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SUMMARY

Results are presented for a wind-tunnel investigation of an alrplane
model with a 3.4-percent-thick unswept wing of aspect ratio 2.45 at Mach
numbers from 0.8 to 1.4 at a Reynolds number of 1.5 million. Longitudinal
characteristics are presented for the basic model and for configuration
variations involving two types of wing camber, an area~rule fuselage modi-
fication, various external-store arrangements, several conventional missile
installations and one designed according to the moment~of-area concept,
and two fuselage dive~flap arrangements. ILateral-directional characteris-
tics of the basic model with and without the empennage are also included.

Evident for the basic model were a tail-on pitch-up tendency at Mach
numbers of 0.8 and 0.85 beginning at a 1ift coefficient of 0.7, and an
abrupt fore-and-aft center-of-lift travel at transonic Mach numbers near
the zero-lift condition. The configurations having the NACA modified-mean=-
line cambered wing, as compared with the configurations having the leading-
edge-flap cambered wing, had (1) higher minimum drag coefficients,

(2) lower drag due to 1ift, (3) higher values of maximum lift=-drag ratio
particularly at subsonic Mach numbers, and (4) less center-of-lift travel
near the zero-lift condition at transonic Mach numbers. Modification of
the fuselage according to an area-rule application resulted in a reduction
in minimum drag coefficient and an increase in maximum lift=-drag ratio at
Mach numbers from 0.95 to 1.40. Results of mounting various external
stores on the wing tips rather than under the wings or on the fuselage
were (1) generally lower values of minimum drag at subsonic and supersonic
Mach numbers, (2) an increase in lift-curve slope, and (3) a reduction of
center-of-1ift travel near zero 1ift coefficient at transonic Mach num-
bers. The configuration having the four-missile installation designed
according to the moment-of-area rule had lower minimum drag coefficients
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and lower maximum lift-drag ratios at transonic and supersonic Mach num-
bers than did the comparable conventional wing-tip installation. The
increment in minimum drag coefficient for the configuration having two
side-mounted fuselage flaps was only about 10 percent greater than that
for the configuration having a single underfuselage mounted flap with half
the frontal area of the side-mounted flaps. The variations with Mach num-
ber of the lift-curve slope and pitching-moment-curve slope, furthermore,
were generally more favorable for the underfuselage flap configuration.
The complete basic model had favorable lateral-directional characteristics,
in general, within the test limits of angle-of-attack, sideslip angle, and
Mach number ranges. '

INTRODUCTION

Investigations of the aerodynamic characteristics of generalized air-
craft configurations have indicated that the aircraft with a thin, low-
aspect-ratio, unswept wing is one of several types suitable for use as a
supersonic interceptor or fighter. The purpose of this report is to pre-
sent information obtained from an investigation in the Ames 2- by 2-foot
transonic wind tunnel of a model representative of contemporary high-speed
fighter design. The Mach number range was from 0.8 to 1.4 and the Reynolds
number was 1.5 million. The basic model consisted of a fuselage with can-
opy and faired side inlets, a 3.4-percent-thick unswept wing of aspect
ratio 2.45, and a fixed, horizontal tail located high on the vertical sta-
bilizer. Variations in the configuration geometry included: (1) two
types of cambered wings; (2) a fuselage contour modification according to
the area-rule method of reference 1; (3) several conventional missile and
external-store installations; (4) a missile installation designed accord-
ing to the moment-of-area method of references 2 and 3; and (5) two dive=
flap arrangements. Static lateral-directional characteristics of only the
basic model with and without the empennage were obtained throughout a
range of sideslip angles at three angles of attack.

DATA NOTATTON

a wing section mean line designation
Ce crosswind force coefficient
CCB crosswind-force-curve slope

Cp drag coefficient
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minimum-drag coefficient

CDmin
CZ rolling-moment coefficient
CZB rolling-moment-curve slope
CL 1ift coefficient
Cy, lift-curve slope
a
Cn pitching-moment coefficient
Cn yawing-moment coefficient
CnB yawing-moment=-curve slope
cli section design lift coefficient

local chord of wing or tail

c
mean aerodynamic chord of wing

(el |

pitching-moment-curve slope

dCm
acy,
<;> maximum lift-drag ratio
D /max
M Mach number
t wing section thickness
a angle of attack of fuselage horizontal reference plane
B angle of sideslip of model vertical plane of symmetry




M4T
N
N4T

N4W

MODEL NOTATION

Model Component Symbols

bomb

basic fuselage

area-rule fuselage
moment-of-area-rule fuselage
canopy

dorsal fin

side-fuselage dive flaps

underfuselage dive flap
gun housing
horizontal tail

two M missiles, fuselage mounted

two M missiles, wing-tip mounted

four M missiles, fuselage mounted

NACA RM AS6E22

four M missiles, mounted on moment-of-area pods and pylons

four M missiles, wing=-tip mounted

two N missiles, wing-tip mounted

four N missiles, wing-tip mounted

four N missiles, underwing mounted

moment-of-area pods and pylons for four M missile installation
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Pp wing-tip pylon for four M missile installation

Tp two storage tanks, wing-tip mounted

Ty two storage tanks, underwing mounted

\') vertical tail

Wa wing with fixed leading-edge flap

Ws wing with NACA a = 0.8 (wodified) mean line, c3y = 0.2

Complete Model Symbols

S W1B1CDHV
Ss WB1CDHV
Ss W1 BoCDAV
Sa W,BsCDEV

APPARATUS AND MODEL

The Ames 2- by 2-foot transonic wind tunnel is a closed=-circuit,
variable-pressure tunnel in which the Mach number can be varied continu-
ously to 1.4. A complete description of the wind tunnel and its air-flow
characteristics is provided in reference 4, Figure 1 is a photograph of
the model installed in the wind tunnel.

Drawings of the various model configurations are presented in fig-
ures 2 through 11. Included in these drawings is pertinent information
describing and locating the various model appendages.

The basic model had a fuselage of fineness ratio 9.25, an unswept
wing of aspect ratio 2.&5, an unswept horizontal tail mounted high on a
vertical stabilizer, a canopy, and a dorsal fin. The basic wing had a
fixed leading-edge flap having deflections at the root and tip of 153t
and 3oh7', respectively. Variations of the basic configuration included:
(1) the basic wing replaced by one having an NACA camber line; (2) the
fuselage contoured according to the area rule; (3) a variety of conven-
tional missile and external-store installations; (Y4) a missile installation
designed according to the moment-of-area rule; and (5) two fuselage dive-
flap arrangements. The models and model components are identified
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throughout the report by configuration symbols defined in the Model Nota-
tion section. The geometric characteristics of the fuselages, wings, hori-
zontal tail, and vertical tail are given in table I. The variations of
model cross-sectional area with fuselage station are shown in figure 12(a)
for the basic model (S,) and the configuration modified according to the
area rule (Sz). Figures 12(b) and 12(c) include the area distributions

and second moment-of-area distributions, respectively, for the basic model,
the conventional four-missile tip installation (SlM4T§, the four-missile
installation design according to the moment-of-area rule (S4M4M), and a
Sears~-Haack theoretical distribution.

The basic model fuselage was made of aluminum, the wings and empen-
nage of steel, and the external stores of brass. All surfaces were pol-
ished smooth.

The model was sting-supported in the wind tunnel on a flexure-pivot,
internal strain-gage balance of the type described in reference L.

