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'AER’(')]SYNAMIC CHARACTERISTICS OF A 45° SWEPT-WING
= D §IGHTER -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

Ad investigation was performed in the Langley Unitary Plan wind
tunnel to determine the aerodynamic characteristics of a model of a
450 syept-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 106 to 5 X 107,
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 450 swept-wing model of a conventional fighter airplane was used
for the tests. The results were obtained at Mach numbers of 1.57, 1.87,
2.16, and 2.53 for angles of attack from about -2° to 22° and for side-
slip angles from about -9O to 90. The Reynolds numbers for the tests,

based on wing mean aerodynamic chord, varied from about 0.9 X 10~ to

5 X 107. The results are presehted 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.
c mean aerodynamic chord of wing, in.
F
C! drag coefficient, D
D a8
p_- P )5
C base-drag coefficient, E—EL———EZ—E
Dy, Q.S
<Pm - pc)sc
CD chamber-drag coefficient, —-—— 7 mFm ————
c Qo
Cp duct internal-drag coefficient, Alrernal drag
i QoS
CD net external-drag coefficient
e
CD minimum net external-drag coefficient
min
C aileron hinge-moment coefficient, Alleron hinge moment
h, 2q. My
P
CL 1lift coefficient, ——
Ao
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Rolling moment
qaﬁb

rolling-moment coefficient,

Pitching moment

quE

pitching-moment cocefficient,

F
normal-force coefficient, N
Ao
Yawing moment
qub

yawing-moment coefficient,

Fy
side-force coefficient, —

A
maximum diameter of store or missile, in.

force along X stability axis, 1b
1lift force, 1b

normal force, 1b

side force, 1b

store or missile length, in.

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

model base pressure, lb/sq ft

model chamber pressure, lb/sq ft
free-stream static pressure, 1b/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

By angle of sideslip of missile center line, deg

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

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

Subscripts:

c center-line tank

L left hand

M missile

R right hand

denotes coefficient referred to stability axis

O
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T center-1line 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 rather
than ¢ 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 straln-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/EO—scale model of a 450 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
each. 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

CONRE ki



6 GO NACA RM L58CL7

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 stagnaticn temperature of
approximately 1250 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 —50 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 1O0-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

i 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 Mech numbers.

CONPFTUENT TR
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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:

e e e O T e e e e +0.002
Gl vt e e e e e e e v e e e u e e e e e e e e e e e e e e e $0.001
e e e e e e e s e e+ . . *0.0002
C L < O I ¢ 00~
e e e e e e e e e e e s e e e . . F0.0001

o Neleil
o Klele

+0.0005
+0.0015
+0.150

+0.040

e e e e e e e e e e +0.040
- < O P 510

e e e e e e e e e e e . ... *0.0%30
L R . +0.005

c - <o I [0 1

n,wt
C e e e e e e e e e e e e e e e e e e e e e e e e e e +0.010

Lot e e e e e e e e e .. *0.0%0
e e e e e e e e e e e e e e o . *0.005
D,C * ottt e e e e e e +0.00k
Cy g v v m s e +0.010
N,T - e e e e e e e e e e .. %0.0%0

C e e e e e e e +0.003
Cp,@ » @+ = s ® st e e e e e e e e e e e s ... *0.003
Yo * e e e e e e e e e e e e e e e . 10,030
S - < O DY 0 1 5

CN,wt

m,C °
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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,

1

C =Ch - 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
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
stores were taken about their respective centers of gravity (fig. 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
figures:
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Figure

Variation of mass-flow ratio with angle of attack . . . . . . . . 6
Variation of internal-, chamber-, and base-drag

coefficients with angle of attack . . . . . .« « « « « « . o . . 7
Effect of fixed transition on aerodynamic chara-

teristics in pitch . . . . .. . . 8
Effect of Reynolds number on minimum net external drag .« e e . 9
Typlcal schlieren photographs of a 1/20 scale model of

a h5 swept-wing, supersonic, fighter airplane . . . . . . . . 10
Schlieren photographs of rearward missile traverse . . . . . . . 11
Schlieren photographs of forward missile traverse . . . . . . . . 12
Aerodynamic loads on the rearward missile at various

traverse positions and angles of attack . . « « - + « + « o .+ & 13
Aerodynamic loads on the rearward missile at various

traverse positions and angles of sideslip . . .« . . . « . . . . 14
Aerodynamic loads on the forward missile at various

