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AERODYNAMICS OF MISSILES EMPLOYING WINGS
OF VERY LOW ASPECT RATIO

By Elliott D. Katzen and I.eland H. Jorgensen

INTRODUCTION

Development tests such as those made by the Douglas and Hughes
Aircraft Compsnies (e.g., refs. 1 to 5) have shown that, for certain
applications, missiles employing wings of very low aspect ratio have
excellent serodynamic characteristics., Other studies have focused atten-
tion on low aspect ratios by questioning the need for wings of large
span or even wilngs at all. There have been, however, large geps in our
knowledge concerning the aerodynamics of missiles having wings of very
low aspect ratio. To help £ill some of the gaps, wind-tunnel tests have
been performed on a family of missiles, This paper summarizes the resultis
of the investigation; some of the performence and stability and control
characteristics of the missiles are discussed.

TESTS

The models studied are shown in figure 1. The basic body had a
totel fineness ratio of 10, being composed of a fineness-ratio-3 ogival
nose and a cylindrical afterbody. In some instances the models were
also tested with & Newtonian minimm-~drag nose of fineness ratio 5; this-
resulted in a total fineness ratio of 12.

The aspect ratios of the wings were varied from a little less than
0.1 to 1., This corresponds, for the triangular wings, to semiapex angles
from 1.3° to 14°, The wing sections were modified flet plates with
leading and trailing edges genersally beveled to small radii. In some
cases the leasding edges were not sharpened but were blunted with rela-
tively large radii.

Variocus methods of conbtrolling the models were studied. The tall
control shown was tested in line and interdigitated 45° with respect to
the wings. TFor comparison with the tall control, the nose of the model
was deflected as a control. The planform ares of this deflected portion
of the nose was equal to that of 2 tail panels.
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Data for these models were obtained at Mach mumbers of 2.0, 2.9, -
and 3.3. The angle-of-attack range of the tests was from O° to 30°; the6 T
control-deflection range was ih5 The Reynolds number was about 9 X 10 i —

based on the length of the basic body.

RESULTS AND DISCUSSION

Performence Characteristies

The 1lift of the missiles Increases, of course, as planform area is
added to the body. However, the questian arises of whether the 1ift
effectiveness, or 1ift per unit ares, is also increassed by the addition
of very smsll wings. The lift effectiveness of winged and wingless
missiles 1s compsred in figure 2. The coefficients are based on total
rlanform ares; therefore they represent 1iff per unlt area. At a 1lift
ratio of unity, the 1lift per tmit area is equal to that of the body.
Above this value (represented by the dashed line), the 1ift per unit area
is increased to more than that of the body. Even the smsllest wing -
(espect ratio of 3/32) increases the 1ift effectiveness appreciably to o
more than that of the body (fig. 2(a)). At a Mach number of 3.3 and an
angle of attack of 10° s for example, the 1ift per unit ares 1g increased -
20 percent by the addition of this smell wing. The total 1lift of this
configuration, moreover, is increased an additional 10 percent; this R
additional Incresse results in a total increase of 30 percent, because
the planform aresa is Inc¢reased 10 percent over that of the basic body.

As the Mach number or the angle of attack is increased, the 1lift effec-
tiveness approaches, that of the body more closely.

The data presented in figure 2(a) pertasin to the famlly of missiles
having wings whose root chords are the same length. As shown in fig-
ure 2(b), essentially the same resulte have been obtained at Msch num~
ber 3.3 for other missiles of constant span. It 1s interesting to note
that the geometrically slender models cannot be considered aerodynamically
slender at this high a Mach number. By slender-body theory, wing-body .
combinatlions of egual span have the same 1ift. Hence, the 1lift per unit
area should decrease as sdditionsel wing area is added to the body. How~
ever, the 1ift of the combinations zan be calculated with failr accuracy
by the use of standard interference methods (e.g., ref. 6) which use
slender-body theory only for the interference ratios. For missiles having
very small wings it 1ls egpeciselly important 1n these calculations that the
1ift of body alone be known accurately either from theory or experiment.

