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By Ross B. Robinson
SUMMARY

An investigation has been made in the Langley Y- by 4-foot super-
sonic pressure tunnel to determine the aerodynamic characteristics of a
series of missile configurations having low-aspect-ratio wings at a Mach
number of 2.01. The effects of wing plan form and size, length-diameter
ratio, forebody and afterbody length, boattailed and flared afterbodies,
and various nose shapes were determined. Six-component force and moment
data are presented for combined angles of attack and sideslip to about
28°, No analysis of the data has been made in this report.

INTRODUCTION

A problem of increasing importance in missile design is the effi-
cient utilization of internal stowage space in aircraft. The use of
low-aspect-ratio 1lifting surfaces with small span-diameter ratios would
result in more compact missiles occupying materially less volume than
the same number of configurations with large-span lifting surfaces.

Another problem of missile design is the maneuverability required
by the limited scanning angles of the missile seeking equipment. The
missile should be capable of large attitude changes with minimum control
deflections. A configuration with nonlinear 1ift and pitching-moment
variations such that the values of static margin and lift-curve slope
are low near zero angle of attack would satisfy this requirement.
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Some previous investigations heve presented a limited amount of
information on missiles having low-span wings. The results of an inves-
tigation of monowing strips of span-diameter ratios from 1. 19%Ee 2.0
on a body of revolution at a Mach number of 1.41 are presented in refer-
ence 1. The aerodynamic characteristics in pitch for Mach numbers from
1.97 to 3.33 of a series of missile configurations having low-aspect-
ratio monowings and various types of controls are given in references 2
and 5.

This report contains the results of an investigation of a series
of missile configurations having various length-diameter ratios, wing
plan forms, nose shapes, end forebody and afterbody arrangements at a
Mach number of 2.01 in the Langley 4~ by L-foot supersonic pressure
tunnel. Six-component force and moment data were obtained for combined
angles of attack and sideslip to about 28°, No analysis of the data
has been made in this report.

SYMBOLS

‘ The data are presented as coefficients of forces and maments with
the center of_maments at the leading edge of the exposed root chord of
the wing. All the data are referred to the body-axis system (filr g B

Cyy normal-force coefficient, AL
ads
C axinl-force coefficient, =
A as
S o My
Cn pitching-moment coefficient, —=—
gSd
- L
C1 rolling-mcament coefficient,
gSd
Cn yawing-moment coefficient, E%E
Cy side-force coefficient, g%
N normal force

A axial force
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gide' ferce

pitching moment

rolling moment

yawing moment

diaméter of cylindrical section of body, 5.00 in.

cross-sectional area of cylindrical portion of body,
0.0491 sq ft

dynamic pressure
angle of attack of model center line, deg
engle of sideslip of model center line, deg

deflection angle of spoiler, perpendicular to hinge line,
positive when trailing edge deflected upward, deg

longitudinal distance of mcoment center rearward of nose
of body '
length of body

position of moment center rearward of nose

length-diameter ratio of body

Forebodies (figs. 2(b) and 2(c)):

I FT’ Fg, Tg ogive-cylinders with verying lengths of cylindrical
portion (fiz, 2(b)) :

o flat-face cvlinder with tripod tip

Fy with wire mesh on tripod
modified ogive-cylinder with hemispherical nose
Fs5 with 3-inch spike

F5 with slotted cone fairing
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Afterbodies (fig. 2(d)):

Ag no afterbody

Ay, Ao cylindrical afterbodies
A5, A, A5 boattailed afterbodies
A6, A7, Ag flared afterbodies

Wings (fig. 2(f)):

Wo wing off
Wl’ WE, WB delta wings
Wy, W5, Wg rectangular wings

MODEL AND APPARATUS

Sketches of a typical complete model and of the model components
are shown in figure 2. The geometric characteristics of the various
components and combinations of forebodies, wings, and afterbodies are
given in table I. Values of x/1 and 1/d for all the bodies are
also given in table I. The models used in this investigation are shown
in figure 3.