traverse positions and angles of attack . . . . . . <« . . . . 15
Aerodynamic loads on the forward missile at various

traverse positions and angles of sideslip . . . . . . . . . . . 16
Aerodynamic loads on external stores in pitch . . . . . . . . . . 17
Aerodynamic loads on external stores in sideslip . . . . . . . . 18
Effect of external stores on aercdynamic charac-

teristics in piteh . . . . . . . . e e e e e e e e e e 19
Effect of external stores on aerodynamlc charac—

teristics in sideslip . . . e e e e e e e e e e 20
Effect of aileron and spoiler deflectlons on aero-

dynamic characteristics in pitech . . . . e e e e e 21
Effect of aileron deflection on aileron hlnge—moment

coefficient in pitech . . . . . e e e e e e e e e 22
Effect of wing modifications on aerodynamlc charac-

teristics in pitch . « « + ¢ o e o 0 e e e e e e e e e e 23

RESULTS

The results of this investigation are presented without analysis.
It is pertinent, however, to make several observations with regard to
what is shown by the data.

The aerodynamic forces acting on the missile as it passed through
the interference field of the model were very erratic. The magnitude
of the force coefficients appears to be independent of Mach number.
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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 directiocnally 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, 0.03%9, 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

1.3 X 106, l.2 x 106, 1.1 X 107, and 0.9 X 107. 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 extrapclation of the
model data to full-scale Reynolds number.

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

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

Wing:
Area, sq ft -
Exposed . .

Projected . . . .« e .
Span, in. c e e e e e
Aspect ratio’ . . . . . .
Teper ratio . . . .

Sweep angle of quarter—chord 1

Dihedral, deg .
Incidence, deg .
Geometric twist, deg . .
Airfoil -

Root

Body 1line (B.L.) “8.00 .
Root chord, in. e e e
Tip chord, in. . . . .

Root-chord location -
Longitudinal (leading
Vertical . . .

Mean aerodynamic chord,

[Puselage station 0.00 is

percent of mean aerodynamic
ine, deg . . . . . . .

in.

edge) v 4 o 4 e s e e e e

Mean-serodynamic-chord location -
Iongitudinal (leading edge) . + « « o « « « « o 4 .

Iateral .« « « . « ¢ . .

Fuselage:
Length, in. .
Width (meximum), in. . .
Depth (meximum), in. . .
Overall fineness ratio .
Base area, sq ft

Horizontal tail:
Area (theoretical), sq ft
Span, in. ..
Aspect ratio . .
Taper ratio . . .
Root chord, in.
Tip chord, in.

« e

Mean aerodynamic chord, in.
Mean-serodynamic-chord location:
Tongitudinal (leading edge) . . « « « o o + + . .

Lateral .

Tail length (distance from quarter-chord po:Lnt of
quarter-chord point of mean aerodynamic
Sweep angle of quarter-chord line, deg

Dihedral, deg .

chord

Geometric twist, deg . . . . . « . . . o o 0 04 .
Airfoil -
Root . ¢ ¢ 4 v 0 it e e e e e e e e e e e e e
TID ¢ o o o o o o o o 6 & « = 2o o ¢ o s o 6 o & a a
Vertical tall:
Area (theoretical), 8 ££ « « « ¢« « ¢ o « ¢ o & « « &
Span, in. e o o o 4 o o s s s s s s a & s 6 a2 e e .
Aspect ratdo . & v 4 4 b e b e d e 4 e s e e e e e
Root chord length, in. . . . . . . v ¢« ¢ ¢ ¢ o ¢ & &
Tip chord length, in. e e e s e e e e e e e e
Mean aerodynamic chord, in.

Mean-aerodynamic-chord location:

Longitudinal (leading edge) . . . .

Vertical (leading edge)

Tail length (distance from quarter-chord point of
quarter-chord point of meen aerodynamic chord of vertical tail), in.

Airfoil -
Root
TID ¢ » ¢ ¢ « o« o &

e e e 4 s s s . . s .

© s e e s & s & & o 4 s e 8 = s = & s s s s s

# e 4 a4 s s e s e 8 e s s 4 s »

Duct with double compression ramp (5° to 8°) -
Capture area, per side, sg £t . . « « ¢« « « ¢ + ¢« ¢ &
Exit, per side, sq ft . . + « . . . o0 o000 . .

0.0 inch behind nosel

chord .

e e e

mean aerodynamic chord of

of horizontal

mean aerodyna.mic chord of

tail), in.