Other wind-tunnel data (ref. 7) for Mach numbers even as high as 6 LS
show that 1lift effectiveness is much greater for winged than wingless



1w

g e -
i\I..D:d'ASRM P55L13

] ¢ o- se - des .oco .:. sasd ove :o-v :--
e T . ioo [ ese : :

sae E..g -gt. (XY ] cess sse 3

missiles. Depending on specific design considerations, the presence of
even g very smell wing could lmprove the 1lift and maneuverability of =a
missile over s wide range of Mach mumber and angle of attack. Of course,
the increased weight due to the addltion of wings has to be consldered.

The increase in fore drag that resulits from adding wings to the
basic body is indicated in figure 3., The drag coefficlents are based on
the cross-sectional area of the body rather than on totel planform area
as In figure 2. The drag decreased as the Mach nunmber was increased
from 2.0 to 2.9, but there wae 1little d&lfference between the data for
Mach numbers 2.9 and 3.3. The horizontal bars in figure 3 indicate the
relatively small spread in minimum drag coefficient for the missiles
with leading edges curved in planform. These missiles all have the same
planform ares as the model having wings of aspect wratio 3/8 and straight
leading edges. TFor this same missile, lncreasing the nose fineness ratio
from 3 to 5 reduced the minimum drag cocefficient about 30 percent. The
effect of changing from a wing section with a relatively sherp leading
edge to a section having a blunt leeding edge was negligible for +thils
model with aspect ratio 3/8 This indicates that large drag penalties
will not be incurred by blu.n‘bing the leading edges of these highly swept
wings to allevliate aerodynemic heating.

In figure 4 the varlation with planform area of snother performance
paremeter, the meximum ratio of 1ift to drag, is illustrated. Increasing
planform ares (and asspect ratio) incressed (L/D)MAX, the variation being

almost linesr. The effect of an increase in Mach number from 2.0 to 3.3
is to cause a decrease in (L/D)MAX for the conflgurstions having the

largest wings. Here, wing characteristlcs are beginning to predominate;
the decrease is due principally to the decrease in wing lift-curve slope
and, therefore, lncreased drag Gue to 11ft with this increase in Mach
number, Since skin-friction 1s a relatively large part of the drag of
these configuretions, it must be emphasized that these results were
obtained at a Reynolds number of about 9 X 106. Therefore, care should
be taken in epplylng these results to conditions st other Reynolds num-
bers. The angle of attack for (L/D) MAX decreased from about 11° for

the body alone to 6° for the missile having the largest wing. Increasing
the nose fineness ratio from 3 Ho 5 increased (L/D) by ebout 20 per-

cent. Further increases in (L/'D) could be ma.de by teking advantage
of some of the favorable interference effects discussed in reference 8.
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Stability and Control Characterlstics

Performancewlse, the advantages of missiles having low-aspect-ratio
wings have been discussed. Now the stability and control characteristics
of these same models will be presented. In figure 5, the center of pres-
sure, in diameters from the nose, 1s plotted as a _function of angle of
attack. The curve for the body alone shows that the center of pressure
starts out near the nose at zero angle of attack and moves toward the
Lody centrold of area as the angle of atteck is increased. The center-
of-pressure position of the body alone can be predicted within less than
half s diameter. Adding even a very small wing significently reduces
the center-of-pressure travel with changes in angle of attack and moves
the center of pressure rearward, thereby resulting in a more stable con-
figuration. The center of pressure contlnues tc move rearward as the
wing aspect ratlio is increased and additional wing area is added to the
missile. The center-of-pressure travel with angle of atbtack was negli-
gible for the missiles having wings of aspect ratios 3/8, 2/3, and 1 at
this Mach number of 3.3.

