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SUMMARY

Comparisons have been made of the aerodynamic characteristics of
six wing-body configurations with 45° sweptback wings differing in aspect
ratio and spanwise variations in thickness ratio, with two body shapes.
The results were obtained in the Iangley 8-foot transonlc tunnel for Mach
numbers from O. 80 to 1.10, angles of attack from 0° to 12°, and Reynolds

number of about 1.6 X 106.

The comparisons show that, at subsonic speeds, the favorable effect
of increasing the aspect ratio from 4 to 6 more than offsets any adverse
effects of moderately thickening the inboard sections of a wing as
required to obtain the equivalent structural strength with this higher
aspect ratio. At supersonic test Mach numbers, the favorable effects
of increasing the aspect ratio are about the seme as the adverse effects’
of thickening the inboard sections.

Indenting the body on the basis of the transonic-drag-rise rule for
a wing-body combination that has a wing with thickened inboard sections
leads to a considerably lower drag coefficient at Mach numbers above
approximately 0.90. The effect of indenting the body.becomes increasingly
greater with increasing Mach number and 1lift coefficient. As a result,
above a Mach number of 0.90, the maximum lift-drag ratios are increased
considerably by indenting the body. At the highest test Mach number,
1.10, indenting the body caused an increase in maximum lift-drag ratio
of 22 percent.
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INTRODUCTION

The results of numerous low-speed investigations and exploratory
tests in the transonic speed range have indicated that increasing the
aspect ratio of swept wings leads to increased maximum lift-drag ratios.
Increasing the aspect ratio, however, exaggerates the structural and
aeroelasticity problems. These increased structursl and aeroelasticity
problems can be reduced by increasing the thickness of the wing sections,
but this variation leads to adverse changes in the aerodynamic character- -
istics which may be more important than the favorable effect of increasing
the aspect ratio (ref. 1). One method of obtaining an acceptable struc-
ture and improving the aeroelastic effects without severely compromising
the aerodynamic characteristics is to thicken only the inboard sections.
(See refs. 2 and 3.) Improvements in the aerodynamic characteristics
may also be obtained without important changes in structural weight by
reducing the thicknesses of the outboard sections (ref. 1).

It has been shown in reference I that indenting the body of a wing-
body combination with a swept, low-aspect-ratio wing can result in an
essential elimination of the zero-lift drag rise for the wing near the
speed of sound. The indentation used is such that the axial development
of cross-sectional area normal to the airstream for the combination is
the same as that for the original body alone. A similar indentation has
been shown to reduce greatly the drag rise of a wing with constant thick-
ness and higher aspect ratio (ref. 3). Thus, it was believed that a
significant drag reduction could be obtained with a body indentation as
specified by the'transonic—drag-rise rule for a wing with high aspect
ratio and thickened root sections.

In order to determine the effects of a change in aspect ratio,
alterations of the spanwise variation of section thickness ratio, and a
body indentation in combination with a wing with thickened inboard sec-
tions, a series of wing-body combinations have been investigated in the
Langley 8-foot transonic tunnel. The results obtained at Mach numbers
from 0.80 to 1.10 and angles of attack from 0° to 12° are presented

herein. The Reynolds number of the investigation varied from 1.55 X 106

t0 1.65 x 100. 'Because of the necessity of expediting these data in
view of the performance comparisons, the data have not been corrected
for aeroelastic effects, and care should be taken in analyzing the lift
and moment curves.
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APPARATUS AND METHODS

Tunnel

The tests were conducted in the Langley 8-foot transonic tunnel,
which is a dodecagonal, slotted-throat, single-return wind tunnel. This
tunnel is designed to obtain aerodynsmic data through the speed of sound
without the usual effects of choking and blockage. The tunnel operates
at atmospheric stagnation pressures.

Configurations

Wings.- All except one of the wings tested have 45° sweepback of
the 0.25-chord line, an aspect ratio of 6, a taper ratic of 0.6, and
NACA 65A-series airfoil sections parallel to the body plane of symmetry.
One wing has a maximum section-thickness ratio of 6 percent from root to
tip. This wing will be referred to as "the higher-aspect-ratio wing"
in the discussion of aspect ratio and as "wing 6 to 6" in the discussion
of effects of variation in spanwise thickness ratio. "Wing 12 to 6" has
a maximum section-thickness ratio of 12 percent at the plane of symmetry,
6 percent at the midsemispan station, and 6 percent at the tip. "Wing 9
to 3" is 9 percent thick at the plane of symmetry and 3 percent thick at
the tip. "Wing 12 to 3" is 12 percent thick at the plane of symmetry,
6.74 percent thick at the midsemispan station, and 3 percent thick at
the tip. The absolute section thicknesses_of these wings vary linearly
between these stations. The plan form and spanwise variations of sec-
tion thickness ratio are presented in figure 1. Another wing differing
from wing 6 to 6 only in that it has an aspect ratio of 4 rather than 6
was investigated and will be referred to as "the lower-aspect-ratio wing."
The plan form of one semispan of this wing is also shown in figure 1.

A1l wings tested had an area of 1 square foot.

Wing construction.- Wings. 6 to 6 and 9 to 3 were made of steel from
the root sections to the tip sections. The basic structure of wing 12
to 6 was made of aluminum and was the same size and shape as wing 6 to 6.
The thickéer inboard sections were obtained with a plastic glove that had
little or no structural strength. The basic structure of wing 12 to 3
was actually wing 9 to 3. The sections from root to semispan were
thickened in & manner similar to that for wing 12 to 6. The wing with
aspect ratio of 4, as was the case for wing 6 to 6, was constructed
entirely of steel.

