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1. INTRODUCTION
Composite overset-grid techniques enable the generation of structured grids around complicated ge-
ometries and are particularly useful when one needs to rotate or translate one piece of geometry with
respect to another. The first requirement to be fulfilled by an overset-grid technique is that the com-
putational domain is entirely covered by grids. The overset-grid technique to be considered here is of
chimera type [2, 8].

Overset-grid techniques give us the opportunity to adaptively refine a single subgrid without chang-
ing the other subgrids [6], and they can be combined with multigrid methods [4].

A chimera technique requires two specific additional algorithms: (i) an algorithm for generating the
separate grids and for cutting holes in the grid parts which are overlapped, and (ii) an algorithm for
interpolating solutions and possibly righthand sides between the various grids.

As mentioned, the test geometry to be considered is a bi-NACA0012 airfoil. For a precise definition
of this geometry, we refer to [3]. The specific test cases to be considered are: (i) My = 0.5, a = 0,
(il) Moo = 0.75, @ = 0 and (iii) M« = 0.55, o = 6°. The first and the last test case are taken from
[3].

As main grid for the chimera technique, i.e., as grid which reaches into the far field, we may choose
between, e.g., a Cartesian or an O-type grid. As overlying subgrids we opt for two O-type grids,
smoothly fitting around each of the two airfoils. If equidistant, a Cartesian main grid (Figure 1a) has
the disadvantage that it is much too fine in the far field. By stretching the Cartesian grid, this can
be improved, but then — locally — the grid spacing at far-field infinity is still too fine. We prefer a
stretched O-type main grid (Figure 1b).

The contents of this report are the following. Section 2 briefly describes the chimera technique,
and Section 3 the discretization method for the Euler equations. Numerical results are presented in
Section 4 and conclusions are given in Section 5.
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Figure 1: Two types of main grid. a. Cartesian. b. O-type.

2. CHIMERA TECHNIQUE
In this section we mention the essential ingredients of the chimera technique: the grid generation, the
grid-point elimination (hole cutting), and the solution interpolation.

2.1 Grid generation

We create a set of structured grids. One of these grids covers the entire computational domain, this
is the main grid. All other grids will be subgrids. In Figures la and 1b, the large grid is the main
grid and the two small grids are subgrids. The grids are generated independently of each other.

2.2 Grid-point elimination

Grid points will be eliminated in both the main grid and the subgrids. At first, points in the subgrids
will be eliminated, namely all points which are outside the computational domain and all points which
overlap with other subgrids and which are not needed for the solution (or righthand side) interpolation
(Figure 2). Next, in the main grid all points are eliminated which are overlaid by subgrids and which
are not needed for the interpolation. Doing so, in case of our bi-airfoil, a hole is created in the main
grid (Figure 3a). A close-up of the composite grid is given in Figure 3b.

2.8 Solution interpolation

The interpolation applied for the solution (and possibly the righthand side) is bilinear, because of
the good experiences with this in other two-dimensional problems [9, 10]. In case of more than one
underlying grid, interpolation is done on the finest underlying grid.

3. DISCRETIZATION METHOD FOR THE EULER EQUATIONS

We consider the flow represented by the two-dimensional Euler equations written in general coordi-
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3. Discretization method for the Euler equations
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Figure 2: Subgrids. a. All points in the upper subgrid that were eliminated, or that will be filled by
interpolation. b. Both subgrids after the elimination process.
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Figure 3: Close-up of main grid. a. Without subgrids. b. With subgrids.
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where the flux vectors E and F are defined by [7]

pU
n — U+p£z
E=J 1 pu ,
poU + p&y
(e+p)U — p&

(3.2a)

oV
puV + pny
poV + pny
(e+p)V —pm

F=J! , (3.2b)

and Q by
Q: JﬁlQ =J! (pa puapvae)T7 (33)

where p is the density, v and v the Cartesian velocity components, p the pressure and e the total
energy per unit of volume, and where the Jacobian J is defined by

J = Eany — EyNa- (3.4)
The variable e is defined by

P 1
e = ﬁ + Ep (’LL2 + ’()2) (35)

and the contravariant velocity components U and V by
U =&+ &u+ &y, (3.6a)
V =mn + ngu + nyv. (3.6b)

The Euler equations are discretized by the central finite-difference approximation [1]. To solve the
discretized equations, the explicit method

Q" — Q" = Re + R, (3.7)
is used, with

Re = —Até&EAm + De, (3.8a)

R, = —At6,F™ + D,, (3.8b)
where D¢ and D, are artificial dissipation terms defined by

De = —AtepJ ! (VeAe)® JQ™, (3.9a)

D, = —AtegJt (V,A,)° JQ™. (3.9b)

In here J¢ and §,, are central difference operators, and A and V are forward and backward difference

operators. The coefficient £ must be smaller than ; [7].

