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A Foward-Swept-Wing Fighter Configuration
Designed by a Transonic Computational Method

Michael J. Mann* and Charles E. Mercert
NASA Langley Research Center, Hampton, Virginia

Supereritical technology has been applied to the design of a forward-swept wing fighter configuration and
an assessment has been made of the relative performance of forward vs aft sweep. The wing and canard for
this forward-swept wing configuration were designed for transonic manuever by the use of a transonic com-
putational analysis method and a transonic design procedure. A model of this configuration and was tested in
the Langley 16-ft Transonic Tunnel. The transonic theory gave a reasonably good estimate of the wing
pressure distributions at transonic maneuver conditions. Comparison of this configuration with an equivalent
aft-swept wing configuration showed that, at a Mach number of 0.9 and a life coefficient of 0.9, the two con-
figurations have the same trimmed drag. This forward-swept wing configuration was also found to have good
maneuver performance relative to the Rockwell International HiMAT highly maneuverable aircraft

configuration.

Nomenclature

Wing geometric parameters A, ¢, S, and A are for basic
trapezoidal wing extended to the model centerline.

A =aspect ratio

b =wing span

Cp =drag coefficient

Cpy  =zero lift turbulent skin-friction drag coefficient

C, =total lift coefficient

C.n =theoretical lift coefficient of wing and canard (if
present) in the presence of an infinite cylinder

C, =pitching moment coefficient (referred to a moment

center 23.9 in. from fuselage nose for forward-
swept wing)
=pressure coefficient
=local wing chord, parallel to plane of symmetry
=wing mean aerodynamic chord
=drag
=total lift
=freestream Mach number
= freestream dynamic pressure
=Reynolds number based on ¢
=wing reference area
cexp  =€xposed canard area
rexp = €xposed horizontal tail area
t/c =ratio of maximum section thickness at a given span
station to the local wing chord parallel to plane of
symmetry
=local chordwise distance from wing leading edge,
parallel to plane of symmetry
- =center of gravity (moment reference) measured
from fuselage nose

FOENONOD

Ynntn

=

=

Y =spanwise distance from plane of symmetry

@ =angle of attack

a’ =+ const, where constant is selected to make o’ =0
when C; =

8, =canard deflection, positive leading edge up

d,1r  =leading-edge flap deflection, positive with leading
edge down
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o;rg  =trailing-edge flap deflection, positive with trailing
edge down

6, = horizontal tail deflection, positive with leading edge
up

ACpsh =change in C, across shock wave

n =semispan location, y/(b/2)

A =taper ratio

Introduction

ECENT developments in composite structures have

opened the possibility of forward-swept wings that ex-
hibit good static divergence characteristics with acceptable
levels of structural mass.)? These developments have led to
several studies of the application of forward sweep to highly
maneuverable aircraft.’!! At maneuver conditions, the flow
on a forward-swept wing generally separates first in the root
region. At transonic speeds, this separation is induced by the
development of a strong inboard shock wave and, possibly,
the simultaneous presence of a strong adverse pressure gra-
dient. This provides the opportunity to include on the air-
craft some aerodynamic device that will have a strong
favorable interference effect on the region of the wing where
the flow first separates. For example, a canard with positive
lift induces a downwash on the wing root, lowering the local
angle of attack on that part of the wing. If the wing is
designed to operate in the presence of this canard-induced
flowfield, this lower local angle of attack will reduce the
flow separation and, therefore, the drag. Forebody strakes
can also be utilized to provide favorable effects on a
forward-swept wing.!!:!2

Since the flow on an aft-swept wing generally separates
first at the wing tip, the favorable interference effects of a
canard are not quite so clear as in the case of a forward-
swept wing. The downwash from the canard unloads the
wing root, which, in turn, produces less upwash at the
wingtip. However, the canard itself produces an upwash at
the wing tip, which tends to increase the local angle of attack
in that region.

Recent studies have examined the application of super-
critical technology to the improved maneuver performance
of wings with moderately swept-back leading edges.!?> The
purpose of the present investigation has been to study the
application of supercritical technology to a forward-swept
wing fighter configuration and to make some assessment of
the relative performance of forward vs aft sweep. The wing
and canard for this forward-swept wing configuration were
designed for transonic maneuver by the use of a transonic
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Fig. 1 General arrangement of model (dimensions in inches).

