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SOME TRANSOMC AND SUPERSONIC DITIAImC STABILITY 

TACTICAL FIGHTER MODEL 

By Robert A. Kilgore 

Eangley Research Center 

Aerodynamic damping and oscillatory stability in pitch and in yaw and the effective- 

dihedral parameter were measured for two configurations of a model of a variable- 

sweep-wing multimission military airplane by using a small-amplitude forced-oscillation 

mechanism. Tests were made at angles of attack from about -5' to 17' at Mach numbers 
from 0.40 to 2.50. The effect of individual model components, tail incidence, and wing- 

sweep angle was investigated. The data a re  presented without analysis. 

INTRODUCTION 

Investigations have been conducted by the National Aeronautics and Space 

Administration to determine the research information necessary to apply the variable- 
sweep-wing concept to a multimission military airplane. A particular variable-sweep- 

wing airplane configuration of interest was conceived to operate from land o r  from ai r -  

craft ca r r i e r s  with a minimum of basic configuration modifications. Configuration A 
was considered to be land based. Configuration B, which was the carrier-based config- 

uration, included such modifications a s  wing-tip exkensions and a shortened fuselage. 

The static aerodynamic characteristics of both land- and carr ier  -based configurations 

have been determined at Mach numbers from 0.50 to 2.86 and a r e  reported in refer-  

ences 1 to 4. 

The tes ts  reported herein were made in the Langley 8-foot transonic pressure 

tunnel and in the Langley Unitary Plan wind tunnel to determine the damping and oscil- 

latory stability in pitch and in yaw and the effective-dihedral parameter at Mach numbers 

from 0.40 to  2.50, Reynolds number was constant at about 10.6 X lo6 per meter at Mach 

numbers from 0.40 to 1,20 and varied from 5.3 X lo6 to 6.0 X lo6 per meter at the higher 

Mach ~iumbers. The angle of attack was varied from about -5' to  17'~, The tests  were 

made at an oseillationx a~nplitude of &out 1, lo by using a forced-aselllation mechanism, 

The seduced-frequency parameter was varied from 0,0034 do 5,6250 in pitch and from 
0,0181 to 0,5144 in yaw, 



A single basic fuselage was fitted with two nose designs and "Lo wing-tip designs 

to form eodigurations A and B, Wing-sweep angles of 2Q0, 5Qo, and 72,5' were used to 

provide the proper wing sweep at the various Mach numbers, The horizontal and verti-  

cal tails, as weal as the wing and the glove, which f a i r s  the wing leading edge into the 

f t i s e l ~ e ,  were removed for certain t e s t s  in order  to determine the aerodynamic contri- 

butions of the individual configuration components. The horizontal tail  was se t  a t  inci- 
dence angles of -10' and -20°, in addition to the basic 0' setting, in order  to determine 
the effect of horizontal-tail incidence on the dynamic stability parameters.  

The resul ts  of this investigation a r e  presented without analysis. All of the data 
a r e  presented graphically and in tabular form. 

SYMBOLS 

Measurements and calculations for  this  investigation were  made and a r e  given in 
the International System of Units (SI). Details concerning the use  of SI, together with 
physical constants and conversion factors, a r e  given in reference 5. 

The aerodynamic parameters  a r e  re fer red  to  the body system of axes, a s  shown in 
figure 1, in which the coefficients, angles, and angular velocities a r e  shown in the posi- 
tive sense. These axes originate at  the centers  of oscillation of the models, a s  shown in 
figure 2. The reference dimensions used herein a r e  based upon a sweepback angle of 16' 
for  the outboard wing panel. The equations which were used to  reduce the dimensional 
aerodynamic parameters  of the model to  nondimensional aerodynamic parameters  a r e  
presented in the section entitled, "Measurements and Reduction of Data." 

b reference span (wing span): configuration A, 0.8729 meter ;  configuration B, 
0.9699 meter 

Rolling moment 
rolling-moment coefficient, (see fig. 1) 

qmsb 

Cl;. = - per  radian 

CL = 3 per  radian 
P a@ 

2 c2 eos a! 4- ls. G 
P 2; 

effective-dihedral parameter, per radian 

pitching-moment coefficient, 
Pitching moment 

q ,sc 
(see fig, 1) 



- acm 
C,q 

- - per radian 
a 

Cmq + C, a - damping-in-pitch parameter, per radian 

per radian Cma = --- aa! 

