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OVERVIEW

The presentation describes the development of a new transonic code to predict unsteady flows
about realistic aircraft configurations. The work has been a major research activity over
the past year within the Unsteady Aerodynamics Branch at NASA Langley Research Center.
The presentation first describes an approximate factorization algorithm for solution of the
unsteady transonic smali-disturbance (TSD) equation. Because of the superior stability
characteristics of the AF algorithm, a new transonic aeroelasticity code has been developed
which is described in some detail. The new code was very easy to modify to include the
additional aircraft components, so in a very short period of time the code has been developed
to treat complete aircraft configurations. Finally, applications are presented which
demonstrate many of the geometry capabilities of the new code.

e® Describe Approximate Factorization (AF) algorithm

@ Demonstrate superior stability characteristics of AF algorithm
e Introduce new transonic aeroelasticity code
e Describe complete aircraft modeling

® Applications
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APPROXIMATE FACTORIZATION ALGORITHM DEVELOPED

A new algorithm based on approximate factorization (AF) was recently developed by Batina
(Ref. 1) for the time-accurate solution of the unsteady TSD equation. The AF algorithm
involves a Newton linearization procedure coupled with an internal iteration technique. In
Ref. 1 the AF algorithm was shown to be very robust and efficient for application to either
steady or oscillatory transonic flows with subsonic or supersonic freestream conditions.
The new algorithm can provide accurate solutions in only several hundred time steps
yielding ‘a significant computational cost savings when compared to alternative methods.
Furthermore, the AF algorithm is fully vectorizable which results in an additional saving of
computer resources.

® Time-accurate solution of TSD equation

@ Involves Newton linearization coupled with internal iterations
e Stable for relatively large time steps

e Fully implicit and vectorizable in all three coordinate directions

® Enables supersonic freestream calculations
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APPROXIMATE FACTORIZATION ALGORITHM OVERVIEW

Shown here is a brief overview of the AF algorithm. A much more detailed description is
given in Ref. 1. Basically, if the TSD equation is written in general form as R(¢n+1) = 0,
then the solution is given by iteration of the Newton linearization. In this equation, A¢ is
equal to ¢n+1 - ¢* where ¢" is the currently available value of ¢n+1. During convergence
of the iteration procedure, A¢ is driven to zero so the solution is given by ¢°. The equation

is solved numerically by approximately factoring dR/d¢ into a triple product of operators
and then sequentially applying the operators using three sweeps through the grid.

@ TSD equation general form

Ro™h =0

® Solution by Newton linearization and internal iteration

R0+ (3D v de=0

1

where Ao = o™ - ¢*

® AF Algorithm
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CONVERGENCE STUDY FOR UNSTEADY APPLICATIONS

i With the AF algorithm, the step size may now be selected based on accuracy, rather than on
; numerical stability. To demonstrate this, a convergence study was performed for the F-5

wing at M = 0.9, to determine the largest step size that would produce converged results.
‘ Unsteady results were obtained using 100, 200, 300, and 400 steps per cycle of motion
\ which required At = 0.2293, 0.1147, 0.0764, and 0.0573, respectively. The calculation
for 100 steps per cycle produced reasonable results but fairly large differences were
observed with the 200 steps per cycle calculation. As shown in this figure, the results for
200 and 300 steps per cycle are very similar, although there are small differences near
the leading edge and in the shock pulse region. The results for 400 steps per cycle are
essentially the same as those for 300. Therefore, it takes about 300 steps per cycle to
produce converged results, although the results for 200 steps per cycle may be acceptable
for engineering purposes.

® [-5 wing upper surface pressures for rigid pitching
at M=0.9and k = 0.137

AF algorithm

—— 200 steps/cycle
----- 300 steps/cycle
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CAP-TSD: COMPUTATIONAL AEROELASTICITY PROGRAM -
JRANSONIC SMALL DISTURBANCE

Because of the superior stability characteristics and computational efficiency of the AF
algorithm, a new transonic code has been developed for aeroelastic applications. The new
code is called CAP-TSD (Ref. 2) which is an acronym for Computational Aeroelasticity
Program - Transonic Small Disturbance. As the name implies, the code solves the unsteady
transonic small-disturbance equation based on the AF algorithm. The purpose of the CAP-
TSD code is for static and dynamic aeroelastic applications. The code is highly vectorized and
thus is very fast. In comparison with XTRAN3S, for example, CAP-TSD is about six times
faster on a per time step basis. Also, the code is capable of treating complete aircraft
configurations.

