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RESEARCH MEMORANDUM

AERODYNAMIC CHARACTERISTICS OF A 450 SWEPT-WING ‘
FIGHTER-ATRPLANE MODEL AND AERODYNAMIC LOADS ‘
ON ADJACENT STORES AND MISSILES AT MACH

NUMBERS OF 1.57, 1.87, 2.16, AND 2.53
By Waldo I. Oehman and Kenneth L. Turner [

SUMMARY

An investigation was performed in the Langley Unitary Plan wind
tunnel to determine the aerodynamic characteristics of a model of a
450 swept-wing fighter airplane, and to determine the loads on attached
stores and detached missiles in the presence of the model. Also included
was a determination of aileron-spoiler effectiveness, aileron hinge
moments, and the effects of wing modifications on model aerodynamic
characteristics. Tests were performed at Mach numbers of 1.57, 1.87,
2.16, and 2.53. The Reynolds numbers for the tests, based on the mean

aerodynamic chord of the wing, varied from about 0.9 X 10° to 5 X 10.
The results are presented with minimum analysis.

INTRODUCTION

Aerodynamic loads on external stores and fired missiles, in the
presence of an airplane, are of current interest to airplane manufacturers.
Knowledge of the magnitude of the aerodynamic loads is necessary for an
accurate determination of the flight path of a missile and efficient
design of support structure for stores.

In consideration of the importance of the above problem, an investi-
gation was made to provide pertinent data of this type. Wind-tunnel
tests were made on a model of a fighter-type airplane with attached exter-
nal stores and detached missiles near the model. The model, stores, and
missiles were instrumented and test variables were controlled to provide
the desired information. Other results obtained during the investigation
include control effectiveness of aileron-spoiler combinations, aileron
hinge-moment coefficients, the effect of Reynolds number on minimum drag
coefficient, and the effect of fixed transition and two wing modifications
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on the aerodynamic characteristics of the model. The wing modifica-
tions were proposed as a means to alleviate transonic pitch-up.

A MSO swept-wing model of a conventional fighter airplane was used
for the tests. The results were obtained at Mach numbers of 1.57, 18,
2.16, and 2.53 for angles of attack from about -2° to 22° and for side-
slip angles from about —90 to 90. The Reynolds numbers for the tests,

based on wing mean aerodynamic chord, varied from about 0.9 X 106 15(0)

5 x 10°. The results are presented with minimum analysis.
SYMBOLS

The symbols used in this report are listed below. Moment centers,
reference areas and lengths, and axes systems are defined in the section
entitled "Presentation of Results."

b wing span, in.
e mean aerodynamic chord of wing, in.
.
@ drag coefficient, —
D QS
P - P )3
C base-drag coefficient, g_ﬁi___jlz;g
Dy, .S
e
C chamber-drag coefficient, —
De
CD duct internal-drag coefficient, Lo cenind e
i S
1 Qoo
CD net external-drag coefficient
€
C minimum net external-drag coefficient
Dmin
Cy aileron hinge-moment coefficient, Aileron hinge moment
a 2qodMa
'
CL 1ift coefficient, ——
a.S
00
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Rolling moment
qub

rolling-moment coefficient,

Pitching moment

pitching-moment coefficient,

quE

F
normal-force coefficient, AL
Ao

Yawing moment
qOOSb

yawing-moment coefficient,

By
side-foree coefficient, ——

A4S
maximum diameter of store or missile, in.

force along X stability axis, 1b
1ift foree, 1b

normal force, 1lb

siide’ force, 1b

store or missile length, in.

moment area of aileron, cu ft
free-stream Mach number

model base pressure, 1b/sq ft

model chamber pressure, 1b/sq ft

free-stream static pressure, 1lb/sq ft

free-stream dynamic pressure, lb/sq ft

Reynolds number
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reference area (projected wing area for model and maximum
cross-sectional area for stores and missiles), sq ft

model base area, sq ft
model chamber area, sq ft

traverse position of missile nose along its X body axis
measured from firing position, in.

thickness of wing, in.

mass flow at duct exit, slugs/sec

free-stream mass flow based on duct inlet area, slugs/sec

vertical distance between nose of missile and zero water
line of model, in.

angle of attack of wing chord, deg

angle of attack of missile center line, deg

angle of sideslip of fuselage center line, deg

angle of sideslip of missile center line, deg

aileron deflection angle (positive when trailing edge is
down), deg

spoiler deflection angle (positive when trailing edge is
down), deg

Subscripts:

C

L

center-line tank
left hand
missile

right hand

denotes coefficient referred to stability axis
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i center-line store

W denotes coefficient referred either to wind axis or to stabil-
ity axis

wt wing tank

Note: Moment coefficients for missiles and stores are based on 1 vrather

than e or b.

APPARATUS AND TESTS

Tunnel

The tests were conducted in the low Mach number test section of
the Langley Unitary Plan wind tunnel, which is a variable-pressure
return-flow type. The test section is 4 feet square and approximately
7 feet long. The nozzle leading to the test section is of the asymmetric
sliding-block type which permits a continuous variation of Mach number

from approximately 1.57 to 2.80.

Model Support

The airplane model was mounted on a six-component, internal strain-
gage balance which, in turn, was supported by a sting. The external
stores were mounted on individual four-component internal strain-gage
balances that were supported by pylons extending from the model. For
the detached missile tests, the missile was fastened to an internally
mounted four-component strain-gage balance that was supported by a
motor-driven sting. This sting was clamped to the model sting.