TESTS, CORRECTIONS, AND PRECISION

Tests were conducted to determine static longitudinal aerodynamic
characteristics of the model alone and in combination with the various
external stores and dive flaps. Tests were made also to determine static
lateral-directional aerodynamic characteristics of only the basic model
with and without the empennage. For both the longitudinal and lateral-
directional phases of the wind-tunnel tests, data were obtained at Mach
numbers from 0.8 to 1.4 and at a Reynolds number of l.5><lO6 based on the
mean aerodynamic chord of the wing. Lift, drag, and pitching moment were
measured at angles of attack from approximately -2° to approximately 12°
at zero angle of sideslip in the study of the longitudinal characteristics.
For the lateral-directional-characteristics investigation, 1lift, drag,
pitching moment, erosswind force, yawing woment, and rolling moment were
determined throughout a sideslip angle range from approximately -5° to
approximately 8° at angles of attack of approximately 30, 70, and «11°,

Corrections have been applied as follows: (1) to the model angles
of attack and sideslip for deflection of the model support and balance
resulting from aerodynamic loads; and (2) to the drag to adjust for the
difference between the measured model base Pressure and the free-gstream
static pressure. Corrections to the data for air-stream angularity, which
was negligible, and for wind-tunnel-wall interference effects have not
been made. An estimate of the magnitude of the wall-interference effects
can be obtained from the theory of reference 5 and the preliminary experi-
mental results of reference L. The latter results indicate significant
interference effects at the low supersonic Mach numbers for a model compa-
rable in size to those of the present investigation (about l-percent
blockage ratio). Because of configuration differences, however, the

w
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results of reference 4 are not quantitatively applicable to the results
of the present investigation. In the discussion of the results in the
following sections of the present report, emphasis is placed upon evalu-
ating effects of change in configuration and upon qualitative trends so
that the conclusions drawn should be affected little by such wall inter-
ference as may have existed. Apart from systematic errors resulting from
neglecting the wall interference, certain random errors exist which
determine the precision or repeatability of the data. The random errors
are as follows:

M  %0.003 CL #0.005
& DR Co ' %0.002
B +0.03° C7 +0.0002
Gn ' 0008 Cn. . 20,005
Cp +0.001

RESULTS AND DISCUSSION

General

The basic data of the subject investigation are presented in tables
TT and IIT for the longitudinal and the lateral-directional tests, respec-
tively. All force coefficlents were based on the wing area as projected
to the horigontal plane, including that portion within the fuselage. The
pitching-moment coefficient was based on the wing mean aerodynamic chord,
and the rolling-moment and yawing-moment coefficients were based on the
horizontal projection of the wing span. The force coefficients are
referred to the wind axes, and the moment coefficients to the stability
axes, the reference point for the moments being located at 0.25¢ on the
fuselage reference line.

Longitudinal Characteristics

The variations of 1lift coefficient with angle of attack, drag coeffi-
cient, and pitching-moment coefficient at Mach numbers from 0.8 to 1.k
are presented in figure 13 for the basic model with and without the hori-
zontal tail. These variations of basic aerodynamic characteristics are
indicative, in general, of those for the other model configurations.
However, to compare in detail the characteristics of the several
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configurations, the variations with Mach number of (1) minimum drag coef-
ficient or drag coefficient at constant 1lift coefficient, (2) maximum
lift-drag ratio, (3) lift-curve slope, and (L) pitching-moment-curve slope
are plotted in figures 14 to 21. An index to these plots identifying the
comparison groups with the appropriate figures is provided in table IV.
This table also serves to indicate the tables and figures in which the
basic aerodynamic and geometric characteristics are presented for each
model configuration.

Basic model.- A study of the data of figure 13 reveals that the vari-
ations with Mach number of the longitudinal aerodynamic characteristics
of the basic tail-on and -off configurations are, in general, similar to
those of models having thin low-aspect-ratio wings of comparable taper and
sweep (see refs. 6 and 7). Apparent for the horizontal-tail-on configu=-
rations are the pitch-up tendencies at 0.80 and 0.85 Mach number at 1ift
coefficients above about 0.7. Also apparent are the changes in the slopes
of the pitching-moment curves in the region of zero 1ift coefficient at
transonic Mach numbers. These slope changes are indicative of an abrupt
fore-and-aft center-of-lift travel observed for unswept wing models as
reported in reference 6. At zero lift coefficient, there was a progres-
sive increase in positive pitching-moment coefficient to approximately
1.05 Mach number for the configuration with the horizontal tail. This
change in pitching moment is believed to be dependent upon the influence
of the vertical tail on the flow over the horizontal tail and is discussed
in reference 8.

Wing-camber modification.- From the variation with Mach number of
drag coefficient at constant 1lift coefficient, presented in figure lh(a),
it is noted that the configurations employing the NACA cambered wing
(82 and S,-H) displayed a greater minimum drag and a lower drag due to
1ift than did the comparable configurations using the flap-cambered wing
(81 and S;-H). The lesser drag due to 1lift of the NACA cambered wing
configurations resulted in greater maximum lift-drag ratios over the test
Mach number range, especially at the high subsonic Mach numbers.

An examination of figure lh(b) indicates that the type of wing camber
has little significant effect on the variation with Mach number of 1ift-
curve slope and, except for zero 1lift coefficient, of pitching-moment-
curve slope. Near zero 1lift coefficient, the use of the NACA cambered
wing resulted in less center-of-1ift travel at the high subsonic Mach num-
bers than that noted for the flap=-cambered configurations, particularly
for the configuration with the horizontal tail removed.

Area-rule fuselage modification.- A reduction in minimum drag coef-
ficient resulting from the area-rule modification designed according to
the method of reference 1 (configuration Sgz) is noticeable in figure 15(a) -
beginning at 0.95 Mach number and amounting to as much as 0.003 at super-
sonic Mach numbers. The variation with Mach number of the maximum
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lift-drag ratio of the two configurations is a result of the minimum drag
variation, the drag due to 1lift remaining essentially unchanged with con-
figuration change.

The results of figure 15(b) indicate that the fuselage modification
had little effect on the variation with Mach number of either the lift-
curve or the pitching-moment-curve slopes.

Conventional missile M installations.- Each missile arrangement
considered in this discussion and in figure 16 includes pylons and
fairings.

Iower values of minimum-drag coefficient at both high subsonic and
moderate supersonic Mach numbers were apparent (fig. 16(a)) for the wing-
tip-mounted missile configurations as compared with the body-mounted coun=-
terparts, the differences being more obvious for the four-missile configu-
rations. At transonic Mach numbers, the body-mounted arrangements were
as good as or slightly better than the wing-mounted arrangements. For
either arrangement, the increment in minimum-drag coefficient per missile
was about the same for four missiles as for two.

The main points to note about the comparisons of maximum lift-drag
ratio (fig. 16(a)) are that the values for the tip-mounted missile con-
figurations were (l) higher than those for body-mounted missile configu-
rations, and (2) for the two-missile tip arrangement, equal to or higher
than those for the configuration without missiles. These results are
indicative of a reduction in drag due to 1lift believed to be attributable
to an end-plate effect of the tip-mounted missile configurations resulting
in an increase in effective aspect ratio, and also to an increase in
geometric aspect ratio of the two-missile tip configuration.

An aspect-ratio effect is also indicated by the comparisons of 1ift-
curve slope presented in figure 16(b). A further effect of the addition
of the tip-mounted missiles was the reduction of the abrupt fore-and-aft
travel of the center of 1lift for the model near sonic speed and the zero-
lift-coefficient condition (fig. 16(b)). The variation with Mach number
of the pitching-moment-curve slope at lifting conditions, however, was
generally similar for all the configurations.

Conventional missile N installations.- The variations of minimum
drag coefficient with Mach number (fig. 17(a)) are indicative of the
apparent dependence of the drag level on, primarily, the number of N
missiles carried rather than on the wing mounting position. The incre-
ment in minimum drag coefficient per missile, however, was less for the
four-missile than for the two-missile configurations.

An aspect-ratio effect on maximum lift-drag ratio similar to that
previously discussed for the tip-mounted M missiles is also apparent from
the results for the tip-mounted N missile configurations (fig. 17(a)).
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The aspect-ratio effect is also indicated in the lift-curve-slope
variation with Mach number (fig. 17(b)). Both the wing-tip and underwing
N missile mountings had an effect on the center-of-lift travel similar
to that for the tip-mounted M missiles, that is, a reduction in the
abrupt fore-and-aft movement near sonic speed for 1lift conditions near
zero (fig. 17(v)).

Moment-of-area missile M installation.- In applying the moment=-
of-area method (ref. 2) to the design of the missile installation, the
procedure described in reference 3 was followed. Since the description
is given in some detail, it will be sufficient here to state the essen-
tial requirement for obtaining low values of zero-lift wave drag at sonic
and low supersonic Mach numbers. The requirement is that the longitudinal
progression of the perpendicular cross-sectional area and the second moment
of the area about the vertical plane of symmetry be smooth and gradual.
The extent to which this requirement is met by the present design is indi-
cated in figures 12(b) and 12(c) wherein the distributions of the area
and second moment of area are compared with desirable Sears-Haack theo-
retical distributions. Also shown are the corresponding distributions
for the basic configuration without missiles and with the conventional
wing-tip installation of missiles. It is to be noted that the area dis-
tribution of the moment-of-area configuration was improved by the addition
of volume to the fuselage. This volume and the volume added by the aux-
iliary bodies amounted to 9 percent of the basic-configuration volume.