@ Based on approximate factorization algorithm
® Static and dynamic aeroelastic applications

® Code is highly vectorized: very fast
XTRAN3S V1.5 CAP -TSD
0.62 CPU SEC/At 0.1 CPU SEC/At

e Computational expense ~ N ( =—£—{) x CPU SEC/At
Potential savings factor ~ 20 x 6 >100

® Capable of treating complete aircraft configurations
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COMPLETE AIRCRAFT MODELING WITH CAP-TSD

This includes multiple lifting surfaces, the fuselage, pylons/stores/nacelles, as well as
leading and trailing edge control surfaces. Furthermore, these components may be
arbitrarily placed within the computational domain to allow for a full-span modeling
capability. With this capability, one can then treat antisymmetric mode shapes or
unsymmetric geometries such as an oblique wing or even unsymmetric store configurations.

® Multiple lifting surfaces (canard/wing/tail)
® Fuselage

® Pylons/ stores/ nacelles

® Leading and trailing edge control surfaces

® Components may be arbitrarily placed within computational domain

= Full span capability
— Antisymmetric mode shapes or unsymmetric geometries allowed
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COMPLETE AIRCRAFT MODELING WITH CAP-TSD

Shown here are several of the complex configurations that have been modeled using CAP-
TSD. The figure illustrates how combinations of lifting surfaces and bodies are used to
model realistic geometries.

® NLR F-5 wing/tiptank/pylon/store
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CONFIGURATIONS ANALYZED USING CAP-TSD

Results are presented next for the five configurations shown here, which demonstrate many
of the CAP-TSD geometry capabilities. These configurations range in geometrical
complexity from a simple wing with control surface to a realistic fighter geometry. The
five configurations were selected to assess various geometry capabilities of CAP-TSD by
making comparisons with the experimental pressure data of Refs. 3-9. The configurations
include: The F-5 wing with an inboard trailing edge control surface (Ref. 3); the F-5 wing
with an area-ruled tiptank and underwing pylon/store (Refs. 4 and 5); a simple wing/
fuselage/tail configuration that was tested at the DFVLR (Ref. 6); a canard/wing/fuselage
model tested by Rockwell (Ref. 7); and finally, the General Dynamics one-ninth scale
F-16C aircraft model (Ref. 8).

— !

F-5 wing/ F-5 wing/tiptank/ DFVLR wing/
control surface pylon/store fuselage/tail

JaV A\

- —— J
Rockwell canard/ General Dynamics
wing/fuselage F-16C aircraft model
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RESULTS FOR F-5 WING/CONTROL SURFACE
CONFIGURATION

Results were obtained for the F-5 wing/control surface configuration to assess the accuracy
and efficiency of the CAP-TSD code for oscillatory control surface applications. The wing
has a panel aspect ratio of 1.58, a leading edge sweep angle of 31.99, and a taper ratio of
0.28. The airfoil section of the F-5 wing is a modified NACA 65A004.8 airfoil which has a
drooped nose and is symmetric aft of 40% chord. The control surface has a constant-
percent-chord hinge line at 82% chord, inboard side edge at the wing root, and outboard side
edge at 58% semispan. The calculations are compared with the experimental oscillatory
pressure data from an F-5 wing model tested by Persoon, Roos, and Schippers (Ref. 3).
Both subsonic and supersonic freestream cases are presented. Steady pressure distributions
for these cases were presented and compared with the experimental data in Ref. 1, and
therefore are not repeated here. Unsteady pressure results are described as follows.

