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NATTONAT: ADVISORY COMMITTEE FOR AFRONAUTICS

RESEARCH MEMORANDUM

WIND-TUNREL INVESTIGATION AT MACH NUMBERS FROM 0.8 TO
1.4 OF STATIC LONGITUDINAL AND LATERAT-~-DIRECTIONAT
CHARACTERISTICS OF AN UNSWEPT-WING
AIRPIANE MODEL

By James L. Summers, Stusrt L. Treon,
and Lawrence A. Graham

SUMMARY

Results are presented for a wind-tummel investigation of an airplane
model with a 3.t-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. Lateral-directional characteris-
tics of the basic model with and without the empennage are also included.

Evident for the basic model were a tall-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-1ift travel at transonic Mach numbers near
the zero=l1ift condition. The configurations having the NACA modified-mean=-
line cambered wing, as compared with the configuretions 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 retio
particularly at subsonic Mach numbers, and (4) less center~of-1lift travel
nesr the zero~lift condition at transonic Mach numbers. Modification of
the fuselage according to an ares-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 11ft coefficient at transonic Mach num-
bers. The configuration having the four-missile installation designed
according to the wmoment-of-ar _ nimm drag coefficlents
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and lover meximum lift~dreg retios &t transonic and supersonic Mach num-
bers than 4ld the comparable conventionsl wing-tlp Installation. The
Increment in winimum drag coefflclent for the configuratlon having two
side-mounted fuselage flaps was only about 10 percent greater than that
for the configuration heving a single underfuselsge 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 favorsble lateral-directionsgl characteristics,
in general, wilthin the test limite of angle-of-attack, sidesllp angle, and
Mach number ranges.

INTRODUCTION

Investlgations of the aerodynamic characterlstics of generallzed sir-
craft configurations have indicated thet the ailrcraft with a thin, low-
aspect-ratio, unswept wing 1s one of several types sultable for use as a
supersonic interceptor or fighter. The purpose of this report is to pre-
sent information cobtained from an lnvestigation in the Ames 2~ by 2~foot
transonic wind tunnel of a model representatlive of contemporary high-~speed
fighter design. The Mach number range was from 0.8 to l.4 and the Reynolds
number was 1.5 million. The baslc model consisted of a fuselage wlth can~
opy end faired side Inlets, & 3.L-percent-thick unswept wing of aspect
ratio 2.45, and a fixed, horilzontal tall located high on the vertical sta-
bilizer. Variastions in the configuration geometry included: (1) two
types of cambered wings; (2) a fuselage contour modificetion according to
the area~rule method of reference 1; (3) several conventional missile and
external-store installations; (4) a missile installstion designed accord-
Ing to the moment-of-area method of references 2 and 3; and (5) two dive-
flap arrangements. Statlic lateral-directional characteristics of only the
basic model with and wiltbout the empennage were obtalned throughout a
range of sidesllp angles at three angles of attack.

DATA NOTATION

a wing section mean line designstion
Co crosswind force coefficlent
CCB crosewlind-force~curve slope

Cp drag coefficlent
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CDin

minimum-drag coefficlent .

rolling-moment coefflcilent

rolling-moment-curve slope

11t coefficlent

lift=curve slope

pitching-moment coefficient
yawing-moment coefficlent
yawing-moment~curve slope

sectlon design 1ift coefficient

local chord of wing or tail

mean serodyunsmic chord of wing

pitching-moment-curve slope

naximm lift-drag ratio

Mach number
wing section thilckness
angle of attack of fuselage horizontal reference plane

angle of sideslip of model vertlcal plane of symmetry
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i PR OFANEIS ‘
MODEL NOTATION

Model Component Symbols

bomb

baslc fuselage

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

dorsal fin

gide~fuselage dive flaps

underfuselage dive flap
gun housing
horizontal tail

two M missiles, fuselage mounted
two M missiles, wing-tip mounted

four ‘M misslles, fuselage mounted

NACA RM AS6E22

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

four M misslles, wing-tlp mounted

two N misslles, wing-tlp mounted

four N miesiles, wing-tip mounted

four N misslles, underwing mounted

moment-of-ares pods and pylons for four M misslle

inatallation
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Py wing-tip pylon for four M missile installation

Tp two storzge tanks, wing~tip mounted

Ty two storage tenks, underwing mounted

v verticael tail

Wa wing with fixed leading-efge flap

Wo wing with NACA a = 0.8 (modified) mean line, eyq = 0.2

Complete Model Symbols

Sy W,B,CDHV
So WoB,CDEV
Sa W1BoCDHEV
S4 W1BgCDHV

APPARATUS AND MODEL

The Ames 2~ by 2~foot transonic wind tunnel is a closed-circult,
varisgble-pressure tunnel in whlch the Mach number can be varled continu-
ously to 1L.h. A complete description of the wind tunnel and its air-flow
characteristics 1s 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 1s pertinent Information
describing and locatling the wvarious model appendages.

The basic model had a fuselage of fineness ratio 9.25, an unswept
wing of aspect ratlo 2.&5, an unewept horizontal tall mounted high on a
vertical stablilizer, a canopy, and a dorsal fin. The basic wlng had a
fixed leading-edge flep having deflections at the root and tip of 19337
and 3047‘, reapectively. Varlatlions 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 varilety of conven-
tional missile and external-store installations; (4) a misslle installation
designed according to the moment-of-area rule; and (5) two fuselage dive-
Tlap arrangements. The models and model components are identified

-y
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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 tall are given in table I. The variations of
model cross-sectional area witk fuselage station are shown in figure 12(a)
for the basic model (8,) and the configuration modified according to the
area rule (S;). Figures 12(b) and 12(c) include the area distributions
and second moment-of-ares distributions, respectively, for the basle model,
the conventionel four-missile +tip installation.(SIM4T5, the four-miesile
Installatlon deslgn according to the moment-of-grea rule (S4M;M), and a
Sears-Hasack theoretical distribution.

The baslc model fuselage was made of alumimm, the wings and empen-
nage of steel, and the external stores of brasgs. 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 k.

TESTS, CORRECTIONS, AND PRECISION

Tests were conducted to determine static longltudinel aercdynamic
characteristics of the model alone and in:combination with the varlous
external stores and dive flaps. Tests were made &lso to determine static
lateral-~dlrectional aerodynemlic characteristics of only the basic model
with and without the empennage. For both the longltudlinal and lateral~
directlonal phages of the wind-tumnel tests, data were obtalned at Mach
numbers from 0.8 to 1.l and at a Reynolds number of 1.5x10°% based on the
mean aerodynamic chord of the wing. Idift, 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, 1ift, drag,
pitching moment, crosswind force, yawlng moment, and rolling moment were
determined throughout a sideslip angle range from approximately ~5° to
approximetely 8° at angles of attack of approximately 3°, T7°, and 11°.