2 
Cma - k Cm4 oscillatory-longitudinal-stability parameter, per radian 

per radian Cmh = 
a (g) 

Yawing moment 
yawing-moment coefficient, (see fig. 1) 

q,Sb 

per radian Cnr = - 

Cnr - Cna cos a damping-in-yaw parameter, per radian P 

= 5 per radian 
C n ~  ag 

2 CnP cos a + k Cni. oscillatory-directional-stability parameter, per radian 

- 
c reference chord (mean aerodynamic chord): configuration A, 0.1253 meter; 

configuration B, 0.1219 meter 

f frequency of oscillation, hertz 

it horizontal-tail incidence angle, degrees 



reduced-frequency parameter, @ in pitch, @ in yaw 
2v 2v 

free-stream Mach number 

angular velocity of model about body Y-axis, rad/sec (see fig. 1) 

free-stream dynamic pressure, ~ / r n ~  

angular velocity of model about body Z-axis, rad/sec (see fig. 1) 

reference area (wing area): configuration A, 0.1009 meter2; configuration B, 

0.1055 meter2 

free-stream velocity, m/sec 

body system of axes (see fig. 1) 

angle of attack, degrees or  radians; mean angle of attack, degrees (see fig. 1) 

angle of sideslip, degrees or radians; mean angle of sideslip, degrees 
(see fig. 1) 

leading-edge sweep angle of outboard wing panel, degrees 

angular velocity, 27rf, rad/sec 

A dot over a quantity denotes the first derivative with respect to time. The expres- 
sion cos a appears in the lateral parameters because these parameters are  expressed 
in the body system of axes. 

APPARATUS 

Configurations 

The two configurations used for this investigation a re  similar to those used for the 
static-stability investigations reported in references 1 to 4, except for aft fuselage modi- 
fications necessary for sting clearance. The more important design dimensions of the 
configurations a re  given in figure 2 with additional details given in table I. As previously 
mentioned, the land-based configuration is designated herein as configuration A. Config- 
uration B, the carrier-based configuration, has extended wing tips and a shortened 



fuselage, The configurations have wings at an incidence mgle of I" wi th  respect to the 

body reference axis and have an inboard sweptback wing-chord eAcidension, or glove, wlzich 

provides a conventional swept wing when &he? outer panel is fully swept, In the tow-sweep 

reference position (A = lej0), the wing consisted of an MACA 64A-series airfoil, outboard 
of the pivot point with 0.20 camber, parallel to the free stream, Twin ventral fins were 

fitted beneath the fuselage. The basic configurations consist of fuselage, wings, gloves, 

vertical tail, ventral fins, and horizontal tails at O0 incidence (it = OO). 

The engine inlets were open and the movable inlet wedge set to provide the proper 

inlet a rea  for all test Mach numbers. The inlets led to internal ducts which dumped the 

air into the central sting cavity. The captured a i r  exited around the sting at the base of 

the fuselage. 

The photograph presented a s  figure 3 shows configuration A mounted on the 

oscillation-balance mechanism in the test section of the Langley Unitary Plan wind tunnel. 

Oscillation-Balance Mechanism 

Exploded and assembled views of the forward part of the single-component (pitching 

moment) oscillation-balance mechanism which was  used for this investigation a r e  shown 

in the photograph presented a s  figure 4. 

Since the amplitude of the forced oscillation is small, the rotary motion of an elec- 

t r i c  motor is used to provide essentially sinusoidal motion to the balance through the 

crank and Scotch yoke mechanism. A 1. lo oscillation amplitude was used for all the tests  

reported herein. The oscillatory motion is about the pivot axis, which is located at the 

model station corresponding to the proposed center -of -gravity location of the conf igura- 

tion being tested. 

The strain-gage bridge used to measure the torque required to oscillate the model 

is located between the model-mounting surface and the pivot axis. This torque bridge 

location eliminates the pivot-friction characteristics from the model system and thereby 

eliminates the need to correct the data for varying pivot friction associated with changing 

aerodynamic load. Although this bridge is physically forward of the pivot axis, all torques 

a r e  measured with respect to the pivot axis. 

The mechanical spring shown in figure 4 is installed between the model-mounting 

surface and the fixed sting. The strain-gage bridge, which is attached to the mechanical 

spring, is used to determine the amplitude of the model angular displacement with respect 

to the fixed sting. The mechanical spring allows the model system to be oscillated at 

velocity resonance, Mthough the configurations may be oscillated at frequencies from 

about 1 to 30 hertz with the forced-oscillation balance, as mentioned in reference 6, the 

damping coefficient i s  obtained n ~ o s t  accurately by operating at velocity resonance, 



Wind '@unnels 

Two wind tunnels were used to obtain the data presented herein, Both tunnels are 
equipped for control of relative humidity and total temperature of the air in the tunnel irm 

order  t c  minimize the effects of condensation shocks and for control of total pressure  in 

order to obtain the test Reynolds number. 

Langley 8-foot transonic pressure tunnel.- The data for Mach numbers from 0.40 

to 1.20 were obtained in the Langley 8-foot transonic pressure tunnel. The tes t  section 

of this single-return closed-circuit wind tunnel is about 2.2 meters  square with slotted 

upper and lower walls to permit continuous operation through the transonic speed range. 

Test-section Mach numbers from about 0.2 to 1.30 can be obtained and kept constant by 

controlling the speed of the tunnel-fan drive motor. The Mach number distribution is 

reasonably uniform throughout the test section, with a maximum deviation from the aver-  

age free-stream Mach number of approximately 0.01 at the higher Mach numbers. 

The sting-support strut is designed to keep the model near the center line of the 

tunnel through a range of sting angle of attack from about -5' to +16O when used with-the 

oscillation-balance mechanism. 