Body.- The body used in this investigation incorporated a nose
22% inches long and a Zo%u-inch cylindrical afterbody wifh a diameter
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of 3% inches. This body is shown in figure 1 and its ordinates may be

found in reference 4. Wing 12 to 3 was also tested with the afterbody
indented (see fig. l) so that the cross-sectional area removed from the
body at a given axial station is the same as the exposed cross-sectional’
area of the wing at the same station. - The diameters for the axially
symmetric, indented portion of the body are given in table l The axial
area developments of the wings are given in figure 2.

All of the wings were tested on the body center line and incorpo-
rated no incidence, dihedral, twist, or camber.

Sting-support system.- The model was attached to the forward end of
an enclosed strain-gage balance. At its downstream end, the balance was
attached to a stlng with a diameter of 3.13 inches.

Measurements and Accuracy

The average free-stream Mach number was determined to within +0.003

‘from a calibration with respect to the pressure in the chamber surrounding
~the slotted test section.

The measured 1lift, drag, and pitching-moment coefficients had an
accuracy of reproduction of +0.01, +0.001, and +0.002, respectively.

The angle of attack of the model was measured by a pendulum-type
accelerometer mounted in the nose of the model. This instrument, at any
relatively constant temperature, measured angles within +0.02°. Because
of the large temperature changes that occur during tests throughout the
Mach number range, however, the zero of the instrument varied. There-
fore, the readings of this instrument at an angle of attack of O° was
checked by a Selsyn unit, which is insensitive to temperature varistion,
installed at the pivot point of the mechanism that changed the angle of

~attack. The accuracy of this device at this condltlon was +O 05° The

over-all accuracy was +0.10°.
RESULTS

The basic aerodynamic characteristics - angle of attaék; drag

.coefficient, and pitching-moment coefficient - plotted against lift

coefficient for the six wing-body combinations investigated are pre-
sented in figures 3 to 6. The effects of aspect ratio on drag coeffi-
cient, drag due to lift, maximum l1ift-drag ratio, lift-curve slope, and
static-longitudinal-stability parameter are presented in figures 7 to 11,
respectively. The effects of variation in spanwise thickness ratio on

these same variables are presented in figures 12 to 16, respectively.
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The effect of variation in spanwise thickness ratio on the change in
slope of the pitching-moment curve at pitch-up is included as figure 17.
The effects of body indentation on the same variables as those shown for
aspect ratio are presented in figures 18 to 22, respectively. ’

The drag dats obtained for these tests have been corrected to values
that would have been obtained had the entire base of the body been sub-
ject to free-stream static pressure.

The effects of wall-reflected disturbances on the drag results have
been essentially eliminated at all Mach numbers except those near a
value of 1.05. This has been accomplished by displacing the model from
the tunnel center line (ref. 5), using a cylindrical afterbody, and cor-
recting for the base-pressure variations. No results were obtained for
Mach numbers near 1.05.

There are, necessarily, elasticity effects present because of the
different construction materials, aspect ratios, and root-chord thick-
nesses employed. The data, however, have not been corrected in any way
for elasticity. These effects will be considered further in the discus-
sion of results.

In order to facilitate the presentation of the data, staggered
scales have been employed in many of the figures, and care should be
taken in identifying the zero axis for each curve. All references to
wings in the following discussion pertain to data presented for wing-
body combinations. All lift-curve slopes pertain to the linear portion-
of the curves at and just above & 1lift coefficient of zero. All pitching
moments are taken about the 0.25 point of the mean aerodynsmic chord.

All pitching-moment-curve slopes pertdin to an average slope between
1lift coefficients of O and O.h4.

DISCUSSION OF RESULTS
Effect of Aspect Ratio
Drag characteristics.- Results presented'in figure T show that the

drag coefficients for the higher-aspect-ratio wing are lower throughout
the entire test Mach number range for 1lift coefficients up to 0.6.

At a 1lift coefficient of zero, the drag rise near a Mach number
of 1.00 is reduced for the higher-aspect-ratio wing. On the basis of
the results presented in reference L4, the greater part of this reduction
in drag rise may be attributed to the greatly reduced maximum cross-
sectional area and to the more gradual axial distribution of cross-
sectional area. The axial distribution of cross-sectional area for these
two wings may be found in figure 2.
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The favorable effect on the drag coefficient of increasing the
aspect ratio generally becomes more pronounced with increases in 1lift
coefficient, especially at Mach numbers greater than 0.90. For example,
at a 1lift coefficient of 0.4 and a Mach number of 1.00, the drag coeffi-
cient for the wing with aspect ratio of 6 is 25 percent lower than that
for the wing with aspect ratio of 4. This may be attributed to the
effect on the smaller areas of the higher-aspect-ratio wing of the large
shock losses at the root sections and the severe separated flow at the
tip sections (see ref. 6).

A similar study of the effects of aspect ratio has been presented
in reference 7. A comparison of the drag data of the present study with
those of reference 7 shows that the drag rise for the wing with aspect
ratio of 4 occurs at a lower Mach number for the reference data. Results
presented in reference 8 indicate that this earlier drag rise is due
primarily to the different body used for the reference tests. The dif-
ferences between the subcritical drag coefficients of the present tests
and those of reference 7 are also belleved to be primarily due to the
different bodies used.

