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AND A SWEPTFORWARD WING
JOINED AT THE TIPS

By Jones F. Cahill and Dexter H. Stead
SUMMARY

A preliminary investigation at subsonic and transonic speeds has
been made of the aerodynamic characteristics of a wing-body configura-~
tion designated as a swept biplane which is composed of a sweptback and
a sweptforward wing joined at the tips. Results show that a configura-
tion of this plan form prevents the abrupt pitch-up normally encountered
on monoplane swept wings. Drag data obtained at 1ift coefficients of O
and 0.15 on a biplane configuration having airfoil sections 4 percent
thick show that the drag coefficients at transonic speeds are approxi-
mately equal to those of a monoplane wing having the same sweep angle,
aspect ratio, and taper ratio with airfoil sections 6 percent thick.
Measurements of stresses in a similar biplane model have shown, however,
that the stresses in the l-percent-thick biplane are considerably higher
than those in the 6-percent-thick monoplane and that the biplane requires

sections approximately 8 to 10 percent thick in order to provide equal
stresses.

INTRODUCTION

The use of a biplane composed of ‘a sweptback and a sweptforward
wing joined at the tips has been suggested as a possible means for
avoiding some of the difficulties encountered with swept wings. The
most appealing aspect of this wing arrangement is the possibility that
the flow field behind the forward (sweptback) wing might influence the
loading on the rear wing in such a way as to prevent pitch-~up. As a
partial justification for this conjecture, it can be seen that, if the
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forward wing is attached to the top of the fuselage and the rear wing to
the bottom, the location of the rear wing root is similar to the low
horizontal-tall locations which have been found effective in reducing
pitch-up tendencies on swept-wing monoplanes. The possibility exists,
however, that the use of such a configuration having two wing-fuselage
Junctures and requiring an attachment between the two wings might result
in drag coefficients appreciably higher than those of a monoplane swept-
wing configuration.

In order to obtain a preliminary indication of the characteristics
of this type of wing arrangement which is designated as a swept biplane,
an investigation has been conducted at subsonic and transonic speeds in
the Langley low-turbulence pressure tunnel and in the 26-inch Langley
transonic blowdown tunnel on two swept biplane models having an aspect
ratio of 4, a taper ratio of 0.6, and with the leading edge of the for-
ward wing swept back 45° and the trailing edge of the rearward wing
swept forward 450. The aspect ratio is defined on the basis of the
combined area of both wings.

SYMBOLS

The results of this investigation are presented in the form of
standard nondimensional coefficients. A list of symbols used in the
present paper is presented as follows:

o} angle of attack, deg
B angle of sideslip, deg
Cp, 1ift coefficient, it
as
Cp drag coefficient, Liof
asS
C, rolling-moment coefficient, Rolling moment
asSb
Cp pitching-moment coefficient, Pitching moment; moments
gS¢
measured about axes at 0.181& for monoplane and
at 0.360X for biplane
cZB effective dihedral parameter at B = 0°, ac, /d;s
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q dynamic pressure, 1b/sq in.

S total area of both wings, sq in.

<) mean aerodynamic chord, in.; two wings are considered
as a unit

b wing span

X distance between apexes of front and rear wing of

biplane at center line

A aspect ratio, b2/S

A taper ratio

M Mach number

R Reynolds number, based on mean aerodynamic chord

of a single wing
MODELS AND TESTS

Two models were used in this investigation, each having an aspect
ratio of 4, a taper ratio of 0.6, and with the leading edge of the for-
ward wing swept back 450 and the tralling edge of the rearward wing
swept forward 45°. The aspect ratio is defined on the basis of the
combined area of the two wings.

A rather crude model (model A) was comstructed for exploratory tests
at subsonic speeds in the Langley low-turbulence pressure tunnel.
Freon-12 was used as a testing medium in order to attain high subsonic
Mach numbers in these tests. Photographs of model A are shown in fig-
ure 1 and a drawing showing the details is presented in figure 2. The
wings were made from l/8-inch-thick steel plate with the leading edges
arbitrarily rounded and the trailing edges beveled to a sharp edge.

