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Numerical Simulation of Flowfield Around Airfoil
with Stationary or Oscillating Spoiler

Ji Hong Kim* and Oh Hyun Rhot
Seoul National University, Seoul 151-742, Republic of Korea

Flow around an airfoil with a stationary or oscillating spoiler has been numerically simulated by solving
the unsteady turbulent compressible two-dimensional, full Navier-Stokes equations. In the stationary
spoiler case computations were carried out at three spoiler deflection angles, 15, 30, and 60 deg. The
results were compared with the existing experimental data and showed good agreement. To analyze the
complex unsteady flow induced by the relative motion of two rigidly connected bodies, an overlapped-
dynamic, grid-generation method has been developed and applied to the oscillating spoiler problem. The
effects of the reduced frequency and the amplitude of the oscillating spoiler were investigated and the
potential capability of the oscillating spoiler for the application of active control technology was dem-

onstrated.
Nomenclature
C, = spoiler chord
h = spoiler projection height on airfoil trailing
edge
K = reduced frequency based on spoiler chord,
2mwfC,/U.
7 = normal distance from X; to X,
I = projection length of X,; on X,/
St = Strouhal number based on spoiler projection
height, fh/U..
i, = unit normal vector of X,
i, = unit tangential vector of X,
d; = amplitude of oscillation
3, = mean deflection angle of oscillating spoiler
S = deflection angle of steady spoiler
Subscripts
b, f = boundary grid point of arbitrary grid line

0, f, 1 = Strouhal, forced, and dominant frequency

Introduction

POILERS are well-known aerodynamic control devices

that are mainly used as aerodynamic brakes or lift dumpers
at touchdown. They can also be used as effective control de-
vices during flight when combined with the movement of ai-
lerons. Recent progress in active control technology (ACT)
suggests that spoilers have the potential to control unsteady
aerodynamic loads such as flutter and buffet suppression or
gust load alleviation.'

Previous researches on the unsteady flows generated by a
spoiler are usually categorized into three groups. The first
group is mainly focused on the stationary spoiler. Most of the
researches were conducted experimentally with the model of
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the Boeing advanced transport research (BATR) airfoil.”” In
a series of experiments the flowfield including the wake region
was measured, and the turbulence characteristics and the ef-
fects of the geometrical design variables were studied. The
results provided a good experimental database to be compared
with the computational results. However, the quantitative data
should be treated cautiously because of the scale and wind-
tunnel blockage effects. Most theoretical studies adopted the
discrete vortex method. Ok and Eberhardt® performed incom-
pressible Navier-Stokes calculations.

The second group is focused on the oscillating spoiler. Cos-
tes et al.” and Consigny et al."® performed experiments in tran-
sonic speed to understand the performance of an oscillating
spoiler. However, their experiments are confined to the small
spoiler deflection angle and the relatively low reduced fre-
quency range. Furthermore, the basic airfoil shape is not
known, and so a direct comparison with the computation is
not possible. There was also research on the oscillating spoiler-
like control devices, for the purpose of reducing the separated
flow region."

The third group is mainly interested in the rapidly deployed
spoiler. The unsteady phenomenon related to this topic is the
formation of the strong dynamic stall vortex that results in
short-term lift augmentation. This phenomenon has a mecha-
nism similar to the dynamic stall vortex of the pitching or ramp
motion of an airfoil. This aspect of the spoiler is undesirable
as a speed brake or a lift dumper, and it is named adverse
lift. Jordan et al.”” attempted to eliminate this phenomenon.
However, Consigny et al.'” and Mabey'™'* recognized that
these large unsteady aerodynamic loads could be used for
the ACT of a highly maneuverable aircraft if they could be
controlled. Only a limited amount of research exists on this
subject. Some numerical applications using the discrete vortex
method are not adequate for a thorough understanding of the
flowfield. The problem still remains as one of the challeng-
ing subjects in computational fluid dynamics (CFD) in the
aspect of a grid method, an appropriate turbulence model in a
massively separated unsteady flow, and an efficient time-inte-
gration method.