Drag due to lift.- The effect of aspect ratio on drag due to 1lift,
presented in figure 8, shows that the higher-aspect-ratio wing has less
drag due to lift throughout the test Mach number range for 1ift coeffi-
cients up to 0.6. Increasing the aspect ratio causes the greatest
reduction in drag due to 1lift at the lower -1lift coefficients. For
example, at a lift coefficient of 0.2 and a Mach number of 1.00, the
reduction in drag due to 1lift caused by increasing the aspect ratio
from 4 to 6 was 28 percent, whereas the reduction at a lift coefficient
of 0.6 and a Mach number of 1.00 was only 12 percent.

The theoretical, ideal, subsonic drag for an elliptic loading is
also presented in figure 8. The subsonic drags due to 1ift for the two
wings tested are more than twice as great as the theoretical values at
1ift coefficients to 0.6. Comparisons of experimental results with the
tangent of the argle of attack divided by the 1lift coefficient (see
fig. 8) indicate that considerable leading-edge suction is still present
at subsonic speeds. At a lift coefficient of 0.2 the curves for drag

tan o

due to lift become slightly greater than the curves. This may

be due to small inaccuracies in the data.at these low drag coefficients.

At a 1ift coefficient of 0.2, the differences in drag due to 1lift
for the two test wings are generally twice as great as the differences
of the theoretical drags. At a 1lift coefficient of 0.4, the differences
are about the same as for the theoretical drags. At a 1lift coefficient
of 0.6, the drag due to lift of the test wings is essentially the same
up to a Mach number of 0.90. '
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Lift-drag ratio.- The maximum lift-drag ratios for the higher-
aspect-ratio wing are greater than those for the lower-aspect-ratio wing
at all test Mach numbers (see fig. 9). At a Mach number of 1.00, the
maximm lift-drag ratio for the wing with aspect ratio of 6 is about
30 percent greater than that for the wing with aspect ratio of 4. Also,
it may be seen from the figure that rapid reduction of the lift-drag
ratio, associated with compressibility effects; has been delayed from a
Mach number of 0.90 to 0.96 with increase in aspect ratio.

Similar effects of aspect ratio are shown in reference T; however,
the maximum lift-drag ratios of reference T are higher and the increase
in the divergence Mach number is only about half as great as that for
the present tests.

Lift characteristics.- Results presented in figure 10 indicate that
a change in aspect ratio from 4 to 6 increases the lift-curve slope
throughout the Mach number range of the investigation; however, the
differences are generally small.

A comparison of the aeroelastic effects on lift-curve slope for two
wings aerodynamically similar to the two test wings (ref. 7) indicates
that the aeroelastic effects of the present higher-aspect-ratio wing are
about twice what they are for the lower-aspect-ratio wing at high sub-
sonic speeds. For example, on the basis of the results of reference T,
taking into account the differences in materials, the lift-curve slope
at a Mach number of 0.90 for the present. lower-aspect-ratio wing would
be reduced by 3 percent as compared with 6 percent for the higher-aspect-
ratio wing. Consequently, if aercelastic effects had been accounted for,
the differences in the lift-curve slopes for the two wings presented
herein at a Mach number of 0.90 would have been 4 percent instead of
1 percent.

Pitching-moment characteristics.- Results presented in figure 11
show that at Mach numbers to 0.90, the aerodynamlc center of the higher-
aspect-ratlo wing is about 6 percent of the mean aerodynamic chord
farther forward than that of the lower-aspect-ratio wing. It can be
shown from the data in reference 7 that these differences are primarily
due to aeroelastic effects of the wing. The curve for the lower-aspect-
ratio wing breaks toward a stable condition at a Mach number of 0.90,
vwhereas this break is delayed, for the higher-aspect-ratio wing, to a
Mach number near 0.95. This delay in the break toward a stable condition
may also be due to some extent to aeroelastic effects. '

The slopes of the longitudinal-stability curves break at slightly
lower Mach numbers for the data presented in reference T; however, the
differences in the Mach numbers for these breaks.caused by increased
aspect ratio are about the same as those obtained for the present tests.
The lower Mach numbers shown for these breaks in the stability curves of
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reference 7, as was the case for the lower drag-rise Mach number, are
caused by the different bodies used for the two sets of tests.

At supersonic speeds, the aerodynamic center for the higher-aspect-
ratio wing continues to shift toward a more stable position up to'a Mach
number of 1.08, whereas the lower-aspect-ratio wing has a constant
aerodynamic-center position above a Mach number of 1.00. It is believed
that if the aeroelastic effects were not present, the higher-aspect-ratio
wing would be more stable than the lower-aspect-ratio wing at supersonic
speeds, especially above & Mach number of 1.0k4.

Below a Mach number of 1.00, the unstable break in the pitching-
moment curve occurs between lift coefficients of 0.5 and 0.6 for both
of the wings (fig. 3(c)). At and above a Mach number of 1.00, the
unstable break in the pitching-moment curve for the lower-aspect-ratio
wing is at an appreciably higher 1lift coefficient than the break for the
higher-aspect-ratio wing. A study of figure 3(c) also shows that, at
subsonic speeds, the pitch-up is more severe with the lower-aspect-ratio
wing; however, at supersonic speeds, the pitch-up is more severe for the
higher-aspect-ratioc wing.