-« .
..
. .
E—

D S

.

e e e

.

.

Fuselage station (F.S.

e e e e e e e . 33
e e e e e e e . . 0.886
P 1. 124
e e e e e e ... 2302
C e e e e e e e .. 2.8
e e e e v e e . . 0.167
e e e e e e 45
. O inboard, 12 outboard
e e e e e e e e 0

NACA 0006.4-64 (modified)
NACA 0004%.0-64 (modified)
NACA 0003.0-64 (modified)
.. 1k10
2.35

7.518
0.57%
9.63

line (W.

. Water

5.}
L.)
. 15.054

e 5
e s e e+ .+ . B.L. k2

. 33.60

T I ¥ )
. O T 0]
e e e e e e s ... 8.0
o}
e e e e e e e . . 0.237
e e e e e e . . . 10.626
e e e e e e . . . 3.J310
e e e e e e .. . 0,200
e e e s e e e e .. 5.35
e e e e e e e 1.07
e e e e e e .. . 3686

e e e e e e e .. 355
D, |
0

L

.

NACA 0003.7-64 (modified)
NACA 0003.0-64 (modified)

. 0.197

Sl 382
e e e e e e e . 0.5976
e e e e e e e ... 10.35
e e e s e e . . 2,355
e e e e e e e .. TA192

wing to

NACA 0002.5-64

11.507

NACA 0003.2-64 Emod:lfied)
modified)

e e e e d e . 0.011944
0.007906

e e & & e 4 s e

11



TABLE II.- MODEL CONFIGURATIONS AND TEST VARTABLES
Model configurstion Mach numbers Angle-of-:ttack range, |Sideslip-angle range,
eg deg

Basic MOAEL + + o o o o o o o o ¢ = « « o «|L.57, 1.87, 2.16, and 2.53 -2 to 22 0
Model with center-line tank e e e e e e e e 1.57, 1.87, and 2.16 -2 to 17 -3 to 9
Model with wing tanks .+ « « « « o o+ . 1.57, 1.87, and 2.16 -2 to 17 -9 t0 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, 1.87, and 2.16 -2 to 17 0
Model with a notched wing, leadlng-edge

cuff, and a 25° negative-dihedral

horlzontal £ -1 1 T . 1.57, 1.87, and 2.16 -2 to 17 0
Rearward missile moved through 1nter-

ference field of model . . . . c e e 1.57, 1.87, and 2.16 0 to 18 -9 to 9
Forward missile moved through 1nter-

ference field of model . « « + « & « o « & 1.57, 1.87, and 2.16 0 to 18 -9 to 9
Basic model with transition strips . . . . .[1.57, 1.87, 2.16, and 2.53 -2 to 22 0
Model with aileron and spoiler deflected . 1.57, 1.87, and 2.16 -2 to 22 0

Note: The angle of atbtack was o° for the sideslip-angle

angle-of-attack range.

range

and

the sideslip angle was 0° for the

ct
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Figure 1l.- Three-view drawing of a l/20-scale model of a supersonic
fighter airplane. (All dimensions in inches.)
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SECTION A-A
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::FS.G.SI
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6.27 —» B.L. 0.00

\F.S. 23.24

W.L. =675
B.L. 0.00
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(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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W. L. -0.984

— =

//

F.S.

forss

it 042

\% STORE

F.S. 17.000

B.L. 6.450
wW. L. -0.984

B.L.. 0.00

B.L. 6.450

(c) Wing tank.

Figure 2.~ Continued.
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(d) Rearwara missile.

Figure 2.- Continued.
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FIRED Posirion

(e) Forward missile.

Figure 2.- Continued.
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- Spoiler
HL.

B.L. 11.60

(f) spoiler (20-percent porosity).

Figure 2.- Continued.
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(g) Aileron.

Figure 2.- Continued.
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B.L.
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N\, NOTCHE D
WING

(h) Notched wing and cuff.

Figure 2.- Concluded.
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(a) Three-quarter front view. L-57-kT12

Figure 3.- Photographs of a l/EO—scale model of a supersonic fighter airplane.
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(b) Side view.

Figure 3.- Continued.
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(c) Three-quarter rear view.

Figure 3.~ Continued.
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(d) Top view.

Figure 3.- Continued.

L-57-469
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(e) Three-quarter front view with center-line tank. L-57-4Th

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

Figure 3.- Continued.