Recent progress in CFD has made it possible to calculate
the flowfield around complex geometry and unsteady flow in-
duced by the relative motion between bodies. One popular grid
method to solve the flowfield around complex bodies is an
overlapping grid scheme known as chimera. A chimera grid
scheme is particularly suited for solving moving body prob-
lems such as launch-vehicle staging, aircraft-store separation,
and helicopter-rotor/body interaction.”'® One simple assump-
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Fig. 1 Procedure of flexible dynamic grid generation.

tion behind this technique is that each grid system moves rig-
idly without any deformation of the body or inner grid. How-
ever, when relative motion exists between two connected
bodies, such as an oscillating spoiler with an airfoil, indepen-
dent grid motion is impossible. Because there is a region in
which the hole of each grid overlaps because of the body con-
nection, data communication is impossible; hence, a dynami-
cally deformed grid is inevitable. The previous researches on
a dynamic grid method usually utilized regridding at each time
step and determined grid speed by a backward-difference
method. It requires much computation time and lacks accuracy
because of errors involved in the backward-difference method.
One interesting and efficient dynamic grid generation method
proposed by Kim and Lee'” showed the possibility of solving
the problem of relative motion between two bodies with grid
deformation. However, Kim and Lee employed this method
with a blocked grid, which has limitations for the large dis-
placement motion. Therefore, it is natural to develop the grid
method that retains the merits of both schemes. In this paper
the flexible motion of subgrid enabled the removal of any con-
straints of a chimera or a blocked grid scheme. The motion of
the grid is analogous to that of the folding-unfolding fan, so
this dynamic overlapped grid method can solve the problem
of large displacement spoiler oscillation. Also, it has the ability
to solve the rapid deploying and contracting spoiler from the
initial part of an airfoil surface. A specific objective of this
study is to provide a better understanding of the physics of the
unsteady flowfield induced by the stationary or oscillating
spoiler. Numerical investigations are carried out by solving
unsteady, two-dimensional, turbulent Navier-Stokes equa-
tions. Attention is paid to the variation of a steady spoiler
deflection angle and the effects of reduced frequency and am-
plitude of spoiler oscillation.

Numerical Method

The governing equations are two-dimensional, unsteady, full
Navier-Stokes equations and are expressed as the following
strong conservative form in generalized coordinates:

0,0 + o (E—E)+ a,(F —F)=0 (1)

For the time-accurate calculation the alternating direction
implicit (ADI) scheme with Newton subiteration is used. With
a second-order time accuracy and nonconstant time step the
equations can be represented as follows:

[(ColDI + DAY + D A" JJICH(ColN)I + Di B*

+ D{BIAQ” = —(1I)(Co Q™7 + C,Q"

+ C,0"") — [DJAE — E,) + D(F — F))] )

In Eq. (2) the coefficients Co, C,, and C, are calculated by
changing the time-step size at each computing step

1 -0 o
C T — C T —
°T (1 - )AL + At T - o)A + Ar
-1 At
Cy, = —m—m—m—m—m—mm = 1 + — 3
TU - odn+ ALY ( At2> ®)
Atl — t" _ tn—l, Ato — tn+1 _ t"

The inviscid fluxes in RHS are evaluated using a flux dif-
ference splitting (FDS) scheme. Third-order spatial accuracy
is obtained using the MUSCL approach with a minmod limiter.
The turbulence effect is incorporated using the Baldwin-
-Lomax model with a relaxation length modification and only
finding the F,.x value in a boundary layer in a highly vortical
region. Transition is fixed at 0.075 chord from the leading edge
according to the experimental data.

Grid Method

For the multizone solver the grid for the spoiler is generated
independently and overset onto the main airfoil grid. The cell
containing an interpolation point of another grid is found and
the contribution of each vertex is calculated based on the bi-
linear interpolation method. The accuracy of intergrid com-
munication usually depends on the quality of the grid at the
interpolation region rather than whether the interpolation is
conservative or not.'® The problems related to the grid defor-
mation are the accurate discovery of a new grid position and
grid speed at each time step, and the incorporation of the effect
of cell area change. The present dynamic grid method can
efficiently find new deformed grid positions and grid speeds
analytically without any interpolation or parabolic sheared
transformation. If the boundary grid line is determined with a
suitable method, internal grid position and velocity can be de-
termined by describing the grid line motion as a sequence of
translational, expansional, and rotational motions as illustrated
in Fig. 1. Internal grid positions at the new time step are de-
termined as follows:

n+1 n
X _Jx e 0f[cos® —sinb|x,—x,
{yj} - {yb} * [0 e} [sin 0 cos® | |yi— s @
where the expansion ratio e and rotation angle 6 are deter-

mined from the transformation of the boundary vector of the
grid line

et
cos § = —— (5)

e = ln+ l/l", —
g
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Fig. 2 Comparison of blocked grid system with overlapped grid
system around an airfoil with spoiler.