Effects of Spanwise Variations of Section Thickness Ratio

Drag characteristics.- Figure 12 shows that, for the zero-lift con-
dition, the wings with variation in spanwise thickness ratio have higher
drag coefficients throughout the test Mach number range than does the
wing with constant spanwise thickness ratio and thinner root sections.
The drag-rise values for the former wings are also considerably higher
than that for the latter wing. The three wings with varied spanwise
thickness ratio have the same drag coefficients at zero lift throughout
the test Mach number range within experimental accuracies.

At a 1ift coefficient of 0.2, the relationship of the drags of the
wings to each other 1is generally the same as that for the zero-lift con-
dition with two exceptions. At a Mach number of approximately 0.98,
wing 12 to 6 (thicker root and tip sections) has the highest drag coef-
ficient, and at supersonic Mach numbers, wing 9 to 3 (the thinnest root
sectlons) has the least drag of the tapered ~-in-thickness-ratio wings, as
might be expected

At a8 11ft coefficient of 0.4 and Mach numbers between 0.80 and 0.88,
there was little difference between the low-speed values of drag coeffi-
cient for the wings with varied spanwise thickness ratio and the wing with
constant spanwise thickness ratio. At the higher test Mach numbers and a
1lift coefficient of 0.4, the relationship of the drag coefficients of
the four wings was similar to that obtalned at a lift coefficient of 0.2.
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At a lift coefficient of 0.6, the low-speed drag coefficients for
the wings with the thinnest root sections are higher than those for the
wings with thicker root sections. At the higher Mach numbers, the rela-
tionship of the drag coefficients of the wings is similar to that at the
lower 1lift coefficients.

. Drag due to 1lift.- Figure 13 shows that at a lift coefficient of 0.2,
the drag due to lift for the thinner-root wings is generally lower up to
a Mach number of 0.99. Above this Mach number, the wings with the thinner
tips have the lowest drag due to lift. At 1lift coefficients of 0.4
and 0.6, the thinner-root wings have the highest drag due to 1lift at
Mach numbers below about 0.90, but above this Mach number, these wings
have the lowest drag due to 1lift.

Lift-drag characteristics.- The wings with variations in spanwise
thickness ratio have considerably lower maximum lift-drag ratios through-
out the entire test Mach number range than the wing with constant span-
wise thickness ratio, as shown in figure 14. The Mach numbers at which
the rapid decrease in maximum lift-drag ratio occur are considersbly
lower for the tapered-in-thickness-ratio wings than for the constant-
thickness-ratio wing. Figure 14 also shows that the Mach number at
which the rapid decrease in maximum lift-drag ratio occurs for these
revised wings is at least partially dependent on the thickness ratio of
the root and tip sections. Increased section thickness ratio leads to
earlier losses. At the higher test Mach numbers, the value of maximum
lift-drag ratio is also dependent upon the root and tip section
thicknesses.

A comparison of figures 9 and 1k shows that, at subsonic Mach num-
bers, the tapered-in-thickness-ratio wings have higher maximum lift-
drag ratios than does the wing with a uniform thickness of 6 percent
and an aspect ratio of 4. This indicates that at subsonic speeds the '

favorable effect of increasing aspect ratio on maximum lift-drag ratio
 outweighs the adverse effect of the increases in section thickness
ratios required to obtain a structure comparable to that for the lower-
aspect-ratio configuration.. At supersonic Mach numbers, there is little
difference in the values of maximum lift-drag ratios obtained for the
higher-aspect-ratio wings with tapered thickness ratio and the thinner,
lower-aspect-ratio wing. :

Lift characteristics.- The variation of the lift-curve slopes with
Mach number for the four wings shown in figure 15 is approximately the
same. Analysis of the structures of these test configurations, by use.
of the method of reference 7 and other computations not presented, shows
that the general differences in absolute values for.these slopes are
primarily due to aeroelastic effects. This analysis indicates that the
angular deflection at the 80-percent station for wing 9 to 3 is approxi-
mately 1/5 of that for wing 6 to 6. On the basis of this analysis, it
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may be assumed that thé deflections for a wing that tapers from 9 percent
thick to 3 percent thick on an actual aireraft would be much less than
for a 6-percent-thick wing.

Pitching-moment characteristics.- The variations of the position
of the aerodynamic center with Mach number for the four wings presented
in figure 16 are approximately the same. Computations indicate that the
differences in the position of the aerodynamic center for these four
wings are attributable to aeroelastic effects, as were the differences
in the 1ift characteristics.

The severities of the pitch-ups for the four wings tested for varia-
tion in spanwise thickness are shown on figurée 17. At Mach numbers to
approximately 0.94, the wings with the thinnest tip sections have the
most severe pitch-ups, but at higher Mach numbers to the highest test
Mach number, the wings with the thinnest root sections have the most
severe pitch-ups.

Effect of Body Indentation

"Drag characteristics.- The effect of body indentation on drag coef-
ficient at constant 1ift coefficient with wing 12 to 3 is shown in fig-
ure 18. It may be noted in this figure that at zero lift and a Mach
number of 1.00, the theoretical design condition for the indented body,
the indentation eliminates only about 50 percent of the drag rise,
whereas for the wing with aspect ratio of L in reference 4, the drag .
rise was virtually eliminated. The incomplete effect of the indentation
is similar to that noted in reference 9 for an indented body with an
unswept, highly tapered wing, and is believed to be caused by an exces-
sively rapid area development for the body which led to a thickening or
separation of the boundary layer in the region of the indentation. The
absolute effect of the indented body increases markedly with Mach number
to the highest test value, whereas for the wing with aspect ratio of 4
in reference U4 the effect decreased with Mach number.