The effect of Mach number changes on center of pressure 1s shown in
figure 6. The center-of-pressure movement with changes in Mach number
was large for the body alone and decreased es the wing aspect ratios
were 1increased from O to 3/8 For the missile having a wing of aspect
ratio 5/8 the center-~of-pressure travel with changes in Mach number and
angle of attack was less than O.4&. The travel was slightly larger for
the configurations with wings of aspect ratios 2/3 and 1. Changes in
bank angle of the missiles also caused shifts in center of pressure.

The shifts were negligible for the missiles with the smallest wings.
For the misslle having the largest wing, the effect of changes in bank
engle was to approximstely double the center-~of-pressure travel with
changes 1n angle of attack and Mach number. Results from Douglas
Airecraft Co., Inc. (ref. 1) have shown that the already small center-
of-pressure shifts assoclated with configurations like these can be
further reduced by the use of small fixed swrfaces forward of the wing.
These canard surfaces do increase the rolling moments, however, at high
angles of attack.

In addition to meking the center-of-pressure shifts small, 1t is
desirable to be able to fix the center of pressure at certain positions
along the body length. A method of accomplishing this is shown in fig-
ure 7. The center of pressure of missiles having wing leading edges
curved in planform sre shown. The curved lesding edgee change the cen-
troid of area. For comparison (with the curved-leading-edge data), data
for the body alone and for the configuration having e straight-leading-
edge wing of aspect ratio 3/8 are repeated from figure 6. The center-
of-pressure positions are conslstent wlth the changes in the centrold of
planform erea. The center of pressure of the model with a convex leading
edge was farther forward and the center of pressure of the model with a
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concave leading edge was farther aft than that for the misslle having

a wing with a straight leading edge. The configuration having the small
wing extending to the tip of the nose was much more stable than the body
alone but less stable than the other configurations. The small center-
of-pressure shifts assoclated with these configurations having wings of
very low aspect ratio slmplify the problem of stabilizing and controlling
the missiles,

The effect on missile stabllity of three types of controls, in-line
and interdigltated taill controls and swivel nose, 1s illustrated in fig-
ure 8., The tall conbtrols are composed of single-wedge sections to increase
thelir effectiveness and reduce control center-of-pressure travel with
changes in Mach number, thereby reducing hinge moments. The controls
are small enough so that thelr blunt trailing edges do not apprecisbly
increase missile drag. The diasmond planform was chosen to reduce con-
trol center-of-pressure travel with chenges in Mach number. Another
reason for this cholce is that the diamond planform is structurslly
adsptable to interdigitation; the control need not be attached to the
wing as a short-chord high-aspect-ratio control would. For the examples
shown in figure 8, the controls were placed on the missile having &
straight-leading-edge wing of aspect ratio 5/8. The pitching-moment
coefficients presented are based on body dliasmeter and cross-sectional
area. The center-of-gravity location (0.60L, 0.59L, and 0.58L for the
interdigitated tail, in-line tail, and swivel-nose models) was chosen
80 that the three configuratlons had the same static mergin with 0° con-~
trol deflection at low normel-force coefficients at g Mach number of 2.0.
At this Mach number the nose control has the least effectiveness. The
effectiveness of the in-line tail control is greater than that of the
nose control. The interdigitated control, by virtue of being removed
from the wing wake, has greater effectiveness than the in-line control.
Control deflections of 15° are adequete for the interdigitated control
for obtaining high values of trim normal force,

In figure 9 the effect of control type on stability is again ilius-
trated, but at M = 3.3. The center-of-gravity positions have not been
changed from those chosen for the data at M = 2.0. With the increase
in Mach number the effectiveness of the swivel nose has increased so
that it now has epproximately the same effectiveness as the interdiglitated
control. The effectiveness of the two tail controls bhas decreased
appreciably.