The various configurations were obtained by attaching combinations
of forebodies, afterbodies, and wings to a cylindrical section Wy having
a diameter of 3.00 inches (this diameter is hereinafter referred to as
1 caliber in calculating body lengths) housing the internal strain-gage
balance (fig. 2(f)).

The basic forebodies investigated were a series of 3.5-caliber ogive-
cylinders with varying lengths of cylindrical section (fdgs 2(b))
addition, a 3.5-caliber ogive with a rounded nose (F5, Figs 2(c)) to which
a slotted cage (F6, g 2(0)) or a 3-inch spike could be attached (FM’

fig. 2(c)), and a flat-face cylinder with a tripod, with and without a
wire mesh around the tripod (Fp and F3, fig. 2(c)) were tested. The
3-inch spike was selected as a result of tests at a Mach number of 161
of a similer configuration (refs. 4 and 5) which indicated this spike
length to be optimum for minimum drag at small angles of attack.




S D G o N S o e O

P S T " S R S SR -

o AL R e s

e N

i S

e

NACA RM L57D19 5

The afterbodies, shown in figure 2(d), consisted of the following
configurations: Ay, no afterbody; Ay, a l-caliber cylinder; Ay, a

2-caliber cylinder; Az, a l-caliber 6.50° boattail; Ay, a l-caliber
6.50° boattail attached to a l-caliber cylinder; A5, a 2-caliber

5825 boattail; A6’ a l-caliber 6.50° flare; A7, a l-caliber 6.50° flare
attached to a l-caliber cylinder; and A8, a 2-caliber 3.25° flare.

Cruciform wings were mounted in slots in the balance housing.
Three rectangular-wing and three delta-wing configurations were tested
(fig. 2(f) and table 1). The wings were so designed that the exposed
areas of the medium and large wings of each series were two and four
times, respectively, those of the small wings. Areas of corresponding
wings in each series were equal; for example, the exposed area of the
large rectangular wing was equal to that of the large delta wing.

Two spoilers, one for each horizontal wing panel, were provided
for the large delta wing (fig. 2(g)). Deflections of 45° and 900 were
obtained by facing either the oblique or the perpendicular face of the
spoiler forward. The length of each spoiler was 3.094 inches and the
width of each spoiler was 0.625 inch. The height of each spoiler was
0.625 inch.

The models were mounted on a rotary sting to permit testing through
ranges of combined angles of attack and sideslip. Six-component force
and moment data were measured by an internal strain-gage balance. Base
pressues were measured with a single tube well inside the model. A
cylindrical wooden block approximately the same size as the base of the
model and 1 inch long was attached to the sting about 1/8 inch behind
the model base.

TESTS, CORRECTIONS AND ACCURACY

Test Conditions

The tests were made at a Mach number of 2,01, a stagnation tempera-
ture of 100° F, and a stagnation pressure of 1,440 pounds per square foot
absolute. The Reynolds number, based on the maximum dismeter, was

0.62 x 106 (2.47 x 100 based on a length of 1 foot). Stagnation dewpoints
of -25° or below were maintained to eliminate condensation effects. The
angle-of -attack range for pitch tests was from -4° to about 28° at zero
sideslip, and the angle-of-sideslip range was from -4° to a maximum of
about 28° at angles of attack of about 0°, 4,10, 8.20, 12.30, 16.40,
20.5°, and 24.7° .
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Corrections and Accuracy

The angles of attack and sideslip were corrected for the deflection
of the balance and sting under load. The Mach number variation was
about +0.015 and the flow-angle variation in the vertical and horizontal
planes did not exceed +0.1°. No corrections have been applied to the
data to account for these variations.

The axial-force data were adjusted to a base pressure equal to free-
stream static pressure. Since the measured base pressures were about
the same as the test-section static pressure for angles of attack to
about 8°, the wooden block apparently was effective in producing approx-
imately constant pressures across the base of the model. Base-pressure
measurements for several of the configurations were found to be inaccurate
because of instrument failure. The axial-force coefficients for these
configurations were corrected by using base pressures measured for con-
figurations having the same wing located the same distance from the base.