A particularly important point to be noted in figure 18 is the
effect of body indentation on the drag coefficient. at lifting conditionms.
At a Mach number of 1.00 and a 1ift coefficient of 0.4, the decrease in

drag coefficient caused by indenting the body was about 2% times greater

than the reduction in drag coefficient noted for the zero-1ift condition.
This favorable effect increases with increase in Mach number to the
highest test value. At a lift coefficient of 0.6 this favorable effect
is less than at a lift coefficient of 0.4, for Mach numbers greater

than 1.00. ‘
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At the lower Mach numbers and a lift coefficient of 0.6, indenting
the body increases the drag by as much as 18 percent. This effect is
probably due to a separation of the flow about the indentation.

Drag due to lift.- At low speeds, the drag due to0 1lift with the
indented body is generally higher than with the cylindrical body (see
fig. 19). The drag due to lift 1s generally less with the indented body
than with the cylindrical body at Mach numbers above 0.95. At a 1lift
coefficient of 0.4, which is near the condition for maximum lift-drag
ratio, and a Mach number of 1.00, indenting the body decreased the drag
due to 1ift by almost 16 percent.

Lift-drag ratio.- Up to a Mach number of 0.90, there is no differ-
ence between the values of maximum lift-drag ratio for wing 12 to 3 with
the cylindrical and with the indented body (see fig. 20). At Mach num-
bers greater than 0.90, the wing in combination with the indented body
has maximum lift-drag ratios that are considerably higher than those
obtained with the cylindrical body. This difference amounts to about -
17 percent at a Mach number of 1.00. This effect increases with Mach
number so that, at the highest test Mach number, the maximum lift-drag
ratio for the wing with the indented body is 22 percent greater than
that for the cylindrical body. The indentation also delays the Mach
number at which rapid reduction in lift-drag ratio occurs from 0.90
to 0.95.

Lift characteristics.- Figure 21 shows that, at Mach numbers to
approximately 0.95, the lift-curve slopes for wing 12 to 3 in combina-
tion with the indented body are little different from those for this
wing with the cylindrical body. At Mach numbers above 0.95, the 1lift-
curve slopes for the indented body become greater, and at Mach numbers
between 1.00 and 1.10, the wing with the indented body has lift-curve
slopes that are approximately 10 percent higher than those obtained with
the cylindrical body.

Pitching-moment characteristics.—'The rate of change of the static-
longitudinal-stability parameter de/dCL with Mach number near the

speed of sound for the indented-body configuration is more gradual than
that for the cylindrical-body configuration (fig. 22). Figure 6(c)
shows that indenting the body has little effect on the 1lift coefficient
at which the unstable break in pitching moment occurs. The severity of
the pitch-up is also little affected by body indentation.

CONCLUSIONS

Tests have been pefformed to determine the effects of aspect ratio,
spanwise variation of thickness ratio, and a body indentation on the
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aerodynamic characteristics of a 45° sweptback wing-body combination.
The results of these tests lead to the following conclusions:

1. Increasing the aspect ratio from 4 to 6 leads to reduced drag
coefficients, especially at Mach numbers above 0.90 and for lifting con-
ditions. These effects cause considerable increases in the maximum
lift-drag ratios. Increasing the aspect ratio also delays the Mach num-
ber at which the rapid reduction in maximum lift-drag ratio occurs due
to compressibility effects. -

2. Thickened inboard sections, in general, lead to higher drag
coefficients, especially at supersonic Mach numbers. They also lead to
lower lift-drag ratios throughout the transonic Mach number range, &s
well as earlier rapid reductions in maximum lift-drag ratios. Thinning
the tip sections improves the maximum 1ift-drag ratios slightly.

. 3. At subsonic speeds, the favorable effect on drag characteristics
of increasing the aspect ratio more than offsets any adverse effects of
moderately thickening the inboard sections of a wing, as required to
obtain the desired structural strength with this higher aspect ratio.

At supersonic test Mach numbers, the maximum lift-drag ratios for a wing
with aspect ratio of 6 and moderately thickened inboard sections are
about the same as thosé obtained for a wing with aspect ratio of L.

4. Indenting the body leads to considerably lower drag coefficients
at Mach numbers above approximately 0.90. The effect of indenting the
body becomes increasingly greater with increasing Mach number and 1lift
coefficient. As a result, above a Mach number of 0.90 the maximum 1ift-
drag ratios are increased considerably with increasing Mach number by
indenting the body. At the highest test Mach number, 1.10, indenting
the body caused an increase in maximum 1lift-drag ratio of 22 percent.

S. Aspect ratio, variations in spanwise thickness ratio, and.body
indentations have only small effects on the variation of lift-curve
slope and aerodynamic-center position with Mach number.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va.
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TABLE I

ORDINATES FOR INDENTED PORTIONS OF THE BODY

Axial distance from Fuselage diameter,
leading edge of wing, in. . in.