® Case 1: M = 0.9, unsteady flow
® Case 2: M = 1.1, unsteady flow

F-5 wing/
control surface
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F-5 WING/OSCILLATING CONTROL SURFACE APPLICATION

At the subsonic freestream Mach number of 0.9, unsteady results were obtained for the
control surface oscillating with an amplitude of 0.4710 at a reduced frequency of 0.139.
The calculations were performed using only 300 steps per cycle of motion which
corresponds to a step size of At = 0.07354. Three cycles of motion were computed to obtain
a periodic solution. Unsteady pressure distributions along three chords of the wing are
shown in this figure along with the experimental data. These pressures are plotted as real
and imaginary components corrésponding to the "in-phase and out-of-phase unsteady
pressure distributions normalized by the amplitude of motion. The CAP-TSD resuits agree
well with the data, especially in predicting the control surface pressures and the hinge-line
.singularity at 82% chord.

@ Lower surface unsteady pressures at 61 = 0.471° and k = 0.139

M'—'E>O.9 :

F-5 wing i

—— CAP-TSD
o o Experiment
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F-5 WING/OSCILLATING CONTROL SURFACE APPLICATION

At the supersonic freestream Mach number of 1.1, the unsteady results were obtained for
the control surface oscillating with an amplitude of 0.450 at a reduced frequency of 0.118.
These calculations were also performed using only 300 steps per cycle of motion which
corresponds to a step size of At = 0.08875. Only two cycles of motion were required to
obtain a periodic solution. Calculations for the third cycle of motion produced results that
were identical to the second cycle results, to plotting accuracy. This faster convergence is
due to the lack of upstream signal propagation resulting from the supersonic nature of the
flow. The results indicate that the pressures on the control surface are nearly in-phase
with the motion since the imaginary components are very small in comparison with the real
components. Also, the pressures are zero outside of the domain of influence of the control
surface which is expected for supersonic flow. The CAP-TSD results are in very good
agreement with the experimental data. Further applications of CAP-TSD including
comparisons with experiment for supersonic freestream cases are reported in Ref. 10.

® Upper surface unsteady pressures at 61 = 0.45° and k = 0,118

—

M=L11
D

F-5 wing

Real
—— CAP-TSD

o o Experiment
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RESULTS FOR
F-5 WING/TIPTANK/PYLON/STORE CONFIGURATION

Results were next obtained for the F-5 wing with tiptank and pylon/store to assess CAP-
TSD for muitiple body geometries. For this configuration, three components have been
modeled in addition to the F-5 wing: (1) an area-ruled tiptank which is an axisymmetric
body of revolution with a fineness ratio (length/maximum diameter) of 10.88; (2) an
underwing store which is also an axisymmetric body of revolution with a fineness ratio of
7.04; and (3) a pylon which connects the store to the lower surface of the wing at 77%
semispan. The tiptank and store have angles of incidence relative to the wing zero angle of
attack of -2.00 and -2.59, respectively. A more detailed description of the F-5
wing/tiptank/pylon/store configuration is given in Refs. 4 and 5 along with the
experimental pressure data. The calculations were performed for combinations of F-5
components to investigate aerodynamic interference effects on steady and unsteady wing
pressures. In these calculations the freestream Mach number was selected as 0.45 for
comparison with the subsonic data published by the NLR.

® Case 3: M = 0.45, steady and unsteady flows

F-5 wingltiptank/
pylon/store
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F-5 TIPTANK STEADY PRESSURE COMPARISONS

For this case, steady pressure distributions are presented first for the tiptank, to assess the
accuracy of the body modeling. Two sets of pressures are plotted corresponding to inboard
(6 = 157.59) and outboard (8 = 22.59) longitudinal lines along the tiptank. These pressure
distributions show expansions near the fore and aft maximum diameter locations and a
compression near the area-ruled middle region. The calculated tiptank pressures are in
good agreement with the experimental data.

