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SUMMAR'Y

Tests of some missile-type configurations with some systematic variations
in geometry, particularly the wing geometry, have been reviewed. Configurations
included delta and rectangular planforms having a constant root chord but varia-
tions in span; planforms having a constant root chord and span but variations in
tip chord; and a composite planform having a highly swept fore wing and a
cranked tip.

The results indicated that variations in wing planform can have some
significant effects on the aerodynamic behavior of missiles. 1In general, wings
with a constant root chord but varying spans were better behaved than wings with
a constant root chord and span but with varying tip chords. The composite
planform appeared to be a reasonably good concept for high maneuver potential.

INTRODUCTION

Missile concepts have many applications with a variety of requirements in
range, speed, maneuverability, launch constraints, payload, and so on.
Accordingly, a variety of geometric arrangements might be developed in an effort
to best satisfy a range of mission requirements. The concepts considered herein
are representative of the generally shorter range tactical missile that might be
required to maneuver over a fairly large Mach number range while, at the same
time, having to meet certain restraints related to launch and storage.

The purpose of the present paper is to review the results of tests up to
M = 4.63 of some generalized missile concepts with various wing planforms that
permit comparisons of span effects for a constant area or area effects for a
constant span. Such a comparison should provide some insight into the relative
importance of certain geometric features as related to the aerodynamic behavior.

SYMBOLS
Cph drag coefficient
CD,o minimum drag coefficient
CL 1ift coefficient
Cn pitching-moment coefficient
L/D 1ift-drag ratio
(L/D) pax maximum 1ift-drag ratio
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CL 1ift curve slope near o = 0°
a
a.c. aerodynamic center, percent body length
c.g. center of gravity
M Mach number
a, instantaneous normal acceleration
a angle of attack, deg
s control deflection, deg
b wing span including body
Sexp exposed wing area (2 panels)
2 body length
W/A weight loading based on body cross-sectional area

Model Components:

L large wing

M mid wing

S small wing

0 wing off

W, wing with 0 tip chord

W, wing with tip chord 20 percent of root chord
Wy wing with tip chord 40 percent of root chord

Coefficients for the configurations presented herein are nondimensional in
various ways. Detailed information for the basic data may be found in the
referenced papers. The numerical value of the coefficients, however, does not
affect the interpretation of the results.

DISCUSSION
Wing Planform Models

A general research wing planform missile model (Fig. 1) has been
extensively tested over a Mach number range up to 4.63. The wing planforms were




a series of delta and rectangular shapes having a constant root chord but
varying spans. In addition, one wing having a cranked planform and one rectan-
gular wing with a shortened root chord were included. Some of the pertinent
geometry for these models will be found in Table I and complete basic data will
be found in reference 1.

A sample of the longitudinal characteristics at M = 4.63 is shown in
Figure 2 for the delta wings and in Figure 3 for the rectangular wings. The
general trends are not unexpected--the stability, lift, drag, and lift-drag
ratio progressively increasing as wing size increases.

The effect of wing size on CL and a.c. location as a function of Mach

a
number is shown in Figure 4 for the delta and rectangular planforms. For each
planform type, the general increase in 1ift and stability is again apparent as
the wing size is increased. However, there is a difference in the behavior of
the two planform types, the delta planforms generally producing higher values
of CL and a more rearward location of the a.c. This is particularly noticeable
a
at the lower supersonic Mach numbers where the leading-edge shock impingement on
the rectangular wings destroys a considerable amount of 1ift. The effect tends
to diminish with increasing Mach number. Because of the differences in CL and
a
1ift distribution, the a.c. variation with increasing Mach number tends to be
forward with the delta planform and rearward with the rectangular planform. It
is interesting to note the relatively large effect of the small wings on CL and
a
a.c. which probably results, to a large extent, from the 1ift carry-over effect
to the body.

The effect of wing size on Co.o and (L/D)max as a function of Mach number

is shown in Figure 5 for the delta and rectangular planforms. The general
increase in Cp o and (L/D)pax is apparent for both planforms as the wing size is

increased with the effect again becoming less pronounced as M increases. The
high-drag and low 1ift-drag ratio for the rectangular wing at the low supersonic
Mach numbers is again a result of the leading-edge shock impingement.

