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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

AERODYNAMIC CHARACTERISTICS CF MISSILE CONFIGURATIONS WITH
WINGS OF 1OW ASPECT RATIO FOR VARIOUS COMBINATIONS OF
FOREBEODIES, AFTEREODIES, AND NOSE SHAPES FOR
COMBINED ANGLES OF ATTACK AND SIDESL.IP
AT A MACH NWMBER OF 2.01

By Ross B. Robinson
SIMMARY

An investigation has been made in the Langley L~ 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, 'fhe effects of wing plan form and size, length-diamoter
ratio, forebody end afterbody length, boattailed and flared afterbodies,
and various nose shapes were deteruined. S8ix-cezponent force and mament
data are presented for ccmbined 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 deaign is the offi-
cient utilization of internal stowage space in aircraft., The use of
low-nspect-ratio lifting surfaces with small span-diameter ratios would
result {n 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 vith minimum control
deflectiona., A configuration with pnonlinear lift and pitching-mament
variations such that the values of static margin and lif%-curve slope
are lov near zero angle of attack would satisfy thia requirement,
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2 CONFIDENTIAL NACA RM L57D19

Same previous investigations have 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 to 2,01
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 mmbers from
1.97 to 3.33 of a series of missile configurations having low-aspect-
ratio monovings end various types of controls are given in references 2
ard 3,

This report contains the results of an investigation of a series
of missile configurations having various length-dismeter ratios, wing
plan forms, noase shapes, and forebody and afterbody arrangements at o
Mach number of 2,01 in the langley 4- by h-foot supersonic pressure
tunnel. Six-canponent force and mamant data were obtained for combined
angles of attack and sideslip to about 28°, No analysis of the data
has beer made in this report.

SYMBOLS

The dntn are prosented as coefflcients of forces and manents with
the center of moments at the leading edge of the exposed root chord of
the ving. All the data are reforred to the body-axis system (fig. 1),

Cx normal-force coefficient, I%

Ca axial-force confficient, '3-8'

Cn pitching-moment coefficient, %

c rolling-mament coefticlent, -X-

l 8 ? q&
A

Cn yswing-moment coefficient, o

Cy side-force coefficient, (—1%

N normal force

A axial force
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NACA RM L5TD19 CONFIDENTIAL 3

1

x/

1/a

side force

pitching moment

rolling mcament

yaving moment

dismeter of cylindrical section of body, 3.00 in.

cross-sectional area of cylindrical portion of body,
0.0491 sq £t

dynanic pressure
angle of attack of modal center line, deg
angle of sideslip of model center line, deg

deflection angle of spoiler, perpenditular to hinge line,
positive when trailing edge deflected upwvard, deg

longitudinal distance of mcment center rearward of nose
of body

length of body
position of mament center rearward of nose

length-diamater ratio of body

Model components (see f£ig. 2):

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

Fl, F‘7, Fe, F9 ogive-cylinders with varying lengths of cylindrical

portion (fig., 2(b))
flat-face cylinder with tripod tip
Fp with vire mesh on tripod
modified ogive-cylinder with hemispherical nose
F5 with 5-inch splke

F5 wvith slotted cone fairing
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Afterbodies (2ig. 2(d)):

Ay no afterbody

Ay, Ay cylindrical afterbedies
A,, Ay, A5 boattalled afterbodies
A6, A7, Ag flared afterbodies

Wings (fig. 2(f)):

¥o wing off
Vl, "2, V3 delta \!lngs
Wy w,, L/ rectangular wings

MODEL AND APPARATUS

Sketches of a typlcal complete model and of the model camponents
are thown in figure 2, The geametric characteristica of the various
camponents and cambinations of forebodies, wings, and afterbodies are
given {n 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 wera obtained by attaching combinations
of fcrebodies, afterbodies, and vings to a cylindrical section Wy having
a dianater of 3.00 inches (this diemeter {s heveinafter referred to as
1 caliber in calculading body lengths) housing the internal strain-gage -
balance (rig. 2(f)).