The l/8—inch thickness provided a thickness ratio of 4.0 percent at the
root and 6.6 percent at the tip. The two wings were attached to the
top and bottom of a body of revolution as shown in figure 2. The tips
of the wings were welded together and resulted in the formation of a
sharp V at the juncture. Fairings were added to cover the sharp dis-
continuities at the wing-fuselage junctures, but no attempt was made to
design efficient fillets. Lift, drag, and pitching moments were meas-
ured for this model through a range of 1ift coefficients up to approxi-
mately 0.9 at Mach numbers of 0.2, 0.76, and 0.90 and rolling moments

CONFIDENTIAL



L CONFIDENTIAL NACA RM I53I2k4Db

were measured through a range of sideslip angle from -7° to 69 for sev-
eral angles of attack at a Mach number of 0.8.

Photographs and a drawing of model B, constructed for tests at tran-
sonic speeds in the 26-inch Langley transonic blowdown ftunnel, are shown
in figures 3 and 4, respectively. The fuselage of this model was con-
structed with a nearly rectangular cross section in order to provide
approximately perpendicular Jjunctures at the wing-fuselage intersections
without filiets. The body sides only were modified in accordance with the
transonic area rule (ref. 1) in order to provide a constant value of the
total cross-sectional area of wing and fuselage from the rear of the body
nose section to the base of the body. The two wings for each side of the
model were constructed in a single piece and bent around a 3/16-inch
diameter at the tips, thus providing a separation between the wings of
approximately five times the wing thickness. The wings had NACA 65A00L
airfoil sections and had no twist or incidence with respect to the body
center line. Tests were made of model B in the 26-inch Langley transonic
blowdown tunnel to determine the drag at 1lift coefficients of 0 and 0.15
through a range of Mach number from 0.7 to 1.27. The Reynolds numbers

corresponding to these Mach numbers varied from approximately 1.0 X 106
to 1.2 x 100,

Data from the Langley low-turbulence pressure tunnel have been cor-
rected for tunnel blockage and boundary-induced upwash effects. These
data were then converted from Freon-12 to air conditions by the method
presented in reference 2. For all data presented, the chord forces have
been adjusted to the condition of free-stream static pressure on the
base. No Jet boundary corrections have been applied to the data obtained
in the 26-inch Langley transonic blowdown tunnel inasmuch as the investi-
gation of reference 3 has shown that, for models of the size tested, the
boundary effects are very small except for reflected shocks. Reflections
of the body bow wave were observed to strike the model forward of the
body base at Mach numbers between about 1.04 and 1.19. Drag measurements
were made at only one Mach number within this range (M = 1.15). It is
believed that the drag coefficients presented at this Mach number are not
greatly affected by the reflected shock because the model has no boattall
and because the chord force has been adjusted to the condition of free-
stream static pressure on the base.

RESULTS AND, DISCUSSION

Subsonic Tests

Lift, drag, and pitching-moment data obtained from subsonic tests
of model A in the lLangley low-turbulence pressure tunnel are presented
in figure 5 for Mach numbers of 0.2, 0.76, and 0.9. Pitching-moment
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data are shown in figure 5(a) for a monoplane swept wing having the same
sweep angle, aspect ratio, and taper ratio as the biplane model (data
taken from ref. 4 and unpublished low-speed data). A comparison of these
data shows that no pitch-up was obtalned for the biplane model at any of
the Mach numbers tested, whereas unstable pitching moments were measured
for the monoplane model at 1ift coefficients above about 0.6. Although
the pitching moments of the biplane model are not linear in any of the
cases shown, the nonlinegrities observed are considered to be of minor
importance in comparison with the violent pitch-up obtained for the mono-
plane swept wing. These data are presented for moment axes located

at 0.181& for the monoplane swept wing and at 36.0 percent of the total
wing length (distance between the front and rear apexes at the body
center line) for the biplane wing. These moment axes provide a minimum
value of the static margin of ~0.05 at low 1ift coefficients for each
model. It should be noted that the stability of the biplane at low 1lift
coefficients shows a decrease as the Mach number is increased in contrast
to the conventional increase shown by the monoplane wing. The minimum
value of the static margin used, therefore, occurs at a Mach number

of 0.9 for the biplane and at 0.2 for the monoplane.