1.267 , A 3.750
2.000 3.740
2.500 3.584
3.000 3.426
3.500 3.300
4.000 3.184

- 4.500 3.080
5.000 2.998
5.500 2.950
6.000 2.938
6.500 2.938
7.000 2.970
7.500 3.060
-8.000 3.146
8.500 3.210
9.000 3.260
9.500 3.300
10.000 3.332
10.500 . 3.360
11.000 ‘ 3.390
11.500 3.416
12.000 3. 444
12.500 3.466
13.000 - 3.496
13.500 3.520
14.000 3.54%
14.500 3.570
1 15.000 3.596
15.500 3.620
16.000 3.642
16.500 3.666
17.000 3.690
17.500 3.710
- 18.000 3.722
18.500 ' .. 3.738
19.000 .- 3.748
19.500 3.750
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Figure 3.- Concluded.



NACA RM 15212601

20

*0'9 ‘oigBa 309dswe £9°0 ‘o1gma

JodBq mom: ‘s1oeqdeang *d19 9y3 9® queoxad 9 pur usdsTwWas 9Y3 3B

Jusdxsd g 03 paxedey Axjsumhs Jo aueTd sy3 98 SSAUNOIYY quaoJad-zT JoO

- SUQT309S TTOJIT® SITILS-YG9 VOVN UITA UOTFBUTqUOD ApOQ-JuIm B JO SOTQST
—I9398I8YD JOTWBUAPOIS® aY3 JO JUSTOTIIS0D 3ITT UITM UOTYBTIBA -4 oanST4

"3oB338 JO STuy Amv‘

.19 quarygeod 1

T T e 9o o o &
o__1._ £Q | 2O | 001 | 8" | gt | 06 | S8 omMWs_ .oA
e AT T T I TAIA

| / / AAIA A |/ s

4 ; w\ ananany 2

A AT AT VA A

o y VA W A 1A 1A |/ 4 2

ARARANANAD AN AN

A ATA VY 7 :

ANAVaVayav.ay.avay, 8
iRvinvanmy v y Y

AN ay.EY, ARVIRViRYi|
[ 1/ / AN

h u\\ 4 X\ : ¢\ 21
om 140 ROy ool (67 |se| |oe| |sg:| [08OW

1d




21

‘pInuTiuo) - f oaNITg

*qUSTOTIIo00 Srag (a)

o “yusioyeod 1y _
9 v N. o o o.o o o.o

0 0
ol | 200 [ 201 ] ob1 | 26 | g6 06" | g |o80-n
— VR 4 e
, A T
: g
P aAp.dp nbavaPre

VA
A...,;_
\
\
=

0T ROT oo 1 K o

Ch—
O
o' .
(+0)

16° 06" a8

m<
o
-

NACA RM I52I26b

s & 8
Qo “usioiye0s boag

Q

e




22
24 M=0.80
D
.20 /585
6 /
- I Jpo0
/1]
P
T /1]
04 of 34 95
| Lot /?
£
© O\o80 1/ Er/
£ 4
:é Ov-08s o’/?v ol
5 1 / wan
g o ad
g MSO.QO D A/
£
é, o /7/ J>I.OO
‘_E M=0.95 & L7~V
E_-’ -
Opzoa7 = ‘
=0: ]| voe
Epxea—5<1
Ov1.00 P />’./ ¥ Vot
o |4 /
M=1.02 y4 '11.10
0 7|
. OMelO7 e [ .
o) < ——AJ/ZV’V
M=1.10
: O
—045 0 =2 2 6 8 0

"Lift coefficient, CL

(¢) Pitching-moment coefficient.

-Figure 4.~ Concluded.

NACA RM I52I26b



23

NACA RM I52126b

‘09 ‘otT3Ba q0°dsm f9°0 ‘oryBa IadEy foSh ‘Yosadaang ~d13 suz

38 qusoxad 03 pagadeq Lrjsumls Jo ausTd syy 3® 8sauyoTYy Jusoxad-g Jo

SUOT3098 TIOFITB SITISS~YSY VOVN UITM UOTFBUTqUWOD Apoq-BUIM B JO SOT}ST
-I930BIBYD OTWEUAPOJSB 3Y3 JO QUSTOTIIS00 1ITIT UITIA UOTFBIIBA -°G aInIIJg

"YoB33® JOo °TBuy (®B)

T “uaioyya00 417

Tt e 906 o o &
A 200 | 201 | 001 | & | G& | 06 | S8 |080=W| - o
PEn VIV /T IA
LA VA A A ]
LA A AT T
)4 A VAL .
A 1A 1A A | 4
29202V AN .
A VIV VY Ly
AN 7 w
A4 1L 14 1S ’ /
AT T i N
| [T
myiRyAR Y/ SN ) .
01 [Rorl oo |z6° c6* 06'| ¢8° |08°0:-W
md

bap ‘© ‘¥opy0 Jo 3ibuy



ol

*pPONUTAUO) -G 2anI1Jg

*QUOTOTIIIS00 Fva(d Apv

Ty “wapyge0s 1N

NACA RM I52126b

8’ 9 v 2z 0 0 0 0 0 o) o) 0 2=
100 | 2001 | 001 | 6 | c6 | o6 | sb |ogo-w
0
PN L T D S A e B .
T rg P \L 20
AV 14%

I~
™~
™~
M~
|

8

M
-
N
—
I~
©
O

™~
—
—
B
—
O

Ay “quaidiyyeos bouq

\ T
LA LA Ty T
T .
AN AN ENANARIInyE
/ AR
1] L)
10 O
| / / J | <& [0B0-N

2k

/
5..& No.__w oQL __8_.% 6"