Fig. 2 Forward-swept wing (FSW) model mounted in the Langley
16-ft Transonic Tunnel.

computational analysis method and a transonic design pro-
cedure. The computational method calculates the transonic
flow over a canard/wing/fuselage combination so that the
strong transonic induced-flow effects of the canard on the
wing are taken into account.

A model of this forward-swept wing configuration was
tested in the Langley 16-ft Transonic Tunnel. The wing
pressure distributions were measured and have been com-
pared with the theoretical calculations. The lift and drag
characteristics have been compared with an equivalent aft-
swept wing configuration and with the HiMAT highly
maneuverable aircraft configuration.

Transonic Maneuver Configurations
Forward-Swept Wing

The wind tunnel model is shown in Figs. 1 and 2. The
model represents a highly maneuverable fighter configura-
tion equipped with a forward-swept wing and with a canard
for pitch control. The incidence of the canard can be varied
and the wing leading- and trailing-edge flaps can be
deflected. '

‘The fuselage was area ruled by the use of the supersonic
design and analysis method of Ref. 15. The area distribution
was designed to reduce the zero lift wave drag, subject to
certain requirements. In addition to the usual requirement of
sufficient internal volume for instrumentation, the fuselage
was required to have a flat side on the canopy to allow for
canard rotation and smooth streamwise contour lines. The
wave drag was examined for Mach numbers betwen 1.0 and
1.6. The supersonic code was also used to define the negative
trailing-edge flap deflection angle necessary for low drag at a
Mach number of 1.2. The model does not have a flow-
through nacelle.

The wing and canard twist distributions are shown in
Fig. 3. The vortex lattice design method of Ref. 16 was used
to calculate the twist of the wing in the presence of the
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Fig. 3 Twist distribution for wing and canard of FSW model.
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Fig. 4 Geometry of forward-swept and SMF-1 aft-swept wings.

canard. The wing twist shown in Fig. 3 is a compromise be-
tween the optimum twist distributions for transonic
maneuver and cruise. The canard has the same planform as
the transonic wing design of Ref. 13. Therefore, the twist of
that wing was reduced slightly to allow for the cruise require-
ments and was then utilized as the canard twist for the pres-
ent study.

In order to make some assessment of the relative per-
formance of forward vs aft sweep, the planform of the
swept-forward wing was designed as a counterpart of the
planform for the SMF-1 aft-swept wing described in Ref. 13.
As shown in Fig. 4, the wings for these configurations have
the same aspect ratio, taper ratio, and wing area. The struc-
tural axes for these wings have been assumed to lie along the
40% chord line. The sweep of the 40% chord line on the
forward-swept wing is the negative of the sweep back of the
40% chord line on the aft-swept wing. This would make the
structural weights of these wings approximately the same on
an actual aircraft.

The section shapes of both the forward-swept wing and
the SMF-1 aft-swept wing have been designed for good tran-
sonic maneuver performance through the use of current tran-
sonic computational methods and the supercritical
technology development discussed in Ref. 13. The forward-
swept wing was designed for a Mach range of 0.85-0.95 and
a lift coefficient of 0.9. The SMF-1 was designed for a Mach
number of 0.9 and a lift coefficient of 0.9. Table 1 compares
the areas of the canard and the horizontal tail for these con-
figurations. The transonic maneuver performance of these
configurations will be compared.

The canard planform of the forward-swept wing con-
figuration was chosen to be aft swept because this would
seem to have a more favorable influence on the wing than a
forward-swept canard. The flow on the swept-forward wing
separates first at the root and the flow on the swept-back
canard separates first at the tip. Therefore, the downwash
from the root region of the canard, where the flow remains
attached at maneuver conditions, helps to reduce the flow
separation in the root region of the wing.
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Table 1 Comparison of configurations®

Configuration A A S exp”S Spexp’S
FSW 3.28 0.2142 0.156 —
SMF-1 3.28 0.2142 — 0.245
HiMAT 3.85 0.25 0.301 —

2 All wing quantities refer to basic trapezoidal wing extended to the model
centerline.

The forward-swept wing model was tested in the Langley
16-ft Transonic Tunnel. The tests were run at Mach numbers
of 0.60-1.2 and angles of attack between —4 and 17 deg.
The Reynolds number, based on wing mean aerodynamic
chord, varied from 2.5x10° at Mach 0.60 to 3.0x 10° at
Mach 1.2.