L-57-470
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(g) Three-~quarter front view with center-line store. I~57-476

Figure 3.- Continued.
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(h) Side view showing missile support system. L-57-297

Figure 3.- Concluded.
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Figure L4.- Stability axes system.

(Arrows indicate positive directions, except where noted by
a minus sign.)

0¢

LTDQET W YOVN



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.

24

es

LTOQST WY VOVN



NACA RM 158C17

Ilﬂlﬂﬂlﬂlﬂllﬂl%mﬂmn

Illlllllllilll ﬂl!!lllll
it

i

l‘ﬂllllm!“ l{lﬁﬁ%ﬁﬂ il
IIIIIIHII%IIIHIIMI [l

l i Hll!]ﬁ‘ i
b i ik %
IH!I}%%IIIHIIHI il
R
il

(il

%a
%

=
EEE
=
B

= EE
ﬁéﬁﬁﬁéﬁ

S

i

=
%
a

=
&=
E

E
£

s
]
EE

e
?;%EEE%%E

e
=]

=
EE%%@EEEEE
e

£

e
e
eSS

S mEE
=

i
mgﬁnmummmm i

gg

Ilﬂhﬂlllllﬂlllll!lﬁiﬁlﬂllﬂi I
R
umamglg}:l“@mmmmm ma_mnnm'm

RS G
004 IR o
lmmlwll?lm
]

i
e
gl
ol
i

st R i
!lii!liiill!!!!l!!!lt!ﬁiﬁﬂlgi Wl
A SR
-004 T Illllllhxlllllililil!‘!xllllﬂdlllllﬂlﬁhllh!x

2

il

%,

Figure T7.- Variation of internal-,

E{%{ﬂﬂl iﬁlMm‘lﬂﬂ1IHﬁggmﬂmnlﬂll%MHMIHMWIWWWWH

mimmmmnmmmmmmnnmmnmnmmmmnnmnmlnﬂmmimnnlmmmmmnmﬁnmmmﬁ

Dl A T e
mlllﬂllllllllllﬂl!llll!ﬂ!llﬂlilllllmlﬂlllﬁhllllllli E}I%}l
Il [Iﬂlllll!llllllllllﬂ!llIIIIII!III Illll!illlllllﬂlﬂllllllllﬂllll!lllllllll oM

iﬁ%ﬁmlﬂ%ﬁﬂhmﬂﬂ
| HI Illllﬂ llﬁlll!lﬂm i x.! 1l
Eﬂlﬂﬂ!ﬁllllﬂlmﬁ%l{‘ﬁnél‘%aﬁ
et P

[ T
llll%ﬁlﬂ:iiﬁm

I Irxlislwmmmmmmmmmm

C——rL

:aﬂlﬂﬂ
x .

lﬁii Ilillﬁmglmlﬂlﬁ

'“%m:":f:;;,;:':“:

i
1.87 [
216 e

IR
g

I
%ﬂmmm

i
i
Al IlIIIlllIIl
Ilﬂlllﬂﬂillﬂlil lﬂll&!ﬂ-% EH

e
[
L

m Bl
Ilﬂilllllﬁlﬂllllﬂllﬂllﬂll%ﬂﬁmﬂmlm HIEIHIHIH

lﬂﬂ.%%igﬂh&%@%ﬂﬂﬁ% m{ﬂ}ﬁ

i
i L g% ﬁ

mumumnnmmimmmmmnnmmm
o
un il

il
m%%
L)

e

=

=

%ﬁﬁé

Elll
P
E‘Hmﬁl"ﬁ%

.
lﬁii
i

i ‘_?dl i

%mmammm xmm._ gi

uﬂlﬁ!ﬂllﬁ!mﬂ!lﬂl‘!ﬂiﬂ!ﬁlﬂilmdlﬂﬂmiﬂ
iR i R ﬁlﬁ&

. Em‘ﬂi.ﬁ,&!ﬁﬁﬁ“’“ T

ﬂn R

|
=
%

52

i
llllﬁi;x‘iiﬂin;xmuﬁé.!mm
muu%ﬂam i 1&! i
Eml inmnmnmmmml!ﬂnmt :;..5

mm

mmméignmxfmmmmmg&gmmmﬁhm
i lﬂ'ilml[ﬂﬂllilﬂlg}giﬂ

[ttt

.

R ERRR
il
il

chamber-,
with angle of attack.