Model and Test Conditions

A three-view drawing of the l/20—scale model of a 45° swept-wing
supersonic fighter airplane is presented in figure 1. Model geometric
characteristics are presented in table I. The model configurations
tested are listed in table II witn the ranges of test variables for
Drawings and photographs of the configurations are shown in
figures 2 and 3. All missiles were attached to the model in a retracted
position for all airplane model tests. When the forward missile was
moved through the interference field of the model, the rearward missiles
were considered to have been fired and were removed from the model.

When the rearward missile was moved through the interference field of

each.
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the rodel, the forward missiles and the other rearward missile were
attached to the model in a retracted position. All model configurations,
with one exception, were tested with the all-movable horizontal tail

set at an incidence of 0° and with the inlets and ducts open.

The tests were performed at a stagnation pressure of approximately
6.0 pounds per square inch absolute and a stagnation temperature of
approximately 125° F. However, a few tests were performed at higher
stagnation pressures that corresponded to balance load capability. The
dewpoint, measured at stagnation pressure, was maintained below -500 F
to assure negligible condensation effects.

Test Procedure

For the missile tests, each missile was traversed in a straight
path and its attitude was dependent on its preset angle, the model sting
attitude, and the deflection of the missile balance and stlng under load.
The model was set at angles of attack and sideslip of 0° and test posi-
tions for the missile were selected by traversing the missile forward
from its launching position to positions such that maximum or minimum
pitching moments were experienced by the missile. Traversing was con-
tinued until the missile was completely out of the interference field
of the model. These same positions were used for all other model atti-
tudes at a given Mach number. New traverse positions were obtained
for each change in Mach number.

In order to determine the minimum drag coefficient of the basic
model with a fully turbulent boundary layer, a few tests were performed
with a transition strip fixed around the nose, 1 inch rearward of the
tip, and also on the 1lO-percent chord of the wing (top and bottom,
full span). Two sizes of grain for the transition strips were used:

No. 60 carborundum (nominal height, 0.012 inch) and No. F carborundum
(nominal height, 0.0015 inch). Past experience on tests of this size
model in this Mach number range has shown that No. 60 carborundum is
sufficiently large to effect boundary-layer transition. The F carborun-
dum was used in order to afford some idea of the added wave drag that

might be caused by the transition strips. The transition strips were

% inch wide with the carborundum grain imbedded in shellac. When the

No. 60 carborundum was used there were about 250 grains per square inch,
and when the F carborundum was used there were about 1,500 grains per
square inch. The tests performed at high stagnation pressure were made
in order to determine the effect of Reynolds number on external drag.

Schlieren photographs were taken of each of the model configurations
at various attitudes and Mach numbers.
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MEASUREMENTS

Accuracy

The accuracy of the individual measured quantities, based on balance

calibration and repeatability of data, is estimated to be within the

following limits:
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For the missile separation tests, the quoted accuracies apply only
to the individual test points. The large changes in the flow field
along the missile path may lead to larger deviations from the faired
curves between test points.

Corrections

Calibration of the tunnel test section has not been completed;
however, measured pressure gradients are sufficiently small to insure
negligible buoyancy corrections for the model. Any flow angularity that
might exist in the test section has not been determined.

The drag coefficients presented in the characteristic plots have
not been adjusted for chamber, base, and internal drag. The net external-
drag coefficient may be obtained, therefore, by subtracting these values
from the drag coefficient shown on the characteristic plots at the same
model attitude and Mach number; that is,

C =Ci - C - C - C
De D Di Dc Db

PRESENTATION OF RESULTS

The coefficients of the forces and moments acting on the model are
referred to the stability axes system (fig. 4) and the coefficients of
the forces and moments acting on the missiles and stores are referred
to the body axes system (fig. 5). All aerodynamic moments for the model |
were taken about a center of gravity located longitudinally at 33 per- |
cent of the wing mean aerodynamic chord and at a station 1.55 inches c
above the zero water line of the model (fig. 1). Aerodynamic coeffi-
cients for the model are based on mean aerodynamic chord, projected
wing area, and wing span. Aerodynamic moments of the missiles and x
stores were taken about their respective centers of gravity (fiz. 2. |
Aerodynamic coefficients for the missiles and stores are based on their
respective maximum cross-sectional area and body length.

The results of the investigation are shown in the following Y
figures:
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Variation of mass-flow ratio with angle of attack .

Variation of internal-,

chamber-, and base-drag

coefficients with angle of attack . -3
Effect of fixed transition on aerodynamlc chara-

BeEriscics in pitch

Effect of Reynolds number on minimum net external drag
Typlcal schlieren photographs of a 1/20 scale model of
a 45 swept-wing, supersonic, fighter airplane

Schlieren photographs of
Schlieren photographs of
Aerodynamic loads on the
traverse positions and
Aerodynamic loads on the
traverse positions and
Aerodynamic loads on the
traverse positions and
Aerodynamic loads on the
traverse positions and

teristics in pitch .

coefficient in pitch

i teristics in pitech .

rearward missile traverse
forward missile traverse
rearward missile at various
angles of attack) . & Fav. o5
rearward missile at various
angles of sideslip .

forward missile at various
angles of attack . .
forward missile at various
angles of sideslip .

Aerodynamic loads on external stores in pitch .
Aerodynamic loads on external stores in sideslip
Effect of external stores on aerodynamic charac-

Effect of external stores on aerodynamlc charac—

teristics in sideslip . .
Effect of aileron and spoiler deflectlons on aero-

dynamic characteristics in pitch . .
Effect of aileron deflection on aileron hlnge moment

Effect of wing modifications on aerodynamic charac-

RESULTS

Figure

O

10
11
12
15
14
15
16

17
18

19
20
24

22

23

f The results of this investigation are presented without analysis.

