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Abstract

Overset gridding can significantly enhance the speed and flex-
ibility of grid generation for complex geometries, particularly
where there are moving components, such as aircraft control
surfaces and store release from aircraft. This study uses a plain-
flapped 6% two-dimensional circular-arc aerofoil to study the
effect of the gap size between the aerofoil and flap and the rel-
ative mesh size between the background and donor grids in the
overlap region.

Introduction

The use of overset grids in computational fluid dynamics can
significantly ease the meshing requirements when dealing with
the dynamic motion of one body relative to another; such as in
the case of store release from an aircraft, or the movement of a
control surface. However, in order to achieve an overset grid,
it may be necessary to make approximations to the exact ge-
ometry. For example, as encountered in [2] and [10], there is a
gap between the control surfaces and the wing in the computa-
tional model that does not exist on the actual aircraft. One of
the purposes of this paper is to investigate the effect of introduc-
ing hinge gaps of various sizes and comparing them to a clean
no-gap configuration, and to determine how small the gap must
be in order to be minimize the effects, whilst at the same time
not cause any computational issues. Additional aspects that af-
fect the performance of the overset grid include how closely the
overset and baseline grids match element sizes in the regions of
overlap. This aspect is critical in ensuring the acceptable perfor-
mance of the grid assembly algorithm. Previous studies, such
as [4] and [6] have looked at flapped aerofoils with gaps; how-
ever, neither were focused on the questions that this paper aims
to investigate.

The ultimate use for this work is to be able to move the control
surfaces dynamically during a simulation in order to ascertain
the dynamic effects of the control surfaces as demonstrated in
[3]. This current paper focuses only on the static effects of the
overset gridding. This is a necessary step since the accuracy
of force and moment results for dynamic motions is reliant on
the accurate modelling of the static forces and moments. Sub-
sequent work will investigate the effect of the gap size on the
dynamic motion results.

As illustrated in table 1, previous studies have found that the in-
troduction of the gap between wing and moving control surface
(as required for the overset method as implemented in Cobalt
[9]) had an impact on the resulting forces and moments. In par-
ticular, note the difference between the overset and single grids
for rolling moment coefficient shown in table 1. The overset
substantially underestimates the control surface effectiveness.
This results is for a gap that is approximately 0.4% of the chord
length.

The use of overset grids are also particularly susceptible to poor
gridding strategies. Abrupt changes in cell resolution in a grid
can result in mesh artefacts appearing in the flow variables. But
it can be difficult, particularly when using overset grids, to avoid
areas in which the size of the cells from each of the contribut-
ing grids are not well matched. There is work on resolving this

Case Clwpα“ 0q ∆ (%)
Experiment [5] -0.0481
Overset [10] -0.0382 -20.6
Single [10] -0.0514 +6.9

Table 1: Comparing rolling moment coefficient results for the
overset and single grids for the Stability and Control CONfig-
uration (SACCON) model with control surfaces deflected: port
wing ´20 degrees, starboard wing `20 degrees.

local/donor cell size discrepancy, for example refer to [8]; how-
ever, until such techniques are well integrated with the solver,
then they have limited utility when considering dynamic mo-
tions which require re-meshing at each timestep.

Experimental Tests, Geometries and Data

The experimental data against which the current results are
compared is taken from [1]. This experimental study looks
at 6% and 10% thick symmetrical circular arc aerofoils with
plain-flapped leading and trailing edge flaps. The current study
looks only at the 6% thick aerofoil. Mesh resolution studies
were conducted with both the leading and trailing edge flaps
deflected; however, the current paper presents the results with
only the trailing edge flaps (TEFs) deflected, although it retains
the gap associated with the leading edge flap (LEF). Data avail-
able from the experiment include the lift and pitching moment
coefficients.

Note that the hingeline of both flaps is below the aerofoil cen-
treline, therefore the cases where there is both a gap and the flap
is deflected, will have different geometries.

Numerical Method

CFD Solver

The CFD solver used in this investigation is Cobalt. Cobalt in-
corporates an overset grid capability, which can combine mul-
tiple independent grids. The undocumented “thin-gaps” op-
tion for the overset algorithm is used in this study. The ro-
tation/curvature correction to the Spalart-Allmaras turbulence
model is used [7]. And the simulations were run with second-
order temporal accuracy in order to capture the unsteady effects.

