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Aerodynamic Characteristics of Scissor-Wing Geometries

Clinton S. Housh,* Bruce P. Selberg,! and Kamran RokhsazJ
University of Missouri-Rolla, Rolla, Missouri 65401

A scissor-wing configuration, consisting of two independently sweeping-wing surfaces, is compared with an
equivalent fixed-wing geometry baseline over a wide Mach number range. The scissor-wing configuration is
shown to have a higher total lift-to-drag ratio than the baseline in the subsonic region primarily due to the
slightly higher aspect ratio of the unswept scissor wing. In the transonic region, the scissor wing is shown to have
a higher lift-to-drag ratio than the baseline for values of lift coefficient > 0.35. It is also shown that, through the
use of wing decalage, the lift of the two independent scissor wings can be equalized. In the supersonic regime,
the zero lift wave drag of the scissor wing at maximum sweep is shown to be 50 and 28% less than the zero lift
wave drag of the baseline at Mach numbers 1.5 and 3.0, respectively. In addition, a pivot-wing configuration is
introduced and compared with the scissor wing. The pivot-wing configuration is shown to have a slightly higher
total lift-to-drag ratio than the scissor wing in the supersonic region due to the decreased zero lift wave drag of
the pivot-wing configuration.

I. Introduction

T HE contradictory requirements for high- and low-speed
flight have been a challenge to the aircraft designer since

the advent of high-speed flight. Those characteristics that lead
to a good low-speed aerodynamic performance manifest them-
selves as liabilities in the high-speed flight regime. One way to
reconcile these differences is through the use of variable wing
sweep.

Variable wing sweep has been used successfully over the
past 25 years on a variety of aircraft. See, for example, Pol-
hamus and Toll.1 The basic premise is that the wing is swept at
sufficiently high angles in order to keep the leading edge
subsonic. With this, the wave drag is reduced in the supersonic
flight regime. In the subsonic region, the wing sweep is kept at
a minimum for good handling qualities and good aerodynamic
performance.

The most familiar variable sweep concept involves sweeping
both wings aft. However, with this, a large shift in the aircraft
center of pressure results, with a corresponding increase in
static margin. This increase in the static margin leads to higher
trim drag and reduced maneuverability at high sweep angles.

Oblique wings represent another form of variable sweep.
This concept, first introduced by Jones,2 has had proponents
for subsonic, transonic, and supersonic transport configura-
tions, as demonstrated in Refs. 3-5. An oblique wing is hinged
on the aircraft center line and skews relative to the fuselage.
This antisymmetric geometry leads to a coupling between the
longitudinal and lateral modes of the aircraft, which produces
rather unacceptable handling qualities.

Rokhsaz6 and Rokhsaz and Selberg7 introduced the scissor
wing as an alternative to conventional variable sweep designs.
In this design, two oblique wings are hinged on the aircraft
center line and skew relative to the fuselage. This concept
retains geometrical symmetry at all sweep angles.

Rokhsaz and Selberg7 studied the scissor wing from a stabil-
ity and control point of view where it was shown that the
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scissor wing can maintain any desired static margin through-
out the Mach number range by judiciously varying the sweep.
Given this quality, unacceptably high static margins can be
avoided at high sweep angles. Selberg et al.8 presented some
limited aerodynamic performance characteristics of the scissor
wing. The purpose of the current paper is to present the results
of a comprehensive numerical study of the aerodynamic char-
acteristics of scissor-wing geometries.

II. Method of Analysis
A. Aircraft Configurations

For the purpose of comparison, a fixed-wing baseline and a
variable sweep scissor-wing configuration were devised and
are shown in Fig. 1. Both configurations had a common
cone-cylinder fuselage, common horizontal stabilator, and
equal total wetted area. The configurations were formulated
to represent a typical attack aircraft. The wing area of both
configurations is the same, 426 ft2. The weight of both is set at
50,000 Ib giving a wing loading of 117.3 lb/ft2. The baseline
configuration has a leading-edge sweep of 23 deg and an
aspect ratio of 3.63. The scissor wing has an aspect ratio of
4.27 in the unswept configuration. The scissor-wing configu-
ration has the same aspect ratio as the baseline at a scissor-
wing sweep of 17 deg.