I what is shown by the data.
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The aerodynamic forces acting on the missile as it passed through
the interference field of the model were very erratic.
of the force coefficients appears to be independent of Mach number.

The magnitude




10 CONFIDENTIAL NACA RM 158C17

The basic model was longitudinally stable at all test Mach numbers
and in the angle-of-attack range for the tests; furthermore, the model
stability was not changed by a wing notch at the wing-fuselage juncture.

The center-line tank and the center-line store were neutrally
stable, longitudinally, and had very little effect on the longitudinal
stability of the basic model. The wing tanks, which were unstable
longitudinally, decreased the model longitudinal stability.

The center-line tank was directionally unstable at all Mach
numbers. The wing tanks were directionally unstable and the center-
line store was directionally stable at a Mach number of 1.57. At Mach
numbers of 1.87 and 2.16, the wing tanks and the center-line tank were
neutrally stable. The model was directionally stable at all Mach num-
bers with either of the external stores attached. At a Mach number of
1.57, the model was more stable with either the wing tanks or the center-
line store than with the center-line tank. The directional stability
of the model was the same with either of the external stores attached
at Mach numbers of 1.87 and 2.16.

The minimum external-drag coefficients of the basic model are
0.040, 0.039, 0.037, and 0.037 for Mach numbers of 1.57, 1.87, 2.16,
and 2.53%, respectively; and the corresponding Reynolds numbers are

1.5 % 106, 1.2 X 106, 1l o 106, and 0.9 X 10°. An increase in Reynolds
number resulted in a slight decrease in the minimum external-drag
coefficients, and the decrease is approximately the same as predicted
by the minimum theoretical correction as given in reference 1. However,
in consideration of the limited number of test points, the accuracy of
measurement, and the departure of the model from a slender body of
revolution, no conclusions can be made regarding extrapolation of the
model data to full-scale Reynolds number.

Langley Aeronautical ILaboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., February 26, 1958
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TABLE I.- GEOMETRIC CHARACTERISTICS OF THE SUPERSONIC FIGHTER AIRPLANE MODEL

@uselage station 0.00 is

Model scale, percent . . .
Center-of-gravity location,

Wing:
Area, sq ft -
Exposed . .

PROJECTEd o o ol o e ol o ool el b w6 ie e
Span, in. S o Mo Mo oS e e Bl o I e I o IS TR VG I

BERECEIPATIO" o 5 s s lsl sl isl e sl ol s e e e
Taper ratlo « « « o o o «
Sweep angle of quarter-chord line,
Dihedral, deg « « ¢ o « o o
Incidence, deg . . . . . .
Geometric twist, deg . . .
Airfoil -

Root . . .. o o o s o o s e e

Bodyline(BL)BOO..........

L R e B e I o e s e e e e
Root chord, in. GG 00 GG ol g g G o
e Rchopd, Fn'e S s oS a e e e e
Root-chord location -

Longitudinal (leading edge) .

Vertical
Mean aerodynamic chord,
Mean-aerodynamic-chord location -

Longitudinal (leading edge)

Iateral « « ¢« . . .

GO Ol G GO

in. e o o o o o o

Fuselage:
Length, in. 5
Width (maximm), Ine « o o o o ¢ o o o o @
Depth (maximum), in. . « « ¢ ¢ o « o & « &«
Overall fineness ratio . . . . . . . . . .
Base area, sq ft

GUONG OGO S G GED

Horizontal tail:
Area (theoretical), sq ft « « « « « « & . &

Span, in. 5ol O . 5 G OOl D
ABOECHIDATIO  le (el s o = ol =) silel s el ool s
TEOPEr PALIO o o s sl o s & o @ s @ = oe e
Root chord, in. G OB SG o O Dol o

BLp chord, dfe o o o o o 4 s s e e e ‘e

Mean aerodynamic chord, in. o oile s e e

Mean-aerodynamic-chord location
Longitudinal (leading edge) . . « « . . .
lateral . . . .

percent of mean aerodynamic

chord .

0.40 inch behind nose|

Tail length (distance from quarter-chord point of mean aerodynamic chord of

quarter-chord point of mean aerodynamic
Sweep angle of quarter-chord line, deg . .
Dihedral, AEE « s o o sis s o o s e e e
Geometric twist, deg . . . 5 0D O OO
Airfoil -

Root . . .

™¥p . < .

Vertical tail:

Area (theoretical), sq £t « « « o =« « « « . .

Span, in. o 6 & 8 e s s s s s 6 ® e e s e
Agpect Tatlol o & o ¢ 0 © o o 4 e

Root chord length, in. . . . . . . e el
Tip chord length, in. GO G g0 oo a0
Mean aerodynamic chord, in. « e e e e

Mean-aerodynamic~chord location.
Longitudinal (leading edge) . . « « . . .
Vertical (leading edge)

Tail length (distance from quarter—chord point of

chord

of horizontal

tail), in.

o lon MG B

quarter-chord point of mean aerodynamic chord of vertical tail), in.

Airfoil -
Root . .
THPN. o

Duct with double compression ramp (5° to 8°)
Capture area, per side, sq ft . . . . . . .