The effect of wing planform, including the cranked wing, on CL and a.c.

a
equal root chord. The benefits of the cranked wing are particularly noticeable
at the lower Mach numbers where the effect is a substantial increase in CL and

a
in stability. These effects tend to diminish with increasing M. The variation
in a.c. location with Mach number shows substantial differences with a forward
trend for the cranked wing, a rearward trend for the rectangular wing, and an
essentially invariant trend with the delta wing. These trends are a reflection
of the trends for CL .
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The wing planform effects on Cp , and (L/D)p,, are relatively small
(Fig. 7). The cranked planform has a higher value of Cp.o as a result of
differences in sweep angle and in span. This higher value of () o Negates the

higher value of CL so that little difference exists in (L/D)max for the three

planforms. o

The variation of CL and a.c. with exposed wing area is shown in Figure 8

a
for all of the test wings at M = 1,50 and 4.63. Values at Spxp = 0 are for the

body alone. Generally, the value of CL increases and the a.c. moves rearward

a
as the wing area is increased. These variations are somewhat greater for the
delta wings than for the rectangular wings, particularly at M = 1.50, with Tess
difference between the two planforms at M = 4.63. The effectiveness of the
cranked planform is obvious at M = 1.50 in that the value of CL is considerably

o
greater than either the delta or rectangular wings of equal area. In addition,
the a.c. is further rearward.

Some results are also shown for a half-chord rectangular wing that was
obtained by removing the forward half of the large rectangular wing. These
results (Fig. 8) indicate that the 1ift-curve slope is essentially unchanged
from the large wing even though the wing area is reduced by one-half. This is
partly due to the increase in aspect ratio for the reduced chord wing and is a
general indication of 1ift loss effect due to shock wave and boundary tlayer
interference for the large chord wing. This effect is true only for small
angles of attack, however. An examination of the data in reference 1 indicates
that the 1ift provided by the full-chord rectangular wing at higher angles of
attack is greater than that for the half-chord rectangular wing although not by
a factor of two. The more rearward distribution of 1ift for the half-chord
rectangular wing results in a further aft a.c. location. The differences
in CL and a.c. for various wing sizes and planforms are very distinct at

a
M = 1.50 but the results at M = 4,63 show less effect of planform (Fig. 8).

The variation of C, and a.c. with total span (including body) is shown in

L

(o]
Figure 9 for M = 1.50 and 4.63 for all wing planforms. The values at b = 3 are
for the body alone. The general trend is, of course, an increase in CL and a

[0
rearward shift of a.c. as the span increases. For a given span, the rectangular
wings provide a slightly higher CL than the triangular wings, presumably

a
because of the greater area. The distribution of 1ift is such, however, that
the a.c. tends to be slightly more forward for the rectangular wings at M = 1.50
and slightly more rearward for the rectangular wings at M = 4.63. The cranked
wing follows the general trend line of the triangular wings insofar as CL is
a




concerned at M = 1.50. The 1ift being distributed further aft for this wing,
however, does result in a slightly further aft a.c. At M = 4.63, CL for the

a
cranked wing indicates a lower value than the trend value for delta wings,
probably because of a loss in lifting efficiency for the cranked portion of the
wing, and the a.c. location is on the trend line for the delta wings.

The half-chord rectangular wing compared to the full-chord rectangular wing
at b = 7 indicates a slightly higher value of CL and a considerably further aft

a
a.c. at M= 1.560. At M = 4.63, the CL is slightly lower for the half-chord

o
wing and the a.c. location is about the same as that for the full chord wing.
Several observations can be made from this figure and one is that, for span
constrained missiles, the rectangular wings provide greater 1ift than the delta
wings simply by virtue of the greater area.

