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Mesh stitching method for moving and stationary bodies

Erdal Yilmaz"!

ABSTRACT

An efficient and versatile mesh method is suggested and implemented for problems involving individual
overlapping mesh blocks around moving objects. The overlapped mesh blocks are combined using a
stitching stripe, which considers smooth transition of the mesh element size between the blocks.
Interpolation of the flow values between the mesh blocks is not needed. This is considered as a relative
advantage of this method compared to the overset mesh method. Unsteady flow around an oscillating body
test case 1s used to demonstrate applicability of this method. Other test cases include hypothetical multiple
flapping airfoils in relative motion and store separation from a store bay.

Keywords: unstructured mesh, mesh stitching, moving mesh, grid adaptation, grid stitching

Hareketli ve sabit cisimler icin ag yama yontemi
(0)/

Bu calismada hareketli nesneler etrafinda birbiri ile Ortiisen ¢6zlim aglarini igeren problemler i¢in az ¢aba
ile iiretilebilen ve yaygin olabilecek bir yontem 6nerilmis ve uygulanmistir. Ortiisen ¢dziim ag bloklar
dikis atma yontemi kullanilarak, ag hiicre biiyliklerini dikkate almak suretiyle yumusak yama bandi
olusturularak  birlestirilmistir. Coziim degerlerini  aktarirken interpolasyon yapmaya ihtiyag
duyulmamaktadir. Bu sebeple, mevcut yontem benzer chimera yodntemine goreceli bir avantaj
saglamaktadir. Yunuslama hareketi yapan bir kanat profile etrafindaki akis, bu yontemi gostermek i¢in
kullanilmistir. Diger test problemleri ise bu ¢alismaya 6zel olarak deneme amaciyla olusturulmus birbirine
gore hareket eden ¢oklu kanat profile ile ugaktan ayrilan bir nesneye benzetim yapmaktadir.

Anahtar Kelimeler: yapisal olmayan ¢oziim agi, ag dikme, ag uyumlandirma, hareketli aglar, ag
adaptasyonu
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1. INTRODUCTION

When multiple mesh blocks are used to define
computational domain composed of several static
and moving objects, an approach to combine mesh
and solution for these blocks are needed. In many
engineering systems, moving components such as
pintles, balls, disks, and flapper valves, are
essential parts of the systems to be analyzed. In
aerospace applications, oscillating and flapping
wings, propeller analysis, store separation, and
launch systems etc. all involves moving
components. Therefore, flow solvers and mesh
methods must have capability to analyze carefully
the interaction of multiple static and moving
objects.

Among several methods, multi-block mesh
approach assumes matching interface boundaries
between the mesh blocks. With tens of the
individual mesh blocks in whole domain, forcing
matching of the interface boundary for the mesh
blocks is a major drawback of this method. Though
non-matching block interface can also be
employed, it comes with additional computational
cost due to the interpolation of flow values at the
interface between the blocks.

Dynamic/moving mesh  methods involve
relocation of grid points at every time steps in
response to motion of the objects. Several
algorithms such as based on the spring analogy or
elasticity theory to move/deform the mesh have
been implemented in the past [1] [2] [3] [4]. Mesh
deformation is very costly if a single block grid is
used to define the complete domain. Some
approaches use different mesh blocks for the
moving components to limit mesh movements in
the computational domain. However, after certain
time, stretched grids loose accuracy especially in
the flux calculations. Regeneration of the grids is
essential in such cases and can be comparatively
time consuming.