The probable errors in the force and moment data for small angles
of attack and sideslip are considerably larger for the body configura-
tions without wings than for the body-wing configurations because the
strain-gage balance was not able to measure very small loads with suf-
ficient accuracy. Small increments of forces and moments could be
accurately measured in higher load ranges. Zero shifts and random
instrument errors were about the same for all configurations. Compari-
son of tests made with and without the wooden block for the configura-
tion with large delta wings, no afterbody, and l/d = 10 indicated
negligible effects of the block on the forces and moments.

Estimated probable errors in the force and moment data based on the
repeatibility of the results, zero shift, calibration, and randam instru-
ment errors are as follows:

O Seiuine oo sl ot SRR BRSRIER o ) je St Sa e e e e et +0.0565
CA PO LA PR e R LR K3 Gy MO T SGRRCIECR O3 O RSOOSR RO, Al SR O ° i0000585

Bl T ol g aiREl S e miten sl S [Vl i e BRSO
O R
PRI = e A e i I P R e
e R I e T

The angles of attack at zero sideslip and sideslip angles at zero
angle of attack are estimated to be correct within +0.1°, For combined
angles of attack and sideslip the angles are correct within #0.2°.
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PRESENTATION OF RESULTS

The data are presented in figures 4 to 46. The effects of delta
and rectangular wings on the aerodynamic charactcristics in pitch and
in sideslip at various angles of attack with various cylindrical after-
bodies (1/d = 10) are found in figures 4 to 21. Figures 22 to 30 present
the effects of forebody length on the aerodymamic characteristics in
pitch and in sideslip for bodies with various cylindrical afterbodies
with and without the large delta wing at various angles of attack (l/d
varies). The effects of various boattailed and flared afterbodies with
large delta wings on the aerodynamic characteristies in pitch and in
sideslip at various angles of attack are presented in figures 31 to 39
(Z/d = 10). The effects of the various special nose shapes on the aero-
dynamic characteristics in pitch and in sideslip at various angles of
attack with no afterbody and with large deltea wings are presented in
figures 40 to 45 (1/d varies). The effects of spoiler deflection on a
configuration with l-caliber cylindrical afterbody and large delta wings
(F7W1A1) on the aerodynamic characteristics in pitch and in sideslip at

zero angles of attack are presented in figure 416 (3 fd = 10).

The axial~force coefficients for the following configurations were
corrected for base pressures from similar configurations as described in
the preceding section:

Configurations Figure

F1W1Ag, Foiihg, FoWihg . | te2
FlWlAl ) F9W1Al o e L] ° . . L . e L] L L] L L] o o . L ° . . L o . . 23

F7wlA2)F8WlA2,F9WlA2 6« & & & ‘& & 10 08t B et SUSNT e e SRS TEaIE - e 2)';'
FEWle ° ° L] ° L] e L . . e L] e L] L] L] L] L ° Ll L] L] L] o e L] o L] < . l}'o

No axial-force coefficients have been presented for configurations

F,_{WlA5 and F7wlA . The measured base pressures were not accurate and
no base pressures for similar configurations were available.

CONCLUDING REMARKS

An investigation was made in the Langley 4- by 4-foot supersonic
pressure tumnel to determine the aerodynsmic characteristics on a con-
figuration with various combinations of forebodies, afterbodies, nose
shapes, and wings with low aspect ratio., Six-component force and moment
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data were obtained for combined angles of attack and sideslip to about
28°, No analysis of the data has been made in this report.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., April 3, 1957. i
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Wings:
Area, exposed, sq ft . . .

Span, exposed, in.

Taper ratio

Aspect ratio, exposed panel
Root chord, exposed, in.
Root chord, center line, in.
Leading-edge sweep, deg . . . .

