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RESEARCH MEMORANDUM

THE AERODYNAMIC CHARACTERISTICS OF A SUPERSONIC AIRCRAFT
CONFIGURATION WITH A 40° SWEPTBACK WING THROUGH A
MACH NUMBER RANGE FROM O TO 2.4 AS OBTAINED
FROM VARIOUS SOURCES

By M. Leroy Spearman and Ross B. Robinson
SUMMARY

A summary and analysis of results of various investigations con-
cerned with the aerodynamic characteristics of & supersonic. aircraft
configuration through & Mach number range from O to 2.4 have been msde.
The configuration had & wing with 40° sweepback % the gquarter-chord
line, aspect ratio Y4, taper ratio 0.5, and 10-percent-thick circulsr-
arc sections normal to the quarter-chord line.

The results presented include the static longitudinal and latersl
8tability characteristics, the aileron characteristics, and the damping-
in-roll characteristics. First-order estimates were made of some of the
results and these estimates are compared with the experimental results.

INTRODUCTION

During recent years the National Advisory Committee for Aeronsutics
has been engaged in a series of investigestions concerned with the aero-
dynamic characteristics of a supersonic aircraft configuration having a
wing with 40° sweepback at the quarter-chord line, aspect ratio 4, taper
ratio 0.5, end l0-percent-thick circular-arc sections normal to the
quarter-chord line. Various phases of the investigations covering the
subsonic-, transonic-, and supersonic-speed renge from e Mach number
of 0.16 to a Mach number of 2.32 have been performed by using many test
facilities and test techniques (referemnces 1 to 25).

RN, T
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Such an extent of experimental data for one configuration provides
an opportunity for determining the variation of its aerodynamic charac-
teristics through the Mach number range. A fundamental purpose of the
present paper is to bring together the results of the various investi-
gations and to show comparisons of some of the results with first-order
estimates,

Pressure-distribution studies made of the model in the Langley k-
by L4-foot supersonic tunnel st Mach numbers of 1.40 and 1.59 (refer-
ences 21 to 25), although not included in the present paper, mey be use-
ful in interpreting some of the aerodynamic characteristics of the model.

Inasmuch as the model is similar to several flying and proposed
aircraft, a comparison of the filrst-order estimates with the experi-
mental results may be useful in estimating the characteristics of simi-
lar configursastions.

SYMBOLS

The results of the analysls are referred to the stability axis
system (fig. 1) with the reference centers of gravity as indicated in
teble I.

The coefficients and symbols are defined as follows:

Cy, 1ift coefficient (Lift/qS where Lift = -2)
Cp drag coefficient (Drag/qS where Drag = -X)
Cy lateral-force coefficient (¥/qS)

Cy rolling-moment coefficient (L/qSb)

Cm pitching-moment coefficient (M'/qST)

Cn yawing-moment coefficient (N/qSb)

Che, alleron hinge-moment coefficient (Ha/EMaq)
X force along X-axis

Y force along Y-axis

zZ force along Z-axis
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CLy,

moment about X-axis

moment sbout Y-axis

moment sbout Z-axis

aileron hinge moment

moment ares of aileron sbout hinge line
free-stream dynamic pressure

wing span

wing ares

b/2
wing mean aerodynamic chord <% L/n cad%)
(0]

airfoil section chord

distance along wing span

Mach number

alrspeed

Reynolds number bassed on T

angle of attack of fuselage center line, degrees
angle of yaw, degrees

stabilizer incidence angle with respect to fuselage center
line, degrees

aileron deflection in free-stream direction, degrees
effective angle of downwash, degrees

retio of aileron trailing-edge thickness to hinge-line
thickness

11ft-drag ratio (cL/cD)

lift-curve slope (BCLﬁiJ
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stabilizer effectiveness, rate of change of pitching-moment
coefficient with stabilizer incidence angle

downwash factor, rate of change of effective downwash angle
with angle of attack

tail-off aerodynamic-center location, percent <€
neutral-point location, percent .©

lateral-force derivative, rate of change of lateral-force
coefficient with angle of yaw (BCY/BW

directional-stability derivative, rate of change of yawing-
moment coefficient with asngle of yaw (BCn/av