To determine inner grid velocity and grid velocity at boundary
b, f is split into each component of motion. If we assign the
velocity at b as a translational velocity, relative velocity at f
about b is composed of expansion velocity and rotation veloc-
ity. Hence, expansion velocity at f is expressed as

Xo)e = {{(Xo)y — (X))@}, (6)
rotational velocity at f is
Xr = Xo)r — X2y — (X @)
angular velocity about b is
Q = @) X Xk ®)
Finally, inner grid velocity at j is expressed as

(X'r)E. i,

(X2)=X), + X (X, — X,) + 1]

B, + [@,)]  (9)

where the expansion velocity at j because of (X,): is propor-
tional to the tangential and normal expansion ratio.

The present work has coupled the preceding deformable dy-
namic grid method with a chimera grid scheme. Hence, the
present overlapped flexible dynamic grid method contains the
merits of both a chimera and dynamic grid. Figure 2 presents
both types of blocked and overset grids around an airfoil with
a spoiler. In the present calculations a blocked grid was also
used in case of a stationary spoiler. The subgrid around a
spoiler moves like an folding-unfolding fan when the spoiler
oscillates. This configuration has no constraints on a small
spoiler deflection angle. Because the shape of the far boundary
is a circle, an analytic dynamic grid description is possible in
the far boundary grid. In addition, it can be successfully ap-
plied to the two body-connected relative motion problems such
as a large displacement motion of the spoiler and a two-body,
partly separated problem.

One inevitable problem of a flexible grid method is the exact
description of the cell area change effect known as a geometric
conservation law (GCL). GCL was originally proposed by
Thomas and Lombard'® and has been modified to a suitable
form with Eq. (2) and is described as follows:

nt 1 n+ 1
a (1 0 (¢ 0 ([
—_ = - — | — é + — 1 = —RHSZ;CL
at \J aE \J am \J
1 n+1 C 1 n C 1 n—1 1 (
1 2
— - —— = _ 2= — — RHS™1
(J) Co (J) Co (J) [P

Results and Discussion

NACA 0012 Pitching Motion

To verify time accuracy and an overlapped flexible dynamic
grid method, a NACA 0012 airfoil performing pitching oscil-

10)
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Fig. 3 Comparison of unsteady aerodynamic loads of pitching
NACA 0012 airfoil [@ = oy + a,,sin@M.K7), M.. = 0.755, o =
0.016 deg, a,,,= 2.5 deg, and K = 0.0814].

lation is solved. Rigid grid motion corresponds to the whole
grid system move as an equation of motion; whereas in flexible
grid motion far boundary is fixed and the inner cell is de-
formed as the body moves. Figure 3 compares the variation of
unsteady aerodynamic coefficients. The results of the present
overlapped dynamic grid method agree well with experimental
data, exact (rigid) single-grid motion, and chimera grid with
exact grid motion. Also shown in Fig. 3 is the effect of GCL.
When GCL is applied the result is almost identical to that of
rigid grid solution. Hence, this flexible dynamic grid method is
accurate and efficient in a single grid as well as a Chimera grid.

Stationary Spoiler

The basic calculation model is based on a BATR airfoil. A
spoiler of 0.1554 chord length is hinged 0.733 chord from the
leading edge. This configuration has been studied experimen-
tally by many researchers. Computations were carried out at
M. = 0.13 and Re = 2.8 X 10°. The spoiler deflection angle
is 15, 30, and 60 deg, and the airfoil of attack is 0 deg. The
calculation was initiated with freestream conditions and con-
tinued until periodic vortex shedding was reached. The non-
dimensional time step was chosen as 0.02, and the second-
order time accuracy was preserved with 2-N subiterations.

Mean pressure distributions are shown in Fig. 4. The typical
pressure distribution of an airfoil with a deflected spoiler is
the suction on the upper surface upstream of the spoiler, and
the pressure on the lower surface decreases as 9, increases but
the constant suction downstream of the spoiler (base pressure)
increases with 3, However, the gain in the base pressure re-
gion is less than the loss of the suction upstream of the spoiler
on the upper surface; therefore, total lift decreases with 3,.
Figure 4 represents this phenomena well and favorable agree-
ment is achieved with the experimental data of Lee and Bo-
dapati.” Some discrepancy on the upper surface near the trail-
ing edge can be attributed to the slight difference in geometry
with experimental data and the limitation of an algebraic tur-
bulence model in spite of modifications in the highly vortical
region as suggested by Degani.”’ Caution should be taken
when the comparison is made because these experimental data
were not corrected wind-tunnel blockage effects. The time-
averaged lift and drag characteristics are shown in Fig. 5. The
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Fig. 4 Comparison of the time-averaged pressure coefficients vs
spoiler deflection angle (M. = 0.13, Re = 2.8 X 105, and o = 0
deg).

