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SUMMARY

Lift, drag, and pitching-moment data and some static rolling-moment
data are presented for missile configurations having wing-tail-span
ratios equal to and less than 1. These configurations included varia-
tions_in wing and tail plan forms, wing-tail-span ratios, body length,
and nose shape. Also, data from tests of elements and various combina-
tions of elements of the missile configurations, made to permit an
evaluation of the interference effects, are presented. These data were
obtained in the Langley 9-inch supersonic tunnel and cover an angle-of-
attack range from -5° to 15° and a Mach number range from 1.62 to 2..40.
Most of the data, however, were obtained at a Mach number of 1.93. The
Reynolds number at a Mach number of 1.93 was 0.27 X 106 based on the
maximum body diameter. The data show the effects of wing-tail inter-
ference on the static longitudinal stability of these missile
configurations.

INTRODUCTION

In reference 1, the first paper of a series of three papers, are
Eresented the 1ift, drag, and pitching-moment characteristics of a
basic" missile having wing-tail-span ratios equal to 1 and several



modified versions of the basic missile. These modifications included -
changes in body length, interdigitation angle, and wing plan form.

!
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In the present paper, the second of the series, are presented ]
three-component measurements and some static rolling-moment measure-
ments of several modified versions of the basic missile. These modi-
fications included changes in wing and tail plan forms of configurations
having wing-tail-span ratio equal to 1 and less than 1 as well as changes
in interdigitation angle, nose shape, and body length. Also included ‘
are results of breakdown or component tests of the various elements and
combinations of elements of the modified missiles.
Of special interest are the results of tests of configurations
having ring tails and a rectangular tail with moderate aspect ratio.
These configurations as well as all the configurations having wing- ‘
tail-span ratios less than 1 were devised as a means of placing a
portion of the rear surfaces outside of the region of high resultant |
downwash produced by the wings. Also of special interest are the
results of tests of configurations using the same tail surfaces but ‘
having systematic variations made in the wing-tail-span ratios while |
maintaining the same wing plan form.

All tests were made in the Mach number range of 1.62 to 2.40 at 3
corresponding Reynolds numbers from 0.362 X 100 to 0.262 x 106 per
inch. With the data obtained in these tests it is possible to obtain
the characteristics of one component in the presence of another or
others. In order to expedite publication of these data, no analyses of
results are presented. )

To be presented in a subsequent paper are the results of tests of
four more modified versions of the original missile, these modified
versions having wing-tail-span ratios less than 1.

SYMBOLS
S meximum body cross-sectional area
d maximum body diameter
Cy rolling-moment coefficient <§olliz§dmoment>

C Tt coerriclentil e
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Lo pitching-moment coefficient, moments taken about center of

gravity, see figure 1 Pitching moment
qSd
aoC
g
L T
; Drag
CD drag coeff1cient< oS >
2
- <pV )

q dynamic pressure e

a angle of attack, degrees

¢ angle of roll of model relative to angle-of-attack plane,
positive when model, viewed from rear, is rotated clock-
wise (¢ = 0° when opposite tail panels are in angle-of-
attack plane)

0 angle between a plane through opposite tail panels and a
plane through opposite wing panels, positive when wings
are rotated clockwise with respect to tails, when the
model is viewed from rear. The angle O is always less
than 90°, and its value appears as the superscript for
W in the model configuration designations. When 6
values (superscripts on W) are indicated for BW config-
urations, the subtracted tail is assumed to be present
at 6 = 0°,

B configuration of body

1217 configuration of body and tails

BW configuration of body and wings

BWT configuration of body, wings, and tails

Subscripts:

ete. 9 refers to the particular body, wing, or tail plan form
(see fig. 1)

R wing panels reversed so that leading edge becomes trailing
edge

1l body has internal taper at stern
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Superscript:

Numerical superscript for W gives value of 0 (See definition of 0)

APPARATUS AND TEST PROCEDURE

Wind Tunnel

All tests were conducted in the Langley 9-inch supersonic tunnel
which is a continuous-operation closed-circuit type in which the stream
pressure, temperature, and humidity conditions can be controlled and
regulated. Different test Mach numbers are provided by interchanging
nozzle blocks which form test sections approximately 9 inches square.
Throughout the present tests, the moisture content in the tunnel was
kept sufficiently low so that the effects of condensation in the super-
sonic nozzle were negligible. Eleven fine-mesh turbulence-damping
screens are provided in the relatively large area settling chamber just
ahead of the supersonic nozzle. A schlieren optical system is provided
for qualitative visual flow observationms.

Test Setup and Models

A schematic drawing of the model installation in the tunnel is
shown in reference 1 with a description of the test setup. TFor the
present tests requiring rolling-moment data, a strain-gage balance was
installed inside the model and replaced part of the spindle.