Both configurations were trimmed using only the stabilator,
which was placed approximately 66% of the scissor-wing root
chord below the wing to avoid geometric interference at high
sweep angles. The scissor wing has the added advantage of
being able to use wing-mounted elevens for trim at high sweep
angles; however, for the purposes of this research, this advan-
tage was not used.

A scissor-wing configuration with a canard instead of a
conventional tail was also designed. The canard had the same
area as the stabilator and was moved relative to the wing in
order to devise a 5% stable configuration and a 9% unstable
configuration. The stable canard configuration is shown in
Fig. If. The wing of the stable canard configuration was
moved 60% of the scissor-wing root chord aft to maintain a
plausible design. The wing of the unstable canard configura-
tion is at the same location as the conventional designs shown
in Fig. 1.

B. Computer Programs
1. Subsonic and Supersonic Lift and Drag due to Lift

The lift and drag due to lift in the subsonic and supersonic
regimes were predicted using Tulinius's linear vortex lattice
method NARUVLE.9 This method uses the Prandtl-Glauert
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a) Baseline

b) A = 0deg

c)A = 20deg

d) A = 40deg

e) A = 54 deg

f) Canard configuration

Fig. 1 Aircraft configurations.

transformation in the subsonic regime and supersonic vortices
for Mach numbers > 1. Being linear, this method is not valid
in the transonic region or at high angles of attack.

NARUVLE was compared with the code by Lan and
Chang,10 VORCAM. The two codes were in excellent agree-
ment for values of lift and drag due to lift; however, moment
trends were different. NARUVLE was used in this study be-
cause of its ability to allow any number of lifting surfaces.
This proved invaluable in that modeling the scissor wing re-
quires two wing surfaces, a center section, and a horizontal
tail surface. The code was also modified to iteratively trim the
aircraft given flight Mach number, wing loading, and dynamic
pressure. All results from this code have trim drag included.

NARUVLE was limited to 200 panels, which, in some cases,
produced numerical oscillations. Quantitative values may be
suspect in some cases; however, the trends are not, and when
this code is used to compare two different geometries, firm
conclusions may be drawn.

2. Supersonic Zero Lift Wave Drag
The supersonic zero lift wave drag was predicted using the

code of Ref. 11, WDRAG2. This code uses Whitcomb's
method of area ruling. A convergence study found that 12
azimuthal cutting planes at 70 longitudinal stations assured
convergence.

When using WDRAG2, the horizontal tail was modeled
using the vertical tails canted 3 deg from the horizontal. This
allowed adequate modeling of the wing and center section.
The center section and rear wing were modeled as one horizon-
tal surface and the front wing as another horizontal surface.

The NACA 64A006 airfoil section was used for the wing
surfaces, whereas symmetrical, 4%-thick airfoil was used for
the tail. A generic cone-cylinder fuselage was used as a starting
point on all of the configurations.

3. Component Buildup Method of Drag Estimation
The component buildup method of drag estimation was

used to determine the total drag coefficient in the subsonic and
supersonic regimes. The drag due to lift was given by
NARUVLE, the supersonic zero lift wave drag by WDRAG2,
and the viscous drag by the methods of Nicolai.12 The viscous
drag of the fuselage was determined as a function of Reynolds
number, whereas the viscous drag of the wing was taken to be
a constant, 0.006, based on the reference wing area of 426 ft2.

4. Transonic Flow
Transonic analysis of the scissor wing was accomplished

through the use of CANTATA.13 This code uses a finite
difference solution to the three-dimensional transonic small
perturbation equation. Viscous effects are included through
the use of a strip boundary-layer method.