Overset or Chimera grid approach allows
overlapping of the mesh blocks, which are widely
used in fluid-structure interaction problems [5],
and communicates interpolated flow values
between mesh blocks at the overlapped regions of
the mesh blocks. While it is an established method
for both stationary and moving objects and in use
for a couple of decades, major drawback is loss of
accuracy due to the interpolation and cost of
overall mesh processes. The main concern in
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interpolation procedure is whether conservation of
the fluxes is satisfied. Some of the overset grid
approaches uses non-conservative tri-linear
interpolation schemes [6]. On the other hand,
conservative interpolation approaches proposed
for patched surfaces and arbitrarily overlapped
regions [7] [8] are difficult to apply in three
dimensions. To overcome those difficulties
another approach [9] has been proposed for hybrid
grids, hexagonal and tetrahedral grids, by
eliminating the interpolation procedure at the cost
of filling holes or gaps at interface region of two
mesh blocks with new grids. That approach relies
on two existing CFD codes, combination of the
Overflow and USM3D flow solvers [10] [11] to
get best out of these two codes with a new flux
calculation algorithm on the faces, which are not
initially designed for such applications. A
powerful toolset for overset grid, Suggar and
Dirtlib [12], has been implemented to use with
different solvers [13]

Embedded or immersed mesh is constructed by
overlaying the object of interest over a standard
Cartesian mesh [14] [15] [16] [17]. It is first
applied in artificial heart flow modeling [18] [19].
It has been used in geophysical flow applications
as well [20] [21]. It is somewhat similar to overset
mesh methods. Mesh elements that intersect with
the boundary are identified and appropriate
boundary conditions are imposed on the cell
stencil specifically modified for the immersed
bodies. This method also requires interpolation for
the surface definition over the Cartesian grids.

Outside Computational Fluid Dynamics, (CFD)
mesh practice, mesh morphing is another approach
to smoothly combine surfaces of meta-elements. It
is commonly used in computer solid modeling and
special  effects  designs. Meta-elements
automatically fuse together when placed in close
proximity, thereby generating a smoothly
connected polygon mesh, called Metamesh [22]
[23]. However, CFD meshes have different
natures and purposes than existing mesh-
morphing. The CFD meshes seek merging of the
volume meshes as well as the surface if collapses
are allowed. In fusing process, the new vertices
might be introduced to meet objective of the
smooth transitions. When the overlap of two mesh
blocks occurs, CFD requires finest mesh elements
in the overlapping domain to get better resolution
and solution quality.
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Different than traditional approaches such as the
overset and embedded meshes, this paper
considers a better approach, as far as interpolation
accuracy concerned, called mesh stitching method
for flows around moving objects. It can be
applicable to several disciplines, not just CFD. The
mesh stitching in general is not a newly introduced
concept, yet to be studied in depth for different
applications. Weber et al. [24] implemented a kind
of stitching grids for multiple adaptive grid
patches to extract iso-surfaces from a given set of
static grid data, which includes multiple
refinement level. In another study, an unstructured
triangulation to stitch between the boundary layers
and background mesh has been proposed [25].
However, the mesh stitching in this paper has
started unaware of those studies, indeed, this study
differs from them. The mesh stitching approach in
this paper is to combine two or more mesh blocks
using seamless stitching mesh. The stitching mesh
in this study is based on optimum mesh element
size of the overlapping mesh blocks. The proposed
approach facilitates integration of the overlapping
mesh blocks without going through the
interpolation of the flow solutions between the
mesh blocks as in the case of the overset mesh
method or generating new vertices to force smooth
transition between mesh blocks as in the metamesh
approach. In the following section, detail of the
mesh stitching is introduced. After that, it follows
with the flow solver algorithm used in this study.
Finally, applications of the stitching method are
demonstrated using three test cases; oscillating
single NACA 0012 airfoil, multiple airfoils
configurations, and stores in motion.

2. MESH STITCHING METHOD
2.1. Overview

For the sake of convenience, in further sections of
this paper, some definitions are made to present
this approach better. Two kinds of mesh blocks are
defined: 1) minor mesh block, which is attached to
moving object(s), and 2) background mesh block,
which covers the complete flow domain. The
background mesh is a single block mesh, which is
stationary, while the minor mesh blocks may be in
relative motion within the background mesh
domain. To put the stitching concept in a simpler
form, a one-dimensional representation is
presented in

Figure 1. The first step is to identify overlapping
nodes of the mesh blocks. For better mesh
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resolution, finest mesh elements of all overlapping
mesh blocks are maintained to construct the final
mesh. Then, coarser mesh in the overlapped region
of all blocks will be removed by cutting them off
from the computational domain, hence generating
a gap between the mesh blocks. This follows with
triangulation of the gap region. The mesh blocks
will be fused as seamlessly possible using the
stitching mesh generated for this gap region. The
final mesh is a unified single block mesh that will
be used in the flow solution process. In this
method, four items contribute the computational
cost: identification of the overlap regions, cutting
the overlapped region off, generating element
connectivity in the gap region, and then fusing the
mesh blocks with the stitching grid.