effective-dihedral derivative, rate of change of rolling-
moment coefficient with angle of yaw (BCI/Bw)

rate of change of effective-dihedral with 1ift coefficient,

oCy, \dv
rete of change of rolling-moment coefficient with aileron
deflection (BCZ/BSa)

damping-in-roll factor, rate of change of rolling-moment

coefficient with rolling velocity <§C€/6§%>

wing-tip helix angle, radians (C 7./ c ZP)

rolling velocity, radians per second

rate of change of aileron hinge-moment coefficient with angle

of attack (Bcha/aq>

rate of change of alleron hinge-moment coefficient with
aileron deflection <BCh /35a>

Y
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MODELS AND APPARATUS

Although some minor d&ifferences in the various models were present,
the complete model shown in figures 2 and 3(a) is representative of the
models investigated in the Iangley 300 MPH T- by 10-foot tunnel ("small
fuselage model," reference 1) the Langley 9-inch supersonic tunnel
(model 2, reference 10) the Langley 4- by L-foot supersonic tunnel, and
in one rocket model flight. The wing-flow model was the same except
that only a half-model or semispan model was used (fig. 3(Db)).

The investigations conducted by the transonic-bump method, the wall
reflection-plane method, and in the Langley 9- by 12-inch supersonic
blowdown tunnel were made by using semispan wing-body models in which
the wing plan form was the same as for the basic model although there
were some differences in the body shape and wing locatlion. These models
are shown in figures 3(c), 3(d), and 3(e).

The rocket-model investigation concerned only with aileron charac-
teristics .utilized an RM-5 rocket model equipped with three fins simi-
lar to the wing of the basic model (fig. 3(f)).

Static forces and moments on restrained models were recorded in all
investigations with the exception of the wing-flow tests and rocket-
model tests. The wing-flow tests and complete-model rocket test made
use of the oscillating-model technique; whereas the alleron tests with
the RM-5 rocket made use of the free-rolling model technique. Complete
details of the models, test techniques, test conditions, and accuracy
of results may be found in the reference reports.

RESULTS AND DISCUSSION

A summary of the various sources of experimental results giving
the Mach number and Reynolds number range of each, the model cemter-of-
gravity location, the configuration tested, the reference numbers and
figure number in which the date from these sources may be found, is pre-
sented in tdble I.

When the results from the various sources are compared it should
be kept in mind that there are slight geometric differences between
some of the models as well as varistions in test conditions, accuracy,
and model flexibility. Discrepancies in results that arise as a conse-
quence of model differences and differences due to center-of-gravity
location are, in some cases, apparent although the effects of differences
in wing location and body shape have not been determined.
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Since results were not available throughout the Mach number range
for all of the paresmeters, some estimated variations of the parameters
with Mach number have been included. Although no attempt has been made
to falr the experimental results, some faired curves based on the experi-
mental and the estimated results are presented as possible variations of
the various parameters with Mach number. In some cases, the curves have
been extrapolated into regioms where no data are available.

Iift and Drag Characteristics

The experimentsl 1ift and drag characteristics are presented in
figures 4 to 7 and faired curves summarizing the results are presented
in figure 8.

Iift.- The varistion of 1ift coefficient Cj with Mach number for

various angles of attack is shown in figure k., It is difficult to
establish any trends from the wing-flow results in the transonic range
because of the differences between the two curves. These differences
are generally within the accuracy of the wing-flow technique. The nota-
tions, run 1 end run 2, are used to identify the results of two test
dives for slightly different Reynolds number ranges (see table I). The
bump model was constructed symmetrically and the 1lift values for this
model were corrected for the angle-of-attack difference by adding to
the bump values the 1lift coefficient for a = 0° for the complete
model at M = 0.16, Results from the rocket-model test are shown by
the flagged symbols at o = -4°, -2°, and 0°.

The 1lift summary (fig. 8) indicates that in the subsonic range the
1lift variations with Mach number for constant asngles of attack gradually
diverge and then converge in the supersonic range. The shaded area in
the transonic range indicates a region of estimated uncertainty with
regard to the variation of C; with M.