Corrections have been applied as follows: (1) to the model angles
of attack end sideslip for deflection of the model support and balance
resulting from serodynamic loads; and (2) to the drag to adjust for the
difference between the measured model base pressure and the free-stream
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 experl-
mentel results of reference 4. The latter results indicate significant
interference effects at the low supersonlc Mach numbers for a model compa-
rable in-slze to those of the presént investigation (about l-percent
blockage ratio). Becausde of configuration differences, however, the
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resulis of reference h_are not quantitatively appliceble 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 1lttle 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 C1, +0.005
o *0.03° cc *0.002
B8 +0.03° C3 *0.0002
Cp *0.001 Cm *0.005

Cn +0.001

RESULTS AND DISCUSSION

General

The basic data of the subject lnvestigation are presented in tables
IT and IIT for the longltudinal and the lateral-directlonal tests, respec-
tively. All force coefficlents were hased on the wing area as projected
to the horlzontal plane, including that portlon within the fuselage. The
pitching-moment coefficient was based on the wing mean aerodynamic chord,
and the rolling-moment and yewlng-moment coefficlents were based on the
horizontal projection of the wing span. The forece coefficients are
referred to the wind axes, and the moment coefficients to the stability
axes, the reference point for the moments being located et 0.25¢ on the
fuselage reference line.

Longitudinal Characterlstics

The variations of 11ft coefficlient with angle of attack, drag coeffi-
clent, and pitching-moment coefficient at Mach numbers from 0.8 o 1.4
are presented in figure 13 for the basic model wilth and without the hori-
zontal tail. These variations of basic aerodynamic characteristlics are
indicative, in general, of those for the other model configurations.
However, to compare in detail the characteristics of the seversasl
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configurations, the variatlions with Mach number of (1) minimum drag coef-
ficient or drag coefflclent at constant 1ift coefficlent, (2) maximm
lift-drag ratio, (3) lift-curve slope, and (Y4) pitching-moment-curve slope
are plotted in figures 1l&4 to 21. An index to these plots ldentifying the
comparison groups with the appropriste flgures is provided in table IV.
This table slso serves to lndlcste the tables and flgures In which the
basic aerodynemic and geometrie characteristics are presented for each
model configuration. ' - ’

Basic model.=- A study of the data of Figure 13 reveals that the varli-
ations with Mach number of the longitudinal serodynamlc characteristilcs
of the baslc tall-on and ~off configurations are, in general, similar to
those of models having thin low-aspect=ratlo wings of comparable taper and
gveep (see refs. 6 apd 7). Apparent for the horlzontal-tall-on confilgu-
rations are the pltch-up tendencies at 0.80 and 0.85 Mach number at 1ift
coefflcients above about 0.7. Also apparent are the changes in the slopes
of the pitching-moment curves in the reglon of zero 1ift coefflcient at
transonic Mach numbers. These slope changes are indicative of an abrupt
fore-and-aft center-of-1lift travel observed for unswept wing models as
reported in reference 6, At zero 1lift coefficilent, there was a progres-
sive Increase in positive pltching-moment coefiicilent to approximately
1.05 Mach number for the confifguration wilth the horizontal tall. This
change 1n pitchlng moment 1s belleved toc be dependent upon the influence
of the vertical tall on the flow over the horlzontal tail and 1s dlscussed
in reference 8.

Wing-camber modification.- From the varlation with Mach number of
drag coefficient at constant 1i1ft coefficlent, presented in figure lh(a),
1t is noted that the configurations employing the NACA cambered wilng
(82 and Sy-H) displayed a greater minimum drag and a lower drag due to
1ift than 4id the comparsble configurations using the flap-cambered wing
(S, and 8;-H). The lesser drag due to 1ift of the NACA cambered wing
configuratlons resulted in greater maximum 1lift-drag ratios over the test
Mach mumber range, especially at the high subsonic Mach nmumbers.

An exsmination of figure 14(b) indicates that the type of wing camber
has 1ittle significant effect on the varietion witk Mach munber of 1ift-
curve slope and, except for zero lift coefficient, of pltching-moment-
curve slope. Near zero 1ift coefficient, the use of the NACA cambered
wing resulted in less center-of-lift travel at the hilgh subsonic Mach num-
bers than that noted for the flap-cambered configurations, particularly
for the conflguratlion with the horizontal tall removed.

Aree-rule fuselage modiflcation.~ A reduction in minimum drag coef-
Tlcient resulting from the area-rule modification designed according to
the method of reference 1 (configuration 8s) is noticeable in figure 15(a)
beginning at 0.95 Mach nunber and emounting to as much as 0.003 at super-
gonic Mach numbers. The varlation with Mach number of the maximm
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lift-drag ratlo of the two configurstipns is a result of the minimum drag
variation, the drag due to 1lift remaining essentially unchanged with con-~
Tiguration change.

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

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

Iower values of minimum-drag coefflclent at both high subsonic and
moderate supersonic Mach mumbers 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 conflgu-
ratlons. At transonic Mach numbers, the body-mounted arrangements were
as good as or sllghtly better than the wlng-mounted srrangements. For
either arrangement, the increment In minimum-drag coefficlent per missile
was sbout the same for four misslles as for two.

The main polnts to note about the comparisons of maximum l1ift-drag
ratio (fig. 16(a)) are that the values for the tip-mounted missile con-
figurations were (1) higher than those for body-mounted missile configu-
rations, and (2) for the two-missile tip arrangement, equel to or higher
than those for the configuration without missiles. These resulis are
indicative of a reductlion in drag due to 1lift believed to be attributable
to an end-~plate effect of the tip-mounted misslle configurations resulting
in an increase in effective aspect ratlo, and also to an increase in
geometric aspect ratio of the two~mlsslle tip configuration.

An aspect-ratio effect is also indicated by the comparisons of 1ift-
curve slope presented in figure 16(b). A Ffurther 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 sonlc speed and the zero-~
lift-coefficient condition (fig. 16(b)). The veriation with Mach number
of the pltching-moment-curve slope at 1ifting conditions, however, weas
generally similar for all the configurations.

Conventional migsile N installatlons.~ The variastions of minlmum
drag coefficient wlth Mach number (fig. 17(a)) are indicative of the
epparent dependence of the drag level on, primarily, the number of N
missiles carried rather than on the wing mounting position. The incre-
ment In minimm drag coefficient per missile, however, was leas for the
four-missile than for the two-mlssile 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(sa)).
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The aspect-ratlo effect is aleo indicated in the lift-curve-glope
variation with Mach number (fig. 17(b))}. Both the wing-tip and underwing
N missile mountings had an effect on the center-of-1lift travel similar
to that for the tip-mounted M missiles, that is, a reduction in the
egbrupt fore-~and-aft movement near sonic speed for 11ft conditions near
zero (fig. 17(b)).