It is observed from figure 18(a) that, compared with the conventional
wing-tip installation, the moment-of-area missile installation of four
missiles had higher values of CDmin at Mach numbers below 0.96 and lower
values above that Mach number. The higher subsonic level is attributable
to the skin-friction drag associated with the greater surface area of the
moment-of-area configuration. If it is assumed that a skin-friction drag
increase of the same order of magnitude also occurred at sonic and super=-
sonic speeds, it can be concluded that the moment-of-area configuration
provided lower wave drag than the conventional installation. Also of
interest are the drag values for the configurations corresponding to the
launched-missile condition (i.e., configurations S4Py and SlPT). It is
noted that the auxiliary bodies and missile pylons can be carried for less
drag than the conventional wing-tip pylons at supersonic Mach numbers to
approximately 1.40. In fact, for this Mach number range, they can be
carried with little or no increase in drag over that of the basic configu-
ration (cf. configurations S,Py and S;).

An exsmination of figure 18(a) indicates that the conventional con-
figurations display higher values of maximum lift-drag ratio throughout
the Mach number range than do their moment-of-area counterparts. The drag
due to lift of the conventional configurations is sufficiently reduced by
the aspect-ratio effect of the wing-tip mounting to more than offset the
variation of minimum-drag coefficient noted previously.
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The values of lift-curve slope (fig. 18(b)) also show the aspect-
ratio effect of the conventional wing-tip installation of missiles. This
effect is greater for this configuration than for the others. The center-
of-1ift travel near zero 1ift in the transonic Mach number range for both
the conventional and moment-of-area missile configurations was less than
that of the basic model (fig. 18(b)). In general, the moment-of-area
configurations displayed a slight destabilizing effect as compared with
the basic model and the conventional missile and pylon configurations
throughout the Mach number range of the investigation.

External storage tank installations.- Of particular note is the
increase in minimum drag due to the addition of two underwing tanks to
the configuration having two wing-tip tanks (fig. 19(a)). The drag incre-
ment per tank for the underwing mounting was approximately twice that for
the wing-tip tank arrangement. Although these differences in minimum drag
were reflected in the variation of maximum lift-drag ratio with Mach num-
ber, the generally lower drag due to lift at supersonic Mach numbers of
the configurations with tanks, especially the one having four tanks, less-
ened the differences in maximum lift-drag ratio that otherwise would have
occurred.

As in the case of the wing-tip-mounted missile arrangements discussed
previously, the high values of lift-curve slope for the tank configura-
tions as compared with the basic model (fig. 19(b)), are considered to
result from an increased effective aspect ratio produced by the mounting
arrangement of the tanks. There was appreciable reduction in the magni-
tude and abruptness of the center-of-1ift travel near zero 1lift resulting
from the addition of the external wing tanks to the basic configuration
G o l9(b)). An examination of the horizontal-tail-on and -off data at
zero lift coefficient indicates that the longitudinal stability charac-
teristics of the wing and also the stability contribution of the horizontal
tail, especially at high subsonic Mach numbers, were noticeably influenced
by the tanks.

Bomb and gun-housing installations.- The major effects of the bomb
or the gun housing on the longitudinal aerodynamic characteristics were
an increase in minimum drag and a decrease in maximum lift-drag ratio
relative to the characteristics of the basic model as shown in fig-
ure 20(a). Although the maximum frontal area of the bomb was only 80
percent that of the gun housing, the values of minimum-drag coefficient
for the bomb configuration were higher than those for the gun-housing
configuration by approximately 0.0010 at subsonic Mach numbers and
0.0030 at supersonic Mach numbers. ILittle effect of either the bomb or
the gun housing on the lift- or pitching-moment-curve slopes is indicated
in figure 20(Db).

Dive-flap installations.- The most significant point about the drag

results (fig. El(a)) is that the underfuselage flap was nearly twice as
effective as the side-fuselage flaps on the basis of the drag increment
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per unit area - the frontal area of the underfuselage flap was half that z
of the two side-fuselage flaps, and yet it provided drag increments that
were within 10 percent of those for the side-fuselage flaps. The lower
effectiveness of the side=-fuselage flap arrangement is attributable in
part to the lower dynamic pressure in the vicinity of these flaps result-
ing from the wake of the wing. There is good possibility, furthermore,
that up to sonic speed the side flaps increased the pressures over the

rear portion of the wing which would result in an appreciable reduction

in wing drag and thereby offset the direct drag increments due to the
flaps. Drag and pressure-distribution data concerning this effect of
side-mounted flaps are presented in reference 9. A comparison of the drag
values for the configurations with and without the horizontal tail indi-
cates that the horizontal-tail drag was reduced by the presence of the
side-fuselage flaps; whereas it was increased by the presence of the under-
fuselage flap over that for the basic model.

The effects of the dive flaps on the lift-curve slope (fig. 21(b))
were sizable for the zero-lift condition at subsonic Mach numbers; the
underfuselage flap configuration had higher and the side-fuselage flap
configuration had lower values of lift-curve slope as compared with those
of the basic model. This was true for both the tail-on and tail-off con-
ditions. Appreciable effects of the dive flaps on the center-of-lift
location are apparent from the variations of the pitching-moment-curve <3
slopes with Mach number (fig. 21(b)). Neither flap configuration showed
the abrupt forward movement of the center-of-1ift characteristic of the
basic model near the zero-lift condition. For the side-fuselage flap con- -
figuration, however, there was an abrupt rearward movement of the center
of lift beginning at Mach numbers 0.95 and 0.98 for the tail-off and tail-
on configurations, respectively, at 1lift coefficients near zero.

An increase in positive pitching-moment coefficient at zero 1lift
coefficient resulted from the addition of the fuselage flaps to the basic,
horizontal-tail-on configuration, in general, as is apparent from an exam-
ination of the basic data (table II). This increase in pitching-moment
coefficient for the underfuselage flap configuration amounted to as much
as 0.050 at Mach number 0.8, diminishing to the basic model value at
approximately Mach number 1.35. For the side-fuselage flap configuration,
this incremental pitching-moment coefficient at subsonic Mach numbers
was considerably less than that for the underfuselage flap configuration,
but increased to about 0.070 at Mach number 1.LO.

Static Lateral-Directional Characteristics Tests

The data of the static lateral-directional characteristics tests are
provided in table IIT for the basic model with and without the empennage.
Plots of static lateral-directional slope parameters as functions of Mach
number, angle of sideslip, and angle of attack are presented in figure 22.

T TR~ . |
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The variations with Mach number of the slopes of the rolling-moment
curve, yawing-moment curve, and crosswind-force curve are indicative of
favorable lateral-directional characteristics of the basic model at angles
of sideslip to 7.50 and angles of attack to llo, which were the limits of
the test. Of particular importance is the fact that the basic configu-
ration, S;, displayed approximately the same amount of directional sta-
bility and dihedral effect (CnB and Cq , respectively) at 1.4 Mach num~

ber as at 0.8 Mach number at the test angles of attack of 30, Ty and
11°. The abrupt changes in CnB and CZB noted for the basic configu-

ration at transonic Mach numbers, particularly at the higher angles @it
attack, were apparently related to a change in the air-flow characteris-
tice around the empennage since no similar changes in the data were noted
for the configuration less the empennage. The effect of the empennage
was observed to be sufficient to offset the inherent negative dihedral
effect of the configuration without the tail assembly.

CONCLUSIONS

A wind-tunnel investigation of an airplane model with a 3.4=percent-
thick unswept wing of aspect ratio 2.45 has been conducted over a Mach
number range from 0.8 to 1.4 at a Reynolds number of 1.5 million. The
following conclusions were drawn from the results of this investigation:

1. The longitudinal aerodynamic characteristics at transonic Mach
numbers of the basic model were similar to those previously observed for
models having thin low-aspect-ratio wings of comparable taper and sweep.
A horizontal-tail-on pitch-up tendency was indicated at Mach numbers of
0.80 and 0.85 beginning at a 1lift coefficient of approximately 0.7 for
the basic model.

2. -The configurations having a wing with an NACA mean-line camber,
in place of the basic leading-edge-flap cambered wing, had: (1) higher
minimum drag coefficient; (2) appreciably lower drag due to 1ift;

(3) higher values of maximum lift-drag ratio, particularly at subsonic
Mach numbers; and (4) less center~-of-1ift travel near zero-1ift coeffi~
cient at transonic Mach numbers.

3. An area-rule modification to the fuselage of the basic model
resulted in a reduction in minimum drag coefficient and in an increase in
maximum lift-drag ratio at Mach numbers from 0.95 to 1.40.

k., Iower values of minimum drag coefficient at subsonic and super-
sonic Mach numbers resulted, generally, from mounting various external
stores on the wing tips rather than beneath the wing or on the fuselage.
The wing-tip store installations also produced higher values of maximum
lift-drag ratio than did the comparable fuselage and underwing
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installations, primarily because of the reduced drag due to lift result-
ing from the effective increase in aspect ratio created by the former
store mounting arrangement.

