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TRANSONIC WIND-TUNNEL INVESTIGATION OF STATIC LONGITUDINAL .. & 1"y iiew

AND LATERAL STABILITY AND CONTROL CHARACTERISTICS AND
DRAG RISE OF A REPRESENTATIVE FIGHTER AIRPLANE® *¥*

By P. Kenneth Pierpont
SUMMARY

An investigation was made in the Langley 8-foot transonic tunnel
and the Langley 8-foot transonic pressure tunnel of the drag rise and
the static longitudinal stability characteristics of a model, repre-
sentative of current fighter design, at Mach numbers from 0.6 to 1.43.
Effects of body shape, wing and tail thicknesses, wing camber,
leading-edge flap deflection, and speed-brake locatlion were studied.
Some lateral stability and control data were obtained. The results
showed that longitudinal stability would increase with both angle of

attack and Mach number but that a considerable loss of horizontal-tail
5£l effectiveness near a Mach number of 1.0 would occur. Fuselage modifi-
. cations reduced the drag rise by about 30 percent, improved the trimmed
ke lift-drag ratio nearly 25 percent at 35,000 feet altitude at supersonic
speeds, and substantlally improved the longitudinal-control effective-
ness. Fuselage modifications in conjunction with reductions in wing
and tail thicknesses from about 5.5 percent to 4 percent reduced the
drag rise 50 percent. Deflection of the wing leading-edge flap
increased the lift-drag ratio at subcritical speeds. Use of conical
camber resulted in improvements of lift-drag ratio up to 20 percent
throughout the speed range and caused no trim or stability changes.
The model was laterally stable throughout the test range, and the
effective dihedral generally increased with both Mach number and angle
of attack up to about 6°. Aileron effectiveness decreased above the
critical Mach number by nearly 50 percent at a Mach number of 1.43. A
differentially operated stabilizer provided adequate longitudinal-control
effectiveness but inadequate lateral-control effectiveness. Both speed-
brake installations tested resulted in significant longitudinal-trim
changes throughout the Mach number range.

*The information presented herein was previously given limited
distribution in NACA Research Memorandum SL56I19.

**Title, Unclassified.
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INTRODUCTION

The design of high performance transonic and supersonic aircraft
requires that the entire airplane be considered as an entity in order
to achieve satisfactory drag and stability characteristics. In order
to obtain information which will be useful in the design of new tran-
sonic and low supersonic alrcraft, a model representative of current
fighter design has been investigated in the Langley 8-foot transonic
tunnel and the Langley 8-foot transonic pressure tunnel. Initial objec-
tives of the program were to determine the transonic drag rise and the
static longitudinal stability. OSubsequently, the program included the
investigation of means for reduclng the transonic and supersonic drag
levels and evaluation of some of the lateral characteristics of the
model. In addition, tests were included utilizing several wing and
taill modifications to improve further the potential performance capa-
bilities of the design. Speed brakes were iInstalled and their effec-
tiveness was measured, and a differentially operated stabillizer was
compared with a conventiomal stabilizer and aileron.

The range of Mach numbers for which data were obtained extended from
0.6 to 1.2, and a small amount of information was taken at M = 1.43.
For some configurations, data were obtained at angles of attack or side-
slip to a maximum of about 12°.

NOTATION AND SYMBOLS

All the data, measured with respect to body axes, have been reduced
to standard coefficient form with moments and forces referred to the
stability axes. In the stability system, the Z-axis lies in the plane of
symmetry (fig. 1) and is normal to the relative wind; the Y-axis is nor-
mal to the plane of symmetry; and the X-axis 1s normal to the Y- and
Z-axes. The moment reference was 28.7 percent of the mean aerodynamic
chord.

(1, 1ift coefficient, L_cilgt

Cp ' drag coefficient, Pﬁ%ﬁ

C side-force coefficient, Side force

Y =

Cxs longitudinal-force coefficient, Longitudinal force

as
(cp = -Cxs when B = 0°)

m
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Pitching moment

pitching-moment coefficient, —
asSt

Yawing moment

yawing-moment coefficient,
aShb

Rolling moment

rolling-moment coefficient,
asShb

cross-sectional area, normal to longitudinal axis
wing span
chord of wing parallel to free stream

mean .aerodynamic chord of wing, determined without chord-

b/2
extensions, é'J[\ c2dy
0

model overall length

lift-drag ratlo

Mach number

wing area

Reynolds number, based on mean aerodynamic chord
dynamic pressure

free-stream velocity

distance rearward, either from model nose or reference origin
angle of attack of fuselage reference line, deg
angle of sideslip, deg

deflection of control surface, deg

mass density of air

incidence of horizontal tail relative to fuselage reference
line in plane of symmetry, deg
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iy incidence of wing relative to fuselage reference line in plane
of symmetry, deg

CnB rate of change of Cp with respect to B
CYB rate of change of Cy with respect to B
CZB rate of change of C; with respect to B
CmC rate of change of Cp with respect to Cf
L
CL rate of change of Cp with respect to «
a
CDCL2 rate of change of Cy with respect to CL2
Cm_it rate of change of Cp with respect to iy
CZa rate of change of roll with control-surface deflection
C 1ift coefficient corresponding to (L/D
L(L/D)max /P)nax
LCn increment in drag coefficient
Subscripts:
min minimum
max maximum
i inboard
o outboard
a aileron
n leading-edge flap

b speed brake
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APPARATUS AND MODELS

Wind-Tunnel Equipment

The investigation was conducted in both the Langley 8-~foot transonic
tunnel and the Langley 8-foot transonic pressure tunnel. Both tunnels
incorporate the slotted-throat principle for continuous operation through
the transonic speed range. The transonlc tunnel has a dodecagonal test
section and operates at approximately atmospheric total pressure. The
transonic pressure tunnel has a square test section with slots on the
top and bottom only and may be operated over a range of total pressures.
A description of the transonic tunnel and its alr-flow characteristics
is presented in reference 1. Dlagrammatic sketches of the model mounted
in each of the tunnels are contained in figure 2. Representative Mach
number distributions at the tunnel center line for the transonic pres-
sure tunnel are shown in figure 3 for transonic speeds. When this tunnel
is used to obtain data at M = 1.4, the slots are modified and closed as
described in reference 2. For the slot configuration used in the present
investigation, the average test section Mach number was 1.43.

Angle-of-attack changes were obtained in the transonic tunnel by
rotating the model about a point 77.9 inches downstream of the center-
of-gravity location. A coupling of 10° was inserted in the support
system to maintain the model nearly in the tunnel center for the entire
angle-of-attack range. At maximm or minimum angles of attack, the model
center of gravity was 9.6 inches from the tunnel axis. In the transonic
pressure tunnel the use of a coupling for thls purpose was not required
since the model rotated about a point only 27.9 inches downstream of the
model center of gravity; hence, the maximum vertical displacement was
only 5.8 inches.