Moment-of-area missile M iInstallation.~ In applylng the moment-
of-area method (ref. 2) to the design of the missile iInstallation, 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-
tilal requirement for obtainlng low valuea of zero-llift wave drag at sonile
end low supersonlc Mach numbers. The requirement 1s that the longltudinsl
progression of the perpendicular cross-settional area and the second moment
of the area sbout the vertical plane of symmetry be smooth and gradual.
The extent to which thls requirement is met by the present design 1s indi-
cated in figures 12(b) and 12(c) wherein the distributions of the area
and second moment of area asre compared with desirable Sears-Hsack theo~
retical distributions. Also shown are the corresponding distributions
for the basic configuration without missiles and wilth the conventional
wing-tip installation of missiles. It is to be noted that the area dis-
tribution of the moment-of-area configurstion was improved by the addition
of volume to the fuselage. Thls volume and the volume added by the sux-
1liary bodlies amounted to 9 percemt 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 velues of Cp,,, &t Mach numbers below 0.96 and lower
values above that Mach number. The higher subsonic level 1s attributable
to the skin-friction drag associsted with the greater surface srea of the
moment-of=area conflguration. If it is assumed that a skin-friction drag
increase of the same order of megnitude slso occurred at sonlc and super=-
sonic epeeds, 1t can be concluded that the moment-of-area configuration
provided lower wave drag than the conventional installation. Alsc of
Interest are the drag values for the configurations corresponding to the
leunched-missile condition (i.e., configurations S43M and SiPm). It 1s
noted that the auxiliary bodles and missile pylons can be carrIed for less
dreag then the conventional wing-tip pylons at supersonic Mach numbers to
approximetely 1.4k0. In fact, for this Mach number range, they can be
carried with 1little or no increase 1n drag over that of the basic configu-
ration (cf. configurations S.Py and S;).

An exsminstion of Ffigure 18(a) indicates thet the conventional con-
figurations display higher values of maximum lift-drag ratlc throughout
the Mach number range than do thelr moment-of-area counterparts. The drag
due to 11ft of the conventional configuratlions 1s sufficlently reduced by
the aspect-ratlo effect of the wing-tlp mounting to more than offset the
variation of minimum~drag coefflclent 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 configuratlon than for the others. The center-
of-11ft travel near zero lift in the transonic Mach number range for both
the conventional and moment-of-area misslle configurations was less than
that of the basic model (fig. 18(b))}. In general, the moment-of-area
conflgurations dlsplayed a slight destabllizing effect as compared wlth
the basic model and the conventional missile and pylon configuratlons
throughout the Mach number range of the investigation.

External storage tank installstions.-~ 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 spproximately twice that for
the wing-tip tank arrangement. Although these differences in minimm drag
were reflected in the variation of maximum lift-drag ratic wilth Mach num-~
ber, the generally lower drag due to 1ift 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 otherwlse 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 aB compared with the baslc model (fig. 19(b)), are considered %o
result from an increased effective aspect ratlo produced by the mounting
arrangement of the tanks. There was appreciable reduction in the magni-,
tude and sbruptness of the center~of-lift trevel near zero 1lift resulting
from the addition of the external wing tanks to the basic configuration
(fig. 19(b)). An examination of the horizontal-tall-on and -off data at -
zero 1ift coefficient indicates that the longitudinal stebllity charac-
teristics of the wing and also the stability contribution of the horizontal
tail, especially at high subsonic Mach numbers, were noticegbly influenced
by tke tanks.

Borb and gun-housing installations.- The major effects of the bomb
or the gun housing on the longlitudlinal serocdynamic characteristlcs were
an increase in minimm drag and a decreade in maximm lift-drag ratio
reletive to the characterlistlcecs of the baslc model as shown in Tig-
ure 20(a). Although the maximm frontal area of the bomb was only 8o
percent that of the gun housing, the values of minimum~drag coefficlent
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 Msch numbers. Iittle effect of either the bomb or
the gun housing on the l1ift- or pliching-moment-curve slopes is Indicated
in figure 20(b).

Dlve-flap installations.- The most significant poilnt about the drag

results (fig. 21(a)) is that the underfuselsge flap was nearly twice as
effective as the silde-fuselage flaps on the hasis of the drag increment
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per unit area - the frontal area of the underfuselage flap was half that
of the two slde-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 1s atiributable in
part to the lower dynamic pressure in the vicilnity of these flaps result-
ing from the wake of the wing. There is good possibillity, furthermore,
that up to sonlc speed the slde flaps In¢reased the pressures over the
rear portion of the wing which would result in an spprecilable reduction

in wing drag and thereby offset the direct drag lncrements due to the
flaps. Drag and pressure-dlstribution data concerning this effect of
glde-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 horizontel-tsll drag was reduced by the presence of the
slde~fuselage flaps; whereas 1t 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 slzable for the zero-lift conditlon st subsonlic Mach numbers; the
underfuselage flap configursetion had higher and the side-fuselage flap
configuration had lower values ¢f lift-curve slope as compared wilth those
of the basic model. This was true for both the tall-on and tail-off con-
ditions. Appreclable effects of the dive flaps on the center-of-1ift
location are apparent from the variations of the piltching-moment-curve
slopes with Mach mumber (fig. 21(b)). Neither flep configuration showed
the abrupt forward movement of the center-of-l1ift characteristic of the
basic model near the zero=lift conditlon. For the side-fuselage flap cone-
figuration, however, there was an sbrupt rearward movement of the center
of 1lift beginning at Mach numbers 0.95 and 0.98 for the tall-off and tall-
on configurations, respectively, at 1ift coefficlents near zero.

An increase 1n poeitive piltching-moment coefficient at zero 1ift
coefficlent resulted from the addition of the fuselage flaps to the basic,
horizontal-tail-on configuration, in general, as 1s apparent from an exam-
ination of the basic data (table II). This increase in pitching-moment
coefficlent for the underfuselage flap corfiguration smounted 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 coefflclent at subsonic Mech numbers
was considerably less than that for the underfuselage flap configuraticn,
but increased to about 0.070 at Mach number 1.40.