Dimensions and designations of the various models used in the
present tests are given in figure 1 with the exception of W2 which

was defined in reference 1. Two W), wings were tested, one with

constant thickness and rounded leading edge (designated "rounded
leading edge"), the other with thickness taper and sharp leading edge
(designated "sharp leading edge"). The plan forms were identical
within the tolerances of construction. Models were found generally to
be accurate within ¥0.002 inch of the dimensions shown. The various
wings and tails of the various configurations could be changed, located
differently with respect to each other on the body, reversed, or omitted
entirely. Body lengths could be changed by inserting sections in the
cylindrical portion. Also, nose shapes could be changed by a simple
interchange of parts. All the elements and combinations of elements

of the models reported in the present paper are in the index of figures.
All models tested had an internal taper at the stern of the body and the
elevators soldered fixed to the tail panels. Some body-alone tests
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were made by use of "solid" models having surfaces that were free of
waviness and perturbations; these tests are discussed in the section
entitled "Presentation of Data."

-

PRECISION OF DATA

For all the test Mach numbers, pressure surveys throughout the
test section have shown the stream to be uniform within a maximum
variation in Mach number of *#0.0l. Less detailed angle surveys have
indicated negligible flow deviations, and, also from past experience,
both zero moment and zero lift are generally realized for symmetrical
configurations at zero angle of attack. These points are brought out
to emphasize the fact that for the present tests when an unexpected
moment or 1ift appears at zero angle of attack, several possibilities
exist; namely, the configuration is asymmetrical, the flow about the
symmetrical configuration is asymmetrical, and/or an extraneous force
appears as a result of the flow around the support system or wind-
shield. For the present tests, the most likely reason for an extran-
eous moment or 1lift at zero angle of attack is a misalined (other than
zero angle with respect to the body axis) wing or tail panel. Measure-
ments of the various wings and tails indicated that inadvertent
incidences are present which contributed to the various lifts and
moments evident at zero angle of attack.

All the 1ift, drag, and pitching moment were measured by means
of self-balancing mechanical scales. A conservative estimate of the
maximum probable errors in these measurements is given in the following
table:

Mach
number 1.62 1.93 2.40
Coefficient
CL 0,001 +0.001 +0.001
Cp +.003 £,003 £,004
&0 £,013 £,014 +.020

The rolling moments were measured by use of a strain-gage balance
installed inside of the model during the tests requiring such data.
The maximum design rolling moment for the balance was 0.50 inch-pound.
It was found that individual test points were repeatable to within

#0.002 inch-pound or a CZ of about #0.001. Corrections were made for
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the interaction of 1ift upon rolling moment; however, the effects of
side force were not correctable since the side forces were not known.
An estimate pof the contribution to rolling moment by side force was
found to be small, a maximum of 0.015 inch-pound for a body-wing-tail
combination at such a roll angle as to realize large side forces at
angles of attack. In summarizing this discussion, it may be concluded
that the maximum possible errors in the measured rolling-moment co-
efficients are #0.001 for configurations where side forces are absent
and from #0.001 to *0.007 for configurations where side forces are
realized, the exact value depending upon the amount of side force
Present.

Reference to the data will show that these errors in the forces
and moments are probably very small as compared with the scatter about
a mean curve or displacement of a mean curve arising from other errors.

Angles of attack with respect to each other in a given run are
accurate to within #0.01°. The errors in initially referencing the
body axis parallel to the air stream may be up to 0.03°.

PRESENTATION OF DATA

The 1lift, drag, and pitching-moment data are presented in
figures 2 to 36, and the rolling-moment data, in figures 37 to 39.
An index precedes the figures in which the figures are listed in order
of presentation. The figures are grouped according to Mach number,
and for each Mach number, the data are approximately in the order of
the model buildup, that is, first body alone, then body and wing, and so
forth. Included in the present paper are results of tests of three
configurations with the forward lifting surfaces reversed, and those
configurations are ‘indicated by a subscript R to the wing designation

-5

(see figs. 14, 18, and 34). - In the case of B T,, the reversed

bR R0
wing W2R was located so that the centroid of its plan form was at

about the same longitudinal station as the centroid of the plan form
2R

intersected the body 5.25 inches rearward of the nose of the missile.

of Wl in the configuration Bh W1M5Tl, and the leading edge of W
i

Body-Alone Tests

It was noted in some cases that for repeat tests of body-alone
configurations the pitching-moment coefficients were not in good
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agreement above an angle of attack of 9°. It was suspected that a
slightly misalined body section might be sufficient to alter the flow
about the body, thereby changing the measured characteristics. There-
fore, a solid model of B2 , relatively free of surface irregularities,