The explanation of the lack of pitch-up on the biplane configuration
can probably be found in an examination of the model geometry and the
effects of the flow field behind the forward wing on the loading of the
rear wing. ©OSevere Tip separation would be expected on the forward wing
and an examination of tufts on model A confirmed this expectation. This
loss in load at the tip cannot result in large pitch-up tendencies, how-
ever, since the tip is near the moment center of the configuration. The
rear wing is, in general, in the downwash field of the front wing so
that its angle of attack is generally less than that of the forward wing
and, therefore, it would be expected to stall at a higher model angle of
attack. The vortices shed from the forward wing also contribute a lat-
eral component to the flow over the rear wing which opposes the spanwise
flow in the boundary layer toward the root of the rear wing and, there-
fore, also tends to delay the premature stall usually encountered at the
root of sweptforward wings. The primary factor contributing to the pre-
vention of pitch-up on this configuration, however, is probably a phe-
nomenon similar to that observed for low horizontal talls behind swept-
back wings. Since the center of the principal trailing vortex shed from
a swept wing follows a path approximately parallel to the flow direction,
increases in angle of attack move the center of the vortex and its asso-
ciated large downwash angles progressively farther from the rearmost por-
tions of the rear wing. This variation of downwash angle with angle of
attack permits the rear wing (or a low horizontal tail) to provide a
large stabilizing contribution to the pitching moment.

The 1ift and drag data (figs. 5(b) and (c)) show that the lift-curve

slope is considerably lower and the drag coefficients are considerably
higher for the biplane configuration than would be expected for a monoplane
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swept wing having the same sweep angle and aspect ratio. (See ref. 4.)

These differences are attributed principally to the inefficient airfoil

section and to the aerodynamically poor Junctures at the tips and at the -
wing-fuselage intersections of the model A biplane. Model B, unlike

model A, was designed with smooth junctures and with an efficient air-

foil section. Drag data for model B at 1lift coefficients of 0 and 0.15

are presented in a later section of this paper.

Effective dihedral data 6318 , oObtained from measurements of rolling-

moment coefficients for sideslip angles from -7° to 6° at a Mach number
of 0.8, are shown in figure 6. These data show a low stable value of Cj

of approximately -0.00075 except for lift coefficients between 0.6 and 0.8
where CZB becomes slightly unstable. For this range of 1ift coeffi-

cient, the value of C was positive only for sideslip angles from -40
'

to 40, beyond which a stable slope was observed. Data from reference 5
for a monoplane swept wing having the same sweep angle and aspect ratio
as the biplane wing, on the other hand, show a variation of CZB from O

at zero 1ift to -0.002 at a 1ift coefficient of O.4 and then an increase
to a positive value at a 1lift coefficient of 0.75 followed by a return
to stable values. The small variation of CZB with 1ift coefficient

for the biplane indicates that the variations caused by the sweptback
and the sweptforward wing tend to compensate for each other. It would
be expected that any desirable value of CZB could be attained by the

use of geometric dihedral on the biplane and that this dihedral effect N
would show only a small variation through the lift-coefficient range.

Transonic Tests

The purpose of tests on model B was to determine the drag character-
istics of this type of wing configuration at transonic speeds. The design
of model B was based on the assumption that a large structural advantage
would result from the attachment of the two wings at the tips and, there-
fore, permit the use of airfoil sections having thickness ratios less than
those required for a monoplane swept wing having the same sweep angle and
aspect ratio. An analysis of unpublished data obtained by the Langley
Structures Research Division on stress measurements for a biplane model
similar to the test model shows, however, that stresses in the L-percent-
thick biplane are considerably higher than those in the 6-percent-thick
monoplane used for comparison purposes and that alrfoil sections approxi-
mately 8 to 10 percent thick would be required to provide equal stresses.
The small structural advantage which actually exists for the biplane con-
figuration, therefore, consists of a decrease in the volume of structure
required to provide equal stresses in solid wings. The high stresses in
the L-percent-thick wings made it necessary to limit tests of this model
to low angles of attack.