Static Iateral~Directional Characteristics Tests

The data of the statlc lateral-dlrectional characterlistics tests are
provided in teble ITI for the basilc model with and without the empennage.
Plots of astatic lateral-directionsl slope parameters as functions of Mach
number, angle of sideslip, and angle of attack are presented in figure 22.
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The variations with Mach rumber of ‘the slopes of the rolling-moment
curve, yawlng-moment curve, and crosswind-force curve are indicative of
Tavorable lateral-directlonsl characteristics of the basic model at angles
of sideslip to 7.50 and angles of attack to ll°, which were the I1dmits of
the test. Of particular importance is the fact that the basic configu-
ration, 85, displayed approximately the same amount of directional sta-
bility and dihedral effect (GnB and G, , respectively) at 1.4 Mach num-

beg as at 0.8 Mach number at the test angles of attack of 30, 7°, and
11”. The abrupt changes in Cnﬁ and CZ noted for the basilc configu-

ration st ‘transonic Mach numbers, particularly at the higher angles of
asttack, were apparently related to a change in the alr-flow characteris~
tics around the empennage since no similar changes in the data were noted
for the configuration less the empennage. The effect of the empennege
was observed to be sufficient to ofifset the inherent negative dihedral
effect of the configuration without the tall assembly.

CONCLUSIONS

A wind-tunnel investigstion of an ailrplane model with a 3.h-percent-
thick unswept wing of aspect ratic 2.45 has been conducted over a Mach
number range from 0.8 to 1.b at a Reynolds number of 1.5 million. The
following concluslons were drawn from the results of this investigatlon:

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~ratlo wings of comparsable taper and sweep.
A horizontal-tail-on pilitch-up tendency was Iindlicated &t Mach numbers of
0.80 and 0.85 beginning at a lift coefficient of approximately 0.7 for
the basic model.

2, The conflgurations having a wing with an NACA mean-~line camber,
In place of the basic leading-edge~flap cambered wing, had: (1) higher
mintmum drag coefficient; (2) apprecisbly lower drag due to 1ift;
(3) higher values of meximmm Iift-drag ratio » particularly at subsonic
Mach numbers; and (L) Iess cenmter-of-Iift travel near zero-lift coeffi-
¢lent at transonic Mach numbers.

3. An ares-rule modificatlion to the fuselage of the basic model
resulted in a reductlion in minimm drag coefficilent and in an increase in
maximum lift-drag ratio at Mach numbers from 0.95 to 1.L0.

k., Iower values of minimumm drag coefficilent at subsonic and super~
sonic Mach numbers resulted, generally, from mounting varlous external
gtores on the wlng tips rather than beneath the wing or on the fuselage.
The wing-tip store installations also produced hilgher values of meximum
lift=-dreg ratio than Ald the comparsble fuselage and underving
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installations, primarily because of the reduced drag due to 1ift result-
Ing from the effective lncrease in aspect ratio created by the former
store mounting arrangement.

5. Wing-tip mounting of external stores resulted in s reductlon of
center~of~11ft travel at transonic Mach numbers near zero 1ift end in s
general increase in the values of lift-curve slope as compared with the
basic model.

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

7. The additlion of two simulated storage tanks mounted beneath the
wings to a ¢onfiguration already having two such tanks mounted on the wing
tips resulied 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 twlice the projected
frontal area of the single underfuselage flap, the increment of miniwmvm
drag coefficient for the side~fuselage flep configuration was only sbout
10 percent more than that for the underfuselage flap configuretion. The
lift-curve-slope and pltching-moment-curve-sgslope variastions with Mach num-
ber were generally more favorable for the underfuselage flap configure-

‘tion.

9. The complete baslc model had favorsble lateral-directional char-
acteristics to the test limits of 7° angle of sideslip and 11° angle of
sttack throughout the test Mach number range.

Ames Aeronautical Iaboratory -
National Advisory Committee for Aeronautics
Moffett Fileld, Calif., May 22, 1956
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TABIE I,- GEOMETRIC SPECIFICATIONS OF MAJOR MODEL COMPONENTS
Fugelages B3, By, and Bg
Iength (to exit face), IMe o « o o o o « o o o o o o o « o 24,6
Maximum frontal areg, 8q ID. &« ¢ o o« « « o o s o ¢ ¢ o o « « 5.28
Fineness rabtlo « « « ¢ ¢ ¢ o ¢ o« ¢ @ o s a ¢ o ¢ s a o o o &« 9.50
Wing Wl
Alrfoll section; forward 0.5c elliptical aft 0.5¢ circular
arc; root and tip thickness ratio, percent ¢ . . . .. 3.k
Aresa, horizontal proJection including the portlon within
POdY, 80 IMe v o o o o o o s o o o s o 8 s e e o e e . s U516
Mean serodynamic chord, M. o o o ¢ « o o =« o« o « o a s s o 4.58
Span, in. e ¢ o = e o e c e s s s s e v s & s e o e s s s s 10.53
Aspect 78TI0 & ¢ ¢ 6 e 4 4 6 6 e ¢ & e o 6 6 6 4 4 s 8 e e 2.45
Tgper ratlo e e e s e o 6 o o & o 4 a 4 o e e s s s s e e @ 0.38
Sweep of guarter-chord line in plane of wing, GBE ¢ e o o o 8.2
Unswept element, percent ¢ . « « + + & « e s s s e o 8 o @ T0. L
Incidence, A€& o o o« o « o =« « « ¢ o s o« s s o s s o o a o @ 0
Dihedral, d€Z o « ¢ « s« e o = o« « o = s s ¢ ¢ o s a o s o = -10
ILeading-edge flsaps
Area, sq in. e ® 8 8 = o 6 s ¢ s s 6 8 & & s & . . 3.72
Chord, percent € « ¢ o ¢ ¢ o o« « = o o o o o o s « s o o o 14,6
Deflectlon, deg
ROO'[S » - . . - - 3 . - - - - . - - . - . . - ¢ e . @ - L] 109
TiP ® ® & & @ & * ¢ @ @ S5 & § @ & & S @ & & @ & @ & o . 3.8
Wing Wo
Same as W; except leading~edge-flap type camber replaced
by NACA =a = 0.8 (modified) mean line, cgy = 0.2
Horizontal tail H
AirPoll sectlon; forward 0.5c elliptical, aft O.5c¢ circular arc;
Root thickness ratlo, percent € « o« o « ¢ o« « o o o o o o k.9
Tip thickness ratio, percent c e s e e s e s s s e e 2.6
Area, sq In. e 5 ¢ & e & e & 4 e t 8 6 s s s T e v e e o s 11.09
Mean serodynamic chord, in. e o ¢ s s & s 8 s e s s e o o = 2.12
Aspect ratlo . ¢ ¢ ¢ c ¢ 6 2 e e s e o 6 e o e 4 s s s e = 2.95
Taper ratio « 4 o o 8 e o a » 3 8 ° e s @ ® ° & s s & a a @ <31
Sweep of quarter=-chord line, deg e o & a s o o 8 o o & a » 10.1
Unevwept element, percent ¢ o ¢ ¢ ¢« ¢« ¢ ¢ o ¢ ¢ ¢ ¢ o o o o 50
Incidence, d€E o« « o o« ¢ o « s o o« ¢ ¢ ¢ o s s o 0 ¢ ¢ « o » o
Dihedral, d@Z « o « ¢ a o o ¢ ¢ « o o o o o s s o « s ¢ o s o
Vertical t8ll V
Alrfoll section; forward O0.5c elliptical, aft 0.5¢c circular arc;
Root thickness ratlo, Percent C o ¢ o « o o o o o o o o« o o k.3
Tip thickness ratlo, percent ¢ « ¢ ¢ o« « « ¢ ¢ « ¢ o « « & 5.0
Ares, 8 M. 4« o o s o o o o s s s o e s e o o o o o s s o o 8.06
Mean aerodynamic chord, in. e s s 6 ¢ o s e o 6 8 6 o a s e 3.4
Aspect T8EI0 4 ¢ ¢ e ¢ ¢ 5 o 6 o ¢ o s e e = s e s s e s s = 0.87
Taperratio 6 0 6 e @ e & 6 s+ e @ 6 s & ¢ *© @ @ & & e o & & 0-1!'6
Sweep of quarter=chord llne, deg « « o ¢ o « ¢« v « o « « o @ 35
Unswept element, percent € ¢ o o o o ¢ « ¢ o ¢ o« o o ¢ o o o 89.3
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TABLE II.- STATTIC IONGITUDINAL AERODYNAMIC DATA FOR THE BASIC MODEL AND