Models

The model used for this investigation was designed to be representa-
tive of a current fighter airplane. The wing, located at the top of the
fuselage to permit variable incidence, had a quarter-chord sweepback of
420, and incorporated chord-extensions, a full-length leading-edge flap,
and a combination flap and aileron located inboard. An all-movable hori-
zontal tail and a conventional fin and rudder provided loggitudinal and
directional control, respectively. The quarter-chord sweepback of both
empennage surfaces was 45°,

Basic model.- A three-~view drawing of the basic model 1s shown in
figure 4. For clarity, the model support sting has been shown only in
the top view of the drawing. Inasmuch as the internal strain-gage balance
interfered with the attainment of adequate internal air flow to simulate



the engine operation condition, the inlet was plugged and faired smooth
for the entire investigation. The wing had no camber or twist and uti-
lized an NACA 65A006 root section and an NACA 65A005 tip section. The
tail surfaces were tapered in thickness from 6 percent at the root to

4 percent at the tip. Additional dimensions and details of the basic
model which consisted of fuselage 1, wing 1, and tail 1 are given in
table I. A photograph of the model as it was prepared for testing is
shown in figure 5.

Fuselages.- At the outset of the investigation, it became apparent
that fuselage modification would be required to provide acceptable tran-
sonic and supersonic drag characteristics. Figure 6(a) illustrates the
body changes for which data are reported herein. Lengthening and slen-
derizing both the nose and tall portions of the fuselage constituted
fuselage 2. The configuration designated 3 was obtained by the addition
of bumps to fuselage 2 to improve the longitudinal distribution of cross-
sectional area of the complete model. After the tests of fuselage 3,
another fuselage configuration known as fuselage 4 was tested to deter-
mine whether a number of relatively local shape and area smoothing
changes would significantly affect the transonic drag rise.

The design Mach number for the modifications was 1.2. The curve
representing the average of five cuts through the model was used to deter-
mine the modifications in the manner of reference 5. Approximately half
the area to be added was placed above the wing chord plane and half below
(fig. 6(a)). The representative cross sections on the lower part of the
figure show the basic fuselage to the left and comparisons of the modi-
fications on the right half of each section. At station 19.32, fuse-
lages 2, 3, and 4 were identical. Area distributions normal to the ref-
erence axis of the model are illustrated in figure 7 for the model
equipped with the original wing and tail surfaces. The curves shown
comprise the sum of the fuselage plus wing and tail and are presented
nondimensionally based on the total model length for the four fuselage
configurations previously described and illustrated in figure 6(a).

Tails.- Four tail configurations were tested; the first three
differed only in the stabilizer, whereas tail 4 consisted of a revised
vertical fin as well as horizontal stabilizer. The plan forms of the
three different horizontal tails are shown in figure 6(b). Stabilizers 1
and 2 differed principally in the method or axls of rotation; the former
was swept back 22.50, whereas the latter was normal to the fuselage axis.
Stabilizer 2 was approximately 15 percent smaller in exposed area than
number 1. Stabilizer 3 was obtained by repositioning stabilizer 1 on
top of the fuselage with the intent of improving the structural rigidity
and thereby enable slenderizing of the rearward end of the fuselage.
Stabilizer 4 corresponded in plan form and location to number 2 but had
a uniform thickness of 4 percent throughout. Vertical fin 1 (fig. 4),
used 'with stabilizers 1, 2, and 3, had root and tip thicknesses of 6 and
4 percent, respectively, whereas fin 2 which was used with stabilizer 4

~
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had a constant thickness of L percent. Small, but generally negligible,
physical differences in geometry of the two fin installations were noted
in the long, narrow dorsal fin which were associated with the manner of
fairing the body. The 4-percent-thick vertical fin 2 was used only in
conjunction with the L-percent-thick horizontal stabilizer 4.

Wings.- Two wings, in addition to the basic wing 1, which were tested
on the model are shown in figure 6(c) and table I. Wing 2 had an identi-
cal plan form to that of wing 1, but had a thickness of 4 percent along
the entire span. Relatlive thicknesses of the root sections are illus-
trated at the upper left of the figure. Wing 3 was not equipped with

" leading-edge extensions, but instead incorporated conical camber. The

root section was uncambered and had a thickness of L percent, whereas
the tip section had a camber illustrated in the figure. The forward
part of the warped chord plane of the wing was formed by straight-line
elements from the leadlng edge of the root section to the camber line
at the tip section. The wing section was obtained by wrapping an NACA
65A004 thickness distribution around the warped chord plane. In order
to avoid confusion the 5-percent-thick tip section of wing 1 has been
omitted from the figure.

Speed brakes.- Two speed-brake arrangements were tested and are
illustrated in figure 8. The first consisted of two symmetrically placed
brakes located on the lower part of the fuselage sides near the leading
edges of the wing root. The second configuration consisted of a single,
large brake which had about the same total area as the two forward brakes
combined. The single brake was located on the bottom of the fuselage
rearward of the main landing-gear housing near the wing-root trailing
edge. Bobth arrangements were tested at deflections of 30° and 60° rela-
tive to the local fuselage surface.

INSTRUMENTATION AND METHODS

The model was instrumented with an internally housed six-component
strain-gage balance and pressure tubes to measure the base pressure.
Normally the model was mounted upright in the wind tunnel; however, it
was necessary to rotate it 90° to facilitate sideslip tests. For the
upright position, the angle of attack was obtained by measuring the
support sting angle and correcting this value according to calibratdons
of the sting and balance deflections. The sting angle was measured with
an oil-damped pendulum type of strain-gage attitude indicator. Sideslip
angles for the model upright were determined directly by visual measure-
ment using a cathetometer. Methods to obtain angles of attack and side-
slip were interchanged when the model was rotated 90°. Simultaneous
angles of attack and sideslip were obtained by inserting a fixed coupling




in the support sting in a direction perpendicular to the plane of rota-
tion of the wind-tumnel support sting. All force, pressure, and angle
data were recorded electronically by means of a punched-card system.

TESTS

This investigation was conducted in both the Langley 8-foot tran-
sonic and the 8-foot transonic pressure tunnels. Longitudinal data were
taken at constant Mach numbers at O° sideslip through an angle-of-attack
range limited at its upper end by balance loads. ©Some lateral tests were
made at fixed nominal angle of attack while the sideslip angle was varied;
other lateral tests were made at fixed nominal angles of sideslip while
the angle of attack was varied. A summary of the configurations and
tests reported herein is presented in table II. The range of test
Reynolds number plotted as a function of Mach number is shown in figure 9.

Almost all the tests were made with the model in a smooth condition;
however, some of the effects of fixing transition were obtained. Transi-
tion was fixed wlth a 1/8-inch-wide band of carborundum attached to the
body 3 inches from the nose and to the upper and lower surfaces of the
wing 1/2 inch from the leading edge. For most of these tests, grain
density of 40 to 60 grains per linear inch of carborundum 0.0098-inch
average size was employed; however, for one test, carborundum of 0.0049,
average size, was employed. Transition was fixed on the tail surfaces
by a thick band of the lacquer 1/8 inch wide without carborundum 1/2 inch
from the leading edge.

REDUCTION OF DATA

Corrections

The force along the longitudinal body axis, measured by the strain
gage, was adjusted so that the result corresponded to that for a pressure
at the model base equal to the free-stream static pressure. No sting-
interference corrections have been applied apart from the base-pressure
adjustment described since corrections obtained from reference 4 indicated
a correction less than the estimated accuracy. Buoyancy corrections were
calculated for representative configuratlons and were considered
negligible.

Wind-tunnel-wall interference effects at subsonic speeds for both
the transonic tunnel and the transonic pressure tunnel were within the
accuracy of the data according to references 5 and 6. At supersonic
spee8s between M = 1.03 and 1.12, effects of wall-reflected disturbances



were large; no data are therefore presented in this range. At other
supersonic speeds, effects of wall-reflected disturbances were considered
small. No corrections for wind-tumnel-wall interference have therefore
been applied to any of the data.