Langley Unitary Plan wind tunnel. - The data for Mach numbers of 1.70, 2.16, and 

2.50 were obtained in test section number 1 of the Langley Unitary Plan wind tunnel. 

This single-return tunnel has a test section about 1.2 meters  square and about 2.1 meters  

long. An asymmetric sliding block, which varies the a r e a  ratio, is used to change Mach 

number from about 1.47 to 2.86. The angle-of-attack mechanism used for this investiga- 

tion has a total range of about 25O when used with the oscillation-balance mechanism. 

Additional details of the characteristics of the Langley Unitary Plan wind tunnel a r e  given 

in reference 7. 

MEASUREMENTS AND REDUCTION OF DATA 

For the pitching tests, measurements a r e  made of the amplitude of the torque 

required to oscillate the model pitch Ty, the amplitude of the angular displacement in 

pitch of the model with respect to the sting 8, the phase angle 7 between T y  and 8, 

and the angular velocity of the forced oscillation w. Some details of the electronic 

instrumentation used to make these measurements a r e  given in reference 8. The 
viscous-damping coefficient in pitch Cy for this single-degree-of-freedom system is 

computed as 

T y  sill q 
C y = -  - 

w 6  



and the spring-lraertia parameter ill pitch is computed as 

where Ky is the torsional-spring coefficient of the system and ly is the momentoof 

inertia of the system about the body Y-axis. 

For these tests, the damping -in-pitch parameter was computed as 

2v  Cmq + Cm;, = - - -2 kY)wind on - ('y)wind off] 
q '$c 

and the oscillatory-longitudinal-stability parameter was computed a s  

Since the wind-off value of Cy is  not a function of oscillation frequency, i t  i s  

determined at the frequency of wind-off velocity resonance because Cy can be deter- 

mined most accurately at this frequency. The wind-off value of Ky - 1 y w 2  is deter- 
2 mined at the same frequency a s  the wind-on value of Ky - l yw  , since this parameter 

is a function of frequency. 

For the yawing tests, measurements a re  made of the amplitude of the torque 

required to oscillate the model in yaw TZ, the amplitude of the angular displacement in 

yaw of the model with respect to the sting q9 the phase angle X between T Z  and qlr, 
and the angular velocity of the forced oscillation w. The viscous-damping coefficient 

in yaw CZ for this single-degree-of-freedom system is computed as 

TZ sin h 
C z =  

and the spring-inertia parameter in yaw is computed a s  

21 cos X 
KZ - ~~w~ = ' 

@ 

where Kz is the torsiond-spring coefficient of the system and PZ is the moment of 

inertia sf the system about the body Z-axis ,  



For these tests, the damping-in-gzw parameter was  co~nputed as 

C,,. - C n j  eos a = - ------ 

and the oscillatory-directional-stability parameter was computed a s  

The wind-off value of CZ is determined at the frequency of wind-off velocity 
resonance, and the wind-off and wind-on values of KZ - ~~u~ a re  determined at the 

same frequency. 

During the yawing-oscillation tests, measurements were made of the amplitude of 
the rolling torque TX induced by the yawing oscillation and the phase angle y between 

T x  and the yawing displacement 9. 

That part of the induced rolling torque in phase with yawing displacement was used 

to compute the following expression for effective-dihedral parameter: 

2 T cos y T c o s y  C c o s a ! + k C  =- 
I6 1: qWSb I' )windon-(  x 9  ) w i n d 0 4  

TX cos y 
The wind-off and wind-on values of 

9 
a r e  determined at the same frequency. 

TESTS 

The dynamic stability parameters in pitch were measured through a range of angle 

of attack with the model oscillating in pitch about the body Y-axis. The oscillation bal- 
ance was rolled 90' within the model to  provide oscillations in yaw about the body Z-=is 

a s  the model was tested through a range of angle of attack. The tests were made at Mach 

numbers from 0.40 to 2.50 at an amplitude of about 1.1' by using a small-amplitude 

forced-oscillation mechanism. Reynolds number was constant a t  about 10,6 X lo6 per 

meter at Mach numbers from 0.40 to 1,20 and varied from 5.3 X lo6 to 6.0 X lo6 per 
meter at the higher Mach numbers, The angle of attack was varied from about -5' to 17". 
The reduced-frequency parameter was varied from 0,0034 to 0,0250 in pitch and from 
0,0181 to 0,1144 in ya-iv, 
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Laieral Results 

- - 

Description Mach numbel, 

Basic 
Basic 
Basic 
Basic 
Basic 
Basic 
Basic 
Basic 

XI 
XI 
XI 

XI1 
m 

XIII 
xm 
XIV 

Aerodynamic damping and oscillatory stability in pitch and in yaw and the effective- 
dihedral parameter were measured for two configurations of a model of a variable-sweep- 
wing multimission military airplane by using a small-amplitude forced-oscillation mech- 
anism. Tests were made at angles of attack from about -5' to 17' at Mach numbers from 
0.40 to 2.50. The effect of individual model components, tail incidence, and wing-sweep 
angle was investigated. The data were presented without analysis. 