ITS VARIOUS CONFIGURATIONS
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TABILE II.- STATIC IONGITUDINAT. AERODYNAMIC DATA FOR THE BASIC MODEL AND

ITS VARIOUS CONFIGURATIONS - Continued

(b) Configuration Si-E
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TABIE II.- STATIC TONGITUDINAL AFRODYNAMIC DATA FOR THE BASIC MODEL AND

ITS VARTOUS CONFIGURATIONS - Continued

(c) Configuration Sy
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TABLE TII.- STATIC LONGITUDINAL. AERODYNAMIC DATA FOR THE BASIC MODEL AND
ITS VARIOUS CONFIGURATIONS - Continued
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TABLE IT.~- STATIC LONGITUDINAL. AERODYNAMTIC DATA FOR THE BASIC MODEL AKD
ITS VARIOUS CONFIGURATIONS - Continued
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ITS VARIOUS CONFIGURATIONS - Continued

TABIE II.~ STATIC LONGITUDINAL AERODYNAMIC DATA FOR THE BASIC MODEL AND
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TABLE IT.- STATIC LONGITUDINAL AERODYNAMIC DATA FOR THE BASIC MODEL AND -
ITS VARIOUS CONFIGURATIONS - Continued
() Configuration SiMp
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TABIE IT.- STATIC IONGTTUDINAL AERODYNAMIC DATA FOR THE BASIC MODEL AND

ITS VARIOUS CONFIGURATIONS - Continued

(1) Configuration SiMyp
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TABLE IT.- STATIC ILONGITUDINAIL AERODYNAMIC DATA FOR THE BASIC MODEL AND

ITS VARTOUS CONFIGURATIONS ~ Continued

(j) Configuration SiM.p
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TABLIE II.- STATIC IONGITUDINAL AERODYNAMIC DATA FOR THE BASIC MODEL AND

ITS VARIOUS CONFIGURATIORS - Contlnued
(k) Configuration SiNgp
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ITS VARTOUS CONFIGURATIONS - Contlnued
(1) Configuration SiNgy

TABLE II.- STATIC IONGITUDINAL AERODYNAMIC DATA FOR THE BASIC MODEL AND
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ITS VARIOUS CONFIGURATIONS -~ Continued
(m) Configuration . S,Ngp

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

ITS VARIOUS CONFIGURATIONS - Continued

(n) Configurastion S,

Cm

Cn

LT ¥ TR J oK X
OO YTNO-NY
1999999999
COVO0O00000

[ ]

KA RCD ¢
N ROADNOW
TNt ene=-nmn

892939999+
[efelalataYolRaYa]-]

NG nNNY

Vor--VO0TYOoWNEHY
TR A O
Q9999939QQQ
OO0CO0OQO00O0OO0Q

trorrni

VNOE HMODONNNRO
NRODANTORrOn
aNNRrHoRnnuo Y
89Q39aqqaq
[=-]-X-J-~1-T-2-YF-1.]

QONrNNVVOIR
VRS ROt~ ri~-O
"drQagQrqnYrE

00QOQUDOO000

QOORAQQNQRQRY
O000O0VOOVLO0

DHOORACDRN
HODOUETNHONY
4294999399
OQOooOQO0QOOCOo

111t

ZeonVONY
MO NOn
THEE T O-nn

Q949999999+
OOO00OCO0O0D0

oMdOoNrNdVY
ORNNY N SOOI

LR LA
0000000000
[N

VRV KHY

9689999444
Aredddvedrded

ONDOD-NAHDOK
YU -HOOrMRN ¢
a93Q999Q4y
[-]-T-1-Y-Y-1=T=Y.Y.]

tLal

NouMEETNho
wnoArUHHT Y
LB LT
QQQQYQE]YQqQQqq
00000ODODO

YW N NS RN

VYN DD GIN

QYRR QQQ
[2]~FefrfafalatataYa]

COAMMY OB BN
OWVLNNG vl
19Q9Q9QQ9QQ
[-1-7-1-7-7-1.7-7-7.]

[

MHY® NN Y
O HHIDHAY 0
N¥EETNOt-oni
9QQQQQQQQd
- 1-X-1-T-1-1-T-1-]

MNt-A Rt AdORD
AR HAORD Y
11nn¢35345
[-T=Ta7.)
11t

-0154
-01.08

140
1a0
110
110
110
140

10

Jd0
140
i10

QAE=-MNNrerT®
R BT ET-T T 141 )
9QQQQqQQQQ
OboooOOoOBbOoOO

[ |

QIO TODERO
4 rOOUNMTOo0
quuNRRhTvo

299339933
000000000

4DOOVNOL- -0
CHe -0 0N0

O00DOOD0D0

0000000000
0000000000

NritD¥IE Y
CRVMeANG-
19899949qQq-
OQ0QO00QOUODOD

11t

NVOMNMOOND
ANRANQNN AR
NYEETNO-n

8999939234
o000Q0ODO0

ZOHADRADRAR
CLLLL LT
ERLLREL ]
[X-1=Y-EY-T-1-7.- 1
[

W NN Q
€QQHANLN QY
S NNETWOD
Ooopﬂpoﬂﬂﬂ
._

13230

0D0OBO000
EERLELLEL]
A ddedd

Mokt rvom
VOTNRNAHONYT
999829994QQ
oO0O0O0CO0OLODO0O

tlhrt

oRANoo AN
ROV Hnn
DL LTI T ]