EXTbysper slde, 8q £Liie o &l el ol o ol e s o slsie e el isha el
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TABLE II.- MODEL CONFIGURATIONS AND TEST VARTABLES

Model configuration e Angle—of-gttack range, |Sideslip-angle range:
eg deg
Basic model .|1.57, 1.87, 2.16, and 2.53 -2 to 22 0
Model with center-lme tan_k s 1.57, 1.87, and 2.16 -2 tor L7 -3 to0 9
Model with wing tanks 55, 1.87, and 2.16 -2 to 17 -9 to 9
Model with center-line store 1.57, 1.87, and 2.16 -2 to 17 -3 to 9
Model with notched wing . 1.57, L1.87, and 2.16 -2 to 17 0 |
Model with a notched wing, leadlng—edge
cuff, and a 25° negative-dihedral
horizontal tail ; 1.57, 1.87, and 2.16 -2 to 17 0
Rearward missile moved through 1nter—
ference field of model . 1.57, 1.87, and 2.16 0 to 18 -9 to 9
Forward missile moved through 1nter-
ference field of model . . . s 1.57, 1.87, and 2.16 0 to 18 -9 to 9
Basic model with transition strlps . 5 o | aboBiia dbate 2.16, and 2.53 -2 to 22 0
Model with aileron and spoiler deflected 5 o 1.57, 1-87, and 2.16 -2 to 22 0
Note: The angle of attack was 0° for the sideslip-angle range and the sideslip angle was 0° for the

angle-of -attack range.
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W L.0.00

Figure 1.- Three-view drawing of a 1/20-scale model of a supersonic
fighter airplane. (All dimensions in inches.)
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- 62— B.L. 0.00

\F—‘,S. 23.24

WL. =675
B.L. 0.00O
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13.00

SECTION A-A

(a) Center-line tank.

Figure 2.- Test configurations.
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SECTION A-A

(b) Center-line store.

Figure 2.- Continued.
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¢ sTorE \ B.L. 6.450
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B.L. 0.00
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(c¢) Wing tank.

Figure 2.- Continued.
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£S533.345

AT Missie In

[Fiame PosiTion(T=0)

(d) Rearward missile.

Figure 2.- Continued.
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FIRED PosiTion

Fwo Missie In

W.L.-).246
B.L. /087

FirinG Posimion ( =O)

(e) Forward missile.

Figure 2.- Continued.
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B.L.

19

~ Spoiler
- HL.
I1.60
/// B L. 0.00
12° 00>

(£) Spoiler (20-percent porosity).

Figure 2.- Continued.
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BL. /160 Bl 800 BLOOO

BL 5./62

N ~<—26/—

¥
(g) Aileron. P

Figure 2.- Continued.
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B.L.1i.60

N\, NOTCHE D
WING

+
i ‘ f’f
o O
>/ % |

B.L. 0.00

(h) Notched wing and cuff.

Figure 2.- Concluded.
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(a) Three-quarter front view. L-57-k72

Figure 3.- Photographs of a 1/20—scale model of a supersonic fighter airplane.
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(e) Three-quarter front view with center-line tank.

Figure 3.- Continued.
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L-57-470

(f) Three-quarter front view with wing tanks.
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Figure 3.- Continued.




TVIINHTTANOD

(g) Three-quarter front view with center-line store. 1-57-476

Figure 3.- Continued.
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(n) side view showing missile support system.
Figure 3.- Concluded.
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Figure 4.- Stability axes system.

(Arrows indicate positive directions, except where noted b
e
a minus sign.)
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Figure 5.- Body axes system.

(Arrows indicate positive directions, except where noted by a
minus sign.)
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Figure 6.- Variation of mass-flow ratio with angle of attack.
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Figure 8.- Continued.
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Figure 8.- Concluded.
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Figure 10.- Typical schlieren photographs of a l/20-scale model of a 45° swept-wing, supersonic,
fighter airplane.
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Figure 10.- Concluded.
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Figure 12.- Schlieren photographs of forward missile traverse.
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(a) M= 1.57; 8 =08,

Figure 13.- Aerodynamic loads on the rearward missile at various
traverse positions and angles of attack.
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(a) Concluded.

Figure 13.- Continued.
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Figure 1%.- Continued.
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(b) Concluded.

Figure 13.- Continued.
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Figure 13.- Concluded.




NACA RM L58C17 CONFIDENTIAL

nmmnmmnmmﬂmmnummnnmlmuummmmﬂmmummmm;ﬂlnnﬁmm
A, 0 T 1 KH
T "Iumllmummummmlmummumum
!Iﬂ]lﬂlllllllﬂll!1||I||l|lll|l|ll!|llﬂ ﬂﬂlﬂﬂ]lm :mmmua 1 R
Y Hmmhmmm iiﬂ A B mxmﬁmmmmmnm\@n
i Ilillllllf’llﬂlmﬂ [T mﬂ il 'ﬂh‘lﬂlﬁiﬁllﬂlfﬂl i A T E
IBIIH!IHIIH[IHIJHIIIlllllllﬂlllmllllﬂﬂm ANW i mnmmmmummmxmmunmﬁmzmmlmnmu.m ‘ﬁﬂllﬂ inlj.H
[ ‘IIIIHIIHIHIH HMIJ. 1
thihlhllmﬂllm il

fiii l*}f’H" Y
(L e
mumﬂmn!rmmnmnumummmumsmmmmmnammmmmmm T
i nmmmmnmmmmmmw !ﬂd;ﬁlf’l‘euiiifﬁﬂ;lﬁﬁ.&'
0 1
O l lmnnmmnummuuu i mmmr e
92 ) 1 T R i i
mmmﬂm I A ﬁiﬁ: i ﬁ!ﬂﬁ?ﬂ?ﬁﬂlm«
VO O R s
i lﬂll T P mguummmﬁm P
:Bl!l!lmﬂlﬂ!lll Tt o
R AL R A R
Vi mmuunmmmmmmmnmm ]
. L