Aerodynamic forces and moments were measured by an
internal, six-component, strain gage balance. The angle of
attack was corrected for flow angularity. Boundary-layer
transition strips were applied to the wings, canard, vertical
tail, and fuselage nose using the method of Ref. 17. The
wing was instrumented with flush surface, static pressure
orifices.

Comparison Configuration

The maneuver performance of the forward-swept wing
configuration is also evaluated by comparison with the
HiMAT highly maneuverable aircraft configuration. The
HIiMAT is a recently developed configuration'® for which
supercritical technology has been utilized to achieve good
transonic maneuver performance at a Mach number of 0.9
and a lift coefficient of about 1.0. Some parameters for the
HiMAT are also given in Table 1 and a sketch of the model
is shown in Fig. 5.

Computational Method and Design Considerations

The airfoil sections of the forward-swept wing were
designed in the presence of the canard. The configuration
was designed for a maneuver lift coefficient of 0.9 over the
Mach range of 0.85-0.95. The thin supercritical sections for
the wing and the canard were designed by the use of a three-
dimensional transonic computational analysis method and a
transonic design procedure. The transonic computational anal-
ysis method used is called PANDORA.!Y The PANDORA
computer code was selected because it calculates the transonic
flow over a canard/wing/fuselage configuration and,
therefore, accounts for the strong transonic induced-flow ef-
fects of the canard on the wing.

Although the PANDORA code was used strictly as a tran-
sonic analysis method in the current study, the PANDORA
code can also be utilized as an automated design tool
through the combined use of the transonic analysis method
and numerical optimization. In the present study, however,
an alternate design procedure was chosen that, it was felt,
would result in a much more direct method of achieving the
desired type of wing pressure distributions at the selected
maneuver design conditions. The transonic design procedure
described in Refs. 20 and 21 was utilized along with the
PANDORA transonic analysis method for the wing and
canard design. This design procedure provides a set of guide-
lines for the systematic alteration of wing shape to achieve
some desired pressure distribution.

Since the forward-swept wing configuration was designed,
additional developments in transonic design methods have
taken place (see, for example, Refs. 22-24). The recently
developed method of Ref. 24 is an improved version of
PANDORA (called TRO-3D). In this new method, the op-
timization process has been tailored to transonic aero-
dynamic design so that better designs should result (more
reliable optimums) and the computational run times should
be greatly reduced.
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Fig. 5 HiMAT configuration (dimensions in inches).

The flow equation used in the analysis by the PANDORA
code!®?* is an “‘extended”’ transonic small-disturbance equa-
tion. It is solved by the use of finite difference approxima-
tions in a global crude Cartesian mesh system with individual
embedded fine grids placed over the wing and the canard.
The crude grid has 64 streamwise, 26 spanwise, and 31 ver-
tical grid points. The fine grid is in vertical planes with 133
streamwise and 25 vertical grid points. There are 15 fine grid
planes across the wing semispan and 8 planes on the canard
semispan. The fine grid density is reduced at the wing and
canard tips. The effects of viscosity are included by the use
of a modified two-dimensional Bradshaw turbulent-layer
analysis and infinite swept-wing theory. For the maneuver
conditions calculated in this study, the solution was found to
be essentially converged with 100 crude grid iterations
followed by 160 crude/fine grid iterations. The boundary-
layer solution was updated every 20 iterations during the
crude/fine grid calculations.

The initial efforts of this study were to design a configura-
tion with a forward-swept wing but without a canard. The
results of these initial efforts indicated that, based on the
studies of Ref. 13, the inboard flow would experience exten-
sive separation due to the presence of a strong inboard shock
wave preceded by a strong adverse pressure gradient. There-
fore, a canard was added to the configuration and the wing
sections were redesigned in the presence of the canard. Based
on these theoretical results and the studies of Ref. 13, it was
felt that the wing would develop less flow separation for the
case of the canard configuration than for the case of the
configuration designed without a canard.