ILift-curve slope.- The varistion of the lift-curve slope, Clm,

with Mach number is shown in figure 5. The theoretical variation
of CIu shown in the subsonic range was obtained by the use of refer-

ence 26 and represents a compressibility correction for wing alone
applied to the low-speed complete-model experimental results, The theo-
retical variation in the supersonic range is for the wing alone and was
determined by the method of reference 27.

It is difficult to reach any conclusions concerning the lift-curve
slopes in the transonic range since the large differences in the results
from the various facilities mask the effects of Mach number, Reynolds
number, and nonlinear lift variations with angle of attack.
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With the exception of the low-speed results and the results from
the Langley 9-inch supersonic tunnel, all the data presented in figure 5
apply to the model with the thickened trailing-edge aileron (t = 0.5}.
The effect of the thickened trailing edge at low speeds 1s not known.
Transonic-bump results presented in reference 15 show lift-curve slopes
for the basic circular-arc wing that are gbout 15 percent lower than
those for the thickened-profile wing. Wing-flow tests, however, indi-
cated no difference between the basic-wing iift-curve slope and that
for the thickened-profile wing. Results of the tests in the lLangley
4- by L-foot tunnel (reference 20) indicate a slightly higher Clu. for

the thickened profile whereas the tests in the Langley 9- by 12-inch
tunnel (reference 19) indicated no difference between the lift-curve
slopes for the two profiles.

The varietion of Cr, with Mach number (fig. 8) was guided, in

part, by the results of reference 28 which indicates thet, for 35° and
459 swept wings, the lift-curve slope increases smoothly through the
transonic range to a maximum at a Mach number of gbout 0.9 and then
decreases smoothly. The shaded area In the transonic region represents
a region of uncertainty in the lift-curve slope.

Drag.- The variation of drag coefficient Cp with Mach number for

various 1ift coefficients is shown in figure 6. The symbols at M = 0.607
and 0.934% were obtalned from a faired curve of Cp eagainst Cy pre-

sented in reference 14. The dashed line is indicative of the type of
variation of Cp with Mach number near zero lift as shown by reference 1k.
The solid line was cobtained from a rocket-model flight near zero 1ift.
Agreement of the rocket-model results with those from the wall model
below the drag rise is coincidental inasmuch as the wall model did not
have a tail and, as & result, should have. lesg drag than the rocket
model. As pointed out in reference 28, however, “he wing-fuselage drag

at zero 1ift obtained with this wall model is not considered .relisble.

It is interesting to note that the drag obteined at the highest
Mach number for the rocket model (M = 1.36) is in good agreement with
the complete-model drag obtained in the Langley L4- by 4-foot supersonic
tunnel (M = 1.40) despite the large difference in the Reynolds number.

Sufficient drag data were avallable so that the drag for zero 1ift
(fig. 8) may be regarded as having a reasonsble degree of certainty.
The veriation of drag coefficient with Mach number indicates a rather
sharp drag rise through the transonic range begimning at M=z 0.9, with
& peek drag et M x 1.1. In the transonic region, the varistion of the
zero-1ift drag curve was used as a guide in fairing the drag curves for
11ft coefficients other than zero.
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Lift-drag ratio.- The variation of the lift-drag ratio l/D with

Mach number (fig. 7) was obtained from figure 6 for the tunnel tests of
the complete model and the wall tests of the wing-fuselage model. No
L/D retios Tfor the complete model were obtained in the transonic range
since drag results were not avallable for the complete model in this
range except for the rocket tests nesr zero 1lift.

As might be expected, the 1lift-drag ratios shown in figure 8 remain
about constant up to the Mach number for the drag rise and then decrease
through the transonic range in a manner largely due to the drag increase.
In the supersonic range the lift-drag ratios are quite low although a
slight increase in L/D with increasing Mach number is indicated. The
lift-drag ratios shown for Cp = 0.3 are essentially the maximum L/D

ratios obtainable. The low lift-drag ratios at supersonic speeds are
about what would be expected as indicated by the results of references 23
and 24 wherein the L/D ratios for the wing slone at M = 1.59 and 1.40
were calculated by means of linear thecry and compared with experimental
wing-body results.

Longltudinal Stability Characteristics

The experimental longitudinal stability characteristics are pre-
sented in figures 9 to 12 and are summarized in figure 13.