5. Wing-tip mounting of external stores resulted in a reduction of
center-of-1ift travel at transonic Mach numbers near zero 1lift and in a
general increase in the values of lift-curve slope as compared with the
basic model.

6. A configuration with the missile mounting designed according to
the moment-of-area rule had lower values of minimum drag coefficient at
transonic and supersonic Mach numbers than did the comparable conventional
wing-tip installation. This advantageous reduction of minimum drag was
offset by relatively higher drag due to 1lift, resulting in generally lower
maximum lift-drag ratios for the moment-of-area configurations than for
the conventional configurations.

T. The addition of two simulated storage tanks mounted beneath the
wings to a configuration already having two such tanks mounted on the wing
tips resulted in a drag increment per tank twice that resulting from the
addition of two tip tanks to the basic configuration.

8. Although the two side-fuselage flaps had twice the projected
frontal area of the single underfuselage flap, the increment of minimum
drag coefficient for the side-fuselage flap configuration was only about
10 percent more than that for the underfuselage flap configuration. The
lift-curve-slope and pitching-moment-curve-slope variations with Mach num-
ber were generally more favorable for the underfuselage flap configura-
tion.

9. The complete basic model had favorable lateral-direcgional char-
acteristics to the test limits of 70 angle of sideslip and 11  angle of
attack throughout the test Mach number range.

Ames Aeronautical ILaboratory
National Advisory Committee for Aeronautics
Moffett Field, Calif., May 22, 1956
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TABLE I.- GEOMETRIC SPECIFICATIONS OF MAJOR MODEL COMPONENTS
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Fuselages

Bl’ Bz, and B3
Length (to exit face), in.
Maximum frontal area, sq in.
B menessEratloM eSS,

Wing W,

Airfoil section; forward O0.5c elliptical, aft 0.5c¢ circular
arc; root and tip thickness ratio, percent c¢ .

Area, horizontal projection including

bedy, 8¢ 1be . o a'e o'
Mean aerodynamic chord, in.
Span, in. 0 i Lo ST A
Aspeet ratlo o o .
Taper ratio SUBL STk e
Sweep of quarter=chord line
Unswept element, percent c
Ineidence, deg o o o oo .
Priiedpal S dep e b o o b e
Leading-edge flaps

Area, sq in. e o e e e

Cherdi@pencent cy o o o

Deflection, deg

BEMOhE 5 i g o o i
Tip

Wing Wo

Same as Wy
by NACA

except leading=-edge~flap
a = 0,8 (modified) mean line, cyy = 0.2
Horizontal tail H

the

o o

portion

type camber

Airfoil section; forward 0.5c elliptical,

Root thickness ratio, percent c

Tip thickness ratio, percent c

Area, sq in. S HGON SREC
Mean aerodynamic chord, in.
Agpeet ratio o o o, 6 s o o
Taper ratio ol sl oher elite o
Sweep of quarter-chord line,
Unswept element, percent c
dfcddence, deg, & oieie o s
Dihedral, deg o el ol

Vertical tail V

deg

Airfoil section; forward 0.5c elliptical,

Root thickness ratio, percent c

Tip thickness ratio, percent c

BPERR B AR el o 6 e s
Mean aerodynamic chord, in.
Hopeetiratdior s o s o s o o
Taper ratio .o
Sweep of quarter=~chord line,
Unswept element, percent c

. .

deg

within

replaced

aft 0.5¢c elreular

are;

2h.6
5.28
9.50

k.9
2.6

. 11.09

2.12
2.95

1[0}t
50

4.3

540
8.0
3.4k
0.87
0.46

35
89.3
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TABLE II.- STATIC LONGITUDINAL AERODYNAMIC DATA FOR THE BASIC MODEL AND

ITS VARIOUS CONFIGURATIONS

(a) Configuration S,

Cm

Q

Cm

Co

Co

TTHOT AN DN OO
HOOWMHHM DR RD
o9occo0o0000000

! T ol 1)

VIEVORAT N0 TO
VMAIMNHOYT HO YT
A AR AT ATl oo W oa le N¥o)

Cocooooo0Cc0O0

AHDETEMMDN TS
CVIYTMMA RO
cccocococoocod
T

NueTTMERO OO N
©oQHAMNY QO
HEHODHAQAMNYWN OO M
COCOOCOCOCT -
[}

MMM AN AN AN N

A A e

QAT AV RAN OO AT
DIRHOHNRMWO R
0500000000500

FRLIER T T (LRI IR

DEHMNMMQAONVTANDOH®
MO~ NOW0DWOoN oW
NWAHAAHQRWMNTOMDN

O0oocooco0O00O00O

Or-MRVONNXMN WY
EQUHONTRHS AN
ccoccocooocococco
| )

MOMRONWN YWY TM
HHCHNM YWD O QT
CCCOO0OOCOOmHMH
00D

CO0OO00O000000O0O00

OCO0000000000O0RC

OO ROD D™
NODNN o X T DR
o00000Co000

i = Y bt |

METMNDONN DD
CMNHOYTNHT DN
TETTTOOIAN D

ococcooo0oC0

AWASTONHTND
VETTTTMNNHT ¢
cccoccoccoco
et

SN TN R QO™
HHOHRM Y OT O
ccccoccccod
(I

NV WWOWGWYW

et e e e e

VOEHHSCARTOOANS
NEeMAWNOOHNNOHN T
20999000 HH
Q000000000000

LU Gl RO SRR

AT HAHDOONROOTOW
¢ =HADOMANMM G DLW
WA HARRRMONT N T

0000000 CCOOO0

TO~OTHN T NN
NDODNUTMHHH®D
DDDJ£JA67£5
O
_

cocooccococooco

=0476
-0130

MM EHONOVOT OO
QQoHddunToN N D
01234558024
0
_

COCCCOCHHA

-0164
-0110

HOLOLLVLOYWWY WY
QD0 RVVRRRR DD
O0O0O000O0OCO0O0

0.85

N QO NN HD
NODWOWMHORTDM
000000550000

£ [ R0 B

VOHOHOOAROHOM
AW HTOONOTR
T T T 0N OO

Cooococo0000

VOOVDVO-ANTO
HOMHHEOANDON T
coccoccoocoooo
RN |

AR HH A HONRO®
HHOHRMIW VDS
coocoooocoooH
[Ju)

00000000000

A A A A

COMQAEANMD G
DITNRNOOHM ¢ D
0000000000

T I )

NEHONAMNHO AW
CMmoaowaw o™
NNRHRQN T OO

oooccoocooo

M- DO~ TND
MO~V OVYYO
=440QQoHYM T,

ccocoooco00
(R I}

dToMeTHoOOOOO
QHoQ MM <
HHOHRM TN VD
ccocoococcoo
UL Ly il

CO0O0O0000000

OO0O00000O0O0O0

O TEDDTONON
SROMOHTOVD O
©0cQ0000000

|/ Y TR O S

HRAMAND QMO
DO HATHHMN OO
T ETTODO-DN®

C0C0000C0O00

DITVARNOD RO D™
MM HOONN
ccoccoococcoo
ot

D¢ HODN OV RO
HHO HEM TV 0D O
cocodooocoocH
()

crUNYTtRDOMN®
CNTITNHDONO AT
00000055050

(40 B |

NuOTNTHREWS
CVMUVOARNNHDN
maQaeEeMnmnmn s~

Cooo0000OCOC

HONMMOONWLWONS
DTOO™~VO~DON
94 QAQdNN o

coccoccococoo
LRI e

WOoOWHMNMMMMN A
LR ACIche R U]}
HHOHRMINLCT D
coococoovceceH

HWVLWVWVLWLLWWW

CO0O000O000000

THDO N RWOO ¢ HO
O>THOMNAD T DO
000050555552

0000 000

OTNM® MO E®H D
DFTOO NSO DD
TITTTTODOOHOXR

[elelieieloleNololoYoFoke)

HOUDNMNMMNEHNAHXO T
~cMOHNoCOLCTN@ND
ccoccoocoococooo
AR

AAHDT AN O DO
HHOHRM YWV VDO N
0000000000 HH
| il T |

QDE HHR AN QRO
OEVVMOHND D¢
000005500522

I T

mMmMnT~oVnanNYTC
DA HNNNOE HNO
MMM ECTMNO0

CCOOoCcOQ0OO0O00

MNOD AT AN~ T N
OATOVARNNRNON™ T
ccoocococooo
ERT

NOHOOOHAANNT
AHOHQM 00T SN
coocoo0coooOMH
30

DDV TLDDVDODD L

OO00O00000O0000

N WO QOMO D
OO AMODOD
2999 goaq
Q000020000

9| XSO G |

QW OO0
VM OONN~NOR
TN TTOON
QQeQQoQQeeQ
Qoococcooec

WO AT~
0 HTMOoOONMNO
HdQQrHdany
oocCcocoooo
100

O~ O wwHOCeX
2 Q QAN
O H MNTN 0
coooooco

5
-01.0

=101

[eNeNeololololola)
Y TIILY
oo e

140

NTDOONOOROSD
SarwmdoOMwVaNn~
0000500000002

S T !