Vertical tail and ventral .30E 0 0.40, 0.60, 0.80 9 

fins removed .40E 0 0.60, 0.80, 0.90, 1.70. 2.50 I 10 
.40C 0 0.80, 1.00,1.20,1.70,2.16,2.50 XV 11 

Engine inlets plugged 72.5 .40E 0 1.70, 2.50 XVI 11 

Langley Research Center, 
National Aeronautics and Space Administration, 

Rampton, Va., December 18, 1970. 
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Vertical tail and ventral 

I fins renloved 

0.30E 
.40E 
.40E 
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72.5 
72.5 

Configuration 
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11 
11 

B 

0.60 
0.80, 1.20 
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TABLE I . . GEOMETRIC CWAIZACTEMSTICS OF CONFIGURATIONS 

General 

Oscillation centers: 
. . . . . . . . . . . . . . . . . .  0.30E, distance from nose of model. meter 
. . . . . . . . . . . . . . . . . .  0.40E, distance from nose of model. meter 

Angle-of -attack reference . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Fuselage length. meter . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Wing (based on A = 16O) 

Area. S. meter2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Span. b. meter 

. . . . . . . . . . . . . . . . . . . . . .  Mean aerodynamic chord. E. meter 
Aspect ratio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Taper ratio 
Dihedral angle. deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Airfoil section . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I Vertical tail 

Area. meter2 . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . .  Span. meter 

Tip chord. meter . . . . . . . . . . . . . . .  
Root chord. meter . . . . . . . . . . . . . . .  
Taper ratio . . . . . . . . . . . . . . . . . .  
Aspect ratio . . . . . . . . . . . . . . . . . .  
Leading-edge sweep angle. deg . . . . . . . .  
Trailing-edge sweep angle. deg . . . . . . . .  
Airfoil section . . . . . . . . . . . . . . . . .  
Airfoil thickness/Chord ratio . . . . . . . . .  

1 Horizontal tail 

Area (total). meter2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Span. meter 

Tip chord. meter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Root chord. meter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Taper ratio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Aspect ratio 
Leading-edge sweep angle. deg . . . . . . . . . . . . . . . . . . . . . . . . .  
Trailing-edge sweep angle. deg . . . . . . . . . . . . . . . . . . . . . . . . .  
Dihedral angle. deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Airfoil section . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Airfoil thickness/Chord ratio: 

Root . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Tip . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Conflgurztion A 1 Configuration 9 

Configurations A and B 

0.036 
0.260 
0.038 
0.208 
0.186 

1.88 
57.5 
15.1 

0 
Biconvex 

0.564 
0.577 

Body reference 
line 

0.940 

Configuration A 

0.1009 
0.8729 
0. 1253 

7.56 
0.325 

0 
NACA 64A2XX 

0.489 
0.502 

Body reference 
line 

0.86 5 

Configuration B 

0.1055 
0.9699 
0.1219 

8.91 
0.251 

0 
NACA 64A2XX 

Configurations A and B 

0.0235 
0.151 
0.053 
0.208 
0.255 

2.32 
55.0 
22.0 

Biconvex 
0.04 



TABLE n.- DYNAMIC STABILITY CWARACTERISTICS a PITCH 

O F  BASIC CONFIGURATION A 



TABLE 11. - DYNAMIC STABILITY CHARACTEHSTICS IN PITCH 

OF BASIC CONFIGURATION A - Concluded 

Mach 

number, 

0.80 
0.80 
0.80 
0.80 
0.80 
0.80 
0.80 
0.80 
0.80 
0.80 
0.80 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 