Stebilizer effectiveness.- The variation of the stabilizer effec-
tiveness oCpfdiy with Mach number is presented in figure 9. The theo-

retical variation with Mach number is that due only to the change in the
horizontal-tail lift-curve slope.

The subsconic variation is based on the experimental results
at M = 0.16 and the supersonic variation is based on the experimental
results at M = 1.40. The tail lift-curve slope was assumed to be the
same as that for the wing inasmuch as their plan forms are similar.

As a result the variation of stabilizer effectiveness BCm/Bit
with Mach number (fig. 13) is similar to that shown for Cr, of the

wing. Becsuse of the decreased stabilizer 1ift-curve slope, the stabi-
lizer effectiveness at supersonic speeds is considerably less than 1ts
low-speed value. The shaded area in the transonic range indicates a
region of uncertainty in BCm/Bit as a result of uncertainties in CLn’

Downwash.- The varlation with Mach number of the change of effec-
tive downwash angle with angle of attack J¢€/da” (Tig. 10) was obtained
from tests in the Langley 300 MPH T7- by 10-foot tunnel, tests in the
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Langley L- by b-foot supersonic tunnel, and wing-flow tests. The low-
speed value of ae/Bm near zero 1lift was estimsted by the method of
reference 29. The theoretical values of Be/Bm at supersonic speeds
(obtained from reference 25) account for the downkash of the wing as
well as the downwash of the body.

The downwash variation with Mach number (fig. 13) indicates a
peak value of J¢/da at M = 0.9. This type of variation end pesk
of ae/am was obtained both from the wing-flow tests and from bump
tests of a similar model having the same tall height (see reference 30.)

The effective downwash at supersonic speeds (fig. 13) 1s consid-
erably reduced from its low-speed value.

Tall-off aerodynamic center and neutral point.- The variation of
the tail-off aerodynemic-center location n, with Mach number is shown
in figure 11. Irregularity in the location of the aerodynamic center
shown by the wing-flow and wall results is similar to that shown 1n the
CLm variation.

The test in the Langley 9~ by 12-inch supersonic blowdown tunnel
at M = 1.90 was for a model with a slightly different fuselage and
wing location; however, the results follow the trend indicated by the
results from the Langley 4- by Lk-foot supersonic tunnel.

The variation of the neutral-point location np (center-of-gravity

locetion for neutral stsbility for complete model) with Mach number is

presented in figure 12. The more forward locastion of the neutral point
Indicated by the rocket-model tests at M = 1.34 results in part from

the high Cp  obtained for the rocket model (see fig. 5).

The tail-off aerodynamic center location and the neutral-point
location (fig. 13) shift rearward sbout 25 percent of the mean aero-
dynamic chord from subsonic speeds to supersonic speeds. A slight for-
ward shift indicated in the neutral point nesr M = 0.9 may result from
the rapid increase in effective downwash at the tail for this Mach
number. Aside from the tramsonic range, both the aercdynamic-center
location and the neutral-point location are essentially constant with
Mach number. Although the difference between the aerodynamic-center
location and the neutrsl-point location indicates & nearly constant tail
contribution throughout the Mach number range, it is evident that this
constant tail contribution is a result of compensating changes in

/o1y and de/a.
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Sideslip Derivatives

The experimental sideslip derivatives are presented in figures 14
to 16 and are summarized in figure 17.

Iatergl-force derivative.- The varistion of the lateral-force
derivative Cy, with Mach number is shown in figure 14. The estimated

variation of Cyv with Mach number is thet due only to the change in

vertical-tail lift-curve slope. The subsonic variastion was obtained

by applying a compressibility correction obtained from reference 26 to
the M = 0.16 experimental results. The supersonic variation was based
on the M = 1.40 experimental results with the vertical-teil lift-curve
slope variation with Mach number determined from charts presented in
reference 27. A vertical-tail aspect ratio of 1.5 was used in the lift-
curve-slope estimates. This aspect ratio is that for the exposed verti-
cal tail with a correction obtained from reference 31 to account for

the end-plate effect of the horizontal tail. This end-plate correction
has been used at both subsonic and supersonic speeds in the calculation
of the theoretical vertical-tail lift-curve slopes. It was assumed that
the value of Cy# for the model with the tail off does not change with

Mach number. Theoretical and experimental results indicate this assump-
tion is reasonable for a body of revolution (see reference 32) and the
results of reference 26 indicate that, for the subsonic range, at least,
the varistion of CY# with Mach number for the wing at low 1lift coef-

" ficients would be negligible.