Cut off regions: coarser elements are removed

Block A

Block B

Block A+Block B
0—0—0—0 9-0-0-0-6-0—0—0—0—0—0—0—0—70

New mesh nodes/element: Block A and Block B are stitched together

Figure 1. One-dimensional representation of the stitching
method for two mesh blocks. Block A represents the
background mesh and Block B represents the minor mesh.

2.2. Mesh Stitching Steps

After unstructured mesh blocks for the individual
objects and background flow domain are
generated, following steps are used in constructing
the stitching mesh in this paper:

Step 1: Move the mesh blocks with the prescribed
motion to the next position in time. First check is
whether there is any solid-to-solid collision or not.
Moving objects have all closed solid boundaries
most of the time except zero-thickness shells. A
criterion called containment test, detail is given in
Step 3, is applied for any mesh point of a block that
overlaps with given closed boundary. Solid-to-
solid collision is determined using the containment
test. If there is solid-to-solid collision, the stitching
process stops. At this time bounce back is not
implemented to handle the collision.
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Figure 2. Finite control volume at node A and B with shared
dual side referring to two elements on both sides.

Step 2: Calculate mesh spacing for the elements of
all mesh blocks. The flow solver used in this study
is based on the cell-vertex based finite volume
discretization. Therefore, a finite control volume
around a node is constructed by all triangular
elements connected at that node as given in Figure
1. In the grid data structure, shared edges between
two triangles forms dual edges, which address the
control volume points on both sides, points A and
B as in Figure 2. Corresponding cell spacing at a
node is calculated as average of areas of the cells
connected to that node using:

1 Nelem,

Ta NelemAzr’ 1

i=1

where, at node A, I'; is area of individual

triangular elements connected to node A, Nelemy
is total number triangular elements connected to
node A, and I, is average of all triangular

elements connected to node A. Note that total area
at node A is constructed by summing up areas of
all triangular elements around node A , Q,. Area

of a triangle is calculated using the line integral
over three edges of the triangles, rather than the
Heron’s formula, as follows:

3

F =5 2060 - )} 2)

i=1 i
where, x,, x5, and y,, y» are coordinates of terminal
points {a,b} of edges of triangle, respectively.

Step 3: Identify nodes of the background mesh
overlapped with the minor mesh and vice versa. To
determine status of a given node whether it is in or
out of an irregular area formed by a closed curve,
a simple search criteria, containment test, is used.

Figure 3 gives description of the containment test
for a convex/concave shaped object. In Figure 3,
node A is inside the object while node B is outside.
Node A intersects the boundary of the object in one
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way either (+x or —x-direction) at odd numbers
while node B intersects the object in either way (+y

or -y) direction at even numbers.
B.s
ﬁ
B /\

/ B, ) \

l=>! P [ l |
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Figure 3. Description of the containment test for in-and-out
criteria of a node for a convex/concave shaped object.

This process can be decomposed into following
steps:

I.  Sweep along x- (or y-) direction and search
for the intersection of x- (or y-) coordinate
of a given point with mesh edges on the
surface of given closed area.

II.  Count number of intersection in either +
(right side) or — (left side) of the point
along either x-axis (or y-axis).

II.  If the number of intersections along x-
direction (or y-direction) is odd, then the
given point is inside the closed area. If it is
even, then the point is outside of the area.
Point A in Figure 3 is inside the closed
curve because the intersection count is 1
and 3 along — and + direction of the x-axis,
respectively. Similarly, Point B in Figure 3
is out of because intersection count is even,
2 and 4 along + and y-direction,
respectively. Note that if the inner curve in
Figure 3 is considered as closed object, the
confinement test would yield point A as
out and point B as in.