0




NACA RM 152126b

24 ,
M=0.80
T
.20
/ .
16 /}P'&‘f
/.90
A2 .
i
o 11/ /II
04 : s /D I 20
| /]
£ 4
z M=0.80 4 i [/
K] LT
$ 0 ] / / 97
8 “M=0.85
; HE 7&/ Y
: é‘owkoso 7
2 o R NE VIV
S TM=095 [ 2 J 1.00
i

Ovi-oo7 *‘~-~_\v_\\~v< 4 // v /

. N 7102 A
OMe100 // ,
| ~_ 71 vor
Om=io3 \;\ ‘ P i
. T~ A

M=1.07 F\\ i

-04 - \V\\7\ / ‘
RERN
—08, 0 2 . .4, 6 8 .|.o'

Lift coefficient, G

(¢) Pitching-moment coefficient.

Figure 5.- Concluded. .

25



NACA:RM I52126b

26

) * Apoq PSJUSPUT JOJ BIBP 99BOTPUT STOqUAS

@wwwwﬂm f{£poq TBOTJIPUTTAO JOJ BIBD 23BOTPUT STOqWAS UTBTJ °POIUSPUT

pus TBOTIPUTTAD. ‘Apoq f0'9 ‘ofyma 30adss 9 0 ‘orgea xodey ¢ ok ‘oBq

-dsamg °*d1%3 ayz 28 jusdxsd ¢ pus usdsTWes aY3 3B QQmonmm GL'g 0%

pogadey Arjoumks jo susTd ay3 38 9soUNOTy3 3usdgad-z JO SUOT3099

TTOJIT8 SITISS-YG9 VOVN U3TM SUOTRBUIqUOD Lpogq-BUulM Om3} JO SOT3ST
-=JI330BI8YD OTWEUAPOIS® SUF JO JUSTOTII00 3JTT UITM UOTFBTIBA -9 92InITd

*}oe33e Jo aTduy (®)

Ty “yuaoysod |1

ol 8 9" v’ 2 0 0 0 0O © 0 0 0 0 -
or k_WT 201 | 001 | 26" | se | o5 | g8 | ogo-n i
Py A2V A A A
| / \\\ / / \\ ,\\ / \\ .
A A LA V4 A 1L 4
y AR AP AV AV ADAD 404 q
A y. 7\\ A
7\\\. . \\,\w. 4 \\ \N /4 \\ 9
, y A
/A / 4 M 4 .
VARVARARANARVAR/ARY/AY,

/ /- B ol
ARVAN/ANANyinyinyinN, ,
VDAY SV/EY SN IB/EVIRFIS
on| |0 o ool e S6'| |06 |ggf. |080:=W Apoq pajuapu) — — —_

: »E_E _wo:mc_;w -
i t

bap ‘o ‘yoopo jo 3buy




27

NACA RM L52I26b

*PIMUTUO) -'9 AINJTY

.pnmﬂoﬂmmmoo 8eag (a)

T “uanye0d Y

ol g 9 v 7 0 0 0.0 0 0 0 0
o | 201 | 201 |00 | 16" | o6 | 05 | <& [osio-w .

P S
R \v\%m 2 %
X AN .
YAy av e 1
Y SRR AV A _

AR YVANI AV AV J\ 4
Y E A AN AN

JAEARAn AN ayan _
Y WA
IRV Y
AN SN AD AN K AR AN
/ : / _ I / / .

O Y

IR ARy
ANNER AR o0

L AR
| L L] 18] Josoew .
& w % M ; os | ” _>_oon P3IU3PU| — —— !
OF 00 Jaol| oot 1261 | p0q. 1591pU 4

1 | 1 oz

Ao “uaidiyge0d ﬁ.mg



28

[ [ 1 T e
4 f a0
/
16 ?E’ .85
/? )
42 I
7 / f’?}ao
.08 / / |
i
L4 2 195
e VA
0 Ve V1)
N=0.80 e 1
; B e
£ Oy ) 4 /4///,(— 97
g /44’/4?/0 //1,
8 Om=o30 = - A A\J// 77/
T . ' ¢ — /5
§oM—ocs ;F// anvy /)00
i 1
5 TN 1.02
< T NS
OM=o0 i o sy J{,/;» / /; £
ARy
Ovi=ioz $\< N 7//// 5{ o7
hy
0, <§k\—~4——\J{/// /
N=o7 ~! | .// 110
0 #\\K Y/
M=1.10 N \ _ _\\DE_V v
| ‘ ’
~04] A N _;v 7 1
—=2 0 W2 4 6 : -é *

" Lift coefficient, C|_

V‘(c) Pitching-moment coefficient.

Figure 6.- Concluded.

NACA RM L52L26b



NACA RM I52L26b : 29

10+
CL|. A
M~ L~
~ =
6 X ~ -1
09 ™ N — =
N L~ A
\ —
08 : \\ —
|
Aspect ratio : !
o 06 Pe 6
(&)
. -4
E ——
2 N N
2 .05 — ol
“~— L
3 / A PN
[&] I — ] g /
S 04 4 B — ey ’//_/// '
03 AT >
L L
— AT 7 / \
- ]
. L o 4 ] ] | e
02 — v -
‘2 1 L - /
ob=4 L+ 4+ ____,__/,_.,,‘k,
Ol
—
0 - : ||
.76 .80 .84 .88 .92 .96 .00 .04 .08 142

Mach number, M

Figure T7.- Effect of aspecﬁ.ratio on the variation of drag coefficient
with Mach number for several values of lift coefficient.