Precision

The accuracy of the data from these tests estimated largely on the
basis of the repeatlbility of the results is presented below:

;, By A v v & v i e e e e e e e e e e e e e e e e e e e e +0.1
e e e e e e e e e e e e e e e e e e e e e e e e e e e e . +0.005
CI, v o v v e e e e e e e e e e e e e e e e e e e e e e e e +0.01
Chps Cxg » v ¢ ¢ v v o e v ot h e e e e e e e e e e e e e +0.001
O T T T T T S Y +0 .00k
Cg e e e e et e e e e e e e e e e e e e e e e e e e e e e +0.0003
Co v ¢+ v e e e e e e e e e e e e e e e e e e e e e e e e +0.0005
Cy v v o v e e e e e s e e e e e e e e s e e e e e e e +0.003

Some difference in turbulence levels exists between the transonic tunnel
and the transonic pressure tunnel utilized for these tests. These dif-
ferences are largely manifested as differences in viscous drag. For
this reason, the basic data have been grouped so that data from both
tunnels are not superimposed. For comparisons of wave drag, this diffi-
culty has been largely removed.

RESULTS AND DISCUSSION

The results are presented in the form of basic and summary data
curves. Basic longitudinal data (figs. 10-27) are presented as functions
of 1ift coefficient and basic lateral data (figs. 28-34) as functions
of angles of attack or sideslip. Most of the summary data (figs. 35-48)
are presented as functions of Mach number. The longitudinal parameter
CL@ was measured for -0.2 < G, < 0.2, CMCL for Cp = £0.05, and

CDCL2 for AC1, = 0.3 above the minimum drag coefficient. The lateral-

stability parameters were measured for -2° < B < 2°. An index of the
basic data is provided in table IT and the summary data in table III.
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Drag-Reduction Methods

The subsonic drag level 1s shown in figure 35 for the basic model
to be CDmin = 0.0170 at M = 0.90. The critical Mach number, based on

the slope of the curve of Cp plotted against M of 0.1, was 0.92. At

supersonic speeds, a drag coefficient of 0.0450 was measured. Because
of this high supersonic drag level, a number of modifications and con-
figuration changes were investigated and are discussed in the following
sections.

Fuselage modifications.- Effects of fuselage modifications on the
minimum drag coefficient are shown in figures 36 and 37 for the wing and
body and the complete model, respectively. Similarly, wave-drag com-
parisons based upon the subcritical value at M = 0.90 are shown in
figures 38 and 39. For the wing and body alone, the minimum drag coeffi-
cient was reduced at M = 1.15 (fig. 36) by body modifications from 0.0375
for fuselage 1 to 0.0295 for fuselage 3. For the complete model (fig. 37)
the reduction was from 0.0450 for fuselage 1 to 0.0360 for fuselage 3.

The latter represents a 20-percent improvement in total drag and corre-
sponds to a 30-percent wave-drag reduction. (See fig. 39.)

Although the design Mach number for fuselage 3 was 1.2, the range
of small drag variation extended from approximately M = 1.1 to M = 1.k,
From the shape of the curve in figure 39 for fuselage 2, it is doubtful
whether the fuselage bumps (fuselages 3 or 4) would be useful above about
M= 1.5.' By comparing the curves of figures 38 and 39, 1t can be seen
that caution must be exercised in the designing of the entire confilgu-
ration; for example, the difference in tall-on and tail-off wave drag
was reduced from 45 counts (0.0045) for fuselage 1 to nearly 25 counts
for fuselage 3, a reduction of more than 40 percent.

Effects of fixing transition on the minimum drag and wave-drag
coefficients are incomplete; however, figure 36 for the wing and body
shows no sizable drag coefficient differences whether coarse (0.0098 diam-
eter) or fine (0.0049 diameter) carborundum was used. This lack of change
with grain size may have resulted from differences in distribution and
band thickness. An average drag-coefficlent lncrement due to transition
fixed of about 30 drag counts 1s shown for the entire Mach number range.
Figures 38 and 39 show that no important wave-drag changes resulted from
fixing transition for either the wing and body or the complete model.

Wave-drag reductions which resulted from fuselage modifications
were reflected in improvements in maximum values of L/D shown in fig-
ures 36 and 37. Compared with fuselage 1, the use of the bumped fuselage
(fuselage 3) provided a gain in L/D at M = 1.13 of about 15 percent.
Apparent gains at subsonic speeds are unrealistic because early transition

LLR-1
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was probably induced at the inlet fairing plug of fuselage 1. Fixing
transition is shown to have resulted in sizable decreases in L/D at all
Mach numbers. Since the subsonic drag level is primarily dependent upon
the wetted area and since the wave-drag variation has been shown to be
essentially independent of filxing transition, it appears obvious that

the improved fuselage shapes such as 3 or 4 can be expected to provide
higher values of L/D at supersonic speeds than the basic fuselage,
irrespective of surface conditions.

A more satisfactory comparlson of the performance of L/D may be
obtained by comparing L/D with natural transition for trimmed level-
flight conditions. An assumed wing loading of 55.5 lb/sq ft was used
for the calculations. Figure 41 provides a comparison for the basic
model (fuselage 1) and fuselage 3. It is shown that the area-rule
improvements are not as important at sea level or low altitudes as at
the higher flight altitndes of 35,000 and 50,000 feet. At 35,000 feet
and M = 1.15, the trimmed L/D has been increased from 2.5 to 3.1 or
24 percent; at 50,000 feet the corresponding increase was from 4.1 to 4.9.

It 1s also of interest to ascertain the changes in longitudinal
stability which may have accompanied these fuselage modifications. The
longitudinal stability of the basic model (figs. 10 and 35) increased
with both Mach number and 1lift coefficient. A significant increase in
longitudinal stability resulted however when fuselage 2 was installed.
(See fig. 37.) This fuselage was longer, employed generally smoother
fairing, and had more oval-shaped forward parts than its predecessor so
that the basic loading probably changed. Except for M = 0.98 and
M = 1.00, adding bumps (compare fuselage 2 with fuselage 3 in fig. 6(a))
did not alter the longitudinal stability whether transition was natural
or fixed.

Because of the high transonic drag of the basic model, there was
no interest in lateral data with fuselage 1. Figures 29 and 40 show
that with fuselage L4 the model was laterally stable throughout the test
range of angles of attack and sideslip. The effect of adding bumps to
the fuselage is shown to be small for the two Mach numbers for which
data are available, except possibly for the directional parameter at
M=1.0.

Leading-edge flap.~- In order to permit high values of the low-speed
1ift coefflcient and reasonable landing attitudes, full-span leading-
edge flaps were Incorporated. The data of figure 15 show effect of flaps
on L/D at cruise conditions. These data together with figure 42 show
that little change in longltudinal stabllity occurred but that a trim
change . which would require up to about 20 of stabilizer incidence
resulted. The maximum untrimmed L/D at M = 0.8 was increased by
means of the flaps from 10.5 to nearly 12.5. Estimates of the trim drag
would reduce the increment from 2.0 to about 1.6. Increasing Mach number
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resulted in decreases in L/D such that by M = 0.95 all gains had .
. been nullified because of the rapid drag increase due both to early drag
rise and to increased drag at lifting conditions. '

Wing and tail thicknesses.- Improvements to the transonic drag which
could be achieved by further modifications are shown in figures 42 and L43.
Wing 1 had an effective thickness of about 5.5 percent and wings 2 and 3
both had 4 percent along the span. The combination of horizontal stabi-
lizer 2 with vertical fin 1 (called tail 2) had an effective thickness
of about 5.2 percent, whereas the combination of stabilizer 4 apd fin 2
(called tail 4) had a uniform 4 percent. Reducing the tail thickness
on fuselage 2 with the thick wing (wing 1) resulted in only small drag
reductions. (See fig. 43.) However, thinning the tail surfaces (tail k4)
on fuselage 4 with the thick wing (wing 1) produced substantial transonic-
drag improvements shown in figure 43.