MAOM-H®NRO-HOMWN
Mmor~vocCcOV MY
TITMNMELTHD>TCNRO

cocoocoOCco000

SMMOAHC Y THDOD
awUVMMARNQONYT
occoccocodow
(=000

"R Osoon
HHCHEM 00D oN
ocoo0cocOoCOoOCOOHdHH
1

O0OO0OCOCOO0CO0O000

Ll R R R R e R R h ]




19

NACA RM AS56E22

TABIE IT.- STATIC IONGITUDINAL AERODYNAMIC DATA FOR THE BASIC MODEL AND

ITS VARIOUS CONFIGURATIONS =- Continued

(v) Configuration S;-H
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TABLE IT.- STATIC LONGITUDINAL AERODYNAMIC DATA FOR THE BASIC MODEL AND

ITS VARIOUS CONFIGURATIONS - Continued

(c) Configuration S,
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TABLE TII.- STATIC LONGITUDINAL. AERODYNAMIC DATA FOR THE BASIC MODEL AND
ITS VARIOUS CONFIGURATIONS - Continued

(d) Configuration Sy-H
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TABLE IT.- STATIC LONGITUDINAL AERODYNAMIC DATA FOR THE BASIC MODEL AND

ITS VARIOUS CONFIGURATIONS - Continued

S3

(e) Configuration
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TABIE IT.- STATIC LONGITUDINAL AERODYNAMIC DATA FOR THE BASIC MODEL AND

ITS VARIOUS CONFIGURATIONS - Continued

(f) Configuration S;Pp
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AND

TABLE II.- STATIC LONGITUDINAL AERODYNAMIC DATA FOR THE BASTC MODEL
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TABLE IT.- STATIC LONGITUDINAL AERODYNAMIC DATA FOR THE BASIC MODEL AND

ITS VARIOUS CONFIGURATIONS - Continued
(h) Configuration S;Mgp
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TABIE II.- STATIC LONGITUDINAL AERODYNAMIC DATA FOR THE BASIC MODEL AND

(1) Configuration S;Myp

ITS VARIOUS CONFIGURATIONS - Continued
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TABLE IT,- STATIC LONGITUDINAL AERODYNAMIC DATA FOR THE BASIC MODEL AND

ITS VARIOUS CONFIGURATIONS =~ Continued

(3) Configuration SiMoT
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TABLE II.- STATIC LONGITUDINAL AERODYNAMIC DATA FOR THE BASIC MODEL AND

ITS VARIOUS CONFIGURATIONS - Continued
(k) Configuration S;Np
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TABLE IT.- STATIC IONGITUDINAL AERODYNAMIC DATA FOR THE BASIC MODEL AND

ITS VARIOUS CONFIGURATIONS - Continued
(1) Configuration SNy
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TABLE II.- STATIC LONGITUDINAL AERODYNAMIC DATA FOR THE BASIC MODEL AND

ITS VARIOUS CONFIGURATIONS - Continued

(m) Configuration S1Nop
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TABLE IT.- STATIC LONGITUDINAL AERODYNAMIC DATA FOR THE BASIC MODEL AND

ITS VARIOUS CONFIGURATIONS -~ Continued

(n) Configuration Sg4
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TABLE II.- STATIC LONGITUDINAL AERODYNAMIC DATA FOR THE BASIC MODEL AND

ITS VARIOUS CONFIGURATIONS - Continued
(o) Configuration S4Py
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TABLE IT.- STATIC LONGITUDINAL AERODYNAMIC DATA FOR THE BASIC MODEL AND

- Continued

ITS VARIOUS CONFIGURATIONS

(p) Configuration S;Muy
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TABLE IT.- STATIC LONGITUDINAL AERODYNAMIC DATA FOR THE BASIC MODEL AND

ITS VARIOUS CONFIGURATIONS = Continued

(q) Configuration 8;Tp
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TABLE II.- STATIC LONGITUDINAL AERODYNAMIC DATA FOR THE BASIC MODEL AND

ITS VARIOUS CONFIGURATIONS - Continued
(r) Configuration SlTTTW
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TABLE IT.- STATIC LONGITUDINAL AERODYNAMIC DATA FOR THE BASIC MODEL AND

inued

ITS VARIOUS CONFIGURATIONS =~ Cont

(s) Configuration S1Tp-H
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TABLE II.- STATIC LONGITUDINAL AERODYNAMIC DATA FOR THE BASIC MODEL AND

inued

ITS VARIOUS CONFIGURATIONS - Cont

(t) Configuration 8;TpTy~H
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TABLE II.- STATIC LONGITUDINAL AERODYNAMIC DATA FOR THE BASIC MODEL AND

ITS VARIOUS CONFIGURATIONS - Continued

(u) Configuration S;A
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TABLE TII.- STATIC IONGITUDINAL AERODYNAMIC DATA FOR THE BASIC MODEL AND

ITS VARIOUS CONFIGURATIONS - Continued
(v) Configuration S,G

Cm

Co

Co

Gm

Go

GL

O NMOVVN VY N®
ADOTHONTVOM
00000000002

Lo Vg

MORDHDOMHON
oCVRNOVONHTO VD
NYTITITOOSAND

coco0o000C0OCO

OOVTDAYTRAD N0
nme~OVMMMAQ H oW
WOty ¥ YR
COoOO0CCOOCOO00O0
oL

VOOHHHHHO ®~
©HOHYMT Q0
HHOHEM W 0 0O
ocooo0o00000OH
1t

LAl N R WA R W Wa )
QQeQeQQQeeQ QR

ArAr A Ao A

T VODEC O O 10O
TMNASONMNM YO HNM
5500000000092

Uiie? e 1 st £y 5 B

OANVOMNDORO RO
TNAOOMDONMNDOW
MAHHYXAMTTMTMN

CO000o0C0O00Co00O00

DOHANOAODON T T-M
VAVHOOTRWON ONY
cococcoc0000680
8

THIMAVTHON VN T

AHOHRMYDOD OR T
00C0000000HHH

0000000000000
QRRRRRRVVR QDD
000Q00000DO000

AOCHWO WM
cCOOVITHOMTONM
50000000000

PERGSUHEET

MO DDV N
or-MMONHTONY
LT TOO-AM®D

CO0CO0O0000000

~crROTLANSOQ T
HOo0VM MR HSD T
ccccceccocooo
P L |

WO HHHOHOHH®
HHC HRM IOV O
ccoocooocoooH
[

W00 W WL WLWOWY W

A A

DONOY D NO ® N
TMRHONMN Y T~
0000050000

LEa R R R N

~OHDOMAH®DOMO
DMNORH VD RN
NRRHNN QA0 R

(eleolelofolofe}oNoiol

RNIITMN AR DO
MDA UTNRO

HrHO QN N0 O
OO0C0O00OO0CcCO0
3k

HOWVBV D WVO WO
VDRRRD DN QD
0000000000

AHTONRN VRO D@
AODOMOD NNV
29990099
00000000000

IR LS SRS L )

aotDAVLOHDNM
THODT-MNTO A0
VT TTDO-AND
299Q9QQQ9QQHH
Qo000 000000

0D DM 0! - 0N
MDODOOADDONM
QriQQrryMIY@
Coo000000000
)

OMTTONHVODOOO
QHQQHAMN TV N0
HEHOHAMNTWVODOC
CoCO00000000H
L}

1410
10

000000000
ivjclviviv i~
A e

1

ORYMRACAMS O
LYAHADH T T OO
00000c0030

IO 1 DL O b |

AWHEOMN OO
OHNONRO HMN DN
auueeaemnenc

[e¥oYelelofolefeolte]