The objective of the design process was to reduce the
shock strength and the adverse pressure gradients at a lift
coefficient of 0.9 over the Mach range of 0.85-0.95. The
studies of Ref. 13 on the maneuver performance of aft-swept
wings (without canards) indicated that it was desirable to
design the wing so that, at a Mach number of 0.9, the upper
surface pressure distribution was somewhat flattened on the
forward part of the wing. Therefore, an effort was made to
design the forward-swept wing with this type of pressure
distribution on the outboard part of the wing at a Mach
number of 0.9 and a lift coefficient of 0.9. The inboard part
of the wing was designed to eliminate the strong shocks
preceded by strong adverse pressure gradients. The resultant
inboard flow tends to have moderately strong shocks pre-
ceded by a favorable pressure gradient (see Fig. 6). These in-
board pressure distributions are not necessarily optimum;
however, they appeared to be a significant improvement over
the canard-off case. Oil flow studies showed that, for exam-
ple, at Mach 0.85 and 0.88 lift coefficient, the flow on the
wing in the presence of the canard is predominantly attached
with a small region of separation at the trailing edge.

Since the canard has the same planform as the SMF-1
wing, the midspan airfoil section of SMF-1 was somewhat
modified and used on the canard. The modifications resulted
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Fig. 6 Comparison of theoretical and experimental wing pressure
distributions for FSW configuration: 6, =0, 6“‘,3 =¢Sf,TE =0.

in two new sections, one for the root and one for the tip.
Only two sections were defined in order to simplify the
model construction process.

Figure 6 shows a correlation between the theoretical wing
pressure distributions of PANDORA and the experimental
pressure distributions. Resuits are shown for Mach numbers
of 0.85 and 0.9 at lift coefficients of 0.83 and 0.85, respec-
tively. The fuselage was represented in the calculations by an
infinite cylinder. The experimental lift coefficients selected
were approximately 0.1 greater than the theoretical lift coef-
ficients. This was done in order to account for the lift on the
fuselage, which is not accounted for by PANDORA in the
case of an infinite cylinder. The canard incidence and all flap
deflection angles are zero.

The correlation for both Mach numbers is good consider-
ing the high levels of lift involved. The trailing-edge region
of the wing apparently has some separation, as indicated by
the lack of good upper surface trailing-edge pressure
recovery in the experimental data. This separation would
tend to push the trailing-edge shock wave forward and ex-
plain the differences in shock location between the theory
and the experiment on the inboard region of the wing. The
difference in character between the theory and the experi-
ment on the upper surface at n=0.85 may be caused by the
reduction in the number of fine grid points in the theory
from 70 over most of the wing to 11 at the wing tip. The up-
turn in the theoretical pressure at the inboard trailing edge
for a Mach number of 0.9 is thought to be caused by some
peculiarity in the extrapolation of the boundary layer past
the computed separation point.

Evaluation of Forward-Swept-Wing Configuration
Maneuver Efficiency

Figure 7 presents drag polars for the forward-swept wing
(FSW) configuration at Mach numbers of 0.60 and 0.9. The
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Fig. 7 Maneuver efficiency for FSW configuration.

available trimmed points are indicated by solid symbols.
Since only a few trimmed points are available, Figs. 7a and
7b also show untrimmed data for a configuration with fixed-
flap and canard deflections. The chosen flap deflection
angles reduce the drag above the design lift condition, while,
of course, they increase the drag at the low lift coefficients.
Figure 7 also shows the ideal polar corresponding to an ellip-
tic lift distribution (100% suction) and the C, tana’ curve
corresponding to a zero suction condition of a flat/plate
wing. The C,_-,0 is a zero-lift turbulent skin-friction drag co-
efficient. The skin friction was calculated with the Karman-
Schoenherr formula for incompressible turbulent flow on a
flat plate at zero incidence.?® The skin-friction drag was then
corrected for compressibility by the Sommer and Short 7~
method?® and corrected for thickness by the method of
Hoerner.?’

At Mach 0.60 and design lift coefficient 0.9, the FSW con-
figuration has achieved most of the available potential for
drag reduction based on the limits indicated by the two
theoretical curves. However, at Mach 0.9 and the same lift
coefficient, the experimental results are only about midway
between the theoretical limits. It would appear, therefore,
that, although it is not expected that the theoretical
minimum of this ideal polar could be exactly achieved, there
is some potential for further drag reduction at Mach 0.9 and
lift coefficient 0.9. Any transonic maneuver drag reduction
must be made, of course, for the entire range of transonic
speeds and not just for Mach 0.9. An improved transonic
computational deésign code such as TRO-3D would appear to
offer potential for further improvements.