Planform Variations with Constant Span

Some tests have been made with a span-constrained model in which the wing
planform was changed by varying the taper ratio from 0 to 0.2 and to 0.4. The
model is shown in Figure 10 and some geometry in Table II. Complete results for
this model are contained in reference 2. Selected results are shown in
Figure 11 for each wing at M = 1.60 and 2.86. These results indicate, to some
extent, the complexity of anticipating the effects of geometric variations in
wing planform for a complete wing-body-tail combination. The seemingly
systematic variation in wing-taper ratio also causes changes in wing area,
aspect ratio, leading-edge sweep, span- and chord-load distribution, induced
wing-wake strength and location, and so on. Lift-curve slope changes are not
systematic with the effects of wing aspect ratio, wing area, and leading-edge
sweep, each being factors that affect the 1ift. The interference flow field
from the wing also produces different effects on the carry-over 1ift to the body
and on the tail 1ift. The pitching-moment results indicate an apparently
progressive forward movement of the aerodynamic center (reduced longitudinal
stability) as the wing tip chord is increased, but with an increasingly
nonlinear pitching moment variation with 1ift. This nonlinearity is
particularly disturbing near zero 1ift where a region of instability occurs for
the wings with increased tip chord. This could result from a loss in tail 1ift
caused by an increase in wing flow-field interference effects. Trim 1ift points
are indicated for a tail deflection of -20 degrees. Progressively higher values
of trim 1ift are available as the wing area increases because of the lower
stability level. However, the unstable region near zero 1ift would have to be
manageable in order to achieve these higher values of trim 1ift. On the other
hand, it would appear that the zero taper wing (delta) could achieve comparable
high trim 1ifts if the stability level was reduced through a forward shift in
center of gravity--only about a 3-percent body-length shift being required.

Cranked Wing Concept

A wing-body-tail concept utilizing a cranked wing planform is shown in
Figure 12. Complete details of the model and supersonic tests results will be




found in reference 3. The longitudinal characteristics for this concept were
linear and well behaved for M = 2.87 as illustrated in Figure 13. The
longitudinal parameters, CL and a.c., as a function of Mach number (Fig. 14)

a
are also well behaved. Because of the linearity of the pitching-moment curves
and the nearly constant a.c. location, the potential for high maneuverability
exists. This potential is illustrated for Mach numbers of 1.50 and 2.87 at
altitudes of 10,000 feet, 30,000 feet, and 60,000 feet. These results are for
an arbitrary weight loading of 750 psf based on body cross-sectional area and
for a control deflection of -20 degrees. At 10,000 feet, values of ap well in

excess of what is likely to be the structural load limit of a missile are easily
obtainable. At 30,000 feet with the aft c.g. location shown, values of a, of

about 22 were obtained at M = 1,50 and about 60 at M = 2.,87. At 60,000 feet,
values of a, of about 6 were obtained at M = 1.50 and about 15 at M = 2.87. For

a control deflection of -30 degrees, even higher values of a, would be

obtained. Suffice it to say that this concept appears to be a reasonably good
candidate for high maneuverability, primarily because of the high degree of
linearity of the aerodynamic characteristics both with angle of attack and with
Mach number.

CONCLUDING REMARKS

It has been the purpose of this paper to review the results of tests of
some missile-type configurations with some systematic variations in geometry,
particularly the wing geometry. Configurations included delta and rectangular
planforms having a constant root chord but variations in span; planforms having
a constant root chord and span but variations in tip chord; and a composite
planform having a highly swept fore wing and a cranked tip.

Some concluding observations are:

o Geometric variations in wing planform can have some significant effects
on the aerodynamic behavior and thus deserve some attention in the quest
for desired performance within certain stowage and launch constraints.

o In general, wings with a constant root chord but varying spans were
better behaved than wings with a constant root chord and span but with
varying tip chords.

o The cranked planform appeared to be a reasonably good concept for high
maneuver potential.
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Table I Geometric Characteristics of Wing Planform Models

Body:

Length, in. ..... ceeseens P {0 I 011

Diameter, in. .iiiieeeececccenes cesesns seescense ceesens ceceseancas 3.00

Forebody ........... ceesas ceesssnasesarsesctaes ceesas 3.5 caliber ogive

Wings:

Delta - Large Mid Small
Root chord (exposed), in. ..civeeeeenen. ... 13.00 13.00 13.00
Tip chord, TN. .ieiececeeccocnosonsancnns . 0 0 0
Exposed span, in. ..viiveesecscccccceneensss 8.00 4.00 2.00
Exposed area, sq. ft. ..... ceceessnssessess 0,361 0.181 0.090
Leading-edge sweep, deg. ..icveevennenss ees 712.9 81.3 85.6