— CAP-TSD _ ying ,/\9‘ g

° Experiment 3 Tiptank M=0.45 =

o ) >

/ \/ O~ 8 = 151.5°
Wing

| 1 _>“0C3ti0n| | |
0 .2 A .6 .8 1.0
x/ 8



http://www.abbottaerospace.com/technical-library

EFFECT OF PYLON/STORE ON STEADY PRESSURES

Steady pressure distributions on the wing are presented here for the 72% semispan station.
Two sets of calculated and experimental results are plotted corresponding to the
wing/tiptank configuration with and without the pylon/store. As shown in the lower part of
the figure, inclusion of the pylon and store significantly increased the lower surface
pressures from the wing leading edge to approximately 60% chord. The effect of the
pylon/store on the upper surface pressures is negligible, as shown in the upper part of the
figure. The calculated steady pressures for cases with and without the pylon/store compare
well with the experimental data.

® F-5 wing pressures at 72% semispan station
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EFFECT OF PYLON/STORE ON UNSTEADY PRESSURES

This figure shows the effect of the pylon/store on the unsteady pressure distributions. The
unsteady calculations were performed for the configuration pitching harmonically at a
reduced frequency of k = 0.147. The configuration was forced to pitch about a line
perpendicular to the root at 15% chord from the wing apex. The results were obtained using
300 steps per cycle of motion which corresponds to a step size of At = 0.07135. Two sets of
results are again presented corresponding to the wing/tiptank configuration with and
without the pylon/store. As shown in the upper part of the figure, inclusion-of the pylon and
store increased the real component of the unsteady lifting pressure, similar to the steady-
state interference effect. The effect on the imaginary part is negligible. The CAP-TSD
results are again in good agreement with the experimental pressure data in predicting the
aerodynamic interference effects of the pylon/store.

® F-5 configuration pitching about 15% root chord at k = 0.147
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RESULTS FOR
DFVLR WING/FUSELAGE/TAIL CONFIGURATION

For the DFVLR wing/fuselage/tail configuration, results were obtained to assess the
accuracy of CAP-TSD for multiple lifting surface and fuselage applications. The DFVLR
configuration consists of a rectangular-planform wing that is centrally mounted to a
circular cross-section fuselage with a T-tail. The wing has a panel (exposed) aspect ratio of
2.66 and an RAE 101 a,irfoil section (9% maximum thickness-to-chord ratio). The
axisymmetric fuselage has a fineness ratio of 9.75. The horizontal tail has a panel aspect
ratio of 1.5 and an RAE 101 airfoil section (12.7% maximum thickness-to-chord ratio). It
is located above the wing mean plane, a distance equal to the fuselage maximum diameter, and
is connected to the fuselage by the rectangular vertical tail. The DFVLR wing/fuselage/tail
configuration is further described in Ref. 6 along with the low-speed experimental steady
pressure data. In these calculations, the freestream Mach number was selected as 0.2 for
comparison with the data. For this case as well as for the remaining complex configurations,
only steady-state comparisons with experiment are given. This is because, In general, there
Is a lack of experimental unsteady pressure data on complex configurations to validate time-
accurate computer codes.

® Case 4: M =0.2, steady flow

DFVLR wing/
fuselage/tail
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DFVLR CONFIGURATION STEADY PRESSURE COMPARISON

For the DFVLR configuration, comparisons of CAP-TSD and experimental steady pressures
on the upper surfaces of the wing and tail are shown in the figure. Chordwise pressures
along three span stations of the wing and along one span station of the tail were selected for

comparison with the data. The angle of attack of the wing was 0.250. The angle of attack for

the tail and fuselage was 0.150. The CAP-TSD results compare very well with the data along
both lifting surfaces except in the vicinity of the wing leading edge.

® Wing and tail upper surface pressures at M = 0.2
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DFVLR CONFIGURATION STEADY PRESSURE COMPARISON
FOR FUSELAGE

This figure shows similar comparisons between CAP-TSD and experiment for the fuselage of
the DFVLR configuration. Two sets of longitudinal pressures are plotted corresponding to the

fuselage upper centerline (6 = 90°) and to a line that passes close to the wing-fuselage

junction (8 = 200). The calculated pressures are again in good agreement with the
experimental data even in the critical wing-fuselage junction region. This good agreement
thus validates the CAP-TSD code for application to multiple-component configurations such
as the DFVLR wing/fuselage/tail.