Results from the tests in the langley 9-inch supersonic tunnel
(M = 1.55, 1.90, 2.32; reference 10) were converted from the wind axes
to the stability axes. The results from the Langley 4- by 4-foot tunnel
indicate slightly lower values of CYW than those obtained from the

tests in the Langley 9-inch tunnel. As pointed out in reference 7, some
of this difference is a result of a small opening made 1n the vertical
tail of the Langley 4- by L-foot tunnel model to permit deflection of
the horizontal tail. Tests made with the opening sealed (reference 9)
indicated that CYW might be increased about 10 percent.

The transition of Cyﬁ from subsonic speeds to supersonic speeds

is faired smoothly (fig. 17) since the low aspect ratio of the vertical
tail should result in a smooth varistion of tail lift-curve slope through
the transonic range. At supersonic speeds, of course, the decrease in
CY* with increasing Mach number is a result of a decreasing vertical-

tall lift-curve slope.
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Directional-stgbility derivative.- The varlatlon of the directionsl-
stability derivative an with Mach number is presented in figure 15.

The estimated wvariation of an with Mach number for the complete model

is that due only to the change in the vertical-tail lift-curve slope.
Other factors which have been neglected that could affect the variation
of an with Mach number include changes in the Interference effects

and s possible shift in the tsil center of pressure. The value of Cn*

for the tail-off case was asgsumed to be constant with Mach number. This
assumption is substantiated for bodies of revolution by the experimental
and theoretical results presented in reference 32. Reference 26 indi-
cetes that an for the wing alone might become slightly less stable

at the higher l1ift coefficients.

With regard to the tramsonic results it should be remembered that
the rocket-model center of gravity is farther forward than that for the
tunnel models; hence, the directional stability of the rocket model
should be greater. When correction is made for the difference in center-
of-gravity location the values of an for the rocket model would be

reduced spproximately 15 percent. The difference hetween the results
from the L4- by h-foot tunnel and those from the 9-inch tunnel is caused
by the differences in CYT previously discussed.

The variation of Cn* as shown in figure 17 1s similar to that
for CY# inasmuch as the vertical-tall lift-curve slope is the con-

trolling factor in either case. Of some concern at supersonic speeds
is the trend of Cn* towards zero, or directional instability, for the

complete model. If the tail-off wvalue of an remains the same while

the vertical-tail l1ift-curve slope continues to decrease with Mach
number, the unstable moment of the wing-body combination may eventu=lly
outweigh the stable contribution of the tail.

Effective dihedral derivative.- The varistion of the rolling-
moment-due-to~-yaw or effective dihedral derivative CZ¢ near CL =0

and the varistion of effective dihedral with 1ift coefficient Cz_qr
C
L

with Mach number are shown in figure 16 for the complete model and for
the model with the tail off. Experimental results were available only
from the 300 MPE 7- by 10-foot tunnel tests and the 4- by 4-foot tunnel

tests.
ST



12 SR RACA RM L52A21

The estimated variation of Cz¢ with Mach number for the complete

model is that due only to the change in the vertical-teil lift-curve
slope. The varistion of CZ¢ with Mach number in the subsonic range
C

L
for the model with the tail off was determined by applying a compressi-
bility correction obtained from reference 26 to the low-speed experi-
mental value. Simple estimates of the vertical-tail contribution
to CZW indicate no varlation with Mach number in the subsonic range.
c
L

A large effect of the vertical tail on CZW at Cp=x 0.1 1is

evidenced by figure 17 in that almost all the rolling-moment due to yaw is
produced by the vertical tasill. Opposite to the usual low-speed result,
the effective dihedral of the wing-body combination becomes negative
through part of the supersonic range. It 1s indicated in reference 33
that the effective dihedral for sweptback wings at positive lifts is
positive as long as the wing leading edge is subsonic. At higher Mach
numbers the effective dihedral reduces towards zero.