0.5 T

cL
0.0}

dee

qof e Exp.(C.S.Lee) ]
—®—— Present Comp.
[ . INS(H.N.OK)

A5G ——5"""3 45 60 75
3(°)
03 : ‘
cd
*
02l P
,/'/

01} ]
0.0 8075

5(°)

Fig.5 Comparison of the time-averaged lift and drag coefficients
vs spoiler deflection angle (M.. = 0.13, Re = 2.8 x 105, and o = 0
deg).

lift decreases and the drag increases with increasing spoiler
deflection. This is in good agreement with experimental data
except for small-deflection angles. Vortex shedding and pres-
sure oscillation on the surface are the characteristic features of
an airfoil with a deflected spoiler. The character of vortex
shedding is disclosed in Fig. 6 and the shedding frequency is
determined from the Fourier transform of time history data to
the frequency domain. It is evident that the shedding frequency
decreases and that the fluctuation level increases with increas-
ing spoiler deflection angle. This is consistent with the results
of the general bluff body in that the vortex shedding frequency
is inversely proportional to the width of the wake of the body.
Also, of note is that at a higher spoiler deflection the band of
peak amplitude of the surface pressure is narrow, and with
decreasing spoiler deflection the band widens. This character
was also observed in the experiment by McLachlan et al.® With
regard to the appropriate characteristic length of the Strouhal
number, it was proposed that the spoiler projection height
above the airfoil trailing edge is more appropriate than the
airfoil chord length.>® This definition is similar to Griffin and
Hall’s" universal wake Strouhal number. Figure 7 confirms
their statements and shows good agreement with the present
computations.

The vortex shedding induces a fluctuating pressure field over
the surface of the airfoil and Fig. 8 illustrates the chordwise
distribution of peak values of a pressure spectra. All peak val-
ues correspond to the vortex shedding frequency of aerody-
namic coefficient spectra. This also confirms the validity of the
estimation of the shedding frequency from the lift history or
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Fig. 6 Time history and frequency spectra of aerodynamic co-
efficients (M.. = 0.13, Re = 2.8 X 10° and o = 0 deg).
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one point wake velocity measurement in the experiment. The
fluctuating pressure of the upper surface has local maximum
in an airfoil’s leading edge and increases steadily upstream of
the spoiler. This is followed by an abrupt increase in the spoiler
trailing edge and constant near-base region. Near the airfoil’s
trailing edge this fluctuation increases sharply as one order of
magnitude larger than that of the leading-edge region. In the
lower surface the level of the fluctuation increases steadily
from the leading edge to the trailing edge. In Fig. 9 one period
of vortex shedding at a spoiler deflection angle of 60 deg is
simulated. Of note is that the period of lift oscillation is the
same as that of the visualized streamline plot. At the instant
of maximum lift, spoiler-tip vortex is dominant on the base
region. This vortex causes the lower pressure on the base re-
gion, where maximum lift occurred. This counterclockwise
vortex also induces secondary vortex in the corner region. It
is also shown that a mild hinge bubble is formed upstream of
the spoiler. The suction on the base region causes the devel-
opment of the trailing-edge vortex. Pressure increases on the
base region as the trailing vortex develops, thus lift decreases
gradually. At the minimum lift point, a pair of vortex exists

ICp,| !

15) 150

xfc(upper surface)

Fig. 8 Distribution of surface pressure fluctuation peak at shed-
ding frequency (M. = 0.13, Re = 2.8 X 10° and « = 0 deg).

that originated from the spoiler tip and the airfoil’s trailing
edge. The growing of the trailing-edge vortex is restricted by
the spoiler-tip vortex, and so the trailing-edge vortex is shed
and dissipated to a weak vortex. As a result, the lift increases
again. This vortex shedding mechanism is repeated periodi-
cally. Although not shown here, at a small deflection angle the
merging of the corner vortex and the two vortices (spoiler-tip
vortex and trailing-edge vortex) was observed. The decreased
regularity of vortex shedding at a small deflection angle ob-
served in the experiment may be a result of this vortex shape.
However, numerical results showed no intermittency.