33

b
i
mnﬁm mw mnnmgﬁimnnﬁmmnmum
i m”mmmu mnmnm mﬁ%“%ﬁ‘r‘éﬁﬁﬁ%“"‘%ﬁ?&ﬁ%
[l i
s
nmxmmmmmlmnnmmmmmmmnmmnmmnmm"m!| o
L me L ‘!mmii? ui'fuuma,mu.zﬂm

il mmm.mm i
il Wﬂ]ﬂﬂh
ﬂmﬂllﬁ“‘ﬂlmlﬁm xﬁl

; il
mnnmmmmmmxmmnmﬁu g‘%‘é?’%}g}“"ignmmumrrmmﬂ%hﬂn
e

il
nmmmﬁm T
e
] mnmnmnmmmfmmmmnrmlmu.frmmmmmﬂnmnﬁnm"mx
g e
e mmmnnmmim?:mmﬁmnmnmmngmnﬁ
fm}mnmmﬂ%f?ﬁ%%mmmﬁﬁmﬁ%%m Iﬁ%
e o e
mxmgmumumm%@ggnmmuum uﬂll&.mﬂlll@{g%
nmmumamummmmmsml -
e e g'ém'gma“m

ui

s
!xan‘inh i

%55

E“

i
i

i .
o mﬁmﬁz@m@l
e

L L

H\ﬁﬁﬁ!iﬂ!!ﬁ!ﬁiﬂ!ﬂ““ ‘Mﬁ!ﬂ I
il i " mﬁh o m%mﬁ?ﬂgﬁém!l}%%}

e
5

“l e

mmnnmmﬂunmmr}ﬁgmsnmmmmxmmwnma;mmrmxmm

e mm%%ﬁlm%%{?}mammm
= i

i Z
lﬂElﬂlE!HIﬂlﬁ‘ﬂlﬂMElllﬂ!“ ‘I!illii"lii!li!§ilﬂi‘imﬂﬂﬂ!"ﬁlﬂmﬁﬂlﬂli‘dﬁ!
i B - i
Elﬂ%}%{Bﬁihﬁlﬂﬂi&lﬁﬂi_lmﬁkdﬁmﬁsﬁﬂ iiiﬂ i
i
Hﬁxﬁlﬂllﬁlﬁlﬂlﬁ!%lﬂmﬂi&ﬁﬁ!& B

and base-drag coefficients



3% O NACA RM 158C17

T mm ;
mmmml i i :
Eﬂd&ﬂl“rrmﬁdﬂ i T .
4M|mmmmj A e e e e e
T O s o
lmmmmwmwmmmmmmmmmhmmmmmmmmmm%mmm%mmmmmmm
T A R SR
lmmmmmmmmmmmmmnmnnuunmmumnunnmxmmumuu.mmnﬂ I I i
i !lﬁﬁm.:ln.alimllllilllﬂ!lllﬂliiiiilllﬁﬁil!uiﬂﬁl i
I T R e e B
1mmmmmmmmmmmmmwwmmmmmmmmmmmmmmmmmmmmmmmmmnmmmmmmmwwwm1mmm1mmmmm1m
A T e A e
e e e o
mmmmmmmmmmmmmmmmmmmmmmmmmmmm mﬁmmmmmmmmu i
L e e Wi i
o L mmmmm&mmmmmmmx
mmmmmmmmmmmmmwmmmmmmmmmmmmma__ T
i i u%mxrggﬁtmgﬂ!gglq i ss
2ol LI L O Without fixed transition L 0
uﬁmmmmmmﬂmw i o No. 60 fixed transition Wmmimimtsina
i

il i i No. F fixed transition

ll!ﬂIlmlillllllﬂI!lllillliﬂllm!llﬂllmm ..0 - ﬂiiil%ﬂllEiﬂﬁﬂﬂiﬂiﬁﬂi}ﬂiﬁi’liﬁd

24 [l ﬂﬂlmﬂ.ﬂmﬂmﬂmﬁﬂmﬂmmmimﬂlﬂfﬂmﬂmmmﬂm.“mﬂm’ (R ‘ i

ﬁmnm*mmmn "iliﬂmﬁ T e s i s e o e e e

i R l!ﬂ!lllll'ﬂﬁlﬂiﬂlﬂlﬂﬁl!lll!ll'ﬁlﬂillﬂ!llﬁﬂ!ﬁﬂmﬂﬂ!ﬂuillilﬂlllﬁi iﬂlllmllhllﬂﬂllﬂllm“hﬂIﬂﬂi‘iﬂllﬂllﬂﬁl!il!lllllﬁiﬂévﬂi!ﬂi!’?: i il
B mmmmxmmmgg&g&%mg hllﬁiﬁ%@%lxr s