CANTATA can only handle two lifting surfaces. Since the
scissor-wing configuration requires two lifting surfaces for the
wing, no horizontal tail could be modeled; thus, all CAN-
TATA results are untrimmed. Also, numerical problems re-
sulted when the two wings were put in the same, or close to
the same, plane. In order to obtain numerically stable results,
a vertical gap of approximately 20% of the root chord of the
scissor wing separated the two wings. Because of the two facts
mentioned earlier, it could be argued that CANTATA is not
capable of modeling the scissor-wing configuration; however,
this is not the case. The results from CANTATA may not be
directly compatible with the configurations shown in Fig. 1;
however, the model used in CANTATA is another possible
geometry of the scissor wing. Moreover, CANTATA was used
in order to determine if any unusual problems occurred in the
transonic region with the basic scissor-wing configuration.

The CANTATA cases were run with and without a fuselage.
The cases run with a fuselage are used to show the general
trends of this configuration in the transonic region. The cases
without a fuselage are used to show detailed wing results.

III. Results
A. Subsonic

The results in this section show the ratio of lift coefficient to
drag coefficient vs Mach number, with the drag coefficient
being made up of induced drag, wave drag due to lift, and a
constant viscous term used to simulate the viscous drag of the
wing. The viscous drag of the fuselage and the supersonic zero
lift wave drag are not included. Recall also that NARUVLE
was limited to the linear range of aerodynamics; thus, the
transonic region is an interpolation between the subsonic and
supersonic regimes. All cases in this section were trimmed.

Figure 2 shows the lift-to-drag ratio vs Mach number at sea
level for the baseline and the scissor-wing configurations at
various sweep angles. Two important characteristics are ob-
served.

First, in the subsonic region, the unswept scissor-wing con-
figuration shows a higher lift-to-drag ratio than the baseline.
This is due to the slightly higher aspect ratio of the unswept
scissor-wing configuration over the baseline. Recall that the
aspect ratio for the unswept scissor wing was 4.27, compared
with 3.63 for the baseline. The 20-deg sweep scissor-wing case
shows a slightly lower lift-to-drag ratio than the baseline. This
again shows the effect of the aspect ratio, as the aspect ratio of
the 20-deg scissor-wing configuration is 3.1, slightly lower
than the baseline's 3.63. The lift-to-drag ratio for the 40- and
54-deg sweep scissor-wing configurations are lower than the
baseline and the unswept and the 20-deg scissor-wing cases,
again due to the much lower aspect ratio of these configura-
tions.
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The other important characteristic is that, in the supersonic
region, the ratio of lift to drag is the same, or very nearly the
same, for all configurations. Recall that in this figure the
viscous drag of the fuselage and the supersonic zero lift wave
drag were not included. This figure, then, shows the strong
influence that the zero lift wave drag will have on the overall
total lift-to-drag ratio of these configurations in the super-
sonic regime.

Because of the strong influence of the aspect ratio, as dis-
cussed earlier, a parametric study of the effect of varying the
aspect ratio of the scissor wing was carried out. By holding the
total wing area constant, the aspect ratio of the front wing of
the scissor wing was increased with a corresponding decrease
in the aspect ratio of the rear wing. This was accomplished,
first, by holding the chord of the two wings constant and
increasing the span of the front wing and decreasing the span
of the rear wing; and second, by holding the span of the two
wings constant and decreasing the chord of the front wing and
increasing the chord of the rear wing. Figure 3 shows the effect
of varying the aspect ratio of the scissor-wing configuration by
varying the span. As seen in the figure, the higher the aspect
ratio of the front wing, the higher the lift-to-drag ratio. The
same results would be expected if the aspect ratio of the rear
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Fig. 2 Lift-to-drag ratio for equal aspect ratios.
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Fig. 3 Effect of span variation on lift-to-drag ratio.

wing was increased instead of increasing the aspect ratio of the
front wing. Figure 4 shows the effect of varying the aspect
ratio by varying the chord. Little effect is seen. If anything, by
changing the aspect ratio with chord, a lower lift-to-drag ratio
is seen. In both figures, the same general trends are seen
regardless of sweep angle.