Oscillating Spoiler

As stated earlier, the flow around an airfoil with a stationary
spoiler oscillates because of the periodic vortex shedding in
the wake region. The frequencies of flow variables are the
same with the vortex shedding frequency and these frequencies
are uniform over near flowfield. However, when the spoiler
oscillates the flow has two time scales; that is, the time scales
of vortex dynamics and of motion. The features of this type
of flow are governed by the relative size of two time scales.
If the time scales of the motion is long compared to the vortex
dynamics, then it is possible to assume the flowfield as quasi-
steady state. On the other hand, when the time scale of motion
is comparable to that of vorticity, the situation is entirely dif-
ferent from the quasisteady case. The dynamic stall vortex gen-
erated on the rapidly pitching or ramp motion of an airfoil is
of the latter time scale. Some experimental studies concerning
oscillating spoilers were performed at the relatively low re-
duced frequency. However, the frequency can barely change
the intrinsic vortex shedding frequency of the stationary
spoiler. An experiment in high frequency is difficult and ex-
pensive because of the technology required to control the un-
steady flow. Hence, in the present work the computational in-
vestigations are conducted to enhance the understanding of
physics of unsteady flow induced by the oscillating spoiler.
The chosen frequency ranges are near that of the vortex shed-
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Fig. 9 Streamline patterns during a vortex shedding cycle for 5, = 60 deg (M.. = 0.13, Re = 2.8 X 10°, o = 0 deg, and an airfoil with a

stationary spoiler).
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ding frequency of the stationary spoiler. Calculations were car-
ried out on the same flow conditions and geometry with the
previous case of the stationary spoiler. The motion of the
spoiler is assumed to perform small-amplitude harmonic os-
cillation, described as

o(H) =3, + 8 sin(M..KtC/C)) 1D

where the reduced frequency K is based on the spoiler chord
length (K = 2mfC,/U.) and corresponds to the 0.5, 1, and 2
times the flow frequency generated by the stationary spoiler;
that is K is 0.47, 0.94, and 1.98. The mean deflection angle is
60 deg and the amplitudes of oscillation varies as 2, 5, and 10
deg. Figure 10 represents the mean aerodynamic coefficients
variation caused by the spoiler’s oscillation. When the reduced
frequency of the spoiler is less than the convection frequency
(the Strouhal frequency of the stationary spoiler), the mean lift
and drag decreases. However, when the forced frequency is
equal to the convection frequency there is a sudden increase
in aerodynamic force, and the tendency is more severe as the
amplitude of oscillation increases. This corresponds to the vor-
tex lock-on resonance that occurs when the vortex and vibra-
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Fig. 10 Variation of mean aerodynamic coefficients with reduced
frequency and oscillation amplitude (M. = 0.13, Re = 2.8 X 105,
and a = 0 deg).

@ :Fuily lock-on

(] :Semi lock-on
QO :Nonlock-on

10° [ o ®

on-Lock-On

U

| I {

20 K/,

Fig. 11 Limits of lock-on regime as a function of amplitude and
frequency for spoiler harmonic oscillation [8(¢) = §,,,+ &, sin(M..
KtC/C), M. = 0.13, Re = 2.8 X 10°, and o = 0 deg].
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tion frequency are coincident.' If a bluff body is flexible and
lightly damped, then the resonant oscillations can be excited
by the incident flow. As a consequence of this flow-induced
resonance the body and wake oscillations attain the same fre-
quency, which is near one of the characteristic frequencies of
the structures.'® Conversely, the lock-on resonance is also in-
duced when a rigid body is forced to oscillate over the appro-

K/K, = 0.5
30
3,(°)

60

90 priate range of imposed frequencies and amplitudes. In many
cases the lock-on frequency is near Strouhal frequency and the
present computations captured this phenomenon. Figure 11

--F--- exp.(Stationary) E
—&—— present(S(alionary)‘
K=0.97,5=10°

— 3

represents limits of the lock-on regime as functions of ampli-
tude and frequency for spoiler harmonic oscillation. The lock-
on state is determined from the existence of the limit cycle of
lift curve on deflection angle variation. Typical V-shaped lock-
on regime can be seen as general bluff-body oscillation and
this regime increases as amplitude increases. As stated earlier,
if the forced frequency is different from the convection fre-

90 quency, the flow has two time scales. The dominance depends
on the level of the forced oscillation. The time history of lift