ummmmmmumummunmmmnmn
CYM ] S st e o . "ﬂlmlﬂlﬂlIﬂﬂlﬂmll
RV i i e 1
lmlmmuumlrmmmmmmmmumnmmuﬂmlummumﬂnnmnunu '_'Tllﬂh’ il §IIIIKHI
T S e Iﬂ..m.m,.,ﬁi.‘..l..,!!‘m{!‘“ﬂilﬁl}L'@!!!i!!lﬂiliﬁ“iﬂ"lmiﬂﬂmilllmlmmmﬁ!“lm i i
T L mmmm@&mmwwm
mmﬂwmwmmmmmmnmmmmnmmmmmmmmu i
0 A L R O T mmuumummnnmﬂmuuimnuunﬂu|zmmum
mmmmmnwmmmmmmmmmmmmmmmm
W b mnumnﬁummmumuﬁmmmmmuu 0
e o i
8 [BIIIIIlIIﬂIIlIlII W!ﬂlﬂll“ﬂﬂﬂllﬂﬂlﬂllIﬂllll!ﬂllﬂlIIIIIIIIIIlllllllﬂllllllﬂlllﬂmllll

it i i nﬂmummtmm i
Imm]lllll i mmmnmmnnmmumlmmmmmummﬂmlmummmmxun:ﬂ lmﬂﬂmmnmnmmﬂmimmmmmn il
1 000
0 Imllmll 1 0 A
nmmlmmmmnnmmnmwmmm 1§ D Hﬂ&ﬂ[ﬂﬂmﬂmmﬁ Emmnim l
10 T
munmmmnmnmuﬂmmummnummmmmummmmilmmmmmﬂllmmnmmammmmtm
1R, A mmmnmsummmnm 10 O
i T T Y T
I mmumnmmummmmmmummimmmﬂmmmmmmmmx i
mmmmvmﬂlﬁﬁm T miﬂmﬂ mmmmmnmmmmdnnu
i i
T A unuaumumnﬁ] ﬂmmﬂmmmunmmmmmmmwmumu
ummnllllmxmmnummuwnmnmmuumlm!lﬂmuﬂmmmﬂmm il .tﬁl A
mmm...mmm e o i .mzmn
1 T o o A
Hmmn%m%ummum unmmlmmmummmmum mmmmm
|

il

AL

-4

"!:‘?i

! i
i mm mmalmmmm]mﬁ
mmw mmnnmﬂuslmunmmmm
lﬂﬁﬂﬂl T uﬁmm,mmwm m
mmmmtmununmmmmuammmmnmwummmwmmm.nﬁ i
I SRR R
I S S S e
mmmﬂmﬁmmmuummmmmm i Iillll@fﬂimﬂﬂ'ﬂ i
mlmﬂmmumumnﬂmmummnnmuumm%mmm%m 1

I o
i EMWEIE i e
mmm i mmmmmmﬁmmmﬁﬂ -
mmmmmmmmmmﬁmmmmmﬂﬁmm pi
Hﬁﬂmﬂﬂﬂﬂ T R e

fi iﬂﬁmﬂlﬂﬂﬁ.
i

(a) M= 1.5T; o = 0°.

Figure 1k4.- Aerodynamic loads on the rearward missile at various

traverse positions and angles of sideslip.
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(a) Concluded.

Figure 1L.- Continued.
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Figure 1L.- Continued.
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(b) Concluded.

Figure 1h.- Continued.
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Figure 14.- Continued.
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(c) Concluded.

Figure 14.- Concluded.
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Figure 15.- Aerodynamic loads on the forward missile at various
traverse positions and angles of attack.
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Figure 15.- Continued.
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(b) M=1.87; B = 0°.

Figure 15.- Continued.
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(b) Concluded.

Figure 15.- Continued.
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(c) Concluded.

Figure 15.- Concluded.
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(a) M=1.5T; a = 0°.

Figure 16.- Aerodynamic loads on the forward missile at various

traverse positions and angles of sideslip.
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(a) Concluded.

Figure 16.- Continued.
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(b) M= 1.87; a = 0°.

Figure 16.- Continued.
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(b) Concluded.

Figure 16.- Continued.
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(a) Center-line tank.

Figure 1T.- Aerodynamic loads on external stores in pitch.
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(b) Wing tank.

Figure 17.- Continued.
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(c) Center-line store.

Figure 17.- Concluded.
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(a) Center-line tank.

Aerodynamic loads on external stores in sideslip.
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Figure 18.- Continued.
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Figure 18.- Concluded.
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(a) M= 1.57.

Figure 19.- Effect of external stores on aerodynamic characteristics
in pitch.
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Figure 19.- Continued.
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Figure 19.- Concluded.
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Figure 20.- Continued.




CONF IDENTIAL NACA RM 158C17

S R
A
mnmfx,u tmummxm i
3 i mmhmnm

S o e ]
lﬁlltllllllllllllllIﬁllllllilllllllmmIIlIIIHIIIIIIlIIllﬁllllillllmilllHihﬁﬂmil S
ummmuuuuuuuummmuammuuuuuuuuluumuuuumuuunm z‘mnmnummmmmmun,
A _m,:gm i i

1
i
|mmimmmuummuuumuummuumumumuumx
H
S
e
i
ammvﬁmmmmmmmxmﬁ&axm
i
i |mum|mmm|}ﬁi=unmmmmmwumu mlmummmmm

1
li Hﬂ i R
m\mm

i
e
i mmmmn OWith wing tanks
T © With center-line tank
mnmnmimmnmmnmnmmuunmsmm A NEET cenistoine stors