Grids

This investigation is restricted to the use of unstructured meshes
such that similar mesh resolution could realistically be applied
to complete three-dimensional aircraft. Each mesh consists of
20-30 layers of quadrilaterals to resolve the boundary layer with
a y+ of less than one. This boundary layer transitions to tri ele-
ments, which increase in size to the farfield. Meshes with vary-
ing resolution and gap size are tested. Earlier mesh resolution
studies on the same circular arc aerofoil with both leading and
trailing edge flaps deflected with nominally coarse, medium,
and high density meshes found that even the coarsest mesh was
sufficient for grid independence. The results presented here are
primarily the coarse grid, with some medium overset grids in-
troduced to identify the effect of the relative mesh resolutions



Case ĎCD ĎCL ĎCm ĂCL

No deflection
Overset, 1% gap 0.036 0.399 0.002 n/a
Overset, 0.1% gap 0.028 0.426 0.023 n/a
Overset, 0.02% gap 0.070 0.473 0.017 n/a
Overset, 0.002% gap 0.031 0.496 0.021 n/a
Single, 1% gap 0.048 0.416 0.003 n/a
Single, no gap 0.033 0.470 0.019 n/a
Experiment [1] 0.494 0.0095

δLEF “ 0, δTEF “`20˝

Overset, 1% gap 0.140 1.004 -0.183 0.539
Overset, 0.1% gap 0.119 0.981 -0.150 0.584
Overset, 0.02% gap 0.146 0.970 -0.139 0.502
Overset, 0.002% gap 0.125 1.021 -0.151 0.529
Single, no gap 0.126 1.019 -0.159 0.146
Experiment [1] 1.174 -0.149

Table 2: The force and moment coefficients.

of the contributing grids.

Results and Discussion

All of the cases are for the following flow conditions:
freestream velocity of 50 m s´1 and angle of attack, α, of 5 de-
grees. Note, the term ‘single’ grid has been used to identify
the ‘non-overset’ grids, i.e. a conventionally constructed grid
(which can be with or without gaps and/or deflections).

Effect of Gap Size

Evidently from the results shown earlier, the presence of the gap
can significantly influence the forces and moments. Therefore,
this next section investigates how small the gap must be in or-
der to minimise those effects. Two cases are tested, the first is
with no deflections, and the second is with the trailing edge flap
deflected `20 degrees (i.e. trailing-edge down).

Table 2 shows the mean drag (ĎCD), mean lift (ĎCL), and mean
pitching moment coefficients (ĎCm), along with the maximum
amplitude of the lift coefficient (if oscillations are present, ĂCL)
for both cases. These are compared to the available experimen-
tal data: average lift and pitching moment coefficients.

Looking at the data for the undeflected cases as the gap size
decreases in the overset grids, we can see that the mean lift co-
efficient approaches both the single grid computational case and
the experimental value. For the pitching moment coefficent, a
similar trend is seen within the computational results; however,
the computational data does not match the experimental data,
even for the single grid. With the flaps undeflected, there is no
oscillation evident.

The lower set of data in table 2 shows the data with the trailing
edge deflected. In this case, there is little difference in the mean
lift and pitching moment coefficients between the different gap
sizes and the single/overset grids. But there is still a general
trend in which we see as the gap sizes reduce the coefficients
approach the no-gap single grid and experimental results. The
more significant result for the deflected case appears to be the
magnitude of the oscillations. Each of the overset cases, re-
gardless of the gap size, have sizable flow oscillations with ĂCL
around 0.5, whereas the no gap case has magnitudes of one third
that are one third of that size. There is no data available on the
oscillations seen in the experiment. The oscillations can be seen
in figure 1 showing the force and moment time histories for the
same case. Whilst the initial transient oscillation for the single
mesh case eventually damps out, it can be seen that the overset
grids with gaps maintain strong oscillations. The frequency for
the 1% gap case is about five times higher than the other cases.
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Figure 1: Lift coefficient time history for the δTEF“`20˝ case.

Figures 2 and 4 illustrate the effect on the flowfield, via con-
tours of velocity magnitude, of the different gap sizes for the
cases with flaps are undeflected and deflected `20 degrees, re-
spectively.

Referring to figure 2a and b we can see the similarities in the
flowfield for the 1% gap cases as modelled using the single and
overset grids, respectively. The similarities in the flowfield re-
flect the similar values for the forces and moments for these two
cases seen in table 2. Given these similarities, it would suggest
that the differences seen between the overset 1% gap grid and
the single no gap grid are mainly attributable to the presence of
the gap, rather than any aberrations introduced by the overset
algorithm itself. This result has not, at this stage, been con-
firmed for smaller gap sizes. Comparing the overset grids with
gap sizes 1% and 0.1% in figures 2b and c, we can see the flow-
field changes markedly. The 1% LEF gap is clearly influencing
the flow over the upper surface of the aerofoil, and there is sep-
arated flow over the entire upper surface. Contrast this with the
0.1% case, and we can see that the LEF gap appears not to inter-
fere with the separated region over the front half of the aerofoil,
and there is re-attached flow over the aft half. Figures 2c, d, and
f, for the 0.1%, 0.02% and no gap cases respectively, all show
broadly similar flow characteristics. However, the 0.002% case
shown in figure 2e appears to be anomalous. Despite the force
and moment data shown in table 1 for the 0.002% case being
similar to the no gap case, the flow characteristics are quite dif-
ferent. The leading edge separation is very small and there is
an additional separation occurring on the underside of the aero-
foil just aft of the LEF gap. It is suggested that this extremely
small gap (amounting to 0.02 mm in real units) causes some is-
sues with the overset algorithm at the join between the LEF and
background grids close to the LEF gap.