Ratio of total span to maximum body

diameter

Balance section, Wg:

Length, in, o .
Maximum diameter, in.

Length-diameter ratio, 1/a
Maximum cross-sectional area,

Forebodies:

Length, in.
Maximum diameter, in.

Length-diameter ratio, 1 /d
Maximum cross-sectional area,

Special noses:

Length, in,
Maximum diameter, in.

Maximum cross-sectional area,

Afterbodies:

Length, in.
Forward diameter, in.

Ratio of length to forward

diameter
Half-angle of boattail

or flere, GO o' s o s o

Rear diameter, in.

L )

Ratio of exposed wing area to
body cross-sectional area .

maximum

s . s e
el ol we
“ s s

.
.
.

s e s .

sq ft

L

sq ft .
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TABLE I.- GEOMETRIC CHARACTERISTICS OF MODELS

(a) Characteristics of model components

w1

0.3611
8.00
1.23

0
13.00

17.875

2.9
3,667

Te35

Wa
0.1805
4,00
0.615
0
13.00
22.75
81.3

2,333
3.68

« s s
« s s .

« s s .

W3

0.0903
2.00

0.308
13.00
32.50

85.6
1.667

1.8

(SRS
. .
W
(o)}

°
2
s 88

Wig b ISt
28 8 88

Fg
17.00
3.00
5.667
0.0491

Fy
10.36

3.00
0.0491

L
6.00
3.00
2.00
6.50
3.68

e
0.0903
1.00
0.077
1

13.00
13.00

1.333
1.8k

13.00
3.00
4,333
0.0491

Fg
20.00
3,00
6.667
0.0491

Feg
13.36

3.00
0.0491

6.00
3.00
2.00

3.25
3.68

dg

6TALST W VOVN




TABLE I.- GEOMETRIC CHARACTERISTICS OF MODELS - Concluded.

(b) Body-component combinations

Center-of-gravity

Center-of-gravity

Alternate

Component Length, | Length-diameter location from location from afterbodies

cambinations in. ratio base, calibers nose, x/1 used
FiWohg 24,00 8 .53 0.459 None
FoW Ay 27.00 9 4.33 .519 None
FlW’OA1 27.00 9 Bis 2D 408 None
FaWofo 30.00 10 Iy 35 56T None
FerWohy 30.00 10 Die i L67 Az or Ag
F1Woho 30.00 10 6.33 367 Ay, A5) A"{) Ag
F9WbAO 33.00 11 4,33 .606 None
FgWoAy 35.00 il 555 515 None
F7WOA2 55.00 11 6455 L2k None
F9WOA1 36.00 12 5D 556 None
FgWoh, 36.00 12 655 L4713 None
F9WOA2 39,00 13 6433 515 None
F5WoAo 23.36 T.78 L.33 L3 None
FeW oAy 26.36 8.78 25 507 None
F),Woho 26.36 8.78 .55 50T None
F5WOAO 22.12 73T 4.33 A12 None
F Wohq g22.12 73T b33 412 None

ot

6TALST W YOVN
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Rerloﬁve wind

Relative wind

Figure l.- Axis systems. Arrows indicate positive directions of forces,
moments, and angles.
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(a) Details of typical configuration, FgWiAg.

Figure 2.- Details of models.
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All dimensions are in inches except as noted.
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13

11.00

1400

' 17.00

20.00

Fg

(b) Forebodies with 3.5-caliber-ogive cylinders and with constant rear
diameter of 3.00 inches.

Figure 2.- Continued.




14

NACA RM L57D19

= 1036 ———

(63

f~—— 500
JHoRo R \—Tongency point 320
Fs
t 13.36
ﬂ3oo—>T+———4036
s
—— 3.00
= — %l - -
Fe
| 13.36
Fe—aoo' 10.36
3 l 4///////’~ 3,00
S ]
Fa
9I2
412 — 500—
~ )l ]
4§;i:§F%%/// 3.00
= |
e 1
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(c) Special nose shapes.