NDDAR OO AN
DMOHANSC VN0
occoococooco
bt

VRTMNOO O®~
HHCH®NM ¥ 10 ©
coococooccoo
| Al ol

0000000000
0) 0} YOy Oy AL O O
0000000000

O DO HOADOWD =
0«0 WNONNT DO
MY TTOO>DONN
CEEELEEEER
00000 CO0000

D -0 = T W0

-0219

< T 0

~®O
+4QQQHYNY QI
[=R=Ne}

| |

-0166
-01412
04

YAQ QN Q

120
120
120
120
1.20

DT ODTNDD Q@
TLMRHOH N O N
0000005535392

[ W =N L= B ]

AOVLAGONDNOHR
HOALVYETWNOD®A®D®D'ED
maEXXMMeTOeEeM

0O0CO0O0O000C0O00

SOOIV OW O HN T~
~MVONINODALCH
00000000 CcCc00
{ i

VAMMAEHAHONN = ®
HHOHRM ¥ 0D S M
0000000 OO0HH
D

[FoRT RT T U To NTo RTo RS RY o R Vo RO N2 )

000000000000

RN QAN T 0D
DT HAAMNOOH DD
00000000092

|l ey 8 L B |

TONOATHN T O
TOUVYTNODM®ON®DD
DNTTITHONDO DD
QQQ2QQQQQHH

00000000000

NTOVOND AN
ArNOAHOTMNHAN O

©0000000000
i, i

DOOONTRON
©4QQ94NMTNY
AEHOHQANYTOODO
ooccooCoco00eH

M T TV ND
cONYTNOHNOAWND
000900000003

TSN R i

THODNITTDOD® DO
ovMANHAHOWV TN
MMM T SO 0N DLW

oCcooo00o0O0COO0C

MOTHEO OO
ATV HOOMDONEM
cocococoococco
]

TOHNN VN VWYVONO
QoM TN
Ao d@MTODOM
000 00000COH
i

DDV VPLDLDLOD DD

000000000000

D HTOHC VN0 O
O ¢ TO0 W
5000000000

T

VT HOTNHO T T
MOVT O™V M
VDT TDDOS

0000000000

HETQO~-W AN
ANDMOVTAAD N
cococoocoo00GC
o |

nEmoOMmNmON
QHQOQHRNNY
HHAOH RN TN 0D
0000000000
{ 1 |

0000000000

He e Ao~

OOV HO HHTDTW
OEOVNRHANBD T
00000000003

(ERC %

ONMNANONDDO™
YN~ ONMN®DT D
TeTMMTINCDONT

COCO0O00C00000

TTTNEDWONRNR
HONHHOO0ON0

ccocococooococ
]

VHONO O AR D™
AHOHRM T OGS
0000000000
o

COCO0O0000O00

e A A e




NACA RM A56E22

TABLE II.- STATIC LONGITUDINAL AERODYNAMIC DATA FOR THE BASIC MODEL AND

S1Fg

ITS VARIOUS CONFIGURATIONS - Conbinued
(w) Configuration
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TABLE II.- STATIC LONGITUDINAL AERODYNAMIC DATA FOR THE BASIC MODEL AND

ITS VARTIOUS CONFIGURATIONS - Continued
(x) Configuration SiFy
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TABLE II.- STATIC LONGITUDINAL AERODYNAMIC DATA FOR THE BASIC MODEL AND

ITS VARIOUS CONFIGURATIONS - Continued

(y) Configuration S1Fq-H
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TABLE IT.- STATIC LONGITUDINAL AERODYNAMIC DATA FOR THE BASIC MODEL AND

ITS VARIOUS CONFIGURATIONS - Concluded

(z) Configuration S;Fy-H
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TABLE III.- STATIC LATERAL-DIRECTIONAL AERODYNAMIC DATA FOR THE BASIC

MODEL WITH AND WITHOUT THE EMPENNAGE
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TABLE TITITI.- STATIC LATERAI-DIRECTIONAL AERODYNAMIC DATA FOR THE BASIC
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TABLE TITII.- STATIC LATERAL-DIRECTIONAL AERODYNAMIC DATA FOR THE BASIC

MODEL WITH AND WITHOUT THE EMPENNAGE - Continued
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TABLE IIT.- STATIC LATERAL~DIRECTIONAL AERODYNAMIC DATA FOR THE BASIC

forar= llO

(c) 81

MODEL WITH AND WITHOUT THE EMPENNAGE - Continued

Crm

Co

Co

HOHOHO Y TMRQDOORNO DM
ORNORDTONAMMING IO
TMRHHOO00OHHAMM T 10
CO0C000000606060000
Ve

HHOHHY TV OMANONO R ®W0
OCDOVITMRAHOOHAMONON ¥
©CC0000000000000B0

(NI IS S R RO I O )

O HOTROMNTHNYN TN
THOAUVUYTMNMAOHATNOOM W™
HrHOO00QO00CO0O M=
2922999999900 QQQQQ
OCO0000000D000000000

(IS I [ (I R 2 ]

OSSO~ O Q
MO HA S H QAN TN
xBrhr B he b Bx Bx B e K Re ks Re Re R Ea ke
OCO0O0CO0000000O00O0OO0OO0O0
S 8 S A SO T S 1 WO T S 1o A ¢

AT HOHDNDTD WO
TAOOO>~ONTODOAHMNY OW
LVVWVLOWVVWVDWVWVWOIN VYOS
e S Ax e B B B r Ba Ko K Ko B By R K|
OCO00000000000000000

VOELVOITMNTOOVTTNROTQ
1 101 1) 00 1D MY B0 00 BN B 0 0 0 0 o
L O L S O L LIS
COO00000000CO000CO0000

ONOADAOCOO DA ®®M®OO
20 00RQNQ 0¥ 00000,00
TMNAHAHOOOOHHNM SN O~
[efejolofofoYoleNolooRo oo NoRo o o)
U USROS ]

HEHAARRRBRRIARHAO MDD
S e o T T Ko Wy R S
e e e R R e R R R
B R e e R R R R R

OC0000000000O00O0O0000
YUYRRRRRRRQ QR QD QR Q
CO000000O00O0ROOO0O0000

HIDWDAO DMV NS0 T
V- OANO T HORO HO 0N o
TMRAAHO0OHHRNM T 0 NW0
ccococco00000000000
P

TRHRTTOWWTMADE DO O D
CQDUVITMNAHOO HNRNT OO N
0000000000000 00000

RO DN GREOR0 O

TQOANHONMNM HONNDO Do\~
LROMNHOROMEANANYT VDO
WAHAAHOOOO O HHANNR M
29929929990002QQQQQ
O00000000O0DOOD0O000O0O

USSR TR R D () )

QAOMDFTDVOOVOODMO IO ®MN
DL TN T TD0O0 00N~
b xR B Bz Br S Br B B B Br B B By B Kz B
0000000000000 O0O0000
0000 EC00 0000000000

VATV WORARMNSOWID MM WO
OYTAHHUHRHOHAO HT - C D
S Sl S S S S SN ST N S S ey
2 Bx B hr R hx Ba e e By K Ra R R Ko Ko Rr Ko
0000000000000 00000

DORANOVON-N QN O~
OO HEHAMMARAHONN® ® O~
ENQQQRRRQQR DN NN NN
CO0O0O00CO0000O0OOOOCO0O

DODOANOCOOHDODE0~ 0O
00003 QRQY 00000070
TMNAHATO00O0OHHARM T DON
OCO0O0CO0O000000O0O0O0O0O00O0
0= 0 DU [

ROTOOSDBH VO TR
Az By Ko o iz Kr g r B By R o B B r Br B Bor
Arddddddddrddd A o
B R e R R R R

Q0000000000000 00
99000000 000%3%00 003
OC000000O00O0O0O00O00

0950

DODORD HOHTTRODADWW
OCONOTATOVHOHO OONHO
DMRNAD00OHHNN T DON
000600000005 CC0000
RN

OMEHOAN T TNV ITNORD
HOMWMR OO RMIDNS ON T -
0000000000000 00000

(R 0 (R | B |

DOOVNMODNDHOWV VWV Y
HOMWYMNHOOHMT VOO MM
40000000 000000 HHMHH
©00000050005005000

LIRS S B S PR |

O>-OMHOONNRNORNOVI NN OO
COOLOLITIVOODOS DO
A dodrrqgrggddqg
0000000000000 00000
OSRNG0 ) 0 8 G 000 000 0 )

MEODVDHLCOD RCOOTRTONN
MOV VOO N
AN HAH A QRN
YRR QQYQQQGYYYY QY
O00000O0O00O0O0DOO0D00

MO~V TMTANEHROH XN
DaliaNe Ao e Ao R o a v PR R v B vl v i)
00,0,0,0,0 00} 0,0, 0,0)0, 0, 0y Oy A O)
OC000C0OCOOCOOO0O0O000