[ i i
IHHIIIHIIIIIHIIWIIIﬂiliIHIIIIIIIIﬂilﬁllllllﬂlllllﬂﬂllllllﬂHllillIIﬁlllﬂllllllllﬁ L i mmn
i ImuﬂllllllilliﬁmllllllllIIlIIIIIIIIIﬁHIIIIIIIIIHﬂﬂlIlIHﬂIﬂﬁlﬂﬂllﬂlﬂll’ mmmmnnmnmmm.mmummmrmxxunmmmmmmuummmmml
[l lIIHIIII]ﬂIﬂIIlIllﬂH]IlIIIllIIIlIIIIIIlIIII[HII HIHHIIIIHIIIHHIIHIIHI I 3 T
T L m\mlmmmmmxmsmmxsmm&smmmx i
T mﬁmnmﬂmnmnmmmmnmmmmnw it thﬁlliﬂﬂﬂﬂlﬂ lllllll
| O 0 A
Ilﬂlllﬁlllﬂllllllllllllllﬂllﬂlllll"llllﬂlilllllllllllllll!ll!llll I I’Hlﬂllliﬂllﬂ’lﬂllﬂlIlﬂllmllllllIlﬂlIlmli!ﬂmllIﬂlllllﬂﬂﬂllllllﬂﬂ
lllllIllllIIIIIIIIIIIINIIIIIIIIIII!II Illllllﬂllllllllll 1 II!{IIIIIIill]lIﬂﬂllllllﬂ!ilmlll!llIlllllilli[!iillhllIi&i!ililli‘lﬂlilmillﬂﬂuxﬂ
0 G nmmnmmmn il H\SBM@HMHH&HI"X e A R
Iﬁﬂlﬂﬂl“l]IIllIllﬂllﬂl]IIIIIII!IIIHIIﬂilllllllllllllIlIlﬂllll i mmm i mmummml lﬂ‘ﬂ hiﬁlﬂlli fi Iill!lllilhﬁllllm
0O ) IlﬂlllllllililIIIiIilElIlHﬁI!IIIﬁlillill!lﬂlllllllII‘HEEBHII}IHIIIﬁllimllfﬂlllui!
0 0 I.

IHII!IIII“!HH!IIHIIIIHIIH lllllllllllllilllillﬂilll” il lH - ! i
0 ) 1
llIIIllIlIIIIHIIIIIll!lllllllllllllllllIllll!llllIIIIIIIIIIlllllllllllIlIIIIIIIllllllll!llllllllll mummmmnummxxmunmxmumumm
I T A l ll ST, S
iﬂllﬂlllIilllllllllﬂlﬂﬂllllllllllll!l lllllﬂﬂlﬂﬂl R Iiiiilﬂ!lﬁﬂﬂﬁlﬂi(
e lll‘lﬁlﬂllll i i ’3
|m|nmumummmmlmumumumnnmnmmnmx'nmmzmmmmmm T
0 i i il
lﬂlilllllﬁﬂlllmllllll!lllImlHHIIlllllllllllﬂlﬂlll!I!lllﬂi}mll
M 0

Egﬁg §
E =

===

e
—

m;smmmzmﬂmnmmmu i llixi §ﬁ i
lHI.ll{iliHllll e T

S mumlmmmumlnn\mn Elﬂi H'!}m i

ST

i i 1
T i Hl R
nmnnmummumuummummmmlmmuumtmm,mmmlmm.ﬂm
1 e
tuuumluumummuumumuumuwmumumumuimumumm
umuummnmmmmlmmuummm;nﬂmmmxmmx
IIHll IIIIIIIIIII!!I!H!II“ i
A I nmmmmmumnmnmumumunm i
I l i i

e
A i
ummummunmnummumnmnm i
Wl ummmmuummlmimumummum
i

-mummmumuman
tll! i Illﬂllﬂl nm

*ifﬁlﬂﬁflﬂ]ﬂ‘Iﬂiﬁﬁ’ﬁﬁ'lmldlillmllﬂmiﬁlﬁiﬂﬁﬂiﬂliiﬂlﬂIimﬂmﬂllm
mmlmumm HﬂlBiﬂE]ll.lﬁliﬁl!ﬂlﬁ&H! i
A i ,__IJlﬁxﬂﬂIIﬂll!lI!EE}!BHIBﬁHﬂHNﬁ@

idlli&ﬁﬁmﬁlll i
i l!ﬂ'll"Bﬁlilmllillli!hlRﬂE}Hx’ilﬂHdl!l!HlﬁHlﬂﬂmlmﬂlHﬂ
1ﬁg%{gllllllillﬂllﬁil‘lm!I‘!Illlllililll,ﬂlﬂilmﬂﬁ’&ﬁﬂhﬁﬂiﬁﬂ!ﬂﬁ!ﬂli

SEEmE=

il
rlmﬁlwmmm Bl
mmnmmmmmmﬂm
i R
mm&muwmw
m%ﬁgmn}ﬁmunm

i

1 1 o A e

i nmnn‘mimumlm;mu A

1 v
T mm

) qgmmm.
i s

il umunmmmmmmnmuumumumms.num,anmn
T i

(o 0 mulmmmmm(mmmuummm:
L e
mmmnmmnmuumnmnmnmnmzmnmﬂmma
lmmm Hmmmmmmmnamlmnmnmummmmnm
mummmnmnmumnmnummuhammmammm

(p) M= 1.87.

Figure 20.- Continued.