Scissor-wing canard configurations were also studied. Fig-
ure 5 shows the lift-to-drag ratio vs Mach number for the 9%
unstable canard scissor-wing configuration and the 9% un-
stable conventional tail scissor-wing configuration for both 0-
and 20-deg sweep. The figure shows a slight increase in lift-to-
drag ratio of the unstable canard configuration over the un-
stable conventional tail configuration in the unswept condi-
tion. At 20-deg sweep, little or no difference is seen between
the unstable canard and the unstable conventional tail cases.
Figure 6 shows the 5% stable scissor-wing configuration with
both a canard and a conventional tail. A marked decrease in
lift-to-drag ratio of the canard case relative to the conven-
tional tail in the unswept condition is seen. At 20-deg sweep,
little difference is seen between the canard and conventional
tail configurations.
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Fig. 4 Effect of chord variation on lift-to-drag ratio.
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Fig. 5 9% unstable conventional and canard scissor wings.
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B. Transonic
The results in this section were obtained from the code

CANTATA. Since CANTATA could only handle two sur-
faces, all results are untrimmed. Also, the configuration used
is slightly different from those depicted in Fig. 1. The differ-
ence is that there is no center section and the two wings are
separated by a gap of approximately 20% of the scissor-wing
root chord.

Figure 7 shows the total lift-to-drag ratio vs lift coefficient
for the baseline and the unswept scissor-wing configuration at
different decalage angles at Mach 0.7. The decalage angle is
the relative angle between the two wings. As seen in the figure,
a decalage angle of -2.0 deg represents the best compromise
for maximum lift to drag over the range of lift coefficients.
Figure 8 shows the lift-to-drag ratio vs lift coefficient at a
Mach number of 0.9. It is seen that, as the Mach number
increases, the increase in lift-to-drag ratio with decalage be-
comes greater. Figure 8 also shows the 20-deg sweep scissor-
wing configuration with a decalage of - 2.0 deg. A significant
decrease in lift-to-drag is seen for the 20-deg sweep case over
the unswept scissor-wing configuration.

In Figs. 7 and 8, the baseline had a higher lift-to-drag ratio
than the scissor-wing configuration for lift coefficients less

than approximately 0.35. However, for a wing loading of
117.3 lb/ft2, this range of lift coefficient corresponds only to
transonic level flight at low altitude. At a Mach number of
0.8, for these configurations, the trimmed lift coefficient is
0.413 at 30,000 ft. Also, while maneuvering, the average lift
coefficient is much greater due to increased load factor. Be-
cause of these reasons, the apparent first glance superiority of
the baseline over the scissor-wing configuration in the tran-
sonic region is not realized.

Figure 9 shows the effect of decalage on the spanwise lift
distribution of the unswept scissor-wing configuration without
a fuselage. The figure shows the equalizing effect decalage has
on the lift of the front and rear wings. Without decalage,
nearly all of the configuration lift is produced by the front
wing. With - 2.0-deg decalage, the lift produced by each wing
is nearly the same. As the trimmed lift coefficient increases,
the required amount of decalage to equalize the loads carried
by the two wings increases. One way to effectively change the
decalage of the scissor-wing configuration is to have a leading-
edge flap on the front wing and a trailing-edge flap on the rear
wing. These flaps can be deflected to simulate the effect of
decalage.
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Figure 10 shows the moment coefficient vs lift coefficient of
the baseline and the unswept scissor-wing configuration at
Mach numbers of 0.7, 0.8, and 0.9. Since the magnitude of the
moment coefficient depends on the location of the moment
center, the actual magnitude of this parameter in Fig. 10 is of
no importance. However, the change in slope of the moment
coefficient as lift coefficient changes is important. Large

changes in the slope can cause control problems. As seen in the
figure, the baseline has no effective change in moment slope as
the lift varies. However, the unswept scissor wing has a signif-
icant change in slope at a Mach number of 0.9.

Figure 11 shows the moment coefficient vs lift coefficient
for the baseline, unswept scissor wing, and the 20-deg scissor-
wing configurations at a Mach number of 0.9. This figure
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shows the effect that sweeping the scissor-wing configuration
has on the slope of the moment. As seen in the figure, by
sweeping the scissor-wing configuration, the relative change in
moment slope is reduced. This is a strong argument for sweep-
ing the scissor wing at large transonic Mach numbers regard-
less of the lift-to-drag ratio.