Decreasing only the wing thickness (fig. 44) to 4 percent reduced
the wave drag at M = 1.15 by 22 percent and at 1.43 by 33 percent.
The L-percent-thick tails decreased the wave drag at the lower super-
sonic speeds, but at M = L.43 +the reduction is insignificant. The
combined wing and tail modifications (wing 2 with tail 4) in conjunction
with the fuselage modifications produced a maximum reduction in wave drag
at M= 1.15 of more than 50 percent compared with that for the basic
model. (Compare fig. 4h with fig. 39.) In fact, the wave drag was
reduced to less than the subsonic or viscous drag; hence, the drag-rise
ratio decreased from nearly 2.0 to less than 1.0. Figure 42 shows that
gains in (L/D)maX at M= 1.15 up to 12.5 percent were obtained and ’

that no change in longitudinal stability resulted from thinning the
surfaces.

Wing camber.- After the reduction of the wave drag by thinning the
wing and tail surfaces, an attempt was made to improve the L/D at
cruise conditions. A new h-percent-thick wing incorporating conical
camber but without the chord-extension was tested, data for which are
shown in figures 14 and 42. The principal effect of the camber was to
achieve higher values of L/D throughout the subsonic and low super-
sonic speed range. At M= 0.9 an L/D of 12.0 was obtained as com-
pared with 11.4t or 10.2 for the flapped and unflapped wings, respectively.
At M = 1.13, the conically cambered wing provided an increase of 20 per-
cent in L/D above that for wing 1 with the same fuselage and nearly
33 percent above that for the basic model. (See fig. 35.) At M = 1.Lk3,
the increased minimum drag resulting from camber caused a small reduc-
tion 1in L/D as compared with the uncambered L-percent-thick wing.

(See fig. L2.) Only a slight trim change (fig. 14) was caused by
installing the cambered wing and the static longitudinal stability was
unchanged.

.‘33



}b

S 13

Speed Control

Drag increments resulting from speed-brake deflection are presented
in figure 45. Grouping of the data for 30° and 60° deflection indicates
that deflection is the most important parameter. Up to 30°, negligible
variation with Mach number is shown for either tails on or tails off.
For 60°, however, an increase in drag-coefficient increment of about
30 percent occurred from M = 0.6 to M = 0.98.

The twin speed brake mounted ahead of the wing (brake 1) is shown
in figure 26 to have caused both a nose-down trim change and a
longitudinal-stabillity decrease at subsonic speeds. A%t supersonic speeds,
only a trim change is indlcated. The magnitude of the trim change for
a deflection of 60° can be estimated from figure 46 to vary from about
39 to 6° from M = 0.60 to M = 0.98. A similar but smaller variation
at 30° is shown. Between M = 0.98 and M = 1.03, the required trim
change decreased by about 50 percent. OSpeed brake 2, a single brake
located behind the wing, is shown 1n figure 27 to have caused insignif-
icant stability changes and nose-up trim changes only about two-thirds
as large as the twin brakes at M = 0.94% or less. WNo trim change is
indicated at M = 0.98.

Longitudinal Stability and Control

Installation of the three tails at 0° incidence on the wing and
body resulted in stable but generally nonlinear pitching-moment charac-
teristics. (See figs. 10 and 35.) In the range of Mach numbers from
0.9 to 1.0, the tail contribution to the longltudinal stability varied
with Mach number and was generally less than at either lower or higher
Mach numbers. Deflection of the all-movable horizontal tail up to 20°
(figs. 11 to 13) resulted in pitching-moment characteristics of essen-
tially similar shape.

A comparison of control effectiveness is illustrated in figure 46
for several configurations. An increase in the effectiveness of the tail
of more than 20 percent accompanied the change from fuselage 1 to fuse-
lage 4. Furthermore, the more than 35-percent loss of effectiveness
near sonic speeds has been largely eliminated with fuselage It which
Incorporates the area rule. This may be attributed to the improved flow
neaxr the tail which resulted from decreased wing-body interference
caused by improved fuselage shape. Included in figure 46 is the longi-
tudinal effectiveness of the stabilizer when deflected differentially
to obtain lateral control. At subsonic speeds, the effectiveness is
nearly equal to that for the conventional control with fuselage 4; some
decrease, however, is seen at supersonic speeds.
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Lateral Stability and Control

The model was stable laterally for all test conditions as shown in
figure 40. It can be seen in figure 28 that the effective dihedral gen-
erally increased with angle of attack and Mach number up to about 6°.

The directional-stability parameter CnB was higher at supersonic speeds

for fuselage 4 incorporating the area rule (fig. 40), but for fuselage 2,
either the increase was delayed or did not exist. Figure 28 shows that
only small changes occurred in CnB with angle of attack at subsonlc

speeds up to 10° or 12°.

The effects on lateral stabillty and control caused by deflecting
the allerons located inboard to obtain lateral control are shown in fig-
ures 30 to 33 and figure 47. Control effectiveness is presented in fig-
ure 48. Installing the tails on the model is shown to decrease the
rolling effectiveness as much as 25 percent at M = 1.13. For either
tails on or tails off, CZS decreased with increasing Mach number above

the drag-rise Mach number. Using the data of figure 33, for 8, = 20°

at an angle of attack of -5°, to obtain an indication of the effective-
ness at M = 1.43 gives a value of CZB = 0.0012. This value represents

a decrease of nearly 50 percent from that at subcritical Mach numbers.
Although the effects on the dynamic stability are not known, figure 33
shows that there is a considerable longitudinal contribution caused by
the ailerons at M = 1.43. No such variation was, however, suggested
by the data in figure 28(g) in which there is no aileron deflection.

The rolling effectiveness of the horizontal stabllizer deflected
differentially in a manner similar to that of reference 7 is included
in figure 48. Only one deflection was tested, which corresponded to a
nominal stabilizer setting of -5° with a superimposed differential deflec-
tion nominally equal to 5° (it = -10° for right stabilizer, iy = 0O°

for left stabilizer). The data show that the subsonic rolling effective-
ness would not be satisfactory compared with the ailerons. The value
of CZS at M= 1.12, however, is approximately the same as that for -

the ailerons on the rigid wing and nearly double that for subecritical
speeds. Such a control was shown in figure 46 to provide adequate longi-
tudinal effectiveness throughout the Mach number range of these tests.

CONCLUSIONS

A transonic investigation was made in the Langley 8-foot transonic
tunnel and the Langley 8-foot transonic pressure tunnel of the drag rise

‘ﬁiiwawmﬁﬁmaﬂ@
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and the static longitudinal stability and control characteristics of a
representative fighter-airplane model. Effects of body shape, wing thick-
ness and camber, wing leading-edge flap deflection, tail-surface thick-
ness, and speed-brake location were investigated. Limited data on the
lateral stability characteristics and lateral-control effectiveness with
ailerons and differentially operated stabilizer were obtained. The range
of test Mach numbers extended from 0.60 to 1.43 and the Reynolds number

was about 1.9 X 106 based upon the mean aerodynamlc chord. The most
important conclusions are summarized as follows:

1. The longitudinal stabllity increased with both 11ft coefficient
and Mach number for the complete model.

2. The effective dihedral generally increased with Mach number and
angle of attack up to about 6°. Only small changes in directional sta-
bility occurred with angle of attack at subsonic speeds up to 10° or 12°.