----LF--- exp.(Stationary)
——— present(Stationary)
~ K=1.88d=10°

in Fig. 12 represents such two time scales. If the time signal
is Fourier transformed two dominant frequencies are clearly
seen. The amplitude at each frequency varies with level of the
oscillation and the dominant frequency is not uniform over the
flowfield. Figure 13 represents dominant frequency distribu-
tion. As the oscillation amplitude increases, the portion of
flowfield in which the forced oscillation is dominant enlarges.
A distinctive feature to note is that upstream of the spoiler the

upper surface is influenced more by the oscillation of the
spoiler but the influence is not so significant in the wake re-
gion. The small-scale vortex that retains the forced frequency
is recovered to a large-scale vortex of convection frequency,
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Fig. 16 Streamline patterns around an airfoil with an oscillating spoiler [8(¢) = §,,, + 8, sin(M.K7C/C,), &, = 10 deg, and K/K, =

2.0].
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and this recovered convection frequency is almost identical to
the Strouhal frequency of a stationary spoiler. Figure 14 shows
the phase-plane plot of lift for each reduced frequency. The
lift response shows a hysteresis effect similar to the effect ob-
tained on an oscillating airfoil with an angle of attack. Figure
14 shows that the level of lift fluctuation also increases as the
reduced frequency increases, and that is considerably different
from the corresponding stationary value. Note that when the
forced frequency is the same as the convective frequency, the
hysteresis loops show a single curve. In other cases, the hys-
teresis loop shows what is essentially a second harmonic lift
variation that results from the two dominant frequencies. The
corresponding unsteady drag plot is shown in Fig. 15. As the
reduced frequency increases, the fluctuating drag also in-
creases. In case the frequency ratio is equal, the mean drag is
above the corresponding stationary value. At the highest re-
duced frequency of this study, an unexpected phenomena was
observed in which oscillation produced the negative drag, i.e.,
thrust. This phenomenon was found to be a result of a large
suction on the rear surface of the spoiler when the spoiler
moves up. This phenomenon is known as the Katzmayr effect
occurring in an airfoil moving through a sinusoidal upwash
field or a plunging airfoil ™

The vortex shedding behind an oscillating spoiler is repre-
sented in Fig. 16. A salient feature of an oscillating spoiler
vortex is that oscillation caused a stronger spoiler tip vortex
than a stationary spoiler did. The development of a trailing-
edge vortex is temporally delayed by the motion of the spoiler.
When spoiler moves up, indicated as 6 and 7 in Fig. 16, strong
suction on the rear surface of the spoiler appears. This suction
delays the shedding of the spoiler-tip vortex and the devel-
opment of the trailing-edge vortex. Therefore, the lift history
has local minimum at state 5. This visualization of vortex shed-
ding suggests that the upwind motion of the spoiler affects the
temporal increase in lift. Moreover, this temporal increase in
lift is accompanied by the temporal negative drag, that is,
thrust as shown in Fig. 15. If more rapid and larger amplitudes
of the spoiler motion is given, the strong vortex will be gen-
erated on the rear surface of the spoiler. This dynamic vortex
may cause a more severe lift increase than that shown in Fig.
16. This also indicates that the oscillating spoiler has potential
capabilities for the application of ACT. On the contrary a
downward motion of the spoiler enhanced the development of
the trailing-edge vortex, thus lift decreased rapidly. If a dif-
ferent type of motion, that is, one of the periodic sawtooth,
pitch-and-hold or higher harmonic oscillations is applied, this
undesirable effect could be removed.

Concluding Remarks

Time-accurate solutions of the Navier-Stokes equations on
the flowfield around an airfoil with a stationary or oscillating
spoiler have been obtained using the FDS scheme, the ADI
scheme with Newton subiteration, and an overlapped dynamic
grid method. The unsteady flow around a stationary spoiler
with various deflection angles has been computed and it
showed good agreement with existing experimental data. The
overlapped dynamic grid method has been well applied to the
oscillatory spoiler problem and the method permits the analysis
of the relative grid motion, particularly the motion between
two contacted bodies with large grid deformations. The un-
steady flow around an oscillating spoiler depends on the fre-
quency ratio between oscillation and Strouhal frequencies and
the length scale ratio between the amplitude of oscillation and
the vortex length scale. Low-frequency oscillation can reduce
a fluctuating load, and so it contributes to the suppression of
structural vibration. Whereas high-frequency oscillation in-
duces dynamic stall vortex, this large unsteady aerodynamic
load can be used for the application of ACT.

The present computation will contribute to the better under-
standing of the vortical flow phenomena around an airfoil with
a spoiler and the improvement of the methodology in analyz-
ing the unsteady flow induced by the relative motion between
two contacted bodies.
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