Mean 

angle o f  

atlack, 

a.deg 

0. 
-2.00 
-1.00 
- 0 0 1  

1.00 
1.99 
4.00 
6.00 
8.00 

10.00 
12.00 

0. 
-2.00 
-1.00 
-0.01 

1.00 
2.00 
3.99 
5.99 
8.00 

10.00 
12.00 

0. 
-2.00 
-1.00 

0. 
1.00 
2.00 
4.00 
6.00 
8.00 

10.00 
12.00 

Mach 

number, 

1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.7C 
1.70 
1.70 

2.16 
2.16 
2.16 
2.16 
2.16 
2.16 
2.16 
2.16 
2.16 
2.16 
2.16 
2.16 

2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 

Damping 

parameter, 

Cmq+ Cm& 

per radian 

A ~ 7 2 . 5 ~  

-31.3 
-31.3 
-30.0 
-30.1 
-32.9 
-31.7 
-31.2 
-32.1 
-28.4 
-36.9 
-36.8 

-35.8 
-37.2 
-35.8 
-36.2 
-34.8 
-34.9 
-30.8 
-26.3 
-18.2 
-11.0 
-22.9 

-35.0 
-35.2 
-33.7 
-34.1 
-33.6 
-35.8 
-33.3 
-30.2 
-26.8 
-31.5 
-30.5 

O s c i l l a l o r ~  

Parameter, 
C m m - k e ~ ,  4 
per radian 

;c.g.al  40C 

-0.65 
-0.72 
-0.60 
-0.66 
-0.76 
-0.93 
-1.74 
-1.96 
-2.83 
-2.20 
-2.33 

-0.90 
-1.17 
-0.91 
-0.91 
-1.01 
-1.32 
-2.35 
-2.90 
-4.14 
-3.97 
-3.51 

-1.90 
-2 .OO 
-1.89 
-1.89 
-2.04 
-2.30 
-2.96 
-3.64 
-4.02 
-3.78 
-3.85 - 

Reduced- 

frequency 

k 

.3104 

.01@6 

.0103 

.0104 

.0106 

.0110 
-0125 
.GI29 
.0143 
.0133 
.0135 

.GO92 

.0097 
~ 0 0 9 2  
.0092 
-0094 
.0099 
-0116 
.0124 
.0140 
-0138 
.0132 

.0096 

.0098 

.0096 
,0096 
.0098 
. d l 0 2  
.0111 
.0119 
.0123 
.0120 
.D l21  

Mean 

angle o f  

attack, 

a .  deg 

0.48 
-0.51 

1.48 
2.47 
4.47 
6.47 
8 - 4 6  

16.46 
6.47 
3.48 

1.42 
0.43 

- i . 5 6  
-2.56 
-4.58 

2.41 
3.44 
5.42 
7.43 
9.45 

1 1 - 4 5  
1.45 

1.07 
0.10 

-0.91 
-2.94 
-4.93 

2.09 
3.10 
5.06 
5.79 
9.06 

11.11 
1.C6 

Domping 

parameter, 

Cmq+ 

per radian 

Oscillatory- 

C , ~ - ~ ~ C ,  d 
per 

Reduced 

frequency 
parameter, 

k 

.CC5h 

.OC55 

.CC57 

.CC59 

.CC)63 . ~ n 6 5  . nC65 . CC64 

.CC65 

. re56  

.CC49 

.CC47 

..SC46 
A C 4 7  
.0@49 
.015C 
.C:50 
. o r 5 1  
.PC51 
.a050 
.r)C49 
.en49 

.CC44 

.CG43 

.OC43 

.CC44 

.0C44 

.Or45 

.@C45 

.0'345 

.0045 

.C045 

.CC44 

.PO44 

A=72.5* ---- 
- 3 ~ . 5  
-31.3 
-31.2 
-27.7 
-32.1 
-29.7 
-30.6 
-24.1 
-34.6 
-27.8 

-2d.o 
-22.8 
-24.8 
-2,.6 
-33.7 
-24.1 
-2).1 
-23.1 
-32.0 
-34.2 
-38.5 
-21.4 

-27.1 
-23.6 
-22.0 
-22.4 
-45.0 
-28.1 
-12.7 
-25.4 
-23.2 
-41.8 
-20.7 
-29.2 

; c.g.0 1 0.40E 

-1.98 
-1.87 
-2.17 
-2.42 
-2.98 
-3.20 
-3.13 
-3.09 
-3.16 
-1.98 

-2.10 
-1.83 
-1.68 
-1.77 
-1.97 
-2.16 
-2.14 
-2.28 
-2.28 
-2.24 
-2.C8 
-2.11 

-1.76 
-1.b6 
-1.69 
-1.79 
-1.73 
-1.89 
-1.95 
-1.99 
-1.98 
-2.P2 
-1.81 
-1.78 



TABLE BE, - DPNAWC STABILITY CHARACTERISTICS 

IN PITCH OF BASIC CBNBGURATION A 

WITH it -- -26" 