3. Area-rule modifications applied only to the fuselage provided
reductions in the transonic drag rise up to 30 percent.

4. Reduction in wing thickness and tail thickness from sbout 5.5
to I percent in conjunction with area-rule modifications applied to the
fuselage provided reductions in transonic drag rise up to 50 percent.

5. Fuselage modifications permitted lncreases at supersonic speeds
¢ of 24 percent in trimmed lift-drag ratio at 35,000 feet. Similar large
improvements were indicated for 50,000 feet, but effects at sea level
were insignificant.

6. A leading-edge flap increased the maximum lift-drag ratio from
10.5 to 12.5 at a Mach number of 0.80, but the effectiveness decreased
rapidly at higher Mach numbers. Trim drag would be expected to reduce
the gain from 2.0 to about 1.6.

7. Use of a conically cambered h-percent-thick wing provided sub-
sonic gains in lift-drag ratio from 10.2 to 12.0 at a Mach number of 0.9
and up to about 20 percent supersonlcally with no accompanying change in
trim drag.

8. Both speed-brake configurations provided substantial drag lncre- -
ments but were accompanied by longitudinal trim changes throughout the
Mach number range which would require 3© to 6° of stabilizer deflection.

Q. Fuselage modifications were accountable for more than 20 per-

_ cent increase in stabilizer effectiveness at both subsonic and super-
r sonic speeds and removed a large decrease near a Mach number of 1.0.
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10. Aileron effectiveness decreased above the critical Mach number
so that at a Mach number of 1.43 the reduction amounted to nearly

50 percent.

'11. Use of a differentially operated stabllizer provided adequate
longitudinal control at all test Mach numbers, but insufficient lateral
control at subsonic speeds. The rolling effectiveness at a Mach number
of 1.12 was approximately equal to that for the allerons.

Langley Research Center,
National Aeronautics and Space Administration,

Langley Field, Va., August 31, 1956.
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TAELE I.- MODEL DIMENSIONS

Eﬁll dimensions are in inche%

Number 1 Number 2 Number 3 Number 4
Complete model:
Overall length « v v v o v o 4 o s o o o o = « o s o o » & 28.58 29.09
Fronb2l BYe8 . o ¢ « v ¢ ¢ o o o o o o = o o o o o o & u o 9.Th 9.91
Fineness ratio . . . . f e e 4 e e e e e e e e e e e e 7.18 T.
Frontal area to wing area . . . . e e e e e e e e e 0.098 0.104
Center-of-gravity locetion, percent T f e i e e e e 28.7 28.7
Wings:
Alrfoil section, root . + « v ¢ ¢ ¢ v 4 4 4 4 4w . . . . 65006 654004 65A00%
ALrfoil section, BiP . . v v v v v 4 4 b v w e e . .. . 658005 65A004 B65000h
Adrfoil chord, Toot . . . . . 4 4 4 e s e e e e e e . 8.48 8.48 8.48
Airfoil chord, tip . « .« « ¢ & ¢ v ¢ o o 0 0o 00 ol 2.12 2.10 2.10
Span progected PR s e e e e e e e e e e 17.91 17.97 17.97
Area projected (excluding extensions) e e a4 e e e e e 95.0 95.1 95.1
Aspect Tatlo v 4 . 4 4 i b h h e e e e e e e e e e e e 3357 3.33 3.33
Taper ratio . . . . e e h e e e s e e e e e e e e e s 0.25 0.25 0.25
Mean serodynsmic chord P e e e e e e e e e e e 5.94 5.95 5.95
Mean-serodynamic-chord locatlon, SPANWISE . . 4 . 4 4 . . 3.60 3.60 3.60
Mean-aerodynamic-chord location, longitudinal, from
fuselage reference stetion . . . . . + « . + « « « . . . 17.49 17.49 17.49
Sweepback, leading edge, deg . . + + + o 4 4« 4 s o4 4 .4 . k7.1 k7.1 bT.1
Sweepback, c/% chord, deg .« i + 4 4 4t 4 e 4 e e w0 s P~ 0] k2.0 k2.0
Dihedral, deg . . . . « ¢ ¢ 4 ¢« v 4 b e 4 m e e e -5 -5 -5
Incidence at root chord, deg . . . « v v v & & & ¢« v o o . -1 -1 -1
Twist, deZ « + o o o + o o s 4 ¢ 4t e e v s e e e e e e o] o] (2)
Location of c/k root chord, above ref. . . . . . . . . .. 1.12 1.12 1.12
Location of c/k root chord, longitudinal . . . . . . . . . 15.7h 15.7h 15.74
Horizontal talls:
Alrfoll section, root . « + v v ¢ . 4 ¢ 4 e s . s . . . . 63R006 65A006 65A006 65A00k
Airfoil section, £ip . . + « v = ¢ + ¢+ 4+« 4« 4 4 s o . . 65A00L 654004 654004 65A004
AiTfoil chord, TOOL « « « v v & « & o o 4 4 o+ w0 e 0 a 4.8 k.56 b ko k.56
Adrfoil chord, #4p . « + « & v ¢ v 4 v e v e e e e e e 0.72 0.67 0.72 0.67
Span, projected . . . . . . L 04t vt e e e e e e e 9.70 9.12 8.88 9.12
Area, projected, exposed . f e e e e e e e e e e e s 17.3 k.5 1.1 4.5
Aspect ratio, based on total AYEE 4 4 4 4 v e e v e e e 2.53 1.97 1.80 1.97
Taper T8B10 « + v ¢ ¢ 4 4 v 4 e e s e e e e e e e e e 0.15 0.15 0.16 0.15
Dihedral, deg . . . @ e e e e we e e e e e e e e 5.2 5.2 5.0 5.0
Sweepback leading edge, deg . v v v e e e ke e e e e e s 50 50 50 50
Sweepback, c/It chord, deg . . « + + 4 ¢ 4 4 o . e e ... 45 ks 45 )
Location of root chord longitudinal . . & & & v o . 4 . . 2k .85 2,75 2L 75 k.75
Location of root chord, above or below ref. axis . . . . . -0.34 -0.3h 0.85 -0.34
Vertical tail:
Alrfoll section, rpot . . . . . v o o v v o . o v« . . . 65A006 65400k
Adrfoil section, £Ip « + « + . « ¢ 4 4 4 4 4 e« 4 o . . . 65A00L 654004
Chord, TOOt . « « ¢ ¢ ¢« v « ¢ v ¢ o o s o o 4 e e . 5.59 5.59
Chord, 1D « « + = « « o s « v o o o o s o o st s 0 o 0 1.72 1.72
Span, totBl . . v 4 v 4 e e e e e e e e e e e e e e e 6.09 6.11
Ares, £OBBL « - 4 + 4+ . 4 e 4 e e s e e e s e s e ... 25.25 25.35
Area, exposed . . . . . . . . e e e e e e e e e 17.65 17.71
Aspect TBELIO « ¢ & v 4 4 4t o b e e e e e e e e e e e 1.h47 1.47
Taper ratio . . e e e e e e e e e e e e e e e 0.26 0.26
Sweepback, leading edge deg v - 4 v v e e e e e e e e e 50 50
Sweepback, c/U chord, deg . . . . e e e e e e e e 45 45
Location of root chord longitudinal e e e e e e e e e 22.26 22,26
Location of root chord, above axis . . « . . . « « « « « & 1.26 1.26
Fuselage:
TenZth « » v+« 4 e e e e e e e e a e e e e e ... D253 27.88
Frontal BIEE « « 4 + « + o o & o o o o« o 4 4 4 . e e s 6.72 6.81
Fineness ratio « v v v 4 &« v e 4w s e e w s e e e 8.63 9.45