Forward vs Aft Sweep

Figure 8 shows the spanwise variation of theoretical shock
strength on the forward-swept wing configuration and its
aft-swept counterpart (SMF-1). The pressure increase
through the shock wave was computed with the PANDORA
code. The fuselage for both configurations was represented by
an infinite cylinder. The calculations were made for a
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Fig. 8 Spanwise variation of theoretical shock strength on forward-
swept and SMF-1 aft-swept wings: §,=0, &,y =8;rg =0,
CL,th =0.7.

theoretical lift coefficient (excluding fuselage lift) of 0.7 at
Mach 0.85 and 0.9. This theoretical lift coefficient would cor-
respond to a total lift coefficient of about 0.8. In places where
a double-shock system exists, the stronger shock jump is plot-
ted. These locations are indicated by an X.

The upper portions of Fig. 8 illustrate one of the funda-
mental aerodynamic differences between forward and aft
sweep. The shock strength is greatest at the tip of the aft-
swept wing and greatest at the root of the forward-swept
wing.

As mentioned earlier, it was decided to include a canard
on the forward-swept wing configuration in order to obtain
an inboard chordwise pressure distribution that, it was felt,
would result in a reasonably attached flow at transonic
maneuver conditions. The lower parts of Fig. 8 show the
distribution of shock strength on the current forward-swept
wing configuration with and without a canard. The calcula-
tions were made at a fixed lift coefficient and the same com-
putational grid was used on the wing for both cases. Of
course, these results do not show the differences that would
result if one wing were designed without a canard and the
other wing were designed in the presence of a canard;
however, they do graphically illustrate the powerful in-
fluence of the canard on the wing flowfield. They show a
considerable reduction in shock strength at the wing root
with the canard present. The decrease in shock strength is
due to the downwash behind the canard and to the
somewhat lower angle of attack necessary to develop the
same value of lift (about 1 deg lower). When the effect of
the canard is calculated with the angle of attack fixed at the
value for the case with the canard on, the decrease in shock
strength is on the order of 80-90% of that shown in Fig. 8.
This result would indicate that most of the canard effects
shown in Fig. 8 are caused by the induced-flow effects from
the canard. The addition of the canard also produces a small
increase in the strength of the outboard wing shock, ap-
parently due to the upwash induced by the canard outboard
of its tip.
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Fig. 9 Comparison of forward-swept and SMF-1 aft-swept wing
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The lift and drag characteristics of the forward- and aft-
swept configurations are shown in Fig. 9. Results are shown
for Mach numbers of 0.60 and 0.90 and the trimmed points
are again indicated by solid symbols. The untrimmed data
for FSW are for zero flap deflections (SMF-1 does not have
leading or trailing-edge flaps). The aspect ratios of the two
configurations are the same and the test Reynolds numbers
are very close. The locations of the center of gravity for
SMF-1 were selected to produce minimum, trimmed drag at
cruise and maneuver conditions for the available tail deflec-
tion angles (only negative tail settings were tested). The
center of gravity chosen for the FSW configuration allowed
it to be trimmed,'* with various flap deflection angles, at
angles of attack of 4-22 deg at a Mach number of 0.3. At
higher Mach numbers, it was found that small changes from
this center of gravity did not have a significant effect on the
trimmed drag for a lift coefficient of 0.9. Both configura-
tions are unstable at the chosen center of gravity locations.
Their stability levels in terms of 4C,,/0C; are shown in the
legends for Fig. 9 and are reasonable values for their respec-
tive configurations.

Both of these configurations were designed for a lift coef-
ficient of 0.9. At Mach 0.9 and a lift coefficient of 0.9, the
two configurations have the same trimmed drag. Oil flow
photographs of these configurations at a Mach number of
0.90 show that, at a lift coefficient of 0.85, SMF-1 has a
small amount of trailing-edge and wing tip separation and
that, at a lift coefficient of 0.83, the FSW has some separa-
tion in the trailing-edge region. For conditions somewhat
above the design lift coefficient, however, the FSW con-
figuration has lower drag than the aft-swept SMF-1, which is
probably due to less flow separation on the FSW caused by
the favorable influence from the canard. Similar results were
obtained at Mach 0.60.

The comparisons of Fig. 9 suggest that additional studies
need to be conducted in order to evaluate the influence of
the -canard on the aft-swept SMF-1 configuration.
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Fig. 10 Comparison of forward-swept wing configuration with
HiMAT.