CEOAOHHHDON>OMLTANN

00000RQNATLAR0 QR0

<M HH1OOOOHHNM WO
CO00O0O000O0O0O0000
LI I |

QR0 AP wMN~ VW
EENENENSRENNRREQ0Y

Ardrrd A Al A A A A
Rl l e R R e R e R R R ]

O00000000O0OO000O000O00
2Q99999229993392QQ
R e e R R Rk

NVOVVOVRDTRDO DT OMN
HOO HYD>ODNHDO XM X
VOMRRHOOOH QXM N0 N DD
ccoccoccocoocooocooGe
RN

ERANLMAIDDHRTEQN N HDRN
RO~ ITMNHOOANMNTO O
0000000000000 CBO00

| PR I I T R et S 1 |

730549497169521839
NHAVDMROO XM T O e (¥ I0
HH00Q000000 00O drx
0000000000000 30000

(FSVSR P P e T

ONOVITMRNT WL MO O
hesmmmmmMmMmam g ¢ 000
bzl e B i o B K I By e B K o o B B i
O00000000000O000O000
S ORG O OR 0 (0 000 O 00 6

NNNTTOODTODNNWDMC TN
CTHN DOV OOANDAYT R
HH1H1000000000OHHHN®

ARG YQRRAQRQQQQ
CO0000000000000000

MMAANCNCOD>-DOHLWLL NN
-0V VVVOV 0O
VRRYRYQQRNQIQRARRRDQ QD
00000000000 COOCO0C

NNTONANOFHEONTRAHOND O
QO AQTYVQILAT QNN QR QD
TNARHEHOOOOOHHNM ¢ WO
0000000000000 O00O
UG ORD O

LOHOVVOVOVVVVVWL T T TN
QLYY RYYYLYYRRRR QYT
LR R e e R R R R R R R Rl ]
R R R R R R R R R k]

110

©coocooooo0o0000000d
i hrie Ko ke i Ba el Bx s s r Ka B
A Al A A Ao

110




k9

NACA RM A56E22

(D,

m %

= (&)

o

2B ]
5|

<t o

S5

Ao
[SWe]

B S

R
&

SECR

DMO

(@) )

Ho o S
M (&)

o

= B

O E ol

Hwa o
B3

gy

U=
24 o

5 —~

mm,w

L

5

I = 3

H

H

H

m =

2

B

TORMNOHEHWTUOVOWOLOVO OO~
AR 0O T H N0 IT TR0
NETMAEHEHOOOHHAR MY DO
2929999Q9QQQQQ2Q2Q
CCOO0OCO0OOOO0COOOO000
Lo R LT BTN

DHOMANWVINOAHO WMV NRH®
AN TN HOO Y VD O QW ™~
19999Q99QQQQQQQ ] vy
000000000000 OCO0000

ORI T TR

D00 DT O~ OO OV MM~
CDOYMNM=H OO QM- O ONM
400000000 00HO0 O HH
000000000005 000000

T 000 0 G G

CO00O0HOHHOOMOXOVOOHO
©O00000000O0NAOCARNOOOO
RRQQQQ QYN QG Q
0000000000000 0000
0 O O et e A T IR R

-02

N
o
'

ROVEHDMIMAROADDOD OWLMO
NOOVETTMMNQREAT I T
HO0OO0OO0OO0OO0O0O0O00OO0OHHHN

YRR YYYGYQYYYY GYYQ
Q0000000000000 O000

FOOVEAOVAD> VAN OTMON~M
HOWOWVWWWWLWLW VW WY W WM ¢
RRRRRRRQYRQRR QR QYR D
000000000000 0C0O00Q0

VOO OONNS-VN TN R HH
0000 ¥ QN Q¥ 070 Q0 ) 900
TNAAHAO00OOHH NN ¢ N0
000000000000 00O00O0
Lt O I L

VYOQVYFrVhYLe VooV QoY N
©QLRYR VYR QYL YRYRYY
kb e R R R R R R R R e R R R ]
el Al H A Al A A el

120
120
120
120
120
120
120
120
120
120
120
120
120
120
120
120
120
1.20

NO DOVOT O AN Q TN
TN TTOOVNRNHLOAMNDSOMNMOT
TN AEHH OO0 00O HHAMY WO
299999992229 QQQQQQ
OO 00000 OOCOOO0OO000OO0
L EETE. Y

QO WM M T 00 HM WD
CHVINAUAHOOHRMINOXR T O
79 QQQQQQQQQQQQ«ridry

CO0O00O0 0000000000000
§E Bt )OS T )

QROME HH OO RMBN O MY
A0 Q000000000000 HHN
00000000000 0000000

e 0]

AT T V- RANVARROAN M
DDODDODANNNNRAN DD DN
be b B Br Ax Br B g e R Bz B B B B B B B |
00O 0000000000000 O000
MR e T RS S R B )

=0

OHYTOLMNOON®OVORNAN MM
VO REHO O® -~V W0OONNDO
AN OD DDDDDDDANOOC

sl sjvjel <y vjuivivser Ny
00 0000000000000 000

MR HARRATOETNRNODNED
AR GO D000 VOWN
REEREREEEREEREEREYN

OO0 0COOOCOCO0O000OOQ0

FOACHHE HOOON~OW TN T
900,01 QY QIO N, 000000 )
TMARHHOOOOH-HNM TW O™
0000000000000 0COO0O0
£ Ene 4

ALY IIT I A wwmOQOD0 D
0QQRRYYQ YRR RYYR RN VY
e babzbaba bR R R R R R e R R R ]
He el Hrl Al Al Hl Ao

NOOAOVVDOHMDAAARA> OO0
MM TOOVNOITHITXHOMN
TMNRHAHOOO0O0OHHNMN T OW O
229920999990202Q9Q

OCO000000OO0COOCOO00C
RSN I IR S P |

DOMMNETTOODTVNEDOOX T
CDOVITNRHOO HAMDN ARG O
HQQQQQQQQQQQQQQvivv]
0000000000000 O000

D e U0

RN HODO~-NHO O MY
QAruYTMNAROOCHAMUOUDONT W
HArHOOQO0 00000000
2@Q399Q3209Q292QQQQ
OO0 00O0000DD00D0D00000

) G L L ot ST T (Tl BT )

VCODDARNONNANNDLOOW T W
@ 0 DO O WO DO DD D DD DD DD
b B B B B B B e B Kr B Bx B e B A B Bz
0000000000000 00000
U0 R B e el e

ANV TRAETRATORA>ONTO T
AOMHHOOOOOCO RN M
S S S o S S S S S S S kX
by Bo B B By B By By B Bp Kz Bz By Bz Bz Bz Bl |
0000000000000 00000

OrrHOQARRHOAND OO
HEHEArrdrH e HHHOOO0O0O0OCOo0
o S o S S e S e S (A

QOO0O00C0C0O0O00O000OCCO

AN OFHHOHOAOODO-0O O
900QNn QR QYT 02 Q000
TNARHHOOOOHHNWMTW O~
0000000000000 O0O00O0
{0 SR T L

[ s e Yo e N~ e Wa e Yo Mo W Wo We Bo Mo o N o]

QPRYIRYIRQRYRIGRIRARRQGRQQ
e R R R e R R
Arddddrd A A A A H e o

0000000000000 00000

Al A Ao




NACA RM AS6E22

50

TABLE IIT.- STATIC LATERAL~DIRECTIONAL AERODYNAMIC DATA FOR THE BASIC

a2 3°
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TABLE ITI.- STATIC IATERAI~DIRECTIONAL AERODYNAMIC DATA FOR THE BASIC
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MODEL WITH AND WITHOUT THE EMPENNAGE ~ Continued
(e) S;-HVD for « = 72
Cp

TABLE III.- STATIC LATERAT~DIRECTIONAL AERODYNAMIC DATA FOR THE BASIC
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TABLE IIT.- STATIC LATERAL~DIRECTIONAL AERODYNAMIC DATA FOR THE BASIC

70 - Concluded

MODEL WITH AND WITHOUT THE EMPENNAGE - Continued
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TABIE IIT.- STATIC LATERAL~DIRECTIONAL AERODYNAMIC DATA FOR THE BASIC

MODEL WITH AND WITHOUT THE EMPENNAGE = Continued
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TABLE III.- STATIC LATERAL-DIRECTIONAL AERODYNAMIC DATA FOR THE BASIC
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IV.- INDEX OF CONFIGURATION COMPARISONS, TABLES, AND FIGURES FOR
THE LONGITUDINAL CHARACTERISTICS TESTS