8Conical camber.
bNo plug,
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TABLE II.- INDEX OF BASIC DATA

Configurations
Figure Description
Body Wing Tailt
Longitudinal data
i 10 Horizontal tail modifications 1 1 off, 1, 2, 3
11 Stabilizer effect 1 1 2
12 Stabilizer effect 4 1 2
13 Stabilizer effect (differential) 3 1 2
14 Wing modifications b 1, 2, 3 2, 4
15 Wing leading-edge flaps L 1 2
16 | 2Tail thickness 2 1 Off, 2, k
17 |Wing and tail thicknesses {S ; 2
1 2
18 Wing and tail thicknesses 4 2 2
Ly 2 b
19 Fuselage modifications - wing and body 1, 3 1 off
20 Fuselage modifications - complete model |1, 2, 1 2
21 Fixed transition 3 1 Off
22 Fixed transition 2 1 2
23 Fixed transition 3 1 2
24 Fixed transition 2 2 L
25 Fixed transition b 1 2
26 Speed brake 1 1 1 Off, 2
Y 27 Speed brake 2 1 1 off, 2
Lateral datu
* 28 Sideslip in pitch L 1 2
29 Pitch in sideslip 2, 4 1 2
30 Ailerons, longitudinal L 1 2
31 Ailerons, lateral L 1 2
32 Effect of tail in pitch, 3 1 off, 2
ailerons deflected
33 2Effect of ailerons in sideslip, 2 1 2
M= 1.43
3L Differential stabilizer 3 1 2

17211 denotes complete tail, that is, both horizontal and vertical.
The numerical designation is as follows:

2

Tail Horizontal Vertical

Foln -
FWi

o

Data from Langley 8-foot transonic pressure tunnel.

i
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TABLE III.- INDEX OF SUMMARY FIGURES

Figure Description

35 Effect of tail modifications

36 Effects of fuselage modifications
and fixed transition, tails off

37 Effects of fuselage modification
and fixed transition, complete model

38 Effects of fuselage modifications and
fixed transition on wave drag,
tails off

39 Effects of fuselage modifications and
fixed transition on wave drag, tail 2

ko Effect of fuselage modifications on
lateral-stability derivatives

L1 Effect of fuselage modifications on
trimmed lift-drag ratio

4o Effect of wing modifications

43 Effect of tail thickness modifications

Lk Effects of wing and tail modifications
on wave drag

45 Speed-brake drag increments

L6 Stabilizer effectiveness

iy Effect of ailerons on lateral-stability
derivatives

48 Comparison of rolling effectiveness




Lateral force

.

Relative wind  Yawing momer/ \/ /]
7\ A

—— ' A’“é/
Csl—— e

Rolling moment

Dfag

Lift

|, Pitching moment

| T

Relative wind

Figure 1l.- Coordinate system of stability axes used.
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Figure 3.- Representative Mach number distribution in test section of
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Figure 10.- Effect of horizontal-stabilizer modifications on basic lon-
gitudinal aerodynamic characteristics; fuselage 1, wing 1, it = 0°.

—



1.0

6

4

.2

Lift coefficient, C;

0

Za

1.0

M= 0.94% and 0.98.

Figure 10.- Continued.

(b)

4

2
Lift coefficient, CL

o]

-2

- _ = “
4 I N 2
/ f R o
O =
! -
’ 2 W%IZ.& i N
cDod R
. /
7]
z N
/| .
T ° g g 5 ¢ g e ¢ s o e ¢ v & o e s 8 o g g 3§ gy
|
Eo *jug191)4909  Juswow - buiyoid Hap ‘03200 30 8jbUy G ‘yusioyyeos boig
T & Bl I [ ] ]
o LAZA Y e ] ¢
© o N o _’ m
S YLV =
[ S
/] >
T
/! N
7
»
v
. »
T § ° 3 8 Y g g e es v o @ @ WO e s ¥ o g g g g
| |
Eo 3u81014300  jusurow -Buydig 6ap'2'yo0l0 40 36Uy Gy ‘jusoyyeod  Boug

=
N

-4



35

a a o
P A b ]
4 ™~ e n @
/Y] N T~ I
\ i Y ©
i N .
A BE5-wm N
/) F3aoaq N ! [ 1] f '
| N T 1 N .
7 R SN NN
7 HEN BN J | ARUREENE
ﬂ QW\\ i —— e S mle
W W | ! PN T N B o~
Vv 1 EENREEEREEEEE , S i
v ,n%. I I ] o o ' f K v T
§ ¢ ° % 8 v e g g s v o e o v & of s %9 g g g g o
. | |
) “jue1014je00  Juawow-Buiyasid bap ‘0400140 40 9)buy Gy ‘yusroyye0s brug
o
- -
= ]
7 5 ==l 8 ®
=~ 7
Y tad = ©
A g /ﬂo/ .
, ™ =
| | Il 1 I /
AN HEERE N N
o N h\dy | I “ '
! m —L ; —1 : 5. o
- , | | ! ! | | ﬁM
f | | " N N
L | | | el i ,4&\ v
RENEEEE , ‘ | Pl P .
m m o m m. N9 m © ¥ o8 9 © ©o < N e < N Q m %. m m or

Yy tuaroyge00  juawows-Bulyoyg

—24

Gap ‘o*yopyp 0 8jbuy

R )

Gy *apye0d Boig

Lift coefficient, C_

Lift coefficient, C,_

(e) M= 1.00 and 1.03.

Figure 10.- Continued.

TR



36

AT ILETREIRE
i2
l
08—
L2\ _
04 N
10NN, ¥
& TN
- N |
o
° _o8 Y -
\NEESE
g Y T
£ -6
'.L_)
£ __
-20 N
—24 Nl
- Tail b ||
28 o Off
o
-32 o2
14
12 5 2
g 10
o
y /
U_
3 ° 7 ]
5
6
3 Vi v/
2 ., /A
/ Ll
2 L —
R A
14 7
a2 # ; _
o 0 /
S qﬁ-
/ 1]
£ V)
2 06 . -
S L o
o 3L 4
o 4
s o 7] M=
T -] 7
02
%7 o0 2 4 s =8 10

Lift coefficient, G

(d) M= 1.13.

Figure 10.- Concluded.