Step 4: Construct a front where element size of the
minor mesh and the background mesh (or any two
overlapping meshes of different blocks) are the
same or within a given tolerance. In other words,
if the mesh spacing of a control volume at a node
in a one of the overlapping mesh blocks is greater
than the mesh spacing of an element on the other
overlapping block, where the node of the other
block lies in, then, that node is cut out. That is if
S, 2 S,;, where s,is mesh spacing of node A in
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one block and §,, is mesh spacing of an

overlapping triangle with edges 1, 2, and 3 in the
other block, where node A of the other block lies
in. The front is at inner and outer boundaries of the
cut-out mesh blocks. Note that front line can be
concave or/and convex. Two fronts, inner and
outer boundary of the stitching stripe, form a
narrow stripe, where no node is maintained in
between. The stripe width is set around one-mesh
size depth. However, sometimes it may be close to
twice of an element size in its neighborhood. A
criterion is set so that this stripe can not be thinner
than a given percentage of the element size in the
vicinity. The mesh spacing calculated in Step 2 is
used here. The process in this step ensures that
when two mesh blocks overlap, minimum mesh
elements of both blocks are used to form single
block mesh for the flow solution.

Step 5: All nodes of the background mesh that are
inside the front line will be cut out, in a similar way
but conversely for the minor mesh all the nodes
that are outside of the front line are cut out.

Step 6: Once the nodes at the inner and outer
fronts of the minor mesh and background mesh, are
identified then triangulation process of these nodes
takes place. In this paper, Delaunay triangulation
algorithm is adopted [26].

Step 7: Triangulation generates all possible
elements regardless of concave or convex nature
of the stitching stripe. Therefore, all triangular
elements outside of the stripe should be cleaned
out for final stitching. A neighborhood searching
method is applied for this purpose. As summarized
below items and also depicted in Figure 4.

first marking of interior edge

Figure 4. Cleanup of unused Delaunay triangles outside the
stitching stripe.

Mark front edges of overlapping blocks with their
block numbers, such as “17, “2”, etc. All other
edges will be marked as “-1” initially.

Mesh stitching method for moving and stationary bodies

Find an edge in-between the inner and outer front
lines, an edge that lies inside the stitching stripe,
then mark it as “0”. This edge will be starting point
to advance the search.

Loop over dual edges that are marked as “0” and
check edges of the triangles on both sides of the
dual edge, whether the edges of the triangles are
marked as “-1”. If so, change the marker of that
edge from “-1” to “0”. Looping continues several
times until no such edge is found. At the end of this
looping, only edges outside the stitching stripe will
maintain “-1” marker.

Delete all triangular elements, which have edge
marker as “-1”. Only elements inside the stitching
stripe remain.

Step 8: Find pair edges on both sides of the
stitching stripe, which match all edges of the minor
mesh and the background mesh, respectively. This
is also known as edge-to-edge tessellation of two
mesh domains, which is sharing of full edges with
the adjacent mesh blocks. Figure 5 shows two
mesh blocks and stitch mesh with edge-to-edge
pairing.

Step 9: Update connectivity of the elements from
all three kinds of blocks: minor, major, and
stitching stripe to merge all into single
connectivity data set.

Finally, the merged mesh will be ready for the flow
solution. Above process will be repeated every
time step after objects are moved to their new
positions.

Block 1
pair edges ﬁ

pair edges ]I Stitching mesh

Block 2

Figure 5. Edge-to-edge tessellation of two mesh blocks using
stitching stripe.
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3. FLOW SOLVER

Flow solver used in this paper is based on two-
dimensional finite volume formulation at cell-
vertex with explicit time stepping [27].
Conservations of mass, momentum, and energy
lead to the following equation for two-
dimensional, compressible, and inviscid flows:

%fUdV+%S(de—de)=0 (3)

where U is called solution vector and represents
the conserved quantities, density, velocity and
internal energy. F and G are x and y Cartesian
components of the flux vector of these quantities,
respectively. Hereafter F and G are used for the
convective flux terms only, which are functions of
density, velocity, and internal energy. When the
integral form of the Euler equation (Equation 3) is
applied to a finite control volume €, one obtains

the coupled ordinary differential equations given
in Equation 6.