The effect of the overset process itself is better illustrated by
looking at the flowfield in terms of contours of z–vorticity as
shown in figure 3. In figure 3 the boundaries between the back-
ground and donor grids are shown by the black lines around the
leading and trailing edge flaps. Showing z–vorticity illustrates
the mesh artefacts that arise at the intersections of these grids. In
particular, this is seen both above and below the aerofoil at both
the LEF and TEF gaps. If we refer to the single grid in figure 3c,
we can see only a very thin layer of positive vorticity along the
underside of the aerofoil. Compare this to the thickness of the
layer in figures 3a and b, which is initiated at the LEF gap. And
then at the TEF gap, some erroneous negative vorticity is added
to the mix. Speaking more broadly, the 0.02% gap case matches
the no gap case much better than the 0.002% case does.

Figure 4 presents the velocity magnitude contours for the cases
with the trailing edge deflected `20 degrees. The results
broadly follow those seen in figure 2 in that the flowfield exhib-
ited by the 1% gap case is clearly different to the other cases.
The 0.1% and 0.02% cases show flowfields that are increasingly
similar to the single no gap grid. And again, the 0.002% case



(a) 1% gap, single

(b) 1% gap, overset

(c) 0.1% gap, overset

(d) 0.02% gap, overset

(e) 0.002% gap, overset

(f) No gap, single

Figure 2: Contours of velocity magnitude around the 6% circu-
lar arc aerofoil with flaps undeflected at α“ 5˝.

is different, although less so than in the undeflected case. The
significant differences seen in the 1% case are presumably at-
tributable to the presence of the gaps, and there appears to be
relatively significant flow through the gaps. This may also ex-
plain the higher frequency of oscillation seen for the 1% case in
that the LEF, aerofoil, and TEF may be acting as three separate
bluff bodies in close proximity and their interactions give rise
to a more complex vortex shedding regime.

Effect of Relative Grid Densities

The second part of this study looked at the effect of differing the
relative grid densities between the local and donor grids. The
method for doing this was to compare the coarse/coarse back-
ground/donor grid combination with the coarse/medium back-

(a) 0.02% gap, overset

(b) 0.002% gap, overset

(c) No gap, single

Figure 3: Contours of z–vorticity around the 6% circular arc
aerofoil with flaps undeflected at α“ 5˝.

ground/donor grid combination. The results, which were some-
what unexpected, are shown in figure 5. It was assumed that
the increased density of the donor grids would facilitate the cell
matching at the interface close to the flap gaps. However, as
can be seen in figure 5, the coarse/medium combination re-
sulted in a flowfield that was quite different to the single no
gap grid. It did show some improvements: for example, the
‘tripping’ of the vorticity layer at the underside LEF gap is not
as significant in the coarse/medium grid when compared to the
coarse/coarse grid. However, despite the obvious signs of mesh
artefacts throughout the flow, the coarse/coarse grid generates a
flowfield that is much closer to the single grid.

Conclusion

For the limited set of cases tested in this paper, it was shown
that the overset gridding technique can be used to accurately
generate data for a flapped aerofoil as long as the gap introduced
between the aerofoil is around 0.1 to 0.02% of chord length.
The force and moment coefficients for the flapped aerofoils in
this range were generally close to that seen for the single grid
no gap case.

It was shown that the overset gridding algorithm can introduce
artefacts into the flowfield, which are best revealed when looked
at with vorticity rather than velocity contours. It was also shown
that the overset gridding is quite sensitive to the relative mesh
densities from the background and donor grids.

The presence of artefacts in the flowfield do not, it appears,
necessarily affect the force and moment results, suggesting that
overset grids may be useful for engineering applications; how-
ever, it should be used with caution given the lack of robustness
with grid generation.

The next steps will be to further explore the effect of the rela-
tive densities between background and donor grids, the effect of
gaps when the flaps are at relative motion with the aerofoil, and
whether the results seen here in two dimensions extend to three
dimensions.



(a) 1% gap

(b) 0.1% gap

(c) 0.02% gap

(d) 0.002% gap

(e) No gap

Figure 4: Contours of time-averaged velocity magnitude around
the 6% circular arc aerofoil with δTEF “`20˝ at α“ 5˝.
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