Figure 2.- Continued.
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B ——— B o NS R
Az Aa As
«—3.00»—' <300 —~-300—~ Ria A e e
650° 650° 300 525" 3.68
L TN P2
A A7 Ag

(d) Afterbodies. (All afterbodies are bodies of revolution.)

Figure 2.- Continued.
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(e) Fuselage combinations. (All configurations include balance sec-
tion Wo. See FjA] and figs. 2(b) and 2(d) for details.)

Figure 2.- Continued.
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S
Delta wing series
13.00 -
Wa—
__ﬂSW“\___~ { z.éo
F- -t - — — - ———— 2L 100§
§ \ANO + }
t 1 - s 3.00

Rectangular wing series

(f) Details of wings.

Figure 2.~ Continued.
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1
Typical wing section A-A
'6251
/1 [ ]
_\Mages K k3004~
Spoiler
|
|
{ |
03] _\.625
L125
- '300=<A 400>

(g) Details of spoilers.

Figure 2.- Concluded.
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1-94318

(a) Typical delta-wing configuration.

Figure 3.- Models used in investigation.
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!

(b) Typical rectangular-wing configuration. L-94317

Figure 5.- Continued.
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(c) Ogive cylinders and 2-caliber boattailed and flared afterbodies.

Figure 3.- Continued.
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L-94319

(d) Rounded ogive and tripod noses.

Figure 3.- Concluded.

T e e e e A s




NACA RM L57D19 2>

a, deg

Figure 4.- Effects of delta wings on aerodynamic characteristics in
pitch. No afterbody; 1/d = 10.
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Figure 6.- Effects of delta wings on aerodynamic characteristics in
pitch. Two-caliber cylindrical afterbody; 1/d = 10.
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‘ Figure 17.- Effects of rectangular wings on aerodynamic characteristics
in sideslip. One-caliber cylindrical afterbody; 1/d = 10.
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in sideslip.

NACA RM L57D19

(a) o= 0.

Figure 18.- Effect of rectangular wings on aérodynamic characteristics

Two-caliber cylindrical afterbody; 1/d = 10.
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Figure 18.- Continued.
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Figure 19.- Variation of Cp and Cy
attack.
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Figure 20.- Variation of Cp and Cy with B for various angles of
attack. Rectangular wings; l-caliber cylindrical afterbody; 1/d = 10,
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(a) Large rectangular wing, FiW,As.

Figure 21.- Variation of Cp and Cy with B for various angles of
- attack. Rectangular wings; 2-caliber cylindrical afterbody; Z/d = 10,
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B, deg

(b) Medium rectangular wing, FiWgho.

Figure 21.- Continued.
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Figure 26.- Effect of forebody length on aerodynamic characteristics in
sideslip. ILarge delta wings; l-caliber cylindrical afterbody.
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Various forebody

lengths; large delta wings; l-caliber cylindrical afterbody.

Figure 29.- Variation of Cp and Cy with B for various angles of attack.
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Various forebody

lengths; large delta wings; 2-caliber cylindrical afterbody.

Figure 30.- Variation of Cp and Cy with B for various angles of attack.
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Figure 30.- Continued.
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Figure 32.- Effects of 2-caliber cylinder-boattail (Ay) and 2-caliber
cylinder-flare (A7) afterbodies on aerodynamic characteristics in

pitch. Iarge delta wings; 1/d = 10.
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A Figure LL.- Variation of Cp and Cy with B for various angles of

attack,
wings.
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Figure 45.- Continued.
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(c) Rounded-ogive nose with slotted cone, FgWiA,

Figure 45.- Concluded.
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a, deg

(a) The variation of Cp, Cp, and Cy with o. B = 0°.

Figure 6.~ Effects of spoiler deflection on aerodynamic characteristics
(F7W1Al) . One-caliber afterbody; large delta wings; 1/d = 10.
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(b) The variation of Cp, C;, and Cy with B.

Figure 46.- Continued.
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Figure 46.- Concluded.

(c) The variation of
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