The basic forebodies Investigated were a series of 3.5-caliber ogive-
cylinders with varying lengths of cylindrical section (fig. Qéb) . In
addition, a J.5-caliber ogive with a rounded nose (F5, £ig. 2(c)) to vhich

& slotted cage (Fg, f1g. 2(c)) or a 3-inch spike could be attached (R,

£1g, 2(c)), ard & flat-face cylinder vith a tripoi, with and without a
vire mesh around the tripod (Fg and F3, fig. 2(c)) vere tested, The

3-inch spike wvas selected as a result of tests at a Mach number of 1.61
of a similar configuration (refs. 4 and 5) vhich indicated thie spike
length to be optimum for minimum drag at small angles of attack,
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NACA RM L57TD19 CONFIDENTIAL 5

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

2-caliber cylinder; Az, 8 l-caliber 6,500 boattail; Ay, a l-caliber
6.50° boattail attached to a l-caliber cylinder; A5' a 2-calider

3.25° boattail; Ag) 8 l-caliber 6.50° flars; AT' a l-caliber 6.,50° flare
attached to a l-caliber cylinder; and Ag, a 2-caliber 3.259 flare,

Cruciform wings were mounted in slots in the balance housing.
Three rectangular-wing and three delta-wing configurations were tested
(tig. 2(f) and table 1). The wings vere 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 f{or each horizontal wing panel, weru provided
for the large delta wing (fig. 2(g)). Deflections of 45° and 900 were
obtained by fncing either the oblique or the perpendicular face of the
spoiler forvard, The length of each spoiler was 3.09% inches and the
vidth of each spoiler was 0.62% inch, The height of each spoiler vas
0.62% inch,

The models were mounted on a rotary sting to permit testing through
ranges of combined angles of attack and aideslip, Sixcamponent force
and moment data were measured by an internal strain-gage balance, Base
pressues were messured with a single tube well {naide the model., A
cylindrical vooden block approximately the some size as the base of the
mcdel 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 vere 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
sbsolute, The Reynolds number, based on the maximum diameter, vas

0.62 x 106 (2.47 x 106 based on a length of 1 foot). Stagnation dewpoints
of -25° ar below vers maintained to eliminate condensation effects, The
angle-of-attack range for pitch tests was from -4° to about 28° at zero
nidcalip6 and the angle-of-sideslip range vas from -4° to a maximum of
about 289 at angles of attack of about 0°, 4,19, 8,29, 12,39, 16,40,
20,50, and 24,79 ,
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Corractions and Accuracy

The sngles of attack and sideslip vere corrected for the deflection
of the balance and ating under load. The Mach number variation was
about $0.01% and the flow-sngle variation in the vertical and herizoatal
planes did not exceed 10.1%, No corrections have been applied to the
data to account for these variaticns.

The axial-force data vere adjusted to & base pressure equal to free-
stream static presssure., Since the measured dass pressures vere about
the game 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-pressura
measurements for several of the configurations vere found to be inaccurate
because of instruvent failire, The axial-force coefficients for thesa
configurations vers corrected by using base pressures measured for con-
figurations having the same wing located the same distance from the base,

The protuble errors in the force and mament 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-gege balance was not atle tn measure very small locads with suf-
ficient accuracy. Small increments of forces and moments could be
accurately teasured in higher loed ranges, Zero shifts and yandam
{nstrument errors vers about the same for all configurations., Ccopari-
son of tests made vith and without the wooden block for the configura-
tion with large delta vings, no afterbody, and 1/d = 10 {ndicated
negliglble effects of the block cn the forces and maments,

Estimated probable errors in the force and mament data based on the
repeatibility ot the results, zero shift, calibration, and random inatru-
ment errors are as followai

CN L I I T R e T T R O S S T I O S R T S T T R S S S Y 10.0565
CA L S O R T T T I Y T T S B B R S K R I R I R I T I I i0.00585
Cm 6 6 5 0 0 6 ¢ 0 e e 8 s s t e s e e e s e e e Y .0950
c; € 4 4 1 4 8 s 8 8 e s 0 s e s e s s e s s e s e I .0037
Cn ® 2 6 2 5 2 2 0 & s e s 0 0 0 0 e LI I R R Y Y I B I « 0 0092)