Studies were conducted to optimize the scissor-wing config-
uration using wing twist. The best results were obtained when
the rear wing of the scissor wing was given a washout of 3 deg.
Figure 12 shows detailed pressure coefficient plots of the
20-deg scissor wing at a Mach number of 0.85 with 3-deg
washout on the rear wing. Plots for both the front wing and
the rear wing at two spanwise locations are shown in the
figure. Strong shocks are present on the rear wing because the
lift coefficient is higher on the rear wing than on the front.
These strong shocks are most likely causing the changes in the
moment slopes in Figs. 10 and 11 for the Mach 0.9 cases. The
strong coupling effect of the two wings is noticed by the fact
that, for the unswept scissor wing at the same total lift coeffi-
cient, the front wing had a higher lift coefficient than the rear.
As the wings are swept apart, the coupling effect decreases
and, as is noticed in. the figures, the lift becomes greater on the
rear wing.

C. Supersonic
It was postulated, in the preceding subsonic section, that the

zero lift wave drag will be the dominant factor in the total
lift-to-drag ratio at supersonic Mach number. This section
gives the results of a study of the zero lift wave drag of the
scissor-wing configuration as predicted by the code
WDRAG2.

Figure 13 shows zero lift wave drag vs Mach number for the
baseline and the scissor-wing configuration at various sweep
angles. Both configurations had a generic cone-cylinder fuse-
lage and used the NACA 64A006 wing airfoil section. The tail
was modeled with a 4%-thick symmetrical airfoil. As seen in
the figure, the 54-deg sweep scissor-wing configuration offers
a substantial reduction in zero lift wave drag over the baseline;
50 and 28% at Mach numbers 1.5 and 3.0, respectively.

Figure 14 shows the effect of the canard configurations, as
discussed earlier, on the zero lift wave drag. Of course, the
only effect a canard as opposed to a conventional tail will have
on the zero lift wave drag will be on the cross-sectional area
distribution. The figure shows that the stable canard configu-
ration has slightly higher zero lift wave drag than the conven-
tional tail configuration and the unstable canard configura-
tion has slightly lower wave drag than the conventional
configuration. The differences between all three are very
small.

Figure 15 shows the effect of optimizing, that is, area ruling
the fuselage to reduce the zero lift wave drag. The figure
shows the baseline and the 40-deg scissor-wing configuration
with a cone-cylinder fuselage and with an optimized fuselage.
The optimized fuselage of both configurations maintained the
same volume. The baseline configuration was optimized at a
Mach number of 1.5. It is seen in the figure that a cone-cylin-
der fuselage is near optimum for the baseline throughout the
Mach number range. The 40-deg scissor-wing configuration
was also optimized at a Mach number of 1.5 and shows a
considerable reduction in the zero lift wave drag, —11%
throughout the Mach number range.

Using the optimized baseline fuselage and the optimized
scissor-wing fuselage as discussed previously, the total lift-to-
drag ratio of the baseline and the scissor-wing configuration at
various sweep angles was calculated using the component
buildup method of drag estimation. Figure 16 shows the total
lift-to-drag ratio as a function of Mach number at an altitude
of 30,000 ft. The transonic region is an interpolation between
the subsonic and supersonic regimes. As seen in the figure, the
scissor wing offers a higher lift-to-drag ratio throughout the
Mach number range. In the subsonic region, this increase in
lift to drag is due to the slightly higher aspect ratio of the
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unswept scissor wing over the baseline. In the supersonic
region, the increase in lift to drag is due to the substantial
savings in zero lift wave drag of the scissor-wing configuration
over the baseline. This increase in lift-to-drag ratio allows the
scissor-wing configuration to fly farther and faster than the
baseline with equal thrust. For example, using the Breguet
range equation for jet aircraft, the 54-deg sweep scissor-wing
configuration will have 25% greater range than the baseline at
Mach 2.0, 30,000 ft.