TABLE IV. - DYNAMIC STABILITY CHARACTERISTICS 

IN PITCH O F  BASIC CONFIGURATION A 

WITH OSCILLATION AXlS AT 0.30E 



TABLE V. - DYNAMIC STABILITY CHARACTERISTICS 

IN PITCH O F  BASIC CONFIGUFtATTON A 

WITH GLOVE REMOVED 



TABLE VI. - DYNAMIC STABILITY CHARACTERISTICS IN PITCH 

O F  BASIC CONFIGURATION A WITH WING AND GLOVE 

REMOVED AND OSCILLATION AXIS AT 0.30E 

Mach 

number, 

0.40 
0.40 
0.40 
0.40 
0.40 
C.4C 
0.40 
0.40 
0.40 
0.40 
6.40 
0.40 

C.60 
0.60 
C.60 
0.60 
C.60 
0.60 
0.60 
0.60 
0.60 
0.60 
0.60 
0.60 
0.63 

C.80 
0.80 
0.80 
0.80 
0.80 
0.8C 
0.80 
0.80 
0.80 
0.80 
C.80 
0.80 

angle of parameter, 

attack. Cmq+ Crnh 

a ,  deg per radian per 

Horizonfal t o i l  on 
-0.01 -22.7 
-2.01 -23.7 
-1.02 -24.4 

1.01 -23.8 
2.00 -24.8 
4.00 -26.9 
6.00 -27.4 
8.00 -27.3 

10.00 -21.8 
12.00 -20.1 
14.CO -22.0 
16.00 -28.6 

0. 
-1.99 -23.9 
-0.99 -22.9 
-0.01 -24.5 

1.01 -23.0 
1.58 -24.4 
4.01 -27.7 
6.01 -28.0 
8.01 -25.2 
9.99 -28.4 

11.95 -30.1 
14.02 -30.7 
15.99 -30.8 

-0.01 -22.2 
-2.00 -24.4 
-0.98 -23.0 

6.98 -24.3 
2.01 -25.9 
4.01 -24.0 
6.01 -29.0 
8.02 -31.3 

10.00 -31.7 
11.99 -34.5 
13.98 -34.7 
15.95 -30.6 



TABLE VII. - DUNAMIC STABILITY CHARPICTERISTICS IN PITCH 

O F  BASIC CONFIGUIRATION A WITH WING GLOVE 

REMOVED AND OSCILLATION AXIS AT 0.40E 





TABLE VIII. - DYNAMIC STABILITY CHARACTERISTICS 

IN PITCH OF  BASIC CONFIGURCBTION A WITH 

HORIZONTAL TAIL REMOVED - Concluded 



TABLE K, - DYNAmC STABILITY CRARACr%'ERES'%16;"S IN PlrI"CH OF 

BASIC COWE'IGVIRATJON A WI'TH ENGINE IN LETS PLUGGED 

TABLE X. - DYNANHC STABILITY CHARACTERISTICS 

IN PITCH O F  CONFIGURATION B 

M 

Mean Damping O~cil latarY- Reduce& 
Mach 

angle of parameter, 
sfability frequency 

number, parameter, parameter, 
attack, Cmq+ Cmh cma-kecm.  

M 9 k 
a ,  deg per radian per radian 

Basic ; A=72.5° ;c.g.at 0 . 4 0 ~  



TABIAE X I ,  - DmAMICI STABILITY CHARACTENSTICS IN YAW 

OF BASIC CONPICUMTION A 



TABLE XI, - DmAMXC STABTLlTY CHARACTERISTICS IN lyAT$4 

OF BASIC CONPIGUMTION A - Coneluded 

number, i Yh Angle of 
attack, 

(1 

I ( deg 1 per radian 1 7 e r  radian ' 1 I -p~er radian-'  I 



TABIAE XI,- D m i W C  STABILITY CH&ACTER%STICS IN YAW 

U P  BASIC CONFIGISRATION A WITH it = - 2 0 ~  

- 
Damping Oscl l la t0r~-  Reduced- Ef  fec f ive-  

Stability frequency dihedral 
parameter,  parameter, parameter, 

a C cos a+k2cni 
C cos +k2c 

"Per radian 
Li 

Angle of E f fec l iwe-  
dihedral 

parameter, 
C cos o +kZc 

loper radian 
Li 



TABkiE XIlI, - D m A m C  STABILITY CHARACTEMSTICS IN YAW 

O F  BASIC CONFIGURATION A WITX it = - 10' 



TABLE XIV. - DYNAMIC STABILITY CHARACTERISTICS 

IN YAW O F  BASIC CONFIGURATION A 

WITH OSCILLATION AXIS AT 0.30E 



TABIAE XV- - B m A W C  STABILITY CHAMCTERISTPCS IN YAK' 

OF  BASIC CBMFIGUIZATION A WITH VERTICAL TML 

A m  VENTME PINS REMOVED 



TABLE XV. - D m A m C  STABILITY CHARACTERISTICS IN YAW 

OF BASIC CONFIGURATION A WITH VERTICAL TAIL 

AND VENTRAL FINS REMOVED - Concluded 



TABLE XVI. - DYNAMIC STABILITY CHARACTERISTICS 

IN YAW O F  BASIC CONFIGURPITION A WITH 

ENGINE INLETS PLUGGED 



TABLE X n .  - DYNAMC STABILITY C H m C T E m S T I C S  IN YAW 

OF BASIC CONFBGURATHON B 

TABLE XVIII. - DVNAmC STABILITY CHARACTENSTICS IN YAW 

OF BASIC CONFIGURATION B WITH VERTICAL TAIL 

AND VENTRAL FINS REMOVED 

a 

deg 

0.80 -0.01 
0.80 -2.01 
0.80 -0.99 
5.80 0. 
0.80 2.01 
C.80 3.99 
0.80 6.OG 
0.80 7.99 
0.80 10.01 
0.80 1Z.tlO 

1.20 0.09 

Damping 

parameter, 
Cn;CnbCOs a 

per radian 

-0.184 
-0.177 
-0.lb5 
-0.162 
-0.188 
-0.179 
-0.178 
-0.180 
-0.193 
-0.206 

-0.212 
-0.275 
-0.238 
-0.213 
-0.194 
-0.202 
-6.197 
-0.198 
-3.266 
-0.287 

1.20 
1.20 
1.20 
1-20 
1.20 
1.20 
1.20 
1.20 
1.20 

-2.00 
-1.01 

3. 
1 9 9  1 3:99 
6.01 
7-98 

10.00 
12.01 

Mach 
number, 

M 

2.16 
1 
2-16 
2.16 
2.16 
2.16 
2.16 
2.16 
2.16 
2.16 
2-16 
2.16 
2.16 
2.16 
2.16 
2.16 

Oscillat0r~- 
Stability 

Parameter, 
C COS rn+kZCni 

'{er radian 
6~72.5~ ; c.g. 