CY'...00.0."...............‘0..10.05&

The angles of attack at zero sideslip and sideslip angles at zero
angle of attack arv estimated to be correct vithin $0,1°, For cambined
angles of attack and sideslip the angles ars ccrrect 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 aercdynamic characteristics in pitch and
in sideslip at various angles of attuck with various cylindrical after-
bodies (1/d4 = 10) are found in figures 4 to 21, Figures 22 to 20 present
the effects of forebody length on the aerodynamic characteristics in
pitch and in sideslip for bodies with various cylindricsl altertodies
vith and without the large delta wing at vurious angles of attack (I/d
varies), The effects of various boattailed and fiared afterbodies with
large delta wings on the aerodynamic charactaristics in pitch and (n
sideslip at various angles of attack are presented in figures 31 to 39
(I/d = 10). The effects of the various special nose shapes on the aecro-
dynamic characteristics in pitch and in sideslip at various angles of
attack with no afterbedy and with large delta wings are presented in
figures 40 to 4% (1/d varies). The effects of spoiler deflection on a
configuration with l-caliber cylindrical afterbody and large delta wings
(F7wlA1) on the acrodynamic characteristics in pitch and in sideslip at

zero angles of attack are presented in figure 46 (1/d = 10),

The axial-force coefficients for the following configurations vere
corrected for base pressures £ similar configurations as described in
the preceding sectlon:

Configurations ' Figure

Flwlho, F7wlA°, Fgwle LI I I I 2 D R D T D DY Y BN Y B N Y T I 22
FlwlAl, F9wlAl L R R I R I T I S Y R K I I D I 2 I S BT I I I} 25

2}

F7W1A2, ?ewlAa, FgwlAa LI R I I T I DT T I O R N B I ) Lu
Fa"le L R I T T T T N Y B I S S S I K TR S S Y S S Y hO

No axial-force coefficients have been presented for configurations

F7VIA3 and F7H1A6. The measured base pressures were not accurate and
no base pressures for similar configurations were availnble,

CONCLUDING REMARKS

An investigation was made in the Langley L by L-foot supersonic
pressure tunnel to determine the aerodynamic characteristics on a con-
figuration with various combinations of forebodiec, afterbodies, nose
shapes, and vings with lov aspect ratio., Six-ccmponent force und mament
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data were obtalned for combined angles of attack and sideslip to about
28°, No analysis of the data has been made in this report.

Langley Aeronauticel Laboratory,
National Advisory Coamnittee for Aeronautics,
Langley Field, Va., April 3, 1957.
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Relative wind
e ————

Relative wind

Yigure l.- Axis systems., Arrows indicate positive directions of forces,
moments, and angles,
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(b) Forebodies vith 3.5-caliber-ogive cylinders and with constant rear

diameter of 3.00 inches,

Pigure 2,- Continued,
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(c) Special nose shapas.

Pigure 2,- Continued,
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(d) Arterbodies. (All afterbodies are bodies of revolution.)

Figure 2,« Continued,
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Rectongulor wing series

(f) Detaila of wings.

TPigure 2.~ Continusd,
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Typical wing seclion A-A
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Spoiler

t
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(g) Details of spoilers.

Yigurs 2.« Concluded,
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(a) Typiead delta-ving configuration,

Pigure 3.- Models used in investigation,
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(b) Typicad rectangular-ving configuration,

Yigure 3.« Continued,
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(a) Budy alone, Fgdpige
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Delta-wing series;

with § for various angles of attack.

1.0 ufterbody; Lfd = 10.

Figure 10.- Variation of Cy and Oy
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Delta-wing series;

Figure 1l.- Variation of Cp and Cy with $ far varicus angles of attack.
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(d) Smnll delta wing, FM:A).

Pigure 11.- Concluded.
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Delta-wing series;

g for varfous angles of attacke.

Z2-caliber cylinzrical aftertody; l/d = 10,

with

and Cy

Figure 12.~ Variation of Cp
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(f) Concludea,

Figure 27.- Contirued.
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. Pigure 35.- Effects of 2-caliber cylinder-boattafl (Au) and 2-caliber

cylinder-flare (A6) afterbodies on aerodynamic characteristics in
sideslip, Large delta wings; 1/d = 10.
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Flgure 43.- Aerodynamic characteristics in sideslip of rounded-nose con-
figuration (Fy) with splke (Fy) and with slotted cone (Fg). No after-
body; large delta wings, '
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Flgure k4.~ Variation of Cp and Cy with B for various angles of

Tripod-nose configurations; no afterbodies; large delta
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(a) Rounded-ogive nose, FgWjAq.

Pigure 45.- Variation of Cn and Cy with B for various angles of

Rounded-ogive nose; no afterbody; large delta wings,

attack.
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One-caliber afterbody; large delta wings;

Pigure b6.5- Effecta of spoiler deflection on aerodynamic cnaracteristica
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(b) The variation of C,, Cp, and Cy with B, a = o0,

Figure 46,.- Continued.
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Figure L6.- Concluded.

{(c) The variation of Cn and Cy with 8. a = 0°,
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