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SUMMARY

An investigation has been conducted in the Langley 4- by 4-foot
supersonic tunnel to determine the static lateral stability character-
istics of a supersonic aircraft configuration at Mach numbers of 1.L40
and 1.59. The model had a 40° sweptback wing with 10-percent-thick
circular-arc sections normal to the quarter-chord line.

The results of the investigation indicated high directional
stability that decreased with increasing Mach number and positive
effective dihedral that was essentially invariant with 1lift coefficient

and Mach number.

INTRODUCTION

A comprehensive wind-tunnel investigation has been conducted in
the Langley U4- by k-foot supersonic tunnel to determine the stability
and control characteristics as well as the general aerodynamic charac-
teristics of a supersonic aircraft configuration. The model had a wing
with 40O sweepback at the quarter-chord line, aspect ratio U4, taper
ratio 0.5, and 1lO0-percent-thick circular-arc sections normal to the
quarter-chord line.

The longitudinal stability and control characteristics of the model
at a Mach number of 1.40 are presented in reference 1. Pressure meas-
urements over the fuselage of the model are presented in reference 2 for
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a Mach number of 1.59 and in reference 3 for a Mach number of i U
The present paper contains the results of the lateral stability investi-
gation conducted at Mach numbers of 1.40 and 1.59.

COEFFICIENTS AND SYMBOLS

The results of the tests are presented as standard NACA coef-
ficients of forces and moments. The data are referred to the stability-
axes system (fig. 1) with the reference center of gravity at 25 percent
of the mean aerodynamic chord.

The coefficients and symbols are defined as follows:

Cq, 1lift coefficient (Lift/qS where Lift = -Z)
Cx longitudinal-force coefficient (X/qS)

Cy lateral-force coefficient (Y/qS)

Cy rolling-moment coefficient (L/gSb)

Gy pitching-moment coefficient (M'/qST)

G yawing-moment coefficient (N/aSb)

Z force along Z-axis, pounds

X force along X-axis, pounds

Y force along Y-axis, pounds

L moment about X-axis, pound-feet

M' moment about Y-axis, pound-feet

N moment about Z-axis, pound-feet

q free-stream dynamic pressure, pounds per square foot
M Mach number

S wing area, square feet

b wing span, feet
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ol

b/2
wing mean aerodynamic chord, feet g-df c2dy

0

(5 airfoil-section chord, feet

y distance along wing span, feet

a angle of attack of fuselage center line, degrees

i stabilizer incidence angle with respect to fuselage center line,
degrees

s angle of yaw, degrees

CYW lateral-force parameter, rate of change og lateral-force coef-
ficient with angle of yaw, per degree (S%Z>

CZW effective-dihedral parameter, rate of change of rolling-moment
coefficient with angle of yaw, per degree <§E%>

oV

an directional-stability parameter, rate of changg of yawing-moment

coefficient with angle of yaw, per degree S@E

rate of change of effective-dihedral parameter with 1lift coef-

MODEL AND APPARATUS

A three-view drawing of the model is shown in figure 2, and the
geometric characteristics of the model are given in table I. The model
mounted for testing in the tunnel is shown in figure 3.

The model had a wing with L0° sweepback at the quarter-chord line,
aspect ratio U4, taper ratio 0.5, and 10-percent-thick circular-arc
sections normal to the quarter-chord line. The 20-percent-chord flat-
side ailerons having a trailing-edge thickness 0.5 of the hinge-line
thickness were installed on the outboard 50 percent of the wing semi-
spans. The wing was at a 3° incidence angle with respect to the fuselage
center line.
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The model was mounted on a sting support and its angle in the
horizontal plane was remotely controlled in such a manner that the model
remained essentially in the center of the test section. With the model
mounted so that the wings were vertical, tests could be made through an
angle-of-attack range (see fig. 3(a)). With the model rotated 90° (wings
horizontal), the angle-of-attack mechanism was used to provide angles of
yaw. (See fig. 3(b).) A straight sting was used for pitch tests at
Zero gaw and yaw tests at zero angle of attack while stings having 20
and 6° bends were used for pitch tests at 3° and 6° yaw and for yaw tests
at 3° and 6° angle of attack.

The stabilizer angle could be remotely controlled by means of an
electric motor located within the fuselage of the model.

Forces and moments on the model were measured by means of an
internal six-component strain-gage balance. Some details of the balance
and support system are included in reference 1.

The tests were conducted in the Langley U4- by 4-foot supersonic
tunnel which is described in reference 2.