0.091 
0.102 
0.097 
0.091 
0.084 
0.576 
0.085 
0.085 
C.097 
C.106 

0.146 
0.183 
0.155 
0.144 
0.123 
6.105 
0.106 
0.092 
0.123 
0.183 

Angle of 
attack, 

d;g 

1.50 
0.42 

-0.55 
-2.57 
-3.56 

1.43 
2.44 
3.43 
5.45 
7.45 
9.44 

11.43 
13.43 
15.45 
17.41 
1.45 

Damping 

Parameter, 
C{CnbCOs a 

per radion 

-0.123 
-0-162 
-C.O62 
-0.109 
-0.222 
-0.078 
-0.177 
-0.198 
-0.133 
4 . 0 9 6  
-0.098 
-0.117 
-0.006 
-C.014 
-0.049 
-0.076 

Reduced- 
frequency 
parameteg 

a t  0 . 4 0 t  

.0768 

.a787 

.0780 

.C769 

.0757 

.0743 

.G759 
-0759 
.0779 
.0796 

.a649 
-0695 
.0661 
-0647 
.0620 
-0596 
.n596 
.c577 
.0621 
.0692 

OscillatorY- 
stability 

parameter, 
C COS a+keCni 

n$er radian 
A~72.5~ ; 

-0.034 
-0.038 
-0.039 
-0.043 
-0.047 
-0.035 
-0.037 
-0.039 
-0.035 
-0.031 
-0.038 
-0.038 
-0.035 
-0.027 
-0.024 
-0.033 

Effective- 
dihedral 

parameter, 
C cos a +k2c 

"per radian 
L i  

-0.040 
-%024 
-0.032 
-0.039 
-0.057 
-0.068 
-0.089 
-0.096 
-0.125 
-0.146 

-0.051 
-7.034 
-0.041 
-0.059 
-C.068 
-n.c88 
-9.106 
- 0 . 1 ~ 9  
-3.117 
-P.119 

Reduced- 
frequency 
parameter, 

,, 
c.g.af 0 .40F 

.0248 

.0244 

.0244 

.0240 

.0237 
-0247 
.0245 
-0243 
.0247 
.0250 
.a244 
.0244 
.0247 
.0254 
.0256 
.0248 

Effective- 
dihedral 

parameter, 
C cos o + k2c 

'%er radian 
ti 

-0.037 
-0.033 
-0.030 
-0.015 
-0.008 
-0.036 
-0.041 
-0.645 
-0.049 
-0.057 
-0.065 
-0.065 
-0.068 
-0.072 
-0.072 
-0.035 



Figure 1. - Body system of axes with coefficients, angles, and angular 

velocities shown in positive sense, 



\ Gonf ig B 

Figure 2, - Design din~ensiolas of models, 4 1  linear dimensiorzs in meters, (Moment 

center and oscillation axis are at 6.30E for R = 20' and 0,40E for A = 50° and 
'92-5' UBXIPSS otherwise noted.) 



L-63-9974 
Figure 3.-  Photograph of configuration A in test section 

of Langley Unitary Plan wind tunnel. 

L-63-1969.2 
Figure 4, - Photograph of forward part of oscillation-balanee mechanism, 



Figure 5. - Location of three-dimensional roughness. 

- Carborundum grains 

Figure 5. - Location of three-dimensional roughness. 



Can f iguro l /on 
0 k Basic 
Q A Glove removed 
o A Wing ond glove removed 
A A Wing, glove, ond horizonto/ loi/removed 
b A Horizonlo/ foilfemoved 
o A Engine in/ef plugged 
o B Basic 

- k2Cmi 
radian 

02 

k 
I 

o/ 

0 
-4 0 4 8 /2 / 6 - 4  0 4 8 /2 / 6 - 4  0 4 8 12 16 

Mean angle o f  at'fack,~,deg 

Figure 6. - Oscillatory longitudinal stability characteristics of a variable-sweep 

configuration with wing sweep of 20°, oscillation axis at 0,30E, and horizontal- 
tail incidence angle of 0O, 



cmq + cm* 
per radian 

Configurafion 

o A Basic 
r i A W~ng and glove removed 

0 A Wing, glove, and horizonfal fo i l  removed 
A A Horlzonfal lo l l  removed 

2 

1 

0 
Cm0 - k2 Cm4 
per radian -1 

- 2 

-3 

- 4 

Mean angle of  af fack,a,deg 

(a) Mach numbers of 0.40, 0.60, and 0.80. 