Rectangular -

Root chord (exposed), in. ..iceevevennnn.. . 13.00 13.00 13.00
Tip chord, in. .ieieieeececeecennnssnseseses 13.00 13.00 13.00
Exposed span, in. ..ceieevees tessecssesans .. 4.00 2.00 1.00
Exposed area sq. ft. .ceeeveeccesen seesscens 0.361 0.181 0.090
Leading-edge sweep, deg. ..vieceecreenencnns 0 0 0
Short-chord rectangular -
Root chord (exposed), iN. +evveiieeeereenneeanocesnnnonnens 6.50
Tip chord, Tn.  ..iiieiereeteesesesoresonccssonscansoscnoncas 6.50
Exposed span, in. ........ seeesseesseeartoccenssoranee coees 4
Exposed area, Sq. fte ceieeeericoccesccescscocnsnssonscnncas 0.181
Leading-edge sweep, d€G. teveveecrecceseosonnoncansonsncoane 0
Leading-edge Tocation from base, in. ..ieeevvereeeessennens 6.50
Cranked -
Root chord (exposed), T1N. .eeiierrinvereneenennannnes cereeen 13.00
Tip chord, in. ...iieeecrrecesscnccnccnnnes seersseesssenene 1.95
EXposed span, iN. ceeeevsssessencscscscocacococsssosnsoonnas 6.00
Exposed area, $q. ft. ..veveiecececrcseccccsvonccncns cesene 0.181
Leading-edge sweep, deg. -
Forewing ....cececveses cesssensssenns Ceeessssisssenrenne 85.6
Tip teeennsns Ceeesecesreesetanesanssassacerrtecstsecnses 45.0

Thickness for all Wings, iN. .uiieieeceressoenesocencncncsossnsnnse 0.1875

Leading and trailing edges ..... cetessesscnreas ceesennee cevessses 10° bevel




Table I1

Body:

Geometric Characteristics for Models
Having Planform Variation with Constant Span

Length, in. .ceiececrcconnnns

Diameter, in. ......
Forebody cececescecs

Wings:

Root chord (exposed),
Tip chord, in. .....
Exposed span, in.

Exposed area, sq. ft.
Taper ratio ........

Leading-edge sweep, deg. .e.iecscees

Root thickness ratio

oo 30.0
......... 2.0
cesesenss 5.0 caliber ogive

Wy W,

iNe ceeennnene 14.0 14.0
ceesstssessssnnse 0 2.8
crecsecsrssenens 7.0 7.0
ceceessenns . 0.243 0.292
ceesesesearacons 0 0.20
79.9 77.4

ceeesssecsseasss 0.040 0.045
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Figure 2.- Longitudinal characteristics for delta-wing-body model.
M= 4,63, c.g. = 0.53%.
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Figure 3.- Longitudinal characteristics for rectangular-wing-body
model. M = 4.63, c.g. = 0.53%.
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Figure 4.- Wing size effects on CL and a.c. as a function of Mach

a
number for delta and rectangular planforms.
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Figure 5.- Wing size effects on Cp , and (L/D)max as a function of Mach
number for delta and rectangular planforms.
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Figure 6.- Planform effects on CL and a.c. as a function of Mach number

a
for various wings having a constant exposed area of 0.18 sq. ft.
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Figure 7.- Planform effects on Cp , and (L/D)max as a function of Mach
number for various wings having a constant area of 0.18 sq. ft.
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Figure 8.- Variation of CL and a.c. with exposed wing area for various

a
wing planforms, M = 1.50 and 4.63.
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Figure 9.- Variation of CL and a.c. with total span for various wing

a
planforms, M = 1.50 and 4.63.



Figure 10.- Wing-body-tail model having planform variations with a
constant wing span.




Figure 11.- Planform effects on longitudinal characteristics for
configuration with fixed span, M = 1.60 and 2.86.
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Figure 13.- Longitudinal characteristics for cranked wing concept,
M= 2.87.
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Figure 14.- Some longitudinal parameters as a function of Mach number,
cranked wing concept.
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Figure 15.- Maneuver potential for cranked wing concept,

W/A = 750, § = -20°,
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