Nedge

%(UKQK) + 3 (FAy-GAx,) = 0 (4)

i

where, at node K, Q4 is the surface area of the
control volume associated with node K; U, is the
solution vector; £ and G are the Cartesian

I

components of the flux vector on edge (face in 3D)
i of the control volume; Nedge is the total number
of edges which surround the control volume; Ax;

and Ay are the increments of x and y along edge i,
respectively. The fluxes F, and G, are functions of

flow variables at the neighboring points, and thus
the system of equation is coupled in space. Further
details of the flow solution can be found at [27].

4. RESULTS

The mesh stitching method was applied to three
problems to demonstrate capabilities and
understand challenges. First test case is an airfoil
oscillating with small amplitude. This test case has
experimental flow solution to compare with.
Though it is not the intension of this study to
demonstrate flow solver aspect, for the
completeness of this study, the stitching algorithm
is run together with the flow solver for the
unsteady oscillation. Next two examples
demonstrate hypothetical cases without any flow
solution. The second test case uses the same airfoil

Mesh stitching method for moving and stationary bodies

but in biplane and tandem configuration to
demonstrate stitching of three objects separated
with high angles in relative motion. Third test case
is a store separation problem with two stores
released from a bay using a prescribed motion. All
runs were performed on a high-end laptop
computer since computational time was not an
issue for the size of problems demonstrated in this
study.

4.1. Casel: Oscillating Airfoil With Flow
Solution

Flow field validation of the present method has
been demonstrated using a commonly studied
oscillating airfoil. The test case chosen is NACA
0012 symmetric airfoil at Mach number pz_
=0.755, with mean free-stream angle of attack of
a,,=0.016 degrees, with pitching amplitude of «,
=2.51 degrees. Airfoil goes through pitching mode
of oscillation given in Equation 5.

alt)=a, +a , sin(

c

where k 1s defined as reduced frequency, V_ is free-
stream velocity number, ¢ is time, and ¢ is airfoil
chord length.

Figure 6 gives the overlapped minor and
background mesh blocks for the airfoil at zero
degrees angles of attack. The background mesh
comprised of 10,602 triangular elements while
airfoil mesh has 6,823. Note that mesh element
size for the background mesh is almost constant,
however getting denser where it overlaps, while
the minor mesh, mesh around the airfoil, has
varying mesh distribution, dense in the vicinity of
the airfoil surface and gradually coarsen away
from the airfoil. Once the confinement test marks
the overlapped nodes and elements, the cut-out
process identifies nodes at the cut-out fronts
comprising the stitching stripe for triangulation.
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Figure 6. Two overlapping mesh blocks for the NACA 0012
airfoil: minor mesh around the airfoil and background mesh
to cover whole domain. (a) Overall mesh domain and (b)
Close up view.

Figure 7. Mesh after cutting out of overlapping elements for
the NACA 0012 airfoil.

Figure 7 shows the mesh after the cut-out process
for the NACA 0012 airfoil. Nodes from both
minor and background mesh blocks are cut out.
Boundary of the cut-out section is set where
element sizes of the overlapping mesh blocks are
almost equal. The width of this stripe is about 1/3
to 2 times of the local element size. To guarantee
a continuous stitching stripe, the width should not
be very narrow. Since the stitching region is far
from the airfoil, some mesh stretching can be
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tolerated inside the stitching stripe. Figure 8
shows the triangulated stitching stripe. The
Delaunay triangulation generates elements outside
the stitching stripe too. Therefore, these extra
elements need to be cleaned before the stitching
process is applied. Final merged mesh, where the
flow solution takes place, with the stitching mesh
highlighted is presented in Figure 9 . Note that
there is not any new node added into the domain.
Some of the elements are a little more stretched
than original elements nearby, which are far from
the solid wall and can be easily tolerated by the
finite volume flow solvers.

Figure 8. Delaunay triangulation of nodes at the cut-out
boundary, bold edges, to generate the stitching mesh. All
elements outside the hallow stitching stripe, some are in the
inner closed area, are deleted.