Figure 7. - Oscillatory longitudinal stability characteristics of a variable-sweep 

configuration with wing sweep of 50°, oscillation axis at  0.40E, and horizontal- 

tail incidence angle of 0'. 



Corlf/gu?ot/o~l 
0 A Bostc 
n A W1174 and glove removed 

A Horlzot~fol la~/cen~oved 

Cmq + em; 
per radian 

Cmo - kP Cq 
per radian 

.a? 

k Dl 

0 
-4  0 4 8 /2 16-4 0 4 8 I2 16-4 0 4 8 I2 I6  20  

Meon angle of of fack,~, deg 

(b) Mach numbers of 0.90, 1.70, and 2.50. 

Figure '7. - Concluded. 



Cm, + Cmd 
oer rodian 

Configurof ion 

0 A Bosic 
A Horizonfo/ fo i l  removed 

b A Engine inlets p/ugged 
o B Bosic 

1 

0 

-1 
Cm, - kZCmZ, 
per rodian -2 

-3 

-4 

-5 
.02 

k .o/ 

?4 0 4 8 12' 16-4 0 4 8 I2 1 6 -  
Mean angle o faf  fock,a,deg 

Ad = 0.80 M= LOO M=iZO 

(a) Mach numbers of 0.80, 1,00, and 1.20. 

Figure 8. - Oscillatory longitudinal stability char acteristics of a variable -sweep con- 
figmalion with wing sweep of 72.s0, oscillation axis at 0.40e except a s  noted, and 
horizontal-tail incidence angle it of 0O except a s  noted. 



Con figuro tion 
o A Basic 

A it=-20" 
o A Osci//ofion axis of 0.30E 
A A Horizon fa1 to i l  removed 
0 B Horizonfol ta i l  removed 

0 

- 20 
C&q + Cm= 
per rodion 

- 4 0  

- 60 

Cm, - kZCmii 
per rodton 

k 

04 0 4 8 /2 /6 20-8 -4 0 4 8 /2 16 - 8  -4 0 4 8 2 5  
Mean angle of of fock,o, deg 

(b) Mach numbers of 1.70, 2.16, and 2.50. 

Figure 8. - Concluded. 



Con/~gurof~on 
r, A Baslc 
ii A / / - - z o o  
< A i f=- /oo 
i A Ver l /co/  to i l  and ventral f ~ n s  rpmoved 

B Bos/c 

Cnr - cn . cos a P 
per md~an 

Cn cos a+k2Cni 
B 
per radian 

./ 

0 

C cos o+kz Cji 
%er radlan - 

-3 

I 1 1 1  I l l  

--- 

Mean angle afaf fack,a, deg 

Figure 9. - Oscillatory la teral  stability cllaracteristics of a variable-sweep configuration 

with wing sweep of 20°, oscillation axis at  0,30E, and horizontal-tail incidence angle it 
of 0' except where noted, 



Con figurolion 
o A ,3iis/c 
o A Vertical laif and venlrol fins removed 

Cnr- Cn . cos a P 
per radian 

0 

C COS o+ k' cji - I  
'per rodion 

- 2 

-4 0 4 8 12 16 20 
Mean angle of atlack,a,deg 

(a) Mach numbers of 0.60, 0.80, and 0.90. Flagged symbols used for repeat run. 

Figure 10. - Oscillatory la teral  stability characteristics of a variable-sweep configuration 

with wing sweep of 50°, oscillation axis at  0.40F7 and horizontal-tail incidence angle 

of 00. 



C" . cos 0 
P 

' radian 

Con /lQ.umtion 
o A Basic 
o A Verliecll toil on$ ventral tins =moved 

Cn cos a + k2 Cnk 
B 
per radian 

C cosa+kZC 
li 

%er radian 

Mean angle o f  ollock,~,deg 

M =  1.70 M= 2.50 

(b) Mach numbers of 1.70 and 2.50. 

Figure 10. - Concluded. 



Conf~guro/~on 
o A Basic 
o n I,=-zoo 
0 A / / = - / U G  
L A Verttcol f a / /  ond ventral fins removed 
0 B Bosfc 

-4 0 4 8 I2 16 20 
Mean angle of atfark,a,deg 

(a) Mach numbers of 0.80, 1.00, and 1.20. 

Figure 11, - Oscillatory lateral stability characteristics of a variable-sweep eodigura- 

tion with wing sweep of '72.5°, oscillation axis at 00,46E, udess  otherwise noted, and 

borizsmta,l-tail incidence angle it of 0' unless otherwise noted, 

4 3 



cnr - c,, , cos 
P 

per radian 

Cn cos o + k2 Cn, 
$er radian 

c: P Basic 
n A i t = -20 "  

o A / , = - / O m  
A A OsciNolion oxis a/  0 3 0 2  
n A Vertical ta i l  and venlrol fins removed 
n A Engine inlets plugged 
o 8 Verfical to i lond ventral fins removed 

k 

Mean angle of attack, o,deg 

M = / 7 0  M=2 . /6  M = 2 5 0  

(b) Mach numbers of k,7Q, 2-16, and 2,50, 
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