TESTS

Test Conditions

The test conditions are summarized in the following table:

Mach DU e e Dew point Dt Reynolds number
ETBET pressure temperature (°F) pressure (based on <)
(atm) (°r) (1v/sq ft)
1.40 0.25 110 =30 229 600,000
1.59 NED) 110 -35 223 575,000

tude is not known.

Corrections and Accuracy

Calibration data for the Mach number 1.40 nozzle are presented in
reference 3 and for the Mach number 1.59 nozzle in reference 2.

‘ No corrections due to sting interference were applied to the data.
Though it is believed that the sting effects are small, the exact magni-
Some repeat runs made with various bent stings showed
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excellent agreement and indicated that whatever sting effects exist are
independent of whether the sting is bent or straight. Base-pressure
measurements at a Mach number of 1.59 indicated a drag correction that
was within the accuracy of the scale readings for the low angles of
attack. For the angle-of-attack range from 4° to lOO, the correction
would result in a drag reduction of about 1 percent. Since the maximum
sting deflection under load was within the accuracy of the angle measure-
ments, no angle-of-attack or yaw correction was required.

The maximum uncertainties in the aerodynamic coefficients due to
the balance system are as follows:

PRI St « v v e v v v s e momom owmw e owd S AL ONEOR
PR L, . o o v e s v s e e s s s e sl aladiulie OGO
RRAEE IS 0.8, o h o Tl v e e s e e e em e ws e e Eie o S0SG0IG
PR o s o o o e e e 0w e e e @ s @ e detied v UL GOORS
UMMM ol o o o 5 = 5 5 = o 5 5 © & s & & @ 8wk 5% 5 AOVICOLL
BRECE . o ¢ o o 0w o b ow s w e s s e w s el alials 5ot 000000

The accuracy of the angle of attack was about 0.05°, the tail
incidence about #0.10°, and the dynamic pressure about 0.25 percent.

The variation in Mach number in the vicinity of the model due to
flow irregularities is about #0.0l1. At a Mach number of 1.40 (refer-
ence 3), the flow angularity in the horlzontal plane is about 0. 2° and
in the vertical plane, about O. 27 to =0, ll At a Mach number of 1. 59
(reference 2), the flow angularity in the horlzontal plane is about 0¥
to 0.20° and in the vertical plane about 0.30° to 0°. Tests made with
the model in the horizontal and in the vertical positions but at the
same attitude showed excellent agreement indicating the effect of stream
irregularity to be negligible.

Test Procedure

Tests were made through a yaw range up to 10° at angles of attack
of 0° and 6° at M = 1.40 and at angles of attack of 0°, 3°, and 6°
at M = 1.59. Tests were made through an angle-of-attack range up to 10°
at sngles of yaw of 0° and 6° at M = 1.40 and at angles of yaw of 09,
39 &nd 6% a8t M = 1.59,

Tests with the horizontal and vertical tails removed were made
through the angle-of-yaw range at O° angle of attack at M = 1.40 and
at 0° and 3° angle of attack at M = 1.59, and through an angle-of-
attack range at 0° and 30 angle of yaw at M = 1.59.
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RESULTS AND DISCUSSION

The variation of the aerodynamic characteristics with angle of yaw
for the complete model and for the model with the tail off is presented
in figures 4 and 5 for Mach numbers of 1.40 and 1.59, respectively. 1In
general, the variations of lateral-force coefficient, yawing-moment
coefficient, and rolling-moment coefficient with angle of yaw are quite
linear and vary only slightly with angle of attack. There is little
change in 1lift coefficient with angle of yaw and the longitudinal-force
coefficient remains essentially constant since, in the stability-axes
system, the X-axis yaws with the model. The drag force parallel to the
relative wind can be obtained by combining components of the lateral-
and longitudinal-force coefficients in the stream direction. The
pitching-moment coefficient varies slightly with angle of yaw but the

results of longitudinal tests (reference 1 for M = 1.40 and unpublished

results for M = 1.59) indicate that longitudinal trim could be easily
maintained.

The variation of the lateral-stability parameters with Mach number
at zero angle of attack is presented in figure 6 together with the low-
speed values obtained from reference 4. The lateral-force param-
eter CYW at M= 1.40 is approximately the same as that obtained at

low speed for both the complete model and the tail-off configuration.
Since the tail contribution to the lateral-force parameter ACYw- is

about the same, apparently the vertical-tail lift-curve slope at
M= 1.4 is about the same as the low-speed value. At M = 1.59,
CYﬂf is somewhat less for the complete model but about the same for the

tail-off configuration, which probably indicates a decrease in the
vertical-tail lift-curve slope with increasing Mach number.