CONFIDENTIAL -
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Drag coefficients measured at zero 1lift and at a 1ift coefficient
of 0.15 for the model B biplane are presented in figure 7. These data
have been compared with results obtained for a model of a monoplane 45°
sweptback wing that is 6 percent thick and has an aspect ratio of k, a
taper ratio of 0.6, and a body indentation which provided a constant
value of total cross-sectional area from the rear of the body nose sec-
tion to the base (ref. 6). These data show that the drag coefficients
of the L-percent-thick biplane wing at transonic speeds are very nearly
equal to those of the 6-percent-thick monoplane wing at both 1ift coef-
ficients. Although these data appear to indicate a higher value of drag
due to 1ift for the biplane model at subsonic speeds, primarily as a
result of a lower zero-lift drag coefficient, it is believed that the
difference in level of zero-lift drag coefficient between the two con-
figurations is partially a result of probable differences in transition
location on the two test models. In any event, the data obtained on
model B in the present investigation do not cover a large enough lift-
coefficient range to provide an adequate evaluation of drag due to 1lift,
and it would be expected, on the basis of subsonic biplane theory, that
the induced drag of the biplane would be slightly less than that of a
monoplane swept wing having the same span-loading and flying at the sane
speed.

As pointed out previously, the comparison shown in figure 7 is not
a true comparison of the drags of structurally comparable alrplanes
having biplane and monoplane wings and some increase in drag would be
anticipated as a result of using the thicker sections required to make
the stresses in the biplane equal to those in the monoplane. However,
data presented in references 7 and 8 show that, by application of the
transonic area rule, swept wing-body combinations having wing thickness
ratios of the order of magnitude required for the biplane configuration
can be designed to give very low pressure drags at transonic and low
supersonic speeds. For the particular case shown in reference 8, the
minimum drag coefficient was increased by only 0.007 (from 0.012 to 0.019)
by an increase in Mach number from 0.8 to 1.10 for a wing-body combina-
tion having wing thickness ratios which varied across the span from
12 percent to 3 percent. It is likely, therefore, that proper applica-
tion of the area rule can partially compensate for increased drag rise
of the higher thickness ratios of the biplane configuration. Since the
chord of each of the biplane wings is only half that of the monoplane
wing used for comparison purposes, application of the area rule results
in smaller body indentations than those required for the monoplane.
This fact might permit in some cases the use of basic body shapes having
smaller frontal areas for the biplane configuration.

CONFIDENTTIAL
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Additional Design Considerations

In addition to the prevention of pitch-up obtained with this con-
figuration, indications of several other possible advantages can be
found from the geometry of the configuration and from stress measure-
ments. Because of its long forward and rearward length, this wing
arrangement seems particularly suited for use on tailless airplanes;
pitch damping should be high and controls near the root of the rear
wing could provide longitudinal control. The use of high-lift flaps
on the forward wing would require positive elevator loads for trimming
and, therefore, produce increases in trimmed maximum 1ift since most
of the area of the forward wing is ahead of probable center-of-gravity
locations. The effectiveness of ailerons on the rear wing should be
maintained up to very high 1ift coefficients since an examination of
tufts on model A at low speeds showed that the tip regions of the rear
wing remained completely unseparated up to the highest angles of attack
investigated (28°). An examination of deflections occurring in the
structural model investigated shows that the biplane configuration
having airfoil sections 8 to 10 percent thick should provide aeroelastic
distortions smaller than those of the monoplane swept wing having sec-
tions 6 percent thick.

CONCLUDING REMARKS

A preliminary investigation at subsonic and transonic speeds has
been made of the aerodynamic characteristics of a wing-body configura-
tion designated as a swept biplane which is composed of a sweptback and
a sweptforward wing joined at the tips. Results show that a configura-
tion of this plan form prevents the abrupt pitch-up normally encount-
ered on monoplane swept wings. Drag data obtained at 1lift coefficients
of 0 and 0.15 on a biplane configuration having airfoil sections 4 per-
cent thick show that the drag coefficients at transonic speeds are
approximately equal to those of a monoplane wing having the same sweep
angle, aspect ratio, and taper ratio with airfoil sections 6 percent
thick. Measurements of stresses in a similar biplane model, however,
show that the stresses in the L-percent-thick biplane are considerably
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higher than those in the 6-percent-thick monoplane and that the biplane
requires sections approximately 8 to 10 percent thick in order to pro-
vide equal stresses.

Langley Aeronsutical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., December 10, 1953.
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Figure 1.~ Photographs of swept biplane, model A.
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