The operators §, A and V in the &-direction are defined by

N 1/ .
e (E")i; = B} (Ein+1,j - Ez‘n—Lj) ) (3.10a)
Ae(QM)ij = (@1 — QF) » (3.10b)
Ve(Q")iy = ( i~ ?—1,;‘)- (3.10¢)

The operators in the n-direction are defined in a similar way.
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Figure 4: Composite grid for bi-NACA0012 airfoil. a. In full. b. In detail.

4. NUMERICAL RESULTS

The subgrids fitted around the airfoils have 65 points in the circumferential direction (the ¢-direction)
and 11 points at a maximum in the radial direction (the n-direction). The main grid has 65 points in
&-direction and 41 points in n-direction. Graphs of the final composite grid are given in Figure 4.

We start by doing a numerical simulation with a free-stream Mach number M., = 0.5 and angle of
attack @ = 0. Numerical results are shown in Figures 5 and 6. As it should be, the solutions are per-
fectly symmetrical. From the Mach-number distributions (Figure 5), we learn that the solution is fully
subsonic. Hence, the entropy distribution is a direct measure for the solution accuracy. Comparing
the present relative errors (Figure 6b) with those from [5] for the comparable My, = 0.5, & = 6° case,
it appears that for the equally fine grids applied here, the current error level is significantly lower.
This is to be attributed to the fitting of both airfoils with O-type grids, instead of with poor H-type
grids, as is done in [5].

We proceed by presenting numerical results for M., = 0.75, « = 0, a case not considered in [3].
The computed Mach-number distribution is presented in Figure 7. Note that this flow is transonic.
We think that the minor asymmetry near the shock wave in between both airfoils is a plotting error
due to the overlapping of the grids. The computed pressure distribution is given in Figure 8a and the
relative entropy change in Figure 8b. At the airfoil’s leading edges, this relative entropy variation is
still a direct measure for the solution accuracy, it should be zero there. In the current results, the
relative entropy error takes higher values than in the preceding subsonic case. A good explanation
for this is still missing, we assume that the tuning of the artificial dissipation is worse than in the
first test case. Surface-pressure distributions for both airfoils are given in Figure 9. Also here, note
the good symmetry. The not yet perfect satisfaction of the Kutta condition, which manifests itself
through the not yet smooth pressure distribution near the airfoil’s trailing edges, is expected to be
caused by the probably not yet optimally tuned artificial dissipation. Also, the mild overshoots near
the shock waves are expected to be caused by this. In Figure 10, we still present velocity vectors in
the overlapping grid regions.

The last test case to be considered is the case Mo, = 0.55, & = 6°, a case also considered in [3].
The computed Mach-number distribution is shown in Figure 11. The agreement with most of the
numerical results presented in [3] is quite poor for this test case. In the present results, no transonic



Figure 5: Mach-number distribution for the case My, = 0.5, « = 0.

Figure 6: Iso-line distributions for the case M., = 0.5, @« = 0. a. Pressure. b. Relative entropy
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Figure 7: Mach-number distribution for the case My, = 0.75, o = 0.

Figure 8: Iso-line distributions for the case M, = 0.75, « = 0. a. Pressure. b. Relative entropy
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Figure 9: Distribution of the surface pressure coefficient for the case M., = 0.75, « = 0. a. Along
the lower airfoil. b. Along the upper airfoil.

Figure 10: Close-ups of overlapping velocity-vector distributions for the case M., = 0.75, a = 0.
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Figure 11: Mach-number distribution for the case My, = 0.55, a = 6°.

Figure 12: Iso-line distributions for the case M., = 0.55, @ = 6°. a. Pressure. b. Relative entropy
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flow is obtained in between both airfoils, whereas in most reference results from [3] there is. The
pressure and relative entropy error are given in Figure 12. The relative entropy-error plot (Figure
12b) shows quite high values near both leading edges. It is assumed that the artificial dissipation used
for this test case is much too high.

5. CONCLUSIONS

The chimera technique appears to be a convenient overset-grid technique for the bi-NACAQ0012 airfoil
as complex model geometry. The numerical solutions obtained appear to be quite smooth in the
subregions where the subgrids overlap. Only in the case of a shock wave intersecting the region of
overlap, we observed a small error (a slight distortion of the symmetry in the solution). In fact,
the results are assumed to suffer from the poor spatial discretization of the Euler equations only: a
second-order accurate central finite-difference method with explicitly added artificial dissipation.
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