Aerodynamic characteristics _Drawigg of
Comparison Configuration 1g§ta ation,
Figure no. Table IT gure no.
Basic model with 13 (a) Sy 2
and without
horizontal tail (v) S, -H o
Effect of change of 1k (a) Sy 2
wing camber with (c) S 2
and without model (v) S,-H e
horizontal tail (d) 8_-H ——
Area-rule modifica- 15 (a) Sy 2
tion of fuselage (e) Sa 2
Conventional 16 (a) Sy 2
missile M (g) SyM,m 4(a)
installations (n) SiMeF L(p)
(1) S1Mop k(e)
() 81 Mo 4(a)
Conventional 17 (a) Sy 2
missile N (k) Sy Ny 5(a)
installmtions (l) SlNAW 5(b)
(m) SlNET 5( C)
Moment-of-area 18 (a) Sy 2
missile M (£) S1Pq 3
installations (g) 8, M, L(a)
14
(n) A 2
(o) S Py 6
(p) S My if
Fuel tank 19 (a) Sy 2
installations (a) ST 8(a)
with and with- () SlTTTW 8(b)
out model hori-
zontal tail (v) S1-H ===
(s) S1Tp-H ==
(t) S, TpTy-H ===
Bomb and gun- 20 (a) Sy 2
housing instal- (u) S;A 9
lations (v) 8,6 10
Fuselage dive-flap 21 (a) Sq 2
installations (w) S1Fg 11(a)
with and without (%) S, F 11(b)
model horizontal (b) s g —
tail 15
(¥) 5:Fg-H ===
(Z) SlFU_H -
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Figure .- Photograph of the model installed in the Ames 2 -by 2 - foot
transonic wind tunnel,




old

Refer to Table T for

model specifications.

Dimensions in inches
except as noted.

,— 0.89C
[eera | P o2 2.08
- =T
5.37 4.14
10° _ ~4A,“__,,,_/L_L
c 4.50 1.52
! .

c
=t s

i - 24.60 —

\\
L === jps3= T —

Figure 2.- Basic model geometry for the S, , S,, Sz, and S, configurations,
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Missle pylon, P
length

maximum frontal area

5.57

in, 4,//—"”'_T____—_—__if//’/i__—

075 in2

Figure

14.12

3.— Model

with missile

pylon

installation

B o

2eaoGV W VOVN
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Missle M
length
maximum diameter

maximum frontal area

3.46 in,
.256 in.

052 in?

Figure 4.-

Model

14.89
(a) S| M4T
with  four missile

M

installations,
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Missle N
length

maximum diameter

5.20

maximum frontal area

.20

.03l

in,

in.

in:

Figure

5.-

Model

L~——————~—-~|3.77—~—~————‘—~4

with

(a)

three

Si Nat

missile

N

installations .,
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Missle pylon, PM
length

maximum frontal area

Figure 6.- Model

12.00 in,

.246 in?

with  moment - of - area- rule

missile

pod

and

pylon

installation, PM .
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Figure 7.- Model

with

missile

M

moment - of —area - rule

installation , S4 My .
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Fuel tank, T;or T,
length
maximum diameter

maximum frontal area

8.37 in.

.80 in,

50 in?

Figure

8=

s

L 12.14

(a) Sl TT

Mbdel with two external

fuel

tank

installations,
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Bomb, A
length

maximum diameter

maximum frontal area

6.20 in.
.88 in,

61 in?

Figure

9.-

ol

- 970

Model with bomb

installation, S A.
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Gun housing, G
length

maximum frontal area

7.48 in,

.76 in?

Figure

10.- Model

with

gun - housing

installation, S, G.
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Dive flap, Fgor F,

’ projected frontal

’ area per flap 1.54 in?
|

|

extension angle 60°

‘ f 19.58 1

‘ (a) Sy Fs

‘ Figure Il.- Model with two dive —flap installations.
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Model fuselage station, inches
(a) Cross-sectional-area distribution of S, and Sj.

Figure 12.- Cross -sectional-area and second -moment-of -area distri-
butions of the basic model and other configurations.
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Model fuselage station, inches

(b) Cross-sectional-area distribution of S, ,S M, , S,M,,, and
a comparable Sears-Haack theoretical distribution.

Figure 12.- Continued.
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i SaMag ]
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) | \
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[3} \
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o Note : i
g 16 As in reference 2, the I \
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o the second-moment -of- |
= area distribution has been | |
[ neglected.
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Model fuselage station, inches

(¢c) Second-moment-of -area distribution of S, , S Msr, Ss May, and
a comparable Sears-Haack theoretical distribution.

Figure 12.— Concluded.
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(@) C_ vs. a

Figure 13.- variation of lift coefficient with angle of attack, drag coefficient, and pitching - moment

coefficient at constant Mach number for the basic model configuration.
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Figure 13.- Continued.
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Figure 13.- Concluded.
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Figure 14.- The variation with Mach number of longitudinal aerodynamic
% characteristics of the model with two types of cambered wings.
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Figure 14.- Concluded.
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Figure 15.- The variation with Mach number of longitudinal
aerodynamic characteristics of the basic model and
the configuration having the fuselage modified according
to the area rule,
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Figure 16.— The variation with  Mach number of longitudinal
aerodynamic characteristics of the model with and

without  conventional

missile M installations,
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Figure 16.- Concluded.
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Figure 17.—- The variation with Mach number of longitudinal
aerodynamic  characteristics of the model with and

without N  missiles.
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aerodynamic characteristics of the model with and
without the bomb and gun-housing installations.

93




[{

1
N
t
AN
~

AN

[ /

80 90 100 IO

M

1.20

130

80 90 100 1O

80 90 100 IO 20 130 140

M

(b) dCqy and G,
dc,

Figure 20.- Concluded,

1.20

130

140

w6

SISV WY VOVN




NACA RM A56E22

/
v

|
[

10 AEnadLEn -= ‘\‘s
) 4
1’! T'\ e ey
L ” ) ':;‘.--____
/] e

/ b=, 8
09 y 7 e -0 I}

\
\
\
\

08 :
'/

o7 —— =+

06 ("

CDmin 05

03 &
/ .l
02 A/ >
=T = ~=#8Fy
oo 0. 1%
ol e i
T e S, FU_H
—---S,-H
0
BD . OO THOD . U0 TG e A
M
Ll CDmin

Figure 21.- The variation with Mach number of longitudinal
aerodynamic  characteristics of the model with and
without dive - flap installations.

9




2 it i e 8 B Aiememe IS IR e e
N S~ A L —— 2\ =
PBEN NS PR Sms
: / = = B At
\u o B e O = = e
dCrm 0 A b = == - L = —] e ) e ) S e s S e

dCL / ,//,«—\_ o B f%..,\.f::__/ e /_¢\.¥’

—-1T-

2 ; e

TV

Note : —S ———9S F.-H
For configuration S, F,-H, values of SSM ond ¢, o t U
9 Jil=luh dc, La

GL=0 were derived from curves extrapoloted to

C_=0 for Mach numbers from .90 through LIO. o SI Fu === =S

N
'y
j
/
|
i

== —F o] — < = e e === S e e ==
& / ~ — S5 Sy S e =t e S B Sy, ot e P e e Sl e == P
~ I / 41— F~~ T =1 ==~ i e e Sl == i e P
e <t S e i
o 7 — ~.]-
el 7 <
04
T
S ——

80 90 100 10 20 130 140 80 90 100 IO 20 130 140
M 80 90 100 O 20 = 130 140

M

(b) dG, and Clq
dC,

Figure 2I.- Concluded.

96

22A9CY W VOYN



NACA RM A56E22

002 - 002 -
, | [ L]
e~ e
fole]} .00l
- B
0 o}
-00lI - -00l
—,ooz—é—‘ ,< - -002
G (¢
’ ] %
-003] -003
00 ] 00!
Y
-004 -004
-005 -005
?os -006
H
=907 = -007
][ = 0
14 - -002
oref— -0047= -
00— >, -006
Cr, ™ P % AR Cn
B B
008 -008
N
006 / -010
A ;
004i— 012
002 -0l14
0 -016
0l Ol
0 0
Ceg (I B = =
-0l -0l
-0 -02 Symbols indicate values
__éi of slopes taken from
| | I | faired curves,
-03 o <
0% 9 10 L.l 2L 3 A 8 9 10 1.l s 14
M M
o B=0"
o B=T%
(@) a=3%
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