Comparisons with HIMAT

The forward-swept wing configuration is further evaluated
by comparison with the HIMAT highly maneuverable air-
craft configuration. Figure 10 compares the HiMAT and
FSW configurations at Mach numbers of 0.60, 0.90, and 1.2.
The results for the HIMAT at Mach 0.60 and 0.90 are for
the maneuver configuration and the results at Mach 1.2 are
for the cruise configuration.'® The HIMAT data are trimmed
and the solid symbols for FSW are trimmed. The untrimmed
data for FSW at Mach 0.60 and 0.90 have the same flap
deflections as Fig. 7. The untrimmed data for FSW at Mach
1.2 are plotted for two flap deflection angles in order to
estimate trimmed conditions. The HIMAT data have been
corrected from an aspect ratio of 3.85 to the value of 3.28
for the FSW (assuming an induced-drag correction factor
e=1). The difference in test Reynolds numbers (see figure
legend) for these two configurations was found to change the
CD0 of FSW by only 20 counts (0.0020) and is, therefore, not
a significant factor in these comparisons. The values of
aC,,/3C, are again noted in the figures.
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Figures 10a and 10b show that, at Mach 0.60 and 0.90, the
HiMAT has lower drag than FSW, although the drag levels
are reasonably close at maneuver conditions. A Mach
number of 0.90 and a lift coefficient of 0.9 approximates the
transonic maneuver design point for both configurations.
When the actual value of e is used to correct the HIMAT
data for the aspect ratio and the effect of the winglets on the
HiMAT is accounted for, the trimmed drag at Mach 0.90
and lift coefficient 0.9 is essentially the same for both con-
figurations. The high drag for FSW at the low levels of lift is
due to the large amount of camber in the wing. This camber
is required for maneuver and could be reduced by means of
variable geometry as illustrated in Fig. 10c for &5 = — 14
deg. Figure 10c shows that the FSW has comparable perfor-
mance to the HIMAT at Mach 1.2. At a lift coefficient of
0.082, corresponding to level flight of the HIMAT at 30,000
ft altitude with one-haif fuel load, the two configurations ap-
pear to have about the same value of trimmed Cj,.

Conclusions

This study has examined the application of supercritical
technology and a transonic computational analysis method
to the design of a forward-swept wing configuration for
good transonic maneuver performance. This configuration
was equipped with a canard and the induced-flow effects of
the canard on the wing were accounted for by the computa-
tional method. A transonic design procedure was used to
provide a set of guidelines for the iterative application of the
computational method during the design process. The results
of this study of a forward-swept wing fighter may be sum-
marized as follows:

1) The PANDORA transonic computational method
predicted wing pressure distributions that showed reasonably
good correlation with experimental results for Mach
numbers of 0.85 and 0.90 at lift coefficients of 0.83 and
0.85, respectively.

2) The use of the PANDORA code and the transonic
design procedure indicated that, if the forward-swept wing
were designed in the presence of the canard, a chiordwise
pressure distribution could be developed at transonic
maneuver conditions which would produce less flow separa-
tion than the pressure distribution resulting for a wing
designed without the canard. Oil flow photographs at Mach
numbers of 0.85 and 0.9 for lift coefficients of 0.88 and
0.83, respectively, indicated that the wing flow was attached
except for some separation in the trailing-edge region.

3) Comparison of the drag polar with the ideal polar and
the flat-plate wing or zero-suction polar at the design lift
coefficient of 0.9 showed that, at Mach 0.60, most of the
available potential for drag reduction had been achieved;
however, at Mach 0.9 and a lift coefficient of 0.9, there ap-
peared to be some potential for further drag reduction.

4) Comparison of the forward-swept wing configuration
with a corresponding aft-swept wing configuration showed
that the two configurations had the same trimmed drag at
Mach 0.90 and a lift coefficient of 0.9; however, at higher
lift coefficients, the forward-swept configuration had lower
drag, probably due to the favorable influence of the canard.

5) The forward-swept wing configuration showed good
maneuver performance at Mach 0.60, 0.9, and 1.2 relative
to the HiIMAT advanced technology highly maneuverable
fighter configuration. At Mach 0.9 and a lift coefficient of
0.9, which approximates the transonic maneuver design
point for both configurations, the trimmed drag was the
same for both configurations.
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