9999999QQ-
Q0000boODO0O

N CTOONMVTON

d~00a--0
Qargn Y9y
OwiRM Y INV®A
ccagocna

-0165
01.09

0000w NN

9090000009
QO00O00O00O00

FMOYTHIINNYO
-4 RONTODNR
R99839Q9q9+
[2]=JadotalalaleYala)

[ I B A |

"AMOROR VOt
VNOhO oD ne
THNMYEYTVOm R

9999999q9Q+
0000000000

WOVMYDNOLO
NN ROD WY AR
9Qg944Nxy
[-1-2-1-1-1-1-7-7-1-]
1t

OOY e
ERL AL L
LRI T
[-1-1-1-1-1.¥-

-0165
-0120
-00.03

0000000020
R0
Arr et

VOANDOYDHON
B~OY MO YD
994989499299
C-1-1-1-1-1-1-X-1-}

[N

O HDHD RO
avinsnAoNYd
nnnmnYvoon

9999999Qq+
[oYeYeYalakeNodaRade)

MNAOND O N
DNELNEHE O
u;nn;33453
[-1-1-7-T-1-7-1-7-]
1

VODRDO VO D0N

Q000 0n0G
0000000000

NO VDN AN
HOYHONDEON
999%999q9qy
QOO0 OOLODO

T

Mot~ HOD -
NN rt-O-HO
NEMNY N0
989999QQQy
[afafafatejalale aya]

AR NOoONoOVY
VNN O O

L L L]
a9Qr NN
2R N Y NOD
CT-1-1-1-T- 171
__

f=l-2-E-1- X% 1-1- 1]

AMAARARA LR
el el drlrd

RVONK OV VN
GOk ONRO NN
QQ]9Q3Q8999
[-1-1-7-1-Y.1.7-7-1-}

P

NN NEAO T
NOot-VYovwamY
LA LLE T TN T

999996939+
QoOocOUDOOOO

ocCNO®MNOCKk-NG
DTN A0
44934949
[=RleleYa]

111

QUM NN ¢
LR LR
dArOvHNNYOD
Q00000000
[N

QOO0QOOD 00D
Q92923QQQq

1111111111




NACA RM AS6E22

32

TABIE II,~ STATIC IONGITUDINAL AERODYNAMIC DATA FOR THE BASIC MODEL AND

ITS VARIOUS CONFIGURATIONS - Contlnued

(o) Configuration 8Py
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ITS VARIOUS CONFIGURATIONS - Continued
(p) Configuration SiMyy

TABLE II.- STATIC IONGITUDINAL AERODYNAMIC DATA FOR THE BASIC MODEL AND
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TABLE II.- STATIC LONGITUDINAL AERODYNAMIC DATA FOR THE BASIC MODEL AND
ITS VARIOUS CONFIGURATIONS - Continued
(q) Configuration SyTq
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(r) Configuration 8;TypT,

TABIE IT.- STATIC IONGITUDINAL AERODYNAMIC DATA FOR THE BASIC MODEL AND
ITS VARIOUS CONFIGURATIONS ~ Continued
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TABIE IT.- STATIC LONGITUDINAI. AERODYNAMIC DATA FOR THE BASIC MODEL AND

ITS VARIOUS CONFIGURATIONS - Continued

(s) Configuration 8S;Tqp~H
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TABIE IT.- STATIC IONGTTUDINAL AERODYNAMIC DATA FOR THE BASIC MODEL AND

ITS VARIOUS CONFIGURATIONS - Continued

(t) Configuration S;TpTE
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TABTE II.- STATIC LONGITUDINAL AERODYNAMIC DATA FOR THE BASIC MODEL AND

ITS VARTOUS CONFIGURATIONS - Continued

(u) Configuration S;A

Cm

Co

Co

Grm

Go

G

DOVOMNDNOVOT D
IRE-HHOREYODW
42999999Q+
200000D0Q0DD
. LI I I B B |

VNOO-DAWNINT
NAVNDTNOAY
VDEEETOANR
999999993+
Qo000 0D000

T HOED €D NN~
MO-AMARQHOW
94QRRMTNQq
Q00000000
ti

VioDHGOORWN
QD Lo
AHO ANt NOD S
00000000001
1

namanannMnm

|Y9ageRaqq

i Heirird

CRAHOMAADNRON
YHEOOHANMYOIMM
9899%294QQ-q
009000030000

L2 I I O I O A |

ONAVUYUHRAORETMYR
VMoo vo®o
NAIRARGRNTDMT N

OHATROON v
COOVYAHATONnN
1929999994
COVIDVOVOOD

LI I I B A |

Yt ARNANO®R A
Crt--RONYMMNO
NMNETETNOT=-AN

Qe992999Q
LeoDoa0saDG

CDRO-NNDANY
FAOOVREANAHO v
YR QNN QY
o0QOCO0O00DO
1

NOAHAOTOASIND
QAN Qo
HADHARMTDOVOD O
CX-T-Y-1-X- 2 T 1Y

GOMANMOD VA AWO
NE¥RAOARNTOVR W
9999099999y
DOOLOJDRUODOO

Trtrerra

RUEDRVDH ROV
Y AORUONO AN YT
RRRENQRMNUIR T

993994RQQQQr iy
SooQoboocadood

OrvifNt-OnANDIED
FRAVAHOOTROANY

9933393383319
oQuUaoogRYaoo

SNV HDOAIVRVY YT

44QaQ9RNTRgt®
000000000000
1

-0

-0163

AoV HOMNI®
Q]9 LNQk gy
ACHRMYNVIONR ¢
DIO0DODDOHM
_.

DNUHDOUBVETRO O
qrQQadINTRnan
oooQoOPOUoOCO00
LI I §

DBeATNONOVYOENORD
QIQ AN TR
AMOFHRMYNVDOORY
QoCCOOCOCOAH
[}

DHVVWOVDBVY VLYY

YUYV RRRT QY
[=1=1=]-FelelolelnlatoY.Y.]

VGNOAT V-0Vl
2OVNHOMNYAR
1999989999
DOOODBOONOIV

11

COORRM-TRAHNR
ROt vTon®
VB YTNO-ORD

2999999Q3q-~
COC00O000DQ00

N ANHAYTROATN
MOAOOT D 0WBA
KGR YR
[1-2-7-1-7-1-1-7-Y-1-]
[

=M YOInNGOY
RriqQQg Mo
HAACOHANM YYD O
[-Y-T-1-1-T-T.X-T.-Y. B
Lot

RAYY wovoawmmn
Mer ANV

q99a 999qq
O00dO D39O
(I} 1

COWMBNINDOAO
ROMAnE-NTAWn
NMUERENAMENO

Q9Q8]9299H
[-X-K-Y-7.7-1.1-1.T.]