Beasd

Sp— 57

245 B .21.\7%\1* B
20 7 Ml - 20 ™ < . it.§eq
of | R e N
- o e < o T s
E‘ 12 7 \n\ E" . 1 L
:‘i;:j Bl P o, % o g\\n}
5 o4 e N s o4 e
P L REANE :
e TR AN e T
'§—.o4 L | ,\0\ - o ';;—_04 3 .
—08 B \\ —08 T
—i2 - —12
L 1 [Oq
—16 —.16]
i6 6 I ;
i ) /
14 = 14 ——
| a
| A7 1
“ | ps / 2 TV ;;a
. | g v/
£ . | £ A1
3 /2/“ 5 LA ]
: . AT G ; /
g 7/ 4un / g Iz []
\ %x}/ , f J10 /wﬁ T
i prZan il
2 /é% ] 7 1l ?% i //#
o T o /F/% an
V7 Bl WA | T
1] o A7
o .10 *Lt; 7 f}!f UD .|07 rr '-— l — /?/
: T sl U T
N HHAH $ONU A
T e \l*\,_;;? A “8; 06 3\_\\“"/
§ 041 o +-1 1 E 04| N
02 QO\#JV A M-060 o2 & 70\\:"/ > Mroso
' =] [] ) =
[ ] o |
a2 Vbt coetticiont, c,'_6 & 10 4R 0 Btticiont, c'l_6 8 10

(a) M= 0.60 and 0.90.

Figure 11.- Effect of stabilizer incidence on the longitudinal character-
istics; fuselage 1, wing 1, tail 2.



" n « +
T — . o
TTT ] =T L7 —
dowo a = i , |2 @
= _._vl_m_ _ \Q ;‘ O 1! | . Fu-_vf .
cao4d ! m 4/ )[ o I = o 1
e / Y el TS o
% - RS 5
\o\ k ! , N N .m.
. R N o3
N 5 ENE N '
A o %_ \ o .
V4 TR, R
Zul / 4 i S ¢
¢ d . &
g § 9 ¢ & 8 F © g 8 & Lo g 4 o ® © ¢ N Ow 9o 2 L F o oOF g e
I d ! ) ) ) ) v | ] , > a
Eo “Jua101y4800 EwEoE.m:EE_m _ Bap ‘o'yooo 40 9jbuy 05 ‘juadyyacd Boig m m
, _ | o & °
Ll Ll 9 ol oo T ] ! - S
! | \n, Vu fath/, ")O/P_/ . L %4 © —
1 lg |- \»’%R, \oq [ ﬁ[g < _”Mﬁv_/ : | | 7@* [} —
7 VAl 1 RN S , RS ,, = y = o
T T 9 ©
A i v L[ e | i ] _ o
AT TA , N I 1 g NN 1 = —
A ~ M A“m /..m o
A i LN /adﬁ ZM e
5 | Y AN 8
NS B
/ / Y e
4 AN 4 { ~
7 / N i

28

a

24

20
4

e 4 8 % ©° g 8§ ¢
g - ) ) 7 7 i
D usioye0d  Juswow-bulydjg Bap ‘0*yo0yiD Jo 3)buy Oy ‘Juainyeos Boig

—.16

© ¢ o O o @® 9 N O o 0o « o O
- - g 4§ &§ & § @

w,

D
K



39

=
[ [ ] -
.M.OSOO Q. ol ]
= ey P Z & e i =
ocpmod Lo N T~ o
P | ~q e @s
- b\ il ! ! N L “ ,/_wv 4m
] RN NN Bl 3
A oL T T TN R N , 3
A T “ , , , : BEREAVNEEEEAS
EFAEY.4% . NN il 15 "
\a o L b\fm <4
: : _ ; ~ o
» < : Ny v ki s
L v g 7
§ § 8 ¢ § 8 § © § 8§ § ¢ gt & ¢ @ © v & o5 o 8 8 § § o G-
' ' . T I Y S B R T oo T (9]
Yy Yueiogpe0s juswous-Bupyoyy Bap ‘oy0yo jo ajbuy Oy “yusioyya0 boug ZOJ o
°o At
2 o A 4 ebod [TT| o 0 © y u
A NN Mo = = )
W A \c N - /UC” = © w
™~ N I3 \Mg/ i
[ P _ /A?/ﬁ/ 4 N W 4m. ~ By
ARz ~o ~ i
] B [=3
A , v i [ P RN NEERY s
p 7 | K L o5

A ﬂo\, \a\\ Al , ! O ?
d
- A N
A N A7 v
o\ o M ) . o\n«c
38 ¥ % ¢ 2 8 g ° 3 8 Y2 ge do @ ¢ v & o't g g g g of
. i I | | | - d
Eu ‘Jusioyjeod  juawow-Buiyopd 6ap ‘o*yoplo Jo ajbuy Gy *uspyje0a boig



*2 TTe3} ‘T Butm ‘g o8eTesny ¢soT1STJI930BIBYD
OTweufpoJse TeUTPNYTIUOT UO 9OUSPTOUT JASZTTTQRAS JO 409JJH ~-*ZT oanSTd

Ty Yusaiyens Yy Ty “uspyye0d 41 To*juayyeod 1y

9 ¥ ¢ 0 2" ﬁmr oF 8 9 ¥ 2 0 e- vm. o1 8 9 ¥ 2 0 2 v-
080N ol
# v a0, _ ian °
n\om\\or\o/c,do@.o zo 7 v\ /]
— 0z~ RN £AS S G
/W | i \\\ \n_\nl.ro/: \ X\\V A la
7 e B N 7L7F 7]
X | [ 17 = T T PF 7
VA e 17 P 77 7
FEANERY VVASE DN TER S S FE LS
BNAVAN o i N V7 A 7
AR | 77 _ RERY SN S
NI\ O- [JJ// 1. [ e ! P S
DAY _ AV /[ N / AL [ veon
\ N VW A\ 21f 000 oprin @ | Bl SN e i
N\ 1 il A Em TR AL T A
RS R - I T 1 V77X FAT Jowon
ANBANANNN WA T/ 7§ [P Al 77 77k
SO Y WA 3 Sk AVeV bW AVY.Y.Eroadii"eAR
A N \\eXx | [°3 N6 7T /7 | edopod, - { ¥/ [ L AL froson &
NESAS_RR NS00 2 g Sl 3 SIS TP
LAV N T § NEREE. YT A A
SN RN 32 Y VAP =SSR W G40 &Y 3
NSNS 18 [P 7 i w/ 7 FF .
: NN Nay oson idrdld \ A 4 N p ViAvil: 'S
N AN, kel 10 i W _ 7/ .
TN _Njay, w0 W7 77 T VPR
NN NIE T/ | Y ’ .
SE S NS R v o A
SN N N T o
h | %80 \ \\ 2l ﬂ Wi
Y / o8] /] .
AN PR 7 T
~ b
o Ol— pabboj4 ! 9l
0 ujd .
02 Bop'h JoquiAg 8l
8l
o [T111 oz



L1

*2 TTB8Y ‘T ButA ‘¢ oFeTasng ¢SOTASTIO
¢ TI9308IBYD OTWRULPOJIoe TRUTPNITS
uo ‘ATTRTIUSISIITP Potetado €o0USPIOUT JISZITIORAS JO poww.wmﬂw.m..m Mm.mmﬁm