® Fuselage pressures at M = 0.2

— CAP-TSD
o Experiment

p 6 = 90°
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RESULTS FOR
ROCKWELL CANARD/WING/FUSELAGE CONFIGURATION

To further assess CAP-TSD for multiple lifting surface and fuselage applications, results
were obtained for the Rockwell canard/wing/fuselage configuration.  This configuration
consists of a swept-tapered canard and wing mounted to a relatively simple half-span
fuselage. Each of the non-coplanar lifting surfaces has a panel (exposed) aspect ratio of
approximately 1.0, a leading edge sweep angle of 400, a taper ratio slightly greater than
0.25, and a supercritical airfoil section. The wing also has 40 of incidence relative to the
fuselage and 5° of parabolic twist washout. The Rockwell canard/wing/fuselage
configuration is further described in Ref. 7 along with the experimental steady pressure
data. [n the CAP-TSD comparisons presented here, the freestream Mach number was 0.8.

® Case 5: M = 0.8, steady flow

/\

— J

Rockwell canard/
wing/fuselage
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ROCKWELL CONFIGURATION STEADY PRESSURE COMPARISON

For this case, the angle of attack for both the canard and the wing was 2.050. For the wing,
this angle is added to the incidence and twist so that the root and tip are effectively at 6.050

and 1.059, respectively. The figure shows chordwise pressures along one span station of the
canard and along three span stations of the wing. The CAP-TSD pressures are in favorable
agreement with the experimental data along both lifting surfaces. The small differences

between calculation and experiment in the wing upper surface trailing edge region, are due

to flow separation. The overpredicted pressures along the lower surface of both the canard
and the wing, aft of approximately 85% chord, are due to viscous effects. Of course, flow
separation and viscous effects are.outside the scope of the present capability.

® Canard and wing pressures at M=0.8 and ao = 2°
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RESULTS FOR -
GENERAL DYNAMICS F-16C AIRCRAFT MODEL

Finally, results were obtained for the General Dynamics F-16C aircraft model to
demonstrate application of CAP-TSD to a realistic configuration. The calculations were
performed for three Mach numbers including 0.85, 0.9, and 1.1. In each case, CAP-TSD

results were obtained for the F-16C aircraft at approximately 2.30 angle of attack and with

the leading edge control surface of the wing deflected upwards 20 for comparison with the
experimental steady pressure data of Ref. 9. These steady pressure comparisons were made
to assess the accuracy of CAP-TSD for complete airplane applications. All of the results
were originally reported in Ref. 1. The results presented here are for the M = 0.9 case.

® Case 6: M = 0.85 steady flow
® Case 7: M = 0.90, steady and unsteady flows
® Case 8: M = 1,10, steady flow

! com—— -

General Dynamics
F-16C aircraft model
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CAP-TSD MODELING OF F-16C AIRCRAFT

In these calculations, the F-16C is modeled using four lifting surfaces and two bodies. The
lifting surfaces include: (1) the wing with leading and trailing edge control surfaces; (2)
the launcher; (3) a highly-swept strake, and shelf surface; and (4) the horizontal tail. The
bodies include: (1) the tip missile and (2) the fuselage. Other salient features of the
F-16C modeling include 30 linear twist washout for the wing, a leading edge control surface
hinge line that is straight but not of constant-percent chord, and 100 anhedral for the
horizontal tail. The rather detailed geometry description for the one-ninth scale F-16C
aircraft mode! was obtained from Ref. 8 and the experimental steady pressure data is
tabulated in Ref. 9. All of the calculations were performed on a cartesian grid that conforms
to the leading and trailing edges of the lifting surfaces which contains 324,000 points. The
grid was fairly easy to generate, even for a complex configuration such as the F-16, because
it is cartesian.

