of overlapping grids does not eliminate the planning stage in grid 
generation. Care must be taken to ensure that the grid distributions in the overlapping 
grid system are not drastically different. Radical differences between overlapping grids 
can lead to poor interpolation results. Poor interpolation can in turn lead to increased 
computational time, due to poor solution convergence. 
 

Figure 7.  Left: vorticity magnitude snapshot (corresponding to the downward stroke).  
Right: vorticity magnitude snapshot (corresponding to the upward stroke) 
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