D. Pivot Wing
As presently configured, the scissor-wing configuration has

a maximum sweep angle of 54 deg. Larger sweep angles,
around 70 deg, could be achieved if the unswept configuration
had a leading-edge sweep around 15 deg. With leading-edge
sweep in the unswept position, low-speed subsonic perfor-
mance will be sacrificed. An alternate approach is a configura-
tion in which four independent wings sweep about outboard
pivots much like the present variable sweep designs. Such a
configuration was devised and called the pivot-wing configu-
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Fig. 16 Total configuration lift-to-drag ratio.
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Fig. 17 Pivot-wing configurations.

ration and is shown in Fig. 17. This configuration was studied
using both NARUVLE and WDRAG2.

The pivot-wing configuration has triangular wing plan-
forms because wave drag studies comparing triangular with
trapezoidal wing planforms demonstrated that, at Mach 1.5,
triangular wings reduced the zero lift wave drag by approx-
imately 26% over trapezoidal wings. At Mach 2.5, the triangu-
lar wings reduced the zero lift wave drag by approximately
10%. One disadvantage of using triangular wings is that tip
stall problems may occur. This problem was neglected in this
study.

Figure 18 shows the effect of optimizing the pivot-wing
configuration by area ruling the fuselage. The 70-deg pivot-
wing configuration was optimized at a Mach number of 3.0.
Slight reductions in zero lift wave drag are seen using the
optimized fuselage over the cone-cylinder fuselage. The 70-deg
sweep pivot wing offers substantial savings in zero lift wave
drag over the baseline. Using the optimized configurations, a
reduction in wave drag is seen on the order of 60 and 36% at
Mach numbers 1.5 and 3.0, respectively.

Figure 19 shows the total lift-to-drag ratio of the pivot-wing
configuration using the component buildup method of drag
estimation. The transonic region is an interpolation between
the subsonic and supersonic, regions. This figure should be
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compared with Fig. 16. Throughout the subsonic region, the
pivot wing offers no advantage over the scissor-wing configu-
ration. In the supersonic regime, due to the slightly lower zero
lift wave drag of the 70-deg sweep pivot wing over the 54-deg
sweep scissor wing, the total lift to drag of the pivot wing is
slightly higher than the total lift to drag of the scissor wing:
12.9 and 7.1% higher at Mach numbers 1.6 and 3.0, respec-
tively.

As shown earlier, the pivot wing offers a slight aerodynamic
benefit, < 13%, over the scissor-wing configuration. An addi-
tional advantage of the pivot wing is the ability of this config-
uration to sweep the front and rear wings at different rates.
Thus, for example, the front wings could be swept at a larger
angle than the rear wings. The benefits of this advantage have
not been fully explored at the time of this writing. Additional
work is being done in this direction.

IV. Conclusions
The scissor-wing configuration with two independently

sweeping wing surfaces was compared with an equivalent fixed
wing geometry baseline. In addition, a pivot-wing configura-
tion was introduced and compared with the scissor wing. The
following conclusions were drawn.

1) The scissor-wing configuration has a higher total lift-to-
drag ratio than the baseline in the subsonic region due to the
slightly higher aspect ratio of the unswept scissor wing.

2) In the transonic region, the scissor wing has a higher total
lift-to-drag ratio than the baseline for lift coefficients>0.35.

3) The lift of the independent scissor wings can be equalized
through the use of wing decalage.

4) The scissor-wing configuration has much lower zero lift
wave drag than the baseline: 50 and 28% at Mach numbers 1.5
and 3.0, respectively.

5) The pivot-wing configuration, with its greater sweep an-
gles and triangular wings, has lower zero lift wave drag than
the scissor-wing configuration: 10 and 8% at Mach numbers
1.5 and 3.0, respectively.

6) The reduction in zero lift wave drag results in an increase
in lift to drag allowing the scissor-wing configuration and the
pivot-wing configuration to fly farther and faster than the
baseline with equal thrust and weight.
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