30

NACA RM I52126Db

32 ~Aspect ratio
6
28 e -
: Tana , \
1 K C 7=
24 m=d S T 120 ZNMY
. I \ \f\ //_—‘l‘z ’// \
20 Ll N T /1 I\
i \ Rans - 1\
.|6 N\ ,// l/
N I /
12 < DRSS
. ' B
~ 7 X aspect ratio _‘\‘
08 C05
L=0.
04 BNE
- Tana
.24 /,_2\\\ _C\L ‘l ///*~\
20 \ N T T TN
St 1= 4~
<~ IG . - 4 \
L
g l2
B | 4 .
g X aspect ratio \
a 08 . C|_=O.ﬂ'
04 :
24 |- L‘— : Tana -
%""::\\§ CL L=
o LN
- \—. v R /
6 1~ i
.2
- ]
™ 7 X aspect ratio \
08 o » :
u *
04 N I |

76 80 84 838 92..96 100 104 108 II2
Mach number,M

Figure 8.- Effect of aspect ratio on drag due to lift.



31

NACA RM I52126b

. s Ioqunu YoEl npﬁ» OT38I
8BJIP-3JTT WWITXBW JO UOTIBTIBA 93} UO 038l 309d8B8 JO 309IIH -*6 oanITJ

W “1equnu yoow

Sl 80l 1202 IO IO N | 96" 26’ 88° +8° Ow,N.
\ I
AN
//I w
AN 1|

+— . - = — |4 |
vy ——— ,

. 5 // \\\

_{oipa Joadsy

| | !

¢l



NACA RM I52126b

32

TJequnu yosW YT
mmo._”m SAIMO-1JTT JO UOTIBTIBA Y3 UO OT38JI 309dS® JO 3093Jd -°OT omITJ

| - W ‘“Jaqunu yopp o |
gl'l 801 O 00’ 96° 26° 88° 8’ 08’
_ 0
TN
g0’
148}
vy — —
9 . 90
Onpi 1oadsy |
. ~— 1 ] , i ) \\\\\\\\H

or

D o
oY




33

NACA RM 152L26b

" J9qUMU YOoBK YITA Jojawered A37TTqe}s-TeuTpnyTIuoT
nuapdwm °U3} JO UOT3BTIBA 3U3 UO OT3BI 309ds® JO 409JJF -°TT oaMBTg

2..;unE:c Yoo

2180l 01 001 96 26° 88" +8°
1 v~
/ T et
~—_ //1
/! /r/
— N @)
N\ 1~ _ Wy e
// l// .
lllfltffliiiy
o —
. 9
01}DJ Joadsyy
| 1 L




3k - NACA RM 152126b

' Drag coefficient, Cp

C
'\ A
09 <] // ad
\ o /
6 _ \\ —= —+
A \\ \ / . //
08 .\ >~ L N » A // ' -
e i . T _ |~ ~ 1 I B
\\ X\ // /_/
_ . e S
Wing
06—+ _ — 6 to6,steel —
o — — — 12 to 6,aluminum
— 9to3 steel - -3 ‘\L:
' —— — — 12 to 3, steel o
05 ' Ml Al N
| Vd 4 |~
AN
> /
04 Al pd
4 —F = gi////’ //
—— ,
. . . ) //;.k‘
l03 N /’, /
_ L= ’:/ >
02 - e /‘; /'////// ~= z-/‘——
d — P — e - — L —
o === ;___,;2 f T
0 g:: e o i By p
0l
. v .. T

, | 1]
(.)76 .80 .84 .88 .92 .96 .00 .04 1.08 112
' Mach number, M
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Flgure 17.- Effect of spanwise taper in thickness ratio on the changing

slope of the pltchlng—moment curve at pltch-up



L0 NACA RM L152126b

10
e
—— : . /
C F—T ~ '
L 1
09 — \\ /
. . { / -
] \ e
08 © — A = 4
— | I I
—>]_ | _|-
07
a —— Cylindrical body
o 06 —— — Indented body
5
(&)
E 05 /
§ // T
e s
S 04 e =
O 4 B IS B B vy =1 7]
03 ‘
/// =
| —1 -~ .
L] —~T ol
02 et —— 1~ I 1
2 | AT 1
T
0 bttt |
Ol
_
o L

.76 .80 .84 .88 .92 .96 .00 1.04 1.08 .12
Mach number, M

Figure 18.- Effect of body indentation on the variation of drag coefficmnt
W1th Mach number for several 1ift coefficients.



bl

NACA RM 152126b
.24 T T T 1
———— Cylindrical body N
— — — Indented body [
.20 / / )
) / \
- ~
e I h // J \
g2
C=0.2
.08 '
24
[a] ]
(& IO
4—;
£ 20 g -
e ' / RN
3 ] 7 \
=16 e — ] d N
g \\"\-~~~__,-—\ s
a _ el
C =04
A2 .
24
\\
20 A e
. N\ ] P 3
\\“\‘*\y// \_/'.///
46
_ - W-
C=0.6 | - I I
1
. 2.76 80 84 88 .92 .96 1.00 1.04 (.08

Mach number,M

Figure 19.- Effect of body indentation on drag due to vlift.
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