In figure 10 the effect of planform on missile stability is pre-
sented. The same interdigitated taill control was placed on 3 missiles
having wings differing in size and aspect ratio. The data were obtained
at Mach number 3.3. Here, again, the center of gravity (0.48L, 0.60L,
and 0.62L for the models having wings of aspect ratio 3/32, 3/8 ‘and 1)
was chosen so that the different missiles have the same static margin
for small normal-force coefficients and 0° control deflection. For

§,
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15° control deflection the control err&ctivendss is adequate at low normal-
force coefficients for the missile having the smallest wing. However,
large trim normal-force coefficients were not obtalned because of the
relatively large center=of-pressure travel associated with thls configu-
retion, The effectiveness is naturally low for the miselle having the
largest wing because the control is smell relative to the wing slze. On
the other hend, the effectiveness of the control on the missile having

e wing of aspect ratla 3/8 js sufficlent to trim the missile to large
normal-force coefficient8. **

In figure 11 the effect of various srrengemen}s on rolling moment
is 1llustrated. Rolling-moment coefflcient, based of exposed wing aresa
and totel span, is plotted as a functlon of resultant engdke of atback.
The date are presented for bank angles of 22,5° for cruciform and 45°
for monowing models, since maximum rolling moments occur close to these
bank angles., The rolling moments are considerably larger for the monowing
than for the cruciform srrangement of the same model. The effect of
increased forebody length, for the model having this same wing of aspect
ratio 3/8, can also be seen to increase the rolling moments. This increase
1s indicated qualitatively, as dlscussed in reference 9, by caleculations
that account for the increased vortex strength assoclated with the
increased forebody length. It is interesting to note that the rolling-
moment coefficients fall on the same curve for the crucliform models having
the same nose length but wing aspect ratios of 3/8 and 1. The magnitude
of the rolling moments for all configurations was less than the amount
that was obtained by differential deflection of the interdigitated tall
control,

CONCLUDING REMARKS

The results of this investligatlion 1ndicate that there are distinct
aerodynamic adventages to the use of wings of very low aspect ratio for
missiles. Some of these advantages performancewlise are high 1ift, com~
pared to wingless missiles, and low drag with shapes that appear to be
beneficial for combatting aerodynamic heating. From the standpoint of
stabllity and control, these missiles exhibit smell center-of-pressure
shifts and small rolling moments for a wide range of supersonic Mach
numbers and combined angles of attack and bank so that control problems
are simplified.

Ames Aeronautical Laboratory
National Advisory Committee for Aeronautics -
Moffett Field, Calif., Nov. 2, 1955
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COMPARISON OF LIFT OF WINGED AND WINGLESS MISSILES
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COMPARISON OF LIFT OF WINGED AND WINGLESS MISSILES
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EFFECT OF PLANFORM ON MINIMUM DRAG
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EFFEGCT OF GONTROL TYPEs GN=-MIESILE STABILITY
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EFFECT OF CONTROL TYPE ON MISSILE STABILITY
M=3.3

CONTROL IN LINE

-2
SWIVEL NOSE CONTROL
\r‘éﬂ INTERDIGITATED
2 %
Cm 0 i . = \gw\n
8=I15 .
-2=, L 1 1 \ 1 1 i 1 L
-1 0 I 2 3 4 5 ] 7 8
Cn
Figure 9

13



ik

89 Q000 TEC C00® S0 Ses see as
L J
L4 * [ d L4 [ ] - [ ] L] ‘.. . . . .

f ol el o fed | age Réudstigh

EFFECT OF PLANFORM ON MISSILE STABILITY
INTERDIGITATED TAIL GONTROL, M=3.3 A %

EFFECT OF ARRANGEMENT ON ROLLING MOMENT

M=33 ¢
x5
QOdar - "
A= .
=3
ozl GRUCIFORM n 3
y $=22.5° A=g
¢, © B [&A"
MONOWING
—.OZF ¢ =4a5°
-04} -]
A=g
-.06}

] [ L —l S |
) 3 8 12 16 20 24 28 32
@, DEG

Figure 11

CONFIDENTTAL

NACA - Langley Field, Va.

T g #