Figure 9. Final mesh after the cut-out region filled with the
stitching mesh, highlighted edges of at the boundary.

For the flow solution, pitching oscillation starts
with a converged initial flow solution at angle of
attack equal to ¢,,=0.016. Therefore, initial

solution has been obtained by local time stepping
to have faster convergence. For this explicit solver,
3000 local time steps have been used for the initial
solution. Then the pitching motion starts. The time
step used for the unsteady solution is determined
using the time step for the maximum amplitude of
the pitching and the time step for the Courant
number for the particular mesh used. Therefore,
minimum of those two time steps is used to
advance the solution in time. The time step from
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the pitching motion depends on how many steps
will be taken for one cycle. Current solution
assumes about 4000 time steps for one cycle of
pitching.

(b)

Figure 10. Flow solution at the end of third pitching
oscillation cycle for the NACA 0012 airfoil for Mach
number 0.755. Pressure contours at a) +2.51 degrees of angle
of attack, b) -2.51 degrees of angle of attack.

Figure 10 demonstrates pressure contours at
maximum and minimum angles of attacks,
respectively. Pressure contours show continuity in
the overall solution. The flow is transonic,
therefore, shock waves are formed in the upper and
lower surfaces at the maximum and minimum
angles of attacks, respectively. To capture shock
wave accurately it is necessary to use finer mesh
in the vicinity of shock positions. The unsteady
flow solution is run for three cycles of oscillations.

Figure 11 shows lift curve comparison with the
experiment [28] for three cycles. There is a minor
shift from the experimental result. This might be
associated with the nature of the Euler solution as
well as mesh element size on the airfoil where the
shock wave occurs. However, main objective of
this paper is to demonstrate the stitching concept
rather than inquiry of the flow solver accuracy.
History of the lift coefficient is given in

Figure 11. Minimum and maximum values of the
lift coefficient converges almost after one cycle.

Mesh stitching method for moving and stationary bodies

4.2. Case 2: Multiple airfoil configurations

Next, the stitching method is applied to three
airfoils in relative motion such as in flapping
airfoil problems. The same airfoil mesh in the
previous case is duplicated, with one placed at half
chord length apart in biplane configuration and the
other at one and half chord upstream in tandem
configuration on the same background mesh.
Imposed motion on the airfoils in biplane
configuration are counter clockwise and clockwise
rotations around the leading edge of the upper and
lower airfoils, respectively. The stitching program
was run for 180 degrees with one-degree
increment continuously. Stitched meshes at
different positions are presented in Figure 12. The
stitching method overall generates fairly
acceptable meshes. The mesh cut-off process
between the two airfoils rarely generates meshes
size of more than one element size of the
neighboring cells. This is most likely due to the
cut-out decision applied individually on each
block in sequential order. Another reason would
be due to cut-out decision applied at nodes first
instead of edges. When a node is cut-out, it
naturally cuts all the elements connected to a node
off, hence creating a bigger hole than cutting out a
single element. Since solid-to-solid collision is not
implemented yet, airfoils are not let to rotate all the
way to collide. However, a stopping criterion is set
to end the stitching process if solid collision
occurs.

4.3. Case 3: Store separation

Last example is a hypothetical store separation
problem. Two stores are placed in close proximity
in a rectangular bay of an airplane and then
dropped along a prescribed path. Special care
should be taken when solid-to-solid collision
occurs, which is not covered in this study. This
example also shows how the stitching method
handles objects when they are placed closely and
moves through comparatively coarse background
mesh. Each store comprised of 3760 triangles
while the background mesh composed of 10,373
triangular elements. Imposed motions on the stores
are translation along the vertical axis and one-
degree rotation about their tails every motion step.
Original mesh blocks for two stores, background
mesh, and stitched meshes at different time
instances are given in Figure 13. Outer mesh
boundary of one of the stores extends out of the
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background domain at the beginning. In the
stitching process, this non-overlapping section of
the store mesh is cut out as well. The stitching
mesh boundary is given in bold lines. The stitching
mesh provides fairy smooth transition between the
blocks when they are at still in the store bay since
local mesh size variation is not too high for all
blocks. The stitching mesh is also shown when the
stores are off the bay. Since the mesh elements get
coarser far from the bay, stitching of fine store
mesh with the coarse background mesh generates
stretched mesh elements, which is unavoidable
without local mesh refinement procedure, which is
not the purpose of this study.