NDOD-RNHOEM
DNNOD=ON W
“4QQQ-4N Nt
COVOLCO0O0
[ ]

nNRNUROGQt-Mo
w1Qqrngmyy
ArCdRNEYNO D
OC-20C0000D
Lt

[=X+lol=TelololeTeTo]
%000 00NN
DO0OO0000D00

OVARVNGAcYT NN
(=2 201--2<R 0 -1 Feg g0
1999QQQq -y
D0000DDOODO

LI I A I B A

COAMRON-VYOOD 0
AR A O
BOHTETHOUOERND
999899QqQr+
[»1+ Y+ T -RoF-ToReX-T. 0]

RHOENODWE- vl
WHORHOAD YNNG
YARQANY YR
1-2-7-1-1-3-1-1-7-1+1
1

MoNVMNNHR® "
Qo] gNN Ty
WrO A RNNNVD O
©ODO000O0DOOO0w

373826187&
NETNRAOHAOV AW
q9999Q99QqQHd
QOOo0VOQDOODDD

1111

OCOE Ot
-V VOOWO
LG L LT

929339Q9QQ v
COTOoDAQQODO

TR CTIDRARN
DO O DY
11QQQ-H8nLYq
00000000000
e

VAMMMOONHOn
Q] mu g
HHOMAMYIn0AS
CODODCOTCOH
1

WD O W QDWW
QQARRAN N0
oQUOCOoO0COO0

oMK OMD M D
AEYTHONN O IOD
Q9899QQ Qrrid
Q000D DO000D

[ e B A |

FAdDOVONO- 0NN
VMO ATRNEOVNRD
nNHTwTOOr VNN
299999999+
QUoOQOoOMDQODO

DDARTETTODOt

DO ROV O ¥ i)
O TROHNOD VNG
QRQAQQIQQQ v
OO0O0000OOND0ID

1T

1O W0 WY 80 O oy
WA HHAVNO OO
THRNAATNVDR DN
9R999994q Ny
cooboco ioooa

VHMEEROHN- 0D
ANV OODOODANMN
A QQrRNIYRYRQ
CO0OOC0OO000H
[ I

O \OVCVNN ¥ Hm
JQQrAnN YL aQ
AOHdRMYNOD GM
OO0 TIQOOOOO e
()

-01564

DPOODDHD V0O DO
%00 RANN A% % Q0
[=R=RaRulrlolaleolaRoTe)

DCODOVNOD
QV~-¢HONORT]
°89QQgeqy
00000 DOID

VOR¥ONKOO
VRO -0NoOAY
554445673

-0283

~0146

-0n72

coo01
£
1
2
3
3

-0163
~-01410
-0003
0103

;)

4

2

)

3

A NROCHMBITIND
ROVDN HdMIN D~
92929999 ridy
BOABEC606300

LI I I I

HNODECE A NS
RN DEONROO
HYMNYT RO N

3QqH9IQQG 8
CoOUQO OV OQQO.

ORUY-OrVvI~NM
R~ dOO0OD 0N
SREERLLAERLE
[~1=Y~7+
111




39

NACA RM AS6E22

TABLE TTI.- STATIC IONGITUDINAL AERODYNAMIC DATA FOR THE BASIC MODEL AND

(v) Configuration S-G

ITS VARIOUS CONFIGURATIONS - Continued
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(w) Configuration 8,Fg

TABLE II.~ STATIC LONGITUDINAT. AERODYNAMIC DATA FOR THE BASIC MODEL AWD
ITS VARIOUS CONFIGURATIONS ~ Contilnued
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TABLE IT.~ STATIC LONGITUDINAT: AERODYNAMTC DATA FOR THE BASIC MODEL AND

(x) Configuraetion S1Fy

ITS VARTOUS CONFIGURATIONS - Continued
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TABLE IT.~ STATIC IONGITUDINAL AERODYNAMIC DATA FOR THE BASIC MODEL AND

ITS VARIOUS CONFIGURATIONS - Continued

(y) Configuration S;Fg-H
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TARIE II.~- STATIC LONGITUDINAL AERODYNAMIC DATA FOR THE BASIC MODEL AND

ITS VARTIOUS CONFIGURATIONS =~ Concluded

(z) Configuration 8;Fy~H
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TABIE III.~ STATIC LATERAL-DIRECTIONAL AERODYNAMIC DATA FOR THE BASIC

MODEL WITE AND WITHOUT THE EMPENNAGE

(a) 85 for o= 3°
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TABLE IIT.- STATIC LATERAT~DIRECTIONAL AERODYNAMIC DATA FOR THE BASIC
MODEL WITH AND WITEOUT THE EMPENNAGE -~ Continued

(a) 8; for a = 3° - Concluded
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TABLE IIT.~ STATIC LATERAT~DIRECTIONATL AFRODYNAMIC DATA FOR THE BASIC
MODEL WITH AND WITHOUT THE EMPENNAGE - Continued

(b) 8; for a« = 7° - Concluded
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for o = 11°

(c) sy

TABIE IIT.~- STATIC LATERAT~DIRECTIONAT. AERODYNAMIC DATA FOR THE BASIC
MODEL WITH AND WITHOUT THE EMPENNAGE =~ Continued
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TABLE III.- STATIC LATERATL~DIRECTIONAL AERODYNAMIC DATA FOR THE BASIC
MODEL WITH AND WITHOUT THE EMPENNAGE -~ Continued

(c¢) 8; for a2 11° - Concluded
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(a) 8,~EVD for o = 3°
Co Cm

Co

MODEL WITH AND WITHOUT THE EMPENNAGE -~ Continued

P

TABIE ITT.~ STATIC LATERAT~DIRECTIONAL AERODYNAMIC DATA FOR THE BASIC
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ENNAGE - Continued

(e) 8,-HVD for «

TABIE IIT.- STATIC LATERAI~DIRECTTONAL AERODYNAMIC DATA FOR THE BASIC
MODEL WITH AND WITHOUT THE EMP
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7° = Concluded

(e) 8,-HVD for «

TABLE IIT.- STATIC LATERAT~DIRECTIONAL AERODYNAMIC DATA FOR THE BASIC
MODEL WITH AND WITHOUT THE EMPENNAGE - Continued
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(f) 8,-HVD for a = 11°

TABLE III.- STATIC LATERAT~DIRECTIONAL AERODYNAMIC DATA FOR THE BASIC
MODEL WITH AND WITHOUT THEE EMPENNAGE - Continued
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TABIE IV.~ INDEX OF CONFIGURATION COMPARISONS, TABLES, AND FIGURES FOR
THE IONGITUDINAT CHARACTERISTICS TESTS