There are no unsteady experimental data to validate the CAP-TSD code for time-accurate
F-16C calculations. Nonetheless, an unsteady calculation was performed for the M = 0.9
case, to demonstrate the time-accurate capability. For simplicity, the calculation was
performed for a rigid pitching motion where the entire F-16C aircraft was forced to
oscillate about the model moment reference axis. Parallel calculations were also performed
for the wing alone, to investigate the effects of aerodynamic interference by making
comparisons with the complete airplane results. These wing-alone calculations were
performed for the outer wing panel only, with a plane of symmetry assumed at the wing root.

® Modeled using four lifting surfaces and two bodies
@® Cartesian grid with 324 000 points

Launcher Tip missile Trailing edge

control surface

Leading edge

control surface Aft strake and shelf

Ho_rizontal tail

Strake - Wing

Fuselage

— )

85


http://www.abbottaerospace.com/technical-library

F-16C AIRCRAFT STEADY PRESSURE COMPARISON

Steady pressure comparisons are presented here for three span stations of the wing and one
span station of the tail. For this case (M = 0.9), there is a moderately strong shock wave on
the upper surface of the wing and the CAP-TSD pressures again generally agree well with
the experimental pressures. The shock is slightly overpredicted in strength and located
slightly aft of the experimental location which is expected from a conservative inviscid
potential flow code. The inclusion of the nonisentropic effects (Ref. 11) and viscous effects
(Ref. 12) could be expected to improve the correlation between calculation- and experiment.
For the tail, the flow is predominantly subcritical and the CAP-TSD pressures agree well
with the experimental data. Also, the calculations required only 0.88 CPU seconds per time
step on the VPS-32 computer at NASA Langley Research Center.

® Wing and tail pressures at M = 0.9 and a, = 2,38°
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F-16C AIRCRAFT UNSTEADY PRESSURE COMPARISON

This figure shows the unsteady pressures for the entire F-16C aircraft undergoing a rigid
pitching oscillation. Two sets of calculated pressures are compared, corresponding to
complete -airplane and wing alone modeling. The reduced frequency was selected as 0.1, the
oscillation amplitude was chosen as a1 = 0.5°, and 300 steps per cycle of motion were used.
As shown in the figure, there is a relatively large shock pulse in the real part of the wing
upper surface pressures. This shock pulse is of:larger magnitude and is located further
downstream in the complete airplane model. These features are attributed to a stronger
steady-state shock on the upper surface of the wing produced by the accelerated flow about
the fuselage and the launcher/tip missile. The unsteady pressures near the leading edge of
the wing are also generally of larger magnitude for the complete airplane. For the tail, the
unsteady pressures are relatively small in comparison with the wing pressures and thus
were plotted on an expanded scale. The tail is located considerably aft of the pitch axis and
thus its motion is plunge dominated which results in smaller airloads for the low value of k
considered. Furthermore, these pressures are nearly 90° out of phase with the alrcraft
motlon since the real components are small compared to the imaginary components. Also,
the differences between complete airplane and wing-alone results emphasize the importance
of Including all of the alrcraft components in the calculation.

® Upper surface pressures due to airplane pitching at k = 0.1
i M= 0.9

D /-
|
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CAP-TSD
24 Complete airplane
-18 - m m———— Wing alone
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ABBOTTAEROSPACE.COM

STEADY FLOW FIELD PRESSURES FOR F-16C AIRCRAFT

The following sequence of figures shows steady and unsteady pressure contours for the
F-16C aircraft. The view shown in the first set of figures is an oblique projection of the
aircraft. In this view, contours are plotted in vertical planes at four span stations along
each wing as well as along the vehicle centerline. This figure shows the steady flow field

pressures at M = 0.9 and ao = 2.380. The contours indicate that there is flow compression

along the leading and trailing edges of the wing and forward along the canopy. Flow
expansion is indicated above the wing and fuselage, and above the canopy.

ORIGINAL pag
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ORIGINAL PAGE 15
OF POOR QUALITY

UNSTEADY FLOW FIELD PRESSURES FOR F-16C AIRCRAFT AT
MAXIMUM PITCH ANGLE

Instantaneous flow field pressures at two points during a cycle of the rigid aircraft pitching
calculations are shown in the next two figures. This figure shows contours at the aircraft
maximum pitch angle; the next figure shows contours at the aircraft minimum pitch angle.