The directional stability qu[ for the complete model is consider-

ably greater than that obtained at subsonic speeds. With the tail
removed, however, the directional stability is about the same as that
obtained at subsonic speeds. Inasmuch as ACYw- for M = 1.40 corre-

sponds to the low-speed value, the increase in directional stability
probably results from a rearward shift of the center of pressure of the
lateral forces produced by the tail. The directional stability at
M=1.59 is less than at M = 1.40, the decrease being directly propor-
tional to the decrease in ALYy

The rolling moment due to yaw or effective-dihedral parameter CZW

indicates a positive value for the complete model that is about the same
for both Mach numbers. Unlike the subsonic case, all of the positive
effective dihedral is contributed by the vertical tail as shown by the

negative value of Czq! with the tail removed. This negative CZ\V might
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be attributed to the effective change in wing sweep as the model is

yawed which, in this Mach number range, might result in a decrease in
1lift of the advancing wing and an increase in 1ift of the receding wing -
an effect opposite to that experienced at low speeds. Interference
effects between the fuselage pressure field and the upper surface of the
wing might also contribute to the negative effective dihedral in the same
manner as at low speeds. Inasmuch as the vertical tail contributes all
of the positive effective dihedral, it is important to know the effects
of rudder deflection on CZW' Tests made to determine the directional

control characteristics (unpublished results) indicate positive effective
dihedral with controls fixed. However, the variation of C; with ¥ for
zero yawing moment (C, = 0) indicates a dihedral effect that is slightly

negative at M = 1.40 and slightly positive at M = 1.59.
The increment of Cy resulting from the addition of the tail is

greater at M = 1.40 than at low speeds. This probably results from a
shift of the vertical-tail center of pressure toward the tip of the
vertical tail. The tail contribution is less at M = 1.59 by an amount
proportional to the decrease in ACYW’ but little change occures in CZW

for the complete model because of an increase in effective dihedral of the
wing-fuselage combination. The effective dihedral of the wing-fuselage
combination is higher at M = 1.59 than at M = 1.40 because of the
decrease in the rate of change of lift with Mach number and possibly because
of a reduction in fuselage-wing interference effects.

The variation of the lateral characteristics through the lift-
coefficient range for various angles of yaw is shown in figures 7 and 8
for Mach numbers of 1.40 and 1.59, respectively. These data were obtained
using various stabilizer deflections so that the model remained trimmed
in pitch since some data obtained at M = 1.59 for an angle of attack
of 4° and an angle of yaw of 60 indicated slight decreases in ¥, - Chs
and Cj; as the stabilizer incidence was changed from 4° to -10°. This
effect is probably a result of interference between the stabilizer and
vertical tail that would vary as the 1lift of the stabilizer varied. The
increment of rolling moment contributed by the stabilizer would also vary
with the 1ift of the stabilizer. These effects of stabilizer incidence
on the lateral characteristics, although small, were measurable and may
assume greater importance for other configurations. Included in figures 7
and 8 for comparison are values (large symbols) taken from the yaw tests
(figs. 4 and 5) wherein the model was mounted with the wings in a hori-
zontal plane. The conformity of the data is an indication of the small
effect of changing the sting and of the tunnel flow angularity on the
test results.

The variation of the lateral-stability parameters throughout the
lift-coefficient range as obtained by cross-plotting from figures T
and 8 is presented in figure 9. The symbols appearing in figure 9
represent values measured from the yaw tests (figs. 4 and 5) and are
included for comparison. The lateral-stability parameters for both Mach
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numbers vary only slightly through the trim-lift-coefficient range which
extends from about CL A0 awo) CL ~ 0.37. (The 1lift curves for both

Mach numbers are given in figure 10.) Tail-off characteristics through
the 1ift range were obtained only at M = 1.59.

For the complete model, the slight decrease in CY| and an with

increasing 1lift coefficient (fig. 9) may result partly from a blanketing
effect of the wing and fuselage on the vertical tail and partly from
interference between the stabilizer and vertical tail. There is little
change in CYW and an with 1lift coefficient for the model with the
tail off.