The trends indicated by CY*: Cp ., 8nd CZ* in the subsonic range

v

are similar to the trends shown in reference 34 for a straight-wing model
in the Mach number range from 0.40 to 0.88.

Aileron Chsracteristics

The experimental alleron characteristics are presented in fig-
ures 18 and 19 and are summerized in figure 20.

Aileron effectiveness.- The aileron effectiveness Czs for small
a

deflections against Mach number (fig. 18) was obtained for two aileron
profiles: the basic circular-arc aileron and the flat-sided aileron
having a ratio of trailing-edge thickness to hinge-line thickness of 0.5.

The low-speed value of CZS was estimated by the use of refer-
e
ence 35 and the theoretical values of Ciyy at M= 1.4 and 1.59 were
a

obtained from reference 20. Although the theoretical values of Czaa

are somewhat higher than the experimental values, the effects of
trailing-edge angle are the same.

T
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The variation of alleron effectiveness with Mach number as summa-
rized in figure 20 indicates the rapid decresse in 016 in the tran-
a

sonic renge and the reversal in effectiveness of the circular-arc profile.
It should be pointed out, however, that these results are for a rigid
wing and ere for small aileron deflections near zero 1lift and that sbove
about L° deflection the effectiveness is positive. Thickening the
trailing edge eliminated the reversal shown by the circular-arc profile
end incressed the effectiveness.

Aileron hinge moments.- The varistion of the aileron hinge-moment
characteristics Cha and. ChSa with Mach number is presented in fig-

ure 19. Iow-speed values were estimeted by the use of reference 36.
The variation of Chy and Cpy  Wwith Mach number (fig. 20) in the
-

subsonic rangé is in accordance with the trends indicated in reference 37.

It is pointed out in reference 37 that, when the tralling-edge angle is

small (corresponding to +t = 0.5), the values of Ch@ and Ch5 usually
a

Increase in absolute masgnitude as the Mach number 1s increased; whereas,
vhen the trailing-edge angle is large (circular-arc) the values of Cha

and ChBa of smooth low-drag alrfoils almost invariably become more

positive. It is not possible, of course, to attribute 811 the variastion
in Chm and Ch5 to changes in Mach number as a large part of the
a

variation may result from changes in the boundary-layer transition point
caused by changes 1n the Reynolds number as the Mach number is increased.
Since it might be expected that the sileron hinge moments would be
especially sensitive to Reynolds number changes, the correlation of
hinge-moment results from the various sources should be used with caution.

Rolling Characteristics

The basic rolling characteristics of the model for both the circuler-
arc and the t = 0.5 aileron asre presented in figures 21 and 22 end are
summarized in figure 23.

Damping-in-roll derivative.- The varistion of the damping-in-roll
derivative Czp with Mach number is presented in figure 21. The only

available experimental data were those obtained at transonic speeds by
using the transonic bump and at M = 1.90 in the Langley 9- by 12-inch
supersonic tunnel. These results (reference 15) were obtained by the
twisted-wing method.

SunEnsuREan.
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The low-speed value of Czp was obtained by the method of refer-
ence 38 and the variation of CZP with Mach number at subsonic speeds

was determined by the use of reference 26. In the Mach number range
from 1.15 to 1.36 the theoretical values of CIP were obtained by the

use of reference 39. The theoretical values of Czp in the Mach number

range from 1.40 to 1.90 were obtained from reference 27. The theoreti-
cal values of Czp are all for the wing alone.

The varistion of CIP with Mach number in the transonic region

(figs. 21 and 23) is indicated to be somewhat different for the wings
with the two profiles. It 1s pointed out in reference 15 that these
differences are probaebly a result of differences in the lift-curve slope
for the two wings and differences 1in the type of separation near the
trailing edge.