Aerodynamic characteristics Drawing of
Comparison Configuration iggtalla.tion,
Figure no. Table IX gure no.
Baslc model with 13 (a) 8, 2
and without
horizontel tail (v) 8, -H ———
Effect of change of 14 (a) Sy 2
wing camber with ) 8o 2
end without model () 8,-H —~——
horizontal tail (a) 5z-H ———
Area-rule modifica- 15 (a) 8¢ 2
tion of fuselage (e) Bg ]
Conventional 16 (a) 5; 2
misaile M (g) SyMm k(a)
installations (h) S M,F 4(b )
(1) 81Mop L{e)
Conventional 17 {a) 8y 2
missile K (k) ByNym 5(a)
installations (1) 8, Ny 5(b)
(m) S;_NQ‘]'_‘ 5(0)
Moment-of-area 18 (a) 8, 2
misgsile M (£) 5;Pp 3
installations (g) 8, M k(a)
(n) S, 2
(o) S, Py 6
(p) B M,y 7
Fuel tank 19 (=) 8, 2
installations (q) 8, Tp 8(a)
out model hori- (r) 1Ty (6
zontal teil (v) 8;-H -
(s) 5, Tp-H =
(+) 8, TTy-E --=
Bomb and gun- 20 (a) Sy 2
housing instal- (u) 8;A 9
lations (v) 8,6 10
Fuselage dive-flap 21 {a) 8, 2
installations {w) B,Fg 11(a)
with and without (x) Sy Fyy 11(b)
model horizontal () 8, -H —
tall
(¥) 81Fg-HE i
(2) 81Fg-E ~--
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A-10785
Figure I[.- Phofograph of the model installed in the Ames 2-by 2- foot
tfransonic wind tunnel,




Refer to Table T for

model specifications.

Dimensions in Inches
except as noted.

—|2.35] |—
,— 0.89¢
239
15.30 5.37 4.14
/ ,
A 4.50 —{1 .62
< ———ly
24.60

Figure 2.~ Basic model geometry for the S, , S,, Sz, and S, configurations,

3
e
2
&
g




| ;
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Missle pylon, Pr \?\
length B.67 in, ﬁ
maximum frontal area 075 In2
&6

Flgure 3.~ Model with misslle pylon Installation, Pr |

\
\0




Missle M
length 3.46 in.
maximum diameter 256 In.
maximum frontal areoa 052 In?
gat , 14.89 [T
(a} S M4T

Figure 4.- Model with four missile M insfallations,

22EIOY W VOV




5
5
4
&
3
o

are '# ’

(b) S Myp

Flgure 4,- Contlnued,




Figure 4.~ Continued,
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(d) S| MzT

Figure 4.— Concluded,

£€9




Missle N
length 5.20 In.
maxlmum diameter .20 in
maximum frontal areq 03! In?

Figurs

5.- Model

wifh

13.77

{a) S| N4'|‘

three

missile

N

installations,

9

:
2
2
8
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(b} S, Naw

Figure 5,— Gontinued,

22I9CY W VOVN

9




{c) Sl NET

-Figure 5.- Concluded,
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Missle pylon, PM
length 12.00 in. //——’

maximum frontal area .248 in2

%
STAICY W VOVN

Figure 6.- Model with moment -of - area~ rule missile pod and pylon installation, P -

o
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Figure 7.- Mode|

with

missile

I.ee

—

e

——

.85

]

moment ~of - areo - rule

—us

Instailation , Sy Myy.
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Fuel tank, Ty or Tw

length 8.37 In.
maximum diameter 80 in,
maximum frontal area B0 In2

Py >‘=§”o: |<

(a) 5| TT

Figure 8.- Model with two external fuel tank

installations,

ScHISY WY VOVN
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(b} S, Tr Ty

Figure 8.~ Concluded.
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Bomb, A

langth 6.20 In,

maximum  dlometer .88 In, C —<_—__—_:;-:_'"‘a] .

maximum frontal area Bl in?

a70 C—Jﬁ

Figure 9.- Modet with bomb insfallation, 5 A.
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Gun housing, G

length 7.48 In,

maximum frontal area

76 in2

Figure

10.- Modal

with  gun- housing

installation, S, G.

2l
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Dive flap, Fgor Fy

projected frontal

area per flop 1.54 [n2 - -
extension angle 60° V

CCHISY WM VOVH

___[pour

I 19,58

(a) 5| Fg

Figure 1l.- Model with two dive —flap installations.
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(b) S; Fy

Figure 1.~ Goncluded,
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g 7/ 4
: / N
= 30
. 2] l \
@ \
: / \
- o
© f

0 4 8 12 16 20 24 28
Model fuselage station, inches
{a) Cross-sectional-area distribution of S, and Sj.

Figure t2.- Cross -sectional-area and second —-moment-of-area distri-
butions of the basic model and other configurations.
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T6

70

6.0 gy

5.0 4

40 /

3.0 7 \\\
2.0 ,/ / -3 \l

— — == S$My;
% - = ..S4M4M \
——— — Sears-Haack &%
1.0
4
Y
o

o 4 8 12 6 20 24 28

A
,

-
3

Cross-sectional area, inches?

Model fuselage station, inches

(b) Cross-sectional—area distribution of S,, S, M,;, S4M,, , and
a comparable Sears -Haack theoretical distribution.

Figure 12.— Continued.
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28

— 5
B ———— S\M,,
———— SaMay ,
< ——— — Sears-Haack 1\
£ 20 !
2 |
8" Note: I ]
5 16 As in reference 2, the ! l
- fuselage contribution to I
<] the second-moment -of- |
r= agrea distribution has been i
5] neglected. I I
£ 12 : i
= AN
- ! 'k
: /1 AN
g 8 /1 ¥
IR/
IR
4 Vi —} A Y
AR
A
BERARNE
o) A—,
0] 4 8 12 16 20 24 28

Model fuselage station, inches

(c) Second-moment-of -area distribution of S;, S, M, S; My, , and
a comparable Sears-Haack theoretical distribution.

Figure 12.— Goncluded.
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-4 o 4 8 12 (for M =103)

(a) C. vs. a

Figure 13.- Variation of lift coefficlent with angle of attock, drag coefficient, and pitching- moment

coefficient ot 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 15.- The variation with Mach number of Ilongitudinal
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
cerodynamic characteristics of the model with and
without conventional missile M installations.
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Figure I7.—- The variation with Mach number of longitudinal
aerodynamic characteristics of the model with and
without N  missiles.
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Figure 18.— The variation with Mach number of Iongitudinal
- agerodynamic characferistics of the configurations designed
according to the moment-of-area rule, the comparable
- conventional missile M configurations, and the basic
model,
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