The slight variation of CZllr with 1ift coefficient for both the com-

plete model and the tail-off configuration is in contrast to the increase
usually obtained at low speeds for similar configurations (reference k,
for example). This difference is a result of various effects that cannot
be completely isolated. For the model with the tail off, a negative value
of CIW occurs at C; =0 although the wing has positive geometric

dihedral. As already pointed out, this may be due in part to an inter-
ference effect between the fuselage and wing and to the effective change
in wing sweep as the model is yawed. If the effect of wing sweep is such
that the advancing wing has the lower 1lift-curve slope, it would be
expected that the rate of change of effective dihedral with 1ift coef-
ficient CZ would be negative. However, a slightly positive value
CL
of CIW is indicated by the tail-off data for M = 1.59. This varia-
CL
tion might be influenced by the fuselage itself which should provide a
positive increment of Clw . The effect of positive geometric dihedral
C
L

should also result in a positive increment of CzW . In any case, the
CL

slightly positive value of C for the model with the tail removed

ZWCL

indicates that, in this Mach number range, the increment in CIWC due to
L

the wing alone is small compared with that obtained at low speeds. Instal-
lation of the vertical tail provides a positive increment of Clw and a

negative increment of Clw c in the same manner as at low speeds and
L
the resultant CZWC for the complete model is very low. The slightly
L

higher value of CIW for the complete model at M = 1.40 indicates
CL

that CIW for the tail-off case is probably greater at M = 1.40 than
CL
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at M = 1.59 inasmuch as the negative value of CZWC resulting from
L
the vertical tail should be greater at M = 1.L40.

A comparison of CYW and an at Cy x® O with results of tests
of a similar configuration in the Langley 9-inch supersonic tunnel
(reference 5) is given in figure 11. The Reynolds number for the tests
in the Langley 9-inch supersonic tunnel varies from 410,000 at M = 1.55
to 310,000 at M = 2.32. Results of the present tests indicate a
slightly lower value of CYy and a proportionately lower value of Cny-

Some of the difference is a consequence of a small opening made in the

vertical tail of the present model to permit deflection of the hori-
zontal tail. Tests made with the opening sealed indicated that CY¢

and an, might be increased about 10 percent. Other factors that might
affect the comparison of results are differences in the model mounting,

in the balance system, and in the corrections applied to the data of
reference 5.

The variation of CHQr with Mach number indicates a trend toward

neutral directional stability that probably results in part from a
decrease in the lift-curve slope of the vertical tail with increasing

Mach number.
CONCLUDING REMARKS

Results of the static-lateral-stability investigation conducted at
Mach numbers of 1.40 and 1.59 on a model of a supersonic aircraft
configuration indicated satisfactory lateral and directional stability
characteristics. The model exhibited high directional stability that
decreased with increasing Mach number, and positive effective dihedral
that was essentially invariant with increasing 1ift coefficient and

Mach number.

Langley Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Air Force Base, Va.
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TABLE I.- GEOMETRIC CHARACTERISTICS OF MODEL

Wing:
RS O EREEE I L e e e e s
ASPECEERATION . . o o o s e s s e S e

Sweepback of quarter-chord line, deg 5 ol d n oo ¢
TOPCTBBatIONE o . i . s 0 o 6 6 e e e e e e e
Meandacredynamic chord . . . o o o o o o =
Airfoil section normal to

quarter-chord line . . . . . . . . . 1l0-percent-thick,

BWLEGONASEIIET . . e f e e 6 e e e s s e e e e

Horizontel ‘tail:

BETEEy, E0L IR0 500 G oo oS
Agpeetbiraition . « < & o 5 6 O 6 5o 0 o
Sweepback of quarter- chord llne, deg .

Tzigese Taivalen o F AR S R e SR
PShEROIIIIEEE GLION T o s o o o o e e e e e s e s

Vertical tail:

Area (exposed), sq ft . . . . . e o B
Aspect ratio (based on exposed area and span) . .
Sweepback of leading edge, deg T L B s B
Toaper Patio o . « « s . 2 5 o o

AR "BECtIiON,; FOOL ecee o o o o o o o o ».95

AeBoiilgectlion, Tip . © ¢ o ¢ o @ o 6 . e o6 o e

Fuselage:
Fineness ratio (neglecting canopies) . .

Miscellaneous:
Tail length from ¢/4 wing to ct/b4 tail, ft .

Tail height, wing semispans above fuselage center

line

nlat

. : QCH
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circular-arc
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NACA 65-008
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Relative wind

Figure 1.~ System of stability axes.
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Figure 2.-

Details of model of supersonic aircraft configuration.
Dimensions in inches unless otherwise noted.
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(a) Mounted for pitch tests. a« = -10°; ¥ = 0°,

Figure 3.- Complete model of supersonic aircraft mounted in
the Langley 4- by 4-foot supersonic tunnel.
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Figure L4.- Aerodynamic characteristics in yaw.
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o Complete model
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Figure 6.- Summary of lateral-stability parameters. o = 0°.
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Figure 9.- Variation of the lateral-stability parameters with 1lift
coefficient for Mach numbers of 1.40 and 1.59. Symbols are values
from yaw tests.
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Figure 11.- Comparison of lateral-stability parameters with results from
the Langley 9-inch supersonic tunnel. Cp % O.
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