Rolling effectiveness.- The variation of the rolling effectiveness

per degree of aileron deflection gg/éa with Mach number is presented

in figure 22. Values for the rocket model in the transonic range were
determined directly from the flight of rolling models. The bump values
in the transonic ,range were determined by use of the experimental CZBa

and CZP values from figures 18 and 21. Tunnel values were computed
from the experimental values of Cj;g5 and the theoretical values of CZP
a

except for the flagged point at M = 1.90 which was determined from
experimental values of both CZB and. CZP‘
a

The reversal of roll (figs. 22 and 23) indicated in the transonic
range for the wing having the circular-arc profile aileron 1s a result
of the reversal in Cjy already discussed. This reversal, as shown in

a

references 12 and 1k, should disappear for deflections above sbout 5,
CONCIUSIONS

An analysis of the results of various investigations concerned with
the aserodyneamic characteristics of a swept-wing supersonic aircraft con-
figuration through a Mach number range from O to 2.4 indicated the
following concluslons:

e -
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1. In the transonic region, the differences in the 1ift and 1ift-
curve slopes obtalned from the various facilities were such that Mach
number or Reynolds number effects could not be evaluated.

2. A reletively sharp drag rise begen near M = 0.9 with a pesk
drag at M = 1.1. The maximum lift-drag ratio at supersonic speeds was
about 3.5 and was in falr sgreement with the theoreticaslly predicted
value.

3. An increase in the static margin occurred through the transonic
range largely as a result of an increase in the longitudinsl stability
of the wing-fuselage combinstion. A constant tail contribution to the
Jongitudinal stability was indicated throughout the Mach number range
although the factors comprising the tail contribution varied widely.

L. The side force due to yaw and the directional stability increased
smoothly at subsonic speeds with increasing speed and decreesed smoothly
at supersonic speeds in a menner mainly due to the variastion of the
vertical-tail lift-curve slope. A trend towards directional instability
was Indicated for higher Mach numbers.

5. Unlike the low-speed effect, the veriation of effective dihedral
with 1ift coefficient in the low supersonic range was quite small, and
there was an indication of reverssal of effective dlhedrel from positive
to negative for the model with the tail off.

6. The effectiveness of the alleron in producing roll was much less
at supersonic speeds than at subsonic speeds with the loss of effective-
ness being somewhat grester than that indicated by theory. The effec-
tiveness of a circular-arc contour aileron reversed in the transpnic
range for alleron deflections of less than 40, Thickening the tralling
edge of the aileron resulted in an eliminstion of the reversal and
increased the rolling effectiveness as well as the hinge moments through-
out the Mach number range. Similar effects of trailing-edge thickness
on the rolling effectiveness snd the hinge moments were indicated by
theory.

Langley Aeronsutical ILsboratory
National Advisory Committee for Aeronsutics
Langley Field, Ve.
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TABLE I.- SUMMARY OF TEST FACILITIES AND RESULIS

c.&.
Source M R (percent ©) Configuration Reference Figure
Iangley 300 MPH Complete model 1 ht t ]
e | 036 |omome | e | Gmeemd |3 | bmrobm,
tunnel »
0.55 360,000
Wing-flow to to 23 Gomplete semlspan 3 %, 5, 9, 10 to 12
1,10 840,000
0.60 5,600,000
Rocket model to to 10,9 Complete model L L to 6, 12 end 15
1.36 11,050,000
Langley b by Y-foot i‘nf;o ﬁog;dono 5 Complete model g’ g kto 7, 9 to 12,
supersonic tumel 1.59 575,000 and components .‘;_0 14 to 16, 18 and 19
. ) -
Langley 9-inch 1.35, 1.0, ';%3’3%‘ bto 7, 12
&y 2-1inc I » 3 )
upersomic o1 eagg. and 25 Complete model 10 14 and 15
. 310,000
0.5 820,000 i
H:Lng-body ,'"1 5: 15: 18
Transonic mp to to 18.3 13
1.15 1,200,000 combination % 19 and 21
0.13 750,000
Wall model to to 18.3 ing-body 1 6, 7 and 11
0.9k 1,118,000
lengley - by Wing alone and wing 19 11, 15, 18
- H 2
.]bE-incb. s@er:c]:.nic 1.9 2,200,000 25 Tody combination 158 15 snd 21
0.53 1,350,000 .
Rolling rocket model to to gf;’mfﬁ:‘l 12 2
1.9 7,450,000
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Figure 3.- Details of models of supersonic aircraft configuration.
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