The pressures shown here indicate an increase in the overall levels of both compression and
expansion as the aircraft pitches up.
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UNSTEADY FLOW FIELD PRESSURES FOR F-16C AIRCRAFT AT
MINIMUM PITCH ANGLE

As the aircraft pitches down, the pressure levels decrease significantly along the wing, as
shown in the figure.

ORIGINAL pp,
GE IS
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ORIGINAL PAGE IS
OF POOR QUALITY

STEADY SURFACE PRESSURES FOR F-16C AIRCRAFT

The other view plotted is the planform view of the aircraft. Here the upper surface
pressures are contoured similarly to the oblique projection results. This figure shows the

steady surface pressures at M = 0.9 and oo = 2.380. In this view, the shock wave is clearly

represented by the lateral line on the wing near 75 - 80% chord. The shock is strongest
outboard where there is a rapid change in contour level.
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UNSTEADY SURFACE PRESSURES FOR F-16C AIRCRAFT
AT MAXIMUM PITCH ANGLE

Instantaneous pressures at two points during the cycle of rigid aircraft pitching are shown
in the next two figures. Near the aircraft maximum pitch angle (shown here) the embedded
supersonic region becomes larger as indicated by the increased size of the black contouring
on the upper surface of the wing. Also, the shock becomes relatively strong as indicated by
the rapid change in contour level, from black to white.

URIGINAL PAGE |8
OF POOR QUALITY
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UNSTEADY SURFACE PRESSURES FOR F-16C AIRCRAFT
AT MINIMUM PITCH ANGLE

Near the aircraft minimum pitch angle, shown in this figure, the shock on the wing upper
surface becomes relatively weak and the flow is more compressed in the inboard region
along the strake.
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CONCLUDING REMARKS

A transonic unsteady aerodynamic and aeroelasticity code called CAP-TSD has been developed
for application to realistic aircraft configurations. The name CAP-TSD is an acronym for
Computational Aeroelasticity Program - Transonic Small Disturbance. The new code now
permits the calculation of unsteady flows about complete aircraft configurations for
aeroelastic analysis in the flutter critical transonic speed range. The CAP-TSD code uses a
time-accurate approximate factorization (AF) algorithm for solution of the unsteady
transonic small-disturbance equation. The AF algorithm has been shown to be very efficient
for steady or unsteady transonic flow problems. It can provide accurate solutions in only
several hundred time steps yielding a significant computational cost savings when compared
to alternative methods. For reasons of practicality and affordability, an efficient algorithm
and a fast computer code are requirements for realistic aircraft applications.

Results were presented for several complex aircraft configurations which demonstrated the
geometrical applicabllity of CAP-TSD. The code can treat configurations with arbitrary
combinations of lifting surfaces and bodles Including canard, wing, tail, control surfaces,
tip launchers, pylons, fuselage, stores, and nacelles. These calculated results were in good
agreement with the experimental pressure data which assessed CAP-TSD for multiple
components applications with mutual Interference effects.

Finally, results were presented for the General Dynamics one-ninth scale F-16C aircraft
model which demonstrated application to a realistic configuration. Steady results compared
well with the experimental data. Unsteady results for the entire F-16C aircraft undergoing
a rigid pitching motion were presented. Comparisons with parallel wing alone results
revealed aerodynamic interference effects of the additional aircraft components on wing
unsteady pressures. These effects emphasize the importance of including all components in
the calculation. The CAP-TSD code thus provides the capability of modeling complete
aircraft configurations for realistic transonic unsteady aerodynamic and aeroelastic
analyses. Further pressure correlations and aeroelastic calculations are presently
underway to continue assessing and validating the code.

® CAP-TSD code models complete aircraft configurations for
transonic unsteady aerodynamic and aeroelastic analyses

® |nitial pressure comparisons show good agreement

® Further pressure correlations and aeroelastic calculations
presently underway to continue validating code
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