T ‘wenys yin e
o W o o' WaIIHA0D 1 o
s ¥z o z- - O S . 5 RIOIR00 K
il - oF 8 9 ¥ 2 0 - t-
| OOOMSO p—
. 2~
st - . 5o -
_ glisy
RS Pl
21 - 260
N7 80 b [l oee0 \Yu Wy
\»/o_ (e &%) A \wh
AV N I Peteos impd
Sli=W &
001\[R L.o 7 6] H A sy
A \\ m,. £ s
¥ N prm N R
SCRANL VRNt P | ADLRDS
N _o. W, rc oﬁ_-_ v\\ i g
. N o 2 7 ~} SW Yo A £
AN LM 2 Y o 7 / 360« W
: S 7 k| =z
g iR fZar
- $60=W @ L] < K-
/NU&W. X //M oww v miE: : 2y [veost,
s V»w AN > & * P K = 20 £ .m.
: 06} Ny oo N0 S of) _ A7 o W
El f N 1ol 1260
ENIY M eh | 3 ~ RN - / Y \%PJ‘O
N R080-H0 a e 2 7 1T I e
1 7
o] 0zhy u\ ¥ JA/E/_ 7 & 06015
K \ 7 T { 20 - P
- 5l p. | VA S,
L. b0 l O il B W . $\ 06 -
_ W L v0 “ : 080:Hy
(S Y AV w & R 2
| y | | )
ier 7] L 1 en e W M\m T
7 j 4 ” J,‘ 80 % i ~ b
T E1N \ \ _ | I or % - 7
#ﬁ F o ooy ; 7 le |
” | X ] upg T L
T ———+ 0z e by _on_e_m —— [ ,
]_f m ,+ “ P us;__ | EREAVARE T ’ |
i T A |
e g I N W S R N



L2

04 T 04
g o _ £ © Wing _Tal
b T ol 2
g-04 — S04 o2 2
3 8 i G 4
E—OB % Tg—oa
g~.|2 ) g_'lz
g —6 R%—‘ & —~16 ;
—-20 3 -20
18 —24 -
16. / 16
i/ '
14 " /
£
g 12 —| g 12 / _
%’ 10 ;, 10
£ 3 /1
% 8 / % 8 i
T . < 6 | / i
; i
. / . 4
1/ jﬁ | |
2 2
/ l/j‘{ at
0 / o} Vi l
7 y /
8 i : 18—
16 ] 16
o
14 1 14
? Il
o 12 - o 2 /
S - o
g i i i
§, 08 /A §, .08
g g /
v,
04 04
’ o o/
02| —By . M-080 | | 02 i 4 M=090
0 ' 0 L
-4 -2 0 2 4 6 .8 |0 -4 -2 0 2 4 & 8 10
Lift coefficient, C_ Lift coefficient, CL

(a) M = 0.80 and 0.90.

Figure 1ll.~ Effects of wing thickness and camber on longitudinal charac-
teristics; fuselage 4, iy = O°.




L)
=

R— o
8 N . 5 F -
. ' ] A ] S
o
ﬂm.lz.a : RSN 7
K oQo \«\ /A”/ = ©
A\ /n/ b .CL
| -
4n
% | R i
L %
Y N3
N b £
_ _ . | BAW Y
ya _ 1 AN
: . ! L} ) o .
ni | ﬂ ﬂ
Ll - L L I I , L | Llg o d
g g o g m n.m % m m ® ¥ ¥ @ ® © ¥ « O @ ¥ & O g g g § of L m
|
Uy 11310200 JuALOW-Buydiid Bap' o 00 jo 3buy Oyt juaioyye00 Boig g ”m
i %
o]
= O
A 1
& = e ©° ¢
oo s R . p:S I .M_
- = e g ®
I EEEEEERSSS. 2 = g
N B A W =N o, ~ b
g N N e 5 X
2 mEs T SN ©F
, ™ T ~ . 8
| R o % 2
{ I ! m ) ! _ [ i Z.W
. — : —— ; —— )
. N mu — oy d
4 IR A N , _ R T
r 4R NN DEREES , A
\ i “ [ ! A, L _ ; ,,ﬂ L e - N _, ,LL r. L »m ~
o ! et ey T T i
L L ! Lrit rrrrr s A TTTTTT «
g ° & 8 ¥ ey $ §¢ T ¥ e @ @ W wo g % w9 g g § § °of
| 1 t
Wry 914909 atuow-bunojid B3p‘o*ya0lp o 3jbuy Gy ‘juaroygeos Boug
f ' ) LY



Ly

) T _. T T T 0.
X N L L I A 0 I R L I I I I I A I
L Bl R Z R0 NN - ~ i [
g T T TS
oo _ _|_w L H \h_ Mﬂ_// -2 °
7 LIL 1 | ik I ﬁ ! A / y7 F,R .CL
] d I AN ] <« F
N i i 3
y ; B o 3
Y &
AN e -
& 74 o
P 8 £% i .
5 [
2% ° 5 8 % 2 g g g gy o ° © v o€ 3w o g gy oy o S
1 r
Wnyiarany00 juatuow-Buyoyy _ b3p'"¥o0HD Jo albuy 0" wasj209 boig el m
§ &
(o]
NN | ]
<
. ; - m .
1 I P o A I SN
u . N EEEE R I
] ] LT T e T T , IRSS NEERREN . = 0
T T I Y22 L!J]/ AN — NN WM mo
T T 3 o
& TR _ f | R I ety - X
| TN EEE M NN R+
| | B
X W o E
N ) £
IW, o J
g -
— o
ot | N &/ f
g g ° 38 ¥ 2§ 3 &y s e = ¢ v 8 o e 3w og g g gy of
~ > ;
_ Woy' usiolg4a0d wowow-bugopy Bap‘n‘3o0KD jo abuy U uaronyja09 Boig



45

| Q
_Wﬂ_ZAL -
g 2 ®
N *
0
, S . o
W - BB | <k
P 1 L AN g
prZ.d N R od
7 [ ! [ LNy R\ -
O HERERN IR LY W
W W il — ]
W _ w N 1T ~
ol HENEEEEEEREE RN L]
HEEEENEEREEN RN I
TE T c 3 §3ggge 0w E gy

W0 uane00 wawow-Buyayy

bap ‘o'yo0yD 40 abuy

Q5 *uamiyaod boig

M = 1.43.

(a)

Figure 1h4.- Concluded.
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Figure 16.- Effects of tail and tail thickness on longitudinal character-
isticsoin Langley 8-foot transonic pressure tunnel; fuselage 2, wing 1,
iy = O-.
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Figure 16.- Continued.

M = 1.00 and 1.03.
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Figure 16.- Concluded.
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Figure 18.~ Effects of wing and tail thicknesses on longitudinal charac-
teristics; fuselage 4, 1 = 0°.



~+.
n

.1&224. ooe R oo nlu
[ T, \ . /

[o]

<P ! | o ®
fooe = N e
. TN LSS T B

HERE i M N RN N T ©

T Wg,, 5 7”ﬁ

A * ” —— ;/ , H:* <
b, ol

AN Sy "

4 4 ~

%__\ k-] Rn% )

§ 3 °© & 8 % 2§ ¢ ¢ o o @ © v ° = v v w 2 g g g § o

| ) !
_._o.s_uEwsEcg-Eﬁ_n_

Bap*o*yoolp jo aibuy

Q5 us1o1y4809: boug

1.0

| o}
*’:P?
|

(=}

h o

_’.
w0

<

<
<

° % 8 ¥ ¢
I | I !
Yo' ua1015800 juswow-Bulyold

—20

16

14

2

o o

Bap'o*yanyio jo ajbuy

J4

8 2 8 8 & § °of

G5 uapyje00 boug

Lift coefficient,C)

Lift coefficient, G

0.94 and 1.00.

M=

(o)

Figure 18.- Continued.
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Figure 18.- Concluded.
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Figure 47.- Effect of allerons on variation of lateral-stability deriva-
tives with Mach number; fuselage 4, wing 1, tail 2,

iy = 0°.
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