Cm -l 2

-.I6

-28 mmmmmmmm Ilﬂlllﬂlll]]il L Iﬁnllﬂﬂ 1!!!!!!!1 lmﬂﬁlﬂﬂ

“ Jﬁ] i

i o mﬁﬂl Eﬁl
Tﬂlliﬂ"m‘ﬁﬂml‘ﬁmlﬁﬂfﬂ'!‘Wﬂﬂ!h"‘lﬂﬂﬂm%iﬂlﬁﬁ!‘ii@immﬁ!ﬁﬂmﬂ’ﬁﬁ@ﬂr‘nﬂﬂﬂm S T B R
mimmmllﬂm,ﬂ A i ﬁﬂ!ﬂlﬂﬁﬂﬂll‘ﬂﬂlgmlﬂlmﬂmiﬂﬂ mmummmmmmmmﬂmu al
f .is= liiﬁilﬂiﬂlr!xi !!i .f“ﬂiﬂ '!ii-a S e | e ﬂﬂﬁ@ﬂﬁ@@ﬁi@ﬂﬂ@ i
T T iﬁimxﬂnﬁdii u_@’ﬂﬁlﬁmjﬁﬁm I‘mﬂﬁ'mﬂlﬂﬂlﬂ ﬁﬂlmmﬁﬁ it EE R R
lllﬂ%;ﬁmll“'“mﬂm A AR e ﬂﬂlﬂiﬂlﬂﬁlﬂmmﬂmllIlﬂ!ﬂﬁl%@ﬁmﬂm.l!llﬂmlﬁﬂﬂmﬁ‘“i’hﬁﬂ iﬁﬂﬂmﬂ"‘!ﬂﬂi i

A ECEE 5 e mﬂm@mmmm

e I e
mmmmwmmmmmmmmwmmmmwmmym i A e I
R A ﬁmml mmmﬁ T ]
R R N Al mmmmm
'GMMWWEMMENMmm

R T R

mmmmmmmmmmmm‘ i o
lﬂ!}hﬁl nmmnummamu :

= a
-

a, mmnmnlmmmm
deg mmﬂmnmnﬁmmmmmmmmmm
mmmmmmnﬁmmmm%ﬁ
llﬁﬂllﬂlﬂmmﬂiﬂmHBIHIHWHH!IEE“‘PHHK!E‘_, |
[ R R R e e

mmﬁmﬁmmmmm@mm 2

o S e B B
AR WMm@EMWElmﬁﬁ*mmm R
il L e
i EETE
i * T
-2 5
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Figure 8.- Effect of fixed transition on aerodynamic characteristics in
pitch.
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(b) M= 1.87; R~ 1.2 x 10°.

Figure 8.- Continued.
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Figure 8.- Continued.
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(a) Basic model.

Figure 10.- Typical schlieren photographs of a 1/20-scale model of a 45°
fighter airplane.
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Figure 10.- Continued.
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(b) Center-line tank.
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(c¢) Wing tank.

Figure 10.- Continued.
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M =157

M=2.16

1-58-1k42
(d) Notched wing with leading-edge cuff and a 25° negetive-dihedral
" horizontal tail. ‘

Figure 10.- Concluded.
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T=19.8in.
a=0.4°

(a) M= 1.57. L-58-143

Figure 11.- Schlieren photographs of rearward missile traverse.
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(a) Continued.

Figure 11.- Continued.
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(a) Concluded.

Figure 11.- Continued.
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a =0.4°

(b) M= 1.87.

Figure 1ll.- Continued.
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(b) Continued. L-58-147

Figure 11.- Continued.
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a=13.1°

(b) Concluded.

Figure 11.- Continued.
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(¢) M= 2.16.

Figure 11.- Continued.
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(c¢) Continued.

Figure 11.- Continued.
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T=16.21n.
e =12.9°

(c) Concluded.

Figure 11.- Concluded.
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T=11.8in.
a=0.4°
() M= 1.57. L-58-152

Figure 12.- Schlieren photographs of forward missile traverse.
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(b) M= 1.87.

Figure 12.- Continued.
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(b) Continued. L-58-154

Figure 12.- Continued.
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a =13.1°
(b) Concluded.