1y
was tested (test 52 - run 76). A repeat test of B, using the

ik

"sectional" body was then made after using extreme care in alining

the body sections (test 52 - run T7A). A third test of B, was’
Y

made after intentionally misalining the body section just rearward of
the nose about 0.0005 inch (test 52 - run T7B). The results (see fig. 24)
indicated that the pitching-moment data for the solid model and the
carefully alined "sectional" model are in good agreement throughout
the angle-of-attack range tested. The effect on the pitching-moment
data of misalining the body section was to alter the data at angles of
attack greater than 9° in the direction of that for B2 with transition
it

induced by a transition strip (test 50 - run 25, fig. 24). 1In view of
these results, solid models of B3 and Bh were constructed and

T T
have been tested at a Mach number of 1.93 (see figs. 2, 3, and 4).

These observations indicated that the boundary layer over the
surface of the body was laminar and that transition might be readily
induced by small protuberances as mentioned previously in reference 1.
Larger "protuberances," such as wings, were expected to induce transition;
therefore, tests of BQT, B3T, and BMT were made with transition

induced by transition rings installed in the region where the various
wings were installed. Each ring was composed of fine salt crystals
sparsely distributed in a single layer over a width of about 1/8 inch
and a thickness of about 0.013 inch (1.6 percent diameter). The
results of these tests are indicated in figures 3, 4, 24, and 35 and
are compared with the clean-body tests. In the cases of B3 and BAT,
AL
for which transition was induced at three longitudinal stations, it was
noted that the decrease in Cma at an angle of attack of about 8° was

progressively less as transition was induced farther forward on the
bodies. Progressive increments of drag increase as associated with the
increased length of turbulent boundery layer were also indicated.

Ring-Tail Tests

Another interesting result of the tests that appears significant
was ‘the effeet of the ring tails, T2 and T3, upon the pitching-moment
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characteristics of the complete missile. The ring tail was devised

as a means of placing a portion of the rear surfaces outside of the
trailing vortex sheets produced by the wings without increasing the span
of the tail. As a means of rapidly assessing its possibilities, a

ring with not-too-sharp edges was placed around the tips of Tl and

designated as Top. The tail T3 consisted of a ring supported by
"struts" having about the same geometry as the elevators of T

(see fig. 1). To compare the results of T2 and T3 with Tl the

references of the pitching-moment calculations were moved rearward on

all models utilizing T, and T3 (see fig. 1) so that Cp, at o = 0P

for B2TW145T2 and B2TW145T3 was about the same as for B2Twlu5Tl
(see figs. 30 and 31). As indicated by these data, the use of Ty or
T3 with either in-line or interdigitated missile configuration resulted
in smaller changes in Cp, and consequently smaller changes in center-
of-pressure travel, below a = 12° +than were evident with the use of T1

(compare figs. 30 and 31 and figs. 28 and 32). The large changes in

Cma noted above o = 12° were caused by a loss in tail loading as the

upper portion of the ring passed through the trailing vortex systems
behind the wings.

Rectangular-Tall Tests

Another means by which the characteristic variations in CmOL
were decreased was by use of a rectangular tail T6’ the span of which

was equal to the diagonal of the square formed by the wings; that is,
the tail span was 2 times the wing span (see fig. 1). This tail was
in effect a medium-aspect-ratio tail (aspect ratio of 5) behind a
low-aspect-ratio wing (aspect ratio of 1.32). Here again, throughout
the angle-of-attack range tested, a portion of the tail was believed
to have been outside of the body-wing downwash field, and no large
variations in Cp, were evident for the configurations tested (compare

fig. 15 with £igs. 13.and 7).

Systematic Tests with Varying Wing-Tail-Span Ratios

In order to obtain experimental data to assess and develop means
for calculating wing-body and wing-tail interference, systematic tests
were made of configurations with varying wing-tail-span ratios. The
data from these tests are presented in figures 8, 21, 22, and 23. These
data were from tests of configurations having wings of triangular plan
form in which the wing-tail-span ratios were varied systematically.

The values of wing-tail-span ratio and the corresponding configuration
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designations were 0.618 ( * 79T5> 0.745 (BlL g 5) and 0.872
< I 9 5> with the trailing edge of each wing located at the same
I

longitudinal station (see fig. 1). These data indicated that regardless
of configuration the variations of CmOL with o were small. For the

in-line BWT configurations, as the wing span became smaller, CmOL at
a = 0° Dbecame progressively more negative and the change in Cma with

o, became progressively smaller. For the interdigitated BWT configura-
tions, Cmm at o = 0° also became progressively more negative as the

wing span became smaller, although not so noticably as did the in-line
BWT configurations. Likewise, the changes in C with o were less

my
than for the in-line configurations. For in-line and interdigitated
configurations, as the wing became smaller, the data approached that of
the BT configuration (infinitely small wing).