CONFIDENTIAL




NACA RM 158C17 CONFIDENTTAL

Cy

[T
At

e
mmﬂlﬂlllﬂllﬂhﬂIIIHIIIIllllllml!llllllllIIXII'I!Nﬂhﬂ i
@ﬁlﬂmﬂ I A
i

il EIIHIIllilllﬂilHllllllllﬁlili!ﬂllﬂini
Iﬂl IR

ﬂl“:
A e
mmmmmmm mmmnmmmmmmJ
A
mwmmmmmmmmmummmmmmma
[ I
i
%ﬁﬁmmm%m%%%mmmmmmmmm B
mmmmmnmmmmmm““l“lmﬂgtmms bl
%ﬁm’hwwmwm@%m{ center-line tank [
aW :
IR ath center line store iy
il mmmmmmmmmmmmmmmmmmmmm
mmmmmummummmmmmmmmmmmmmmmmmmmm
W i
MMWWMMMIMMWHWW A
o D i
mmmmmmmmmnmmmmmmmmmmmmm e i
i lmmmmmmnmmmmm*mMMWMMﬂ"
L A s S L
mmmmmmmmmmmmmmwmmmmmmmmmmm
000 o
ﬂmmmummmmmmmmwmmmmwmmmmmwmmmmMMMMMmmmmmm
A mmmmwmmwmmmmwm4
mmmmmmmmmmmmmm i
S S B - il
A e 5l i
mmmwmwmmmmmmmm&wg T i NS
0 o5 o o i nw
Hnumimnmmnmmmuﬂ P S B
e o A
m R i
A
mmmmumurmmmnmmumnmu*immnumnmmnnmmmmmnm*m'immu .
T
A e
mmnmmmHmmﬂMm:wmmmﬂmmmmmmmm
W e
mmmmmmmmmmmmm i
HMNMMW“EMBIMW:
fmmmwmmmwmmmmmmmmmmmmnum i
R
|mmmmmwmmwmmwmwmmmmMMMMMMﬂnmmmmmmmmmu mmmmmmmwwmm
P i 0 0 i
mmmmmmmmmmmmmmmMmmmm T
VA
Dm0
,mmmmmmmmmmmmmmmmmmmm
i MMMmMmmmmmmmmwmmmmmwmmmmm1
mmm mmmmmmmmmummmmwm .
I s 0
mmmmmnumnmmnmunmmnmxmmmmnmmmlmunn;—m, T
i —
ummmmm R
i |mmmmmmmmmmmmmmm
)

i
A

mummmmmmmmwmmmmﬁﬁmw

s

i i
ii!iﬁi&!ﬁﬂiliﬂli!mﬁﬁiﬁiﬂ!@jﬂi
il iﬁiimm

H%I!Hﬂl.lj

E@ﬁg
EEEEEEa

(b) Concluded.

Figure 20.- Continued.

CONFIDENTTAL




96

CONFIDENTTAL

oWith wing tani(s

OWith center-line tank

aWith center-line store
i

0
B, deg

(¢) M= 2.16.

Figure 20.- Continued.

CONFIDENTIAL

NACA RM 158C17




T TP e S R T TR e Ay - e Sy - e —

CONFIDENTTAT,

]

OWith wing tanks
OWith center-line tank
AWith center-line store

(¢) Concluded.

Figure 20.- Concluded.

CONFIDENTIAL

9




98

CONF IDENTTAL

(a) M= 1.57.

NACA RM L58C17

&

Figure 21.- Effect of aileron and spoiler deflections on aerodynamic

characteristics in pitch.




NACA RM I58C17 CONFIDENTIAL 99

O\ e ‘:mawm%mmmwmmmm*zm%w%*m
R
(I mmmmﬂhwmuﬁﬁmmummumm:mlmmmmwm&

6] e e e i i
iﬁﬂﬁlﬂﬂﬂ!ﬂlﬂlﬁiﬁfﬁﬂﬂl!ﬁﬁ'ﬁlﬂlﬂ R A
-.Ol ....... i ﬁﬁﬁmiﬁﬂmmmWﬂﬂlﬂﬂmi@m!ﬂﬁﬂﬂlﬁﬂ
i 1*;;;!1:!53%51?1&@@!@” i A
i i mmﬁmmﬂ?E%imilﬁﬂﬁulﬁﬁﬁﬂﬁﬁlﬁ
mmmmmummmnuliimml}mnmamammllmmmmwmmimmﬁm“ T
Wi A T ;ﬁﬂ&iﬂlg&g_
ﬁﬁz lﬁs"ﬁ[liiiﬁﬂiﬁ@“ﬁﬁlﬁﬁ @imﬂﬁﬁ EE L L R (I
i rﬁmihmnﬂ,xﬁnmﬁmmm*ﬁﬂlﬂi&ﬂﬁsﬁmmmmmmﬁf‘
Hﬁiﬂiﬂﬁﬂrﬂﬂﬁﬂimlﬁfl i

; lll|lil|iilhllhﬂlﬁh.1ﬂlﬂl Ilﬂllllﬂﬁlm mmmmmmm ) lllllll iﬁﬁi HHHI |
T R, A |
A R | Il!bllﬂlﬂﬁilﬂ!lﬂ‘l!lml!i!ﬂﬂﬂlHlﬂlllill!!ﬂlﬂ.lllmlﬂllﬂﬂiﬂﬁllﬂﬂllﬁ!
i Hi_hﬂ s Hﬁf‘ﬂ ﬂiﬂ!