Figure 12.- Continued.
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a =0.4°
(¢) M= 2.16.

Figure 12.- Continued.
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(c) Concluded.

Figure 12.- Concluded.
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Figure 13.- Aerodynamic loads on the rearward missile at various
traverse positions and angles of attack.
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Figure 13.- Continued.
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(a) Concluded.

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

Figure 1k.- Continued.
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(c) Concluded.

Figure 1k.- Concluded.
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Figure 15.- Aerodynamic loads on the forward missile at wvarious
traverse positions and angles of attack.
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(a) Concluded.

Figure 15.- Continued.
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(b) M=1.87; B = 0°.

Figure 15.- Continued.

o Gm




e

HEE i
E H‘!E’K‘ii HQ‘EEILE! B’IMEEWIE?
e
e

B %ﬁ%ﬁ%ﬁﬁ%{
.
i%mmnﬁmmxﬂﬁmm

e

mﬁm_

EE

i é"

P e e i il
i R R m&mmmﬁ e R
@éﬁ%&%@ﬁ?‘“"“‘“‘%ﬁ%ﬁ’“‘mﬁ“ﬂg‘ﬁ%@" .
e e e
%smfﬂnﬁﬁllﬂﬂﬂlﬂ]’ﬂﬂllﬂllﬂﬂﬂﬂ)llm!‘Wmlﬂmm};n%‘xﬂfﬂ'Pn“xiﬂilIEE;iiﬁﬂmhmﬁiil!ﬂF

E@&EEW]L dﬂ!@a& @mﬂ&ﬁ@ [

o2 T E’E‘iﬁi
H 'ﬂlmlHlﬂfﬂlﬂﬁuﬂﬂﬁmlﬂIllﬂi!ﬂ!ﬂﬁlﬂﬁl!ﬁl‘fmlﬂilﬂllllﬁllnl“lfﬂﬂiE?ﬁm i Elﬂlﬂ
Eﬁkﬁ a.%i!é& i Wﬁg heE lﬁluﬁ‘mﬂ&g%ll

EE

o
,mz%im‘%r

e
E’[!HHF*FIWH!EIHIHB% i ]
gg{ﬁmamuumlmum%!ummmumgﬂmummus;uﬁ%nﬁm.ﬂm

]
.
..

T e
ummum%uum

i mmmmmmmmmﬁnmmmmmmmwa
nmnmxz—:am mmmg%@%mggg%ﬁm%mm U
Bﬁmmmm lﬂﬂlﬁﬂ%ﬁﬁ!ﬁ%ﬁ.ﬁﬂm ”Il!%

B

-
T
a@@ggo
m
i
.
. . 5
e usnmmmummmmmmm‘mm e

Pl Pnumrnmmw% mﬂimwmmﬁmm%%ﬁ% e
deg ﬁgsmmmﬁam . mmmﬂﬂ@ i

ﬁmmmﬂm

i A ﬁEEﬁife’;’ﬂ@EﬁL;"ﬁwﬂﬂnﬂlﬁmW
HEEEAE T R Eﬁg

i
ignms i
mm A B e
}ﬁ, T AR i i e e
!‘ﬂm&’"’n“ .‘“’"‘M“’“"“’x“'"“‘m"““““‘“s‘“‘“!é&%ﬁi!!iﬂﬁm“‘#’ﬂmmmﬁ{ﬁm
Esﬁ !EJ‘EL%SLH

i
4p xmmgmmmmmﬁmmmmlsazmm&aamm
mmmmgmggﬁggmmmgwgmm%w;gg gm;m;gmpr%
%@@ﬂmmmw@a& 'mr@l ”""~ 2l

T, in

(b) Concluded.

Figure 15.-~ Continued.

lﬁl
l ﬁlummmmnum,!nmmrummmamnmn?'w'":&zaﬁﬁ":.ﬂnm:amm 8

NACA RM I58C17



NACA RM I58C1T7

A
Cym oliilie i Wl

Iﬁ I A A R e 4
mlg nmm@mmﬂ i

Illﬁlliﬂlllﬂﬂmj!m!ﬁ muummmu%ummﬂll%mﬁﬁmﬁlﬁl@’nu!mn%w%nﬂmlﬂmnﬁ%h

i
W A T O
%ﬂ%WW%%%Wﬁ“@%WW%#W?%%ﬁ?ﬂ%%%ﬂywmmm
mmm%meQWQ%m&@%%: I - -4
i
mmmmmhﬂmMmmmmmmxummmmmmmmmmmmmmﬂﬁﬁmﬁmm
e %%mmmmmm%%m%n
e i 8
i ummm{ L B
L m”mm%mm% e -
o ﬁ%m,mﬁﬁmm“ 5o S
i mﬂtﬁ nmﬂmmu L Ce- i
%ﬁ B : i
%mmmmmmmmmmﬁmmm-n )
i i)t i
ﬁmwm e mmmmm%%%%%%m e
il R
e