0.60
|

— Euler Results with Stitching Grid ‘

0.40 O Experiment, AGARD-R-702 | 7
-

0.00

0

cL

-0.20

-0.40
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alpha
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\/ \ / \ /

A% \/ \V
(b)

Figure 11. Lift coefficient vs angle of attack comparison of
pitching NACA 0012 airfoil with the experiment [21] for
Mach number of 0.755 and lift coefficient history for three
cycle of pitching oscillation.
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Figure 12. Stitching mesh application to multiple NACA
0012 airfoils in relative motion with respect to their leading
edges. Two airfoils in tandem arrangement rotate linearly,
one in counter clockwise direction and the other in clockwise
direction, while one on the left is stationary. a) Original
overlapped mesh blocks at 45 degrees rotation. b) Stitched
mesh at 0 degrees. ¢) Stitched mesh at 45 degrees. d) Stitched
mesh at 90 degrees. ¢) Stitched mesh at 135 degrees close up
view with cut-out boundary highlighted.
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(d)

Figure 13. Stitching mesh application to two stores dropped
from a rectangular weapon bay of an aerial platform.
Prescribed motion is linear translation and one-degree
rotation with respect to tails of the stores at each motion step.
a) Original overlapped mesh blocks. b) Stitched mesh before
the stores are released. ¢) and d) Stores at different instances
of separation after released.

5. CONCLUSIONS AND DISCUSSIONS

In this paper, an alternative mesh strategy for
moving objects, the mesh stitching method, is
introduced and applied to some test cases. Unique
part of the present method is to eliminate
interpolation of the flow solution variables
between the mesh blocks, as in the case of the
overset mesh methods. Another advantage of the
stitching method is that it requires no modification
of the original flow solver code since the final
mesh is unified to form a single continuous mesh
block. Finally, the stitching stripe is constructed
using optimum mesh size of all overlapping
blocks. The only overhead would be
computational cost of constructing the stitching
stripe. However, this needs to be compared with
an overset mesh implementation using the same
flow solver. Since similar search for the
overlapping nodes and elements needs to be done
for the overset method, a fair comparison of these
two methods would include interpolation cost of
the overset method versus cost of the triangulation
of the stitching stripe.

Three test cases are used to demonstrate
applications of the stitching method. The first one
is an oscillating airfoil with flow solution. It is
unsteady and solution is compared with an
experiment. Since the stitching region is far from
the airfoil surface, some mesh stretching can be
tolerated inside the stitching stripe. Second test
case included multiples airfoils at relative motions
such as in flapping wing problems. However, this
case has no real flow solution and generated solely
for the purpose of showing more complexity.
Final case was a simple store separation involving
two payload stores released from a hypothetical
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aircraft weapon bay. This case demonstrated
interaction of fine mesh around a store and coarse
mesh around the bay. Mesh spacing difference for
blocks seems to be significant for this case,
therefore stitching stripe has stretched mesh
elements as the store moves far.

Some improvements can make the stitching
approach  demonstrated here even more
competitive such as an intelligent search of the
overlapping region from one time step to the next
when solving moving object problems. Such a
search procedure would allow using previous
locations of the stitching mesh front so that setting
up the search domain from the scratch can be
avoided. This can be done wusing nearest
neighborhood search starting with the existing
front. However, it comes with additional memory
requirements since the previous time information
needs to be stored. Instead of using standard
Delaunay triangulation, a simple customized
element construction can be implemented since the
only two parallel layers of nodes are meshed to
construct a stitching stripe. This would eliminate
cleanup process after the Delaunay triangulation.
Lastly, solid-to-solid collision implementation
would make this method very useful for contact
problems. However, the challenge in viscous flow
applications for solid contact problems would
require the treatment of highly stretched viscous
mesh layers.
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