W R
ﬁm“mmﬂm i
lllllllllmllllllll Hlllllll!ﬂlllmll ﬂlﬂ%{““%‘ﬁ%ﬂ%mﬂm
0 T A 0 O S mmﬂmﬂlﬂ 1 0 T A ‘ﬂ“ i i
R A R mlummllﬂillllﬁlllilﬂmmmmﬂmmlmm i mﬂiﬁmﬂlﬁmmllﬂllﬁﬂHmiﬁﬂIi‘iimilIﬁ!ﬂﬂlmuﬁiiﬁlﬁﬁlmﬁr ilﬁiﬁ!ﬁﬁﬂﬁlkiﬂ
R O mmﬂmmmmﬂmmmmm A 0 R R R
l“llmmlllllﬂ“lllll!ﬂllﬂﬂll]ll]!ﬂﬂﬂﬁﬂﬂ“lﬂlImlﬂmmlmﬂlmmmmmm 1 ﬂﬂllﬁﬂﬁmﬂ'm“ﬁ’Hzﬂﬂﬂﬂﬁlmmlﬁﬂlm’i‘ihlmﬂﬂﬂmIlﬂlﬂﬂ!mfim‘iﬂﬁlm
{5 O TR 0 LA mlml"lmﬂ“lmlm“mmﬂlﬂmmmﬂmﬁmm“ﬂmmmmmﬂﬂlﬂﬂﬂmlﬂ“mﬂ“ﬂm’““!ﬂm"ﬂmﬂ"ﬂllmﬂﬂmlllxl'““ﬂlﬁhﬁmmﬂmlm il it
i i ﬁmmmmmiﬁm i t&ﬂﬁﬁiiﬁmmmmmmmmﬁmﬁm{ﬁﬁ-ﬁh i HE
mlllﬂllml“ﬂllﬂﬂlﬂmﬁlﬂlﬂl A A mmmwmmmmmmm A Iiﬁﬂﬁi!mﬂ 1 A
Illllllﬂllllllﬂﬂlﬂilimmﬂmﬂﬂlﬂ!“mmﬂlﬂﬂﬂﬂlﬂlﬂlﬂlﬂlm VT ) R A B R i i |
i lmmmmmmmmﬂlmmmmmEmﬂﬁlﬂﬂmmmmﬂm[ﬂmﬂhﬂ.ﬂﬂiﬂl?lﬂxlllﬁ“ﬂﬁﬁ" i o
Hﬁililmllﬂllﬁlmﬂmﬂﬂmﬂ!mlﬂlmﬂmﬂ!mmm@ T v A i Kﬂﬂiﬁﬁﬁ’ﬁﬁliﬁ! j;ihilli
i ﬂlllﬂﬂlllllﬂlﬂlﬂmf.mmmﬂﬂﬂmﬁmmﬂlm i mﬂﬂl@mmmmmlﬁlﬂ]ﬂmmfﬁimﬁm AR Y
Iiﬁl IH 1 O Hﬂlﬂﬂlmmmmm@ﬁﬁﬂﬁi T &ﬂiﬁi@ﬁﬂ"ﬁlﬁﬁmiﬁh
Wﬂmmmm HHW@WJWEE et o Lt l'ﬁ}iiﬁlﬁﬁ!&ifﬁf‘ifﬁiﬁf“
| il lﬂkumﬁhumlh v 5 i i
0 0l iﬂz“iﬂllﬁﬁhiﬂm‘ﬂ i
T o O R lﬁiﬂﬁﬂﬁﬂmimm&mmﬂ
i lIﬂllmuuilmmﬂhmmmmlﬂllmmllm i 3.1 102
lﬁ' o m Hl@!gmf‘?ﬂ.ﬁuwﬁh >
iﬁ!&ﬁ i
i ﬁfﬂ f@fﬁﬂﬂﬁiﬁﬁi

! ﬁﬂlm fst w
S ' mnumne
EaEEEE R
mmmmmmmum@ wm@m@mmmmmmm
EREEREERD e
e
samE
e

Eili! ﬁi.l!llll!]li!‘ﬁlhﬁilﬁhﬁin ﬂiﬂlﬁiﬁﬁ!lﬁﬂﬁ mﬁ“iﬁﬂﬁ
T R ﬁﬁ!
l!lﬁl!ilHﬂlmlllﬂll!ﬂ!lﬂﬂﬂﬂ!lﬂmlﬂ' Elllﬂﬂ HEI
1T R
!!llgmgiﬂﬂﬂlllﬁ!ﬁ{ﬂﬂﬁﬂim i !Eﬂiﬂn;ﬁ “gﬁﬁiﬁmﬁiﬁ

A L ]
ﬂ!‘lmlllﬂlﬂllllﬂllmﬂFﬂliml. R A i
,;mm (I

il

aagﬁsaaéaaﬁﬁ
mm@gggggggggggaggg

iR

A mmmummm i
i R i %Edzﬂﬁxiﬁ!ﬁ‘ﬁi‘&d%
Jii 0 1 B
il R

i 'HH' lﬂlﬂ I
)| s'mmmmm.xmmmmm ﬂl}ﬂlill i
3 i AR ﬁllmﬁlﬁﬁiﬂmﬁx wﬁmmmmmm
illlll!llli!ill S R R SR R

il ummummum llilllﬂﬁﬂ!ﬂiﬂ! mﬂmmnmmmmmﬁmm
A mglmuwummmummuuuxmgg:!u 1

i nﬂiﬂi i i
i 'i]l ;ﬁﬂﬂﬂi!{ﬂ i B!BIFHEQ ]
) el i E‘”Eﬁﬁmﬁﬁ@m
e mmnmmmmxmmmmlmmmumammkmmmmmnmm
2 -

(a) Concluded.
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Figure 21.- Continued.
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Figure 21.- Concluded.
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Figure 22.- Effect of aileron deflection on aileron hinge-moment coef-

ficient in pitch.
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Figure 23.- Effect of wing modifications on aerodynamic characteristics
in pitch.
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(b) M= 1.87.

Figure 25.- Continued.
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Figure 23.- Concluded.
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