Al illl!llllllllllllﬂi!!!ﬂll!ll mIﬁl!llllllllll!ﬂ!llmllllllhllllllllﬂll me i
D A R I T
i) R

e lmﬂlmlmllﬂllllllilmllﬂlllm
[

illl!!‘.llllllllpm

11 L

%%% LR ammmmm
e
-4 e
- -
e
[
i e e
Rﬂ%ﬁ %@g . Enmmumn mxmmmm
E ““”%%ﬁ%ﬁ%%%ﬁ% a
Eidmansanes Lae 00

i 0
%%Eﬁ%ﬁ%mﬁﬁgﬂﬁﬁﬁ%m%%ﬁﬁ %ﬁ

= P gg%@%hﬂ e
i i

il
]
m@%m i

EE A 0
e ﬁmm L .
.
i
%%ﬁhmmﬁfm

m

"‘:;:EE L

EE e e

B

4

Figure 15.- Continued.

5




WTHFTWWW@TMME
!MM@JMH&MM&M&
e

i

S R, S nmnmm%mm ﬁ
%m R A

i
ﬂiﬂﬂﬂlgﬂllﬂlmﬂlﬁﬂ R I%{i
li

il
I ARt R
il]llll]g{lqlﬂll ammumnummnnmnmmuumlﬂm

ﬂ%ﬁgﬂ
s

& i i s i mm%gmmmmm%wm

,x 115

il S e B
mmmmMMHMMWMMmm-mlwwwwmmmm T
Cmp AL ST wmmmmmmmmrmm
M 'mmmmwlmmmmmmmmamﬁmmmmmw@n@ﬁm e
e e e
mmmmmmmmmmmmmmmmmmmmummmwwmmmmmm

foy s R ‘J 1 O S . vt A Tl
[ mmmmmmmmmwmmmﬂmum-mmmmmmm
LT G A e i
T e
G

B By
e =
o e
S e
e =
B mE
I ﬂmgm
[ =
e e
A S

i mgﬂe
il
.

L
im0

i
giet

il
| mmmmmmm%l mmmmmmmmm4
i
T
b T e
i h ﬁﬁ%l%m& mmWﬂuﬁmﬁ T
s
.
Pw il
deg [l
A ; B
] mmmmmmmmmmmmmmmmmm@mmmmm
il w0
MM%MWWMMIWW%EM -
) = e
mmmmmmmmmmwmmmm e
Tl e
i B
i ; Emmee e e
e |mmnmmmmmmmmmmmummmmmmmmm,
. T E s e e
i ] mmmmmmmmmm@mmmmm .
A idmeme s 0
e i ED
Wi e
iy m
Wi i
.
i i
mn%% %Hl
.
oy
dea L
i
ol
S
.
-4
i
.
o
7

(¢) Concluded.

Figure 15.- Concluded.

NACA RM 158C17



NACA RM 158C17 Calakiihmmt

T 14
R il iﬁj 5 :
wau..’ e -,“ ¢ /'
: /g'”"”
A k=]
ST
e Ofp
o =
Op =
ap =
Np =

1
§ ) [ b i i
-2 [5] 2 4 6 8 10 12 14

Figure 16.- Aerodynsmic loads on the forward missile at various
traverse positions and angles of sideslip.

Tr



78

(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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(c) Concluded.

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

Figure 17.- Aerodynamic loads on external stores in pitch.
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Figure 18.- Aerodynamic loads on external stores in sideslip.
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Figure 19.- Effect of external stores on aerodynamic characteristics
in pitch.
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OWith center-line tank
A With center-line store:

(¢) M= 2.16.

Figure 19.- Concluded.
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Figure 20.- Effect of external stores on aerodynamic characteristics
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(a) M= 1.57.

Figure 21.- Effect of aileron and spoiler deflections on aerodynamic
characteristics in pitch.
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Figure 2l1.-~ 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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Figure 23.- Continued.
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Figure 23.- Concluded.
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