Other data which are presented in order to assess wing-tail inter-
ference were from tests of B) W5 T5 and By W6 T5 For these tests,

wings of similar plan form and wing-tail-span ratios of 0.618 (BATW59T?>

and 0.69 Bh W69T5> were utilized, each wing at a different longitudinal

T
station (see fig. 1). These data are presented in figures 7, 19, and 20.

Here again the variations of C with o were small. The configura-

My

tion BA (forward wing) resulted in a more negative Cm slope at

T55

a = 0° and less change in CmOL as o 1increased as compared with
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BL.TW6OT5. For the interdigitated cases, Cp = at a = 0° was about the

same for both BWT configurations with the change in Cmu with «

being slightly greatgr for BMTW5h5T5'

Langley Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Field, Va.
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Basic solid and sectional body characteristics,

BZT and BMT.
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Figure 11.- M = 1.93: Effects of roll position on BafwloTﬁ p = 0° 15°,
30°, and 45°.
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Figure 12.- M = 1.93: Effects of roll position on B wl3qu; g = 0°,
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NACA

Figure 15.- M = 1.93: Effects of roll position on BQTWlh5T65 g = 0°
L5

O E
and 45°; also, BhTwlA Tg and BuTwlA T Hat p = 0°.
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Figure 16.- M = 1.93:

Effects of roll position on BhTwl”5Tl; P = 0°,
15°, 22.5°, 30°, ‘anda 45°.
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Figure 17.- M = 1.93: Effects of roll position on BlhI.wlA 51'14
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Figure 18.- M ='1.93: Characteristics of BhTWZRbrol at # = 0%

effect of wing leading-edge shape and thickness distribution on
BhTwhhiTl at ¢ = 0°.
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Figure 19.- M = 1.93: Effects of roll position on B, w51‘51"5 and
T

(o) o (¢]
BhTW5 T5; p = 0" and 45°.
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Figure 20.- M = 1.93: Effects of roll position on BhTw6‘*5'r5 and
O 8 bl o
BhTW6 T5, fii=-0 and 45",
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Figure 21.- M = 1.93: Effects of roll position on B),'TW7A5T5 and
0]
By, W7 Ts; # = 0% and 4s°.
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BuTW9OT5; ¢ = 0° and 45°.

Figure 23.- M = 1.93: Effects of roll position on B W9u5T5 and
T
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Figure 24.- M = 1.62: Basic sectional and solid body characteristics Bar;

effects of transition and misalined body section on BaT; also, basic

sectional body characteristics of er.
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Figure 26.- M = 1.62:

T

increments on BSI‘ at roll angles of

15°57860%, Ang Jie9.
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Figure 27.- M = 1.62: T, and T3 increments on Bal‘ at roll angles
of 0° and 45°.
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Figure 28.- M = 1.62: Effects of roll position on BQTWIOT15 g = 0%
15°,7 22,59 30°;, and 457,
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‘ Figure 29.- M = 1.62: Effects of roll position on BBTW13OT1; = 0°,
15°, 30°, and 45°.
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Figure 30.- M = 1.62: Effects of roll position on B2Twl)+5Tl5 g = 0°,
159, 307, and 45°.
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Figure 31.- M = 1.62




k7

a

Comparison of characteristics of Bp 19T, and

# T8 _.u_m [ ﬂ [ wwlﬂxw; N ﬁu_. ;J_
| B T e 2 i
| ] &4 i I
B
- N
W
o]
, b | s
LSt AR T 2 S C itle i P X
G e oy [A£ 1 | _ e
ERii a6 : , e IR 3
~N R i T ) ot B 3
< 0 ok ) | | | “
W,ODD gva S - % - T T e e e
dnl o8 i I i) 3 4 N
$55 ¥ P
S% S% i T A +
. BEEEREET 1
Eamdy ‘
iR
= ”,IJW.‘|J||"_|;, < 0 0| | , | } : LB Y T Ll A
0 O o O 0 RO I S =gty 2
| ﬁn” Q.\%ob-xm\m&\ms %Q\qu\ox e R AgE =
| . T 7 B T A S L . 0 B B S
ﬁ B R LT R m, i Jo\ SR i SRS B SRR Ho B R a0
B L B s i - S e S i _#.A S T e e e e

BpW19T3 at roll angles of 0° and 45°.

NACA RM L50GOT

Flegure 30, M-=1.62:
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¢ Figure 34.- M = 1.62: Characteristics of BhTw 43
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Figure 36.- M = 2.40: Effects of roll position on BhTWlu5Tl5 ¢ = Oo,

B 15°, 22.5°, 30°, and 45°,
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