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A wind-tunnel investigation of several wingless missile configurations
has been made. Lift, drag, and pitching-moment coefficlients were measured
on & series of models st Msch mmbers of 2.1 to 3.35 and on one model from
1.76 to 5.05. In order to establish a frame of reference with which to
evaluate the performsnce of the wingless missile, results are also presented
for a conventional winged, cruciform missile,

The resulte of this investigation indicate that for the particular
center-of-gravity locations chosen, the maximm trimmed 1ift capabllities
of the wingless configurations tested were, in general, somewhat less than
those of the winged missile. It is shown that a wingless missile using
flared segments of the afterportion of the body to provide both stability
and control can have & lower drag in the trimmed condition than one using
an extendible section of the surface of The nose for control. This lower
drag is achieved wilth some sacrifice in meximum trimmed 1ift capsbility.
A comparison between Newtonian impsct theory and experiment shows that
the experimental values of side-force and yswing-moment coefficients due
to lateral deflection of the tail control agree well with the theory at
angles of attack near zero. However, the experimental rolling-moment
coefficients and the side-~force and yaewing-moment coefficienits at the
higher angles of attack do not agree with the theory. The theoreticasl
values of pitchling-moment coefficient due to deflection of the control
on the conical nose were in fair agreement with the experimentsl results,
wheregs this comparison for the control behind the hemlspherical nose was
poor.

INTRODUCTION

In the short history of guided antiaircraft missiles, airframe design
has proceeded along more or less conventional lines with relstively large
wings providing the forces necessary for msneuvering flight. For the
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airborne missile, the use of large wings results in & rather high drag
assoclated with the stowage of the missile and a corresponding penalty

in the performance of the missile-carrying aircraft. The advantage of a
reduction in the size of the missile wings, from the standpoint of mini-~
mizing this stowage drag, is obvious. Furthermore, if the wings could

be eliminated entirely and folding control and stabllizing surfaces used,
the additional advantage of showing and launching the missile from a tube
would be possible. - Thils arrangément would not only have a relatively low
stowage drag but should also reduce lsunching errors.

It can be seen then that from the standpoint of missile-airplane
compatabllity some atitentlion should be given to missiles having very low
aspect ratlo wings or no wings at all. Experimental investigations of
several cruclform very low aspect ratic wing~fuselsge combinatione have
been made by Katzen and Jorgensen (refs. 1 and 2). Experimental studies
of two wingless missile configurations have been made by Lazzeroni (ref. 3)
and Eggers and Syvertson (ref. 4). The present investigation was intended
to explore other wingless configurations that sppeared feassible from a
study of these data.

The investigation reported herein wag divided into three parts. The
first part deelt with tests at Mach numbers of 2.44 and 3.35 of several
wingless configurations utilizing a control surface located near or on
the nose of the model and varlous types of stabllizing surfaces at the
rear of the body. The second part covered the investigation at a Mach
number of 3.35 of a wingless model using flared segments at the rear of
the body for both stability and control. In this part of the investiga-
tion a systematic variation of the geometry of the flared segments was
made, and the effects of these variations in Zeometry on the stabllity
and the maximum trimmed 1lift and drag were determined. The third phase
of the investigation covered tests made to determine the effects of Mach
number on the stability, drag, and meaximum trimmed 11ft capabilities of
8 model with flared body segments chosen on the basis of results obtained
in the second part of the investigation. This model was tested over a
Mach number range from 1.76 to 5.05. Lift, drag, and pitching-moment
coefficlents were obtained for all models. Side-force, yawing-moment,
and rolling-moment coeffilcients were alsoc obtained for the model in the
third phese of the lnvestigatlion st =z Mach number of 2.00.

SYMEQLS

c stebilizing segment length, percent body length

c.g. center of gravity

drag

Cp drag coefficient,-jag—
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Cp minimum drag coefficlent

CDT drag coefficient at maximm trimmed 1ift

rolling moment
gSd

Cy rolling-moment coefficient,

C;  1ift coefficient, %g—t

CLT maximum trimmed 1lift coefficient

pitching moment
asa

AC, pitching-moment coefficient at a = o°

Cn plitching-moment coefficient,

Cma. pitching-moment-curve slope, per deg

t
Cn yawing-moment coefficient, Yawmgsgomen
Cy  side-force coefficient, _____Sidquor.:e

4 body dismeter, in.
1 body length, in.
M free=stream Mach number

free~stresm dynamic pressure, lb/sq_ in.

R Reynolds number bssed on body length
s maximim cross-sectional area of body, sq in.
o engle of attack of body axis, deg

control deflection, deg
&p initial flare angle of stgbilizing segments, deg

P roll angle, deg

APPARATUS
Wind Tunnels
The portions of the experimental Investigation made st Mach numbers

of 2.4kt and 3.35 were conducted in the Ames 1- by 3-foot supersonic wind
tunnel No. 2 which is an intermittent-operation, nonreturn, varigble-
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Pressure wind tunnel with a msximum Mach number of 3.8. The Mach number
in this tunnel is varied by means of flexible plates forming the top and
bottom of the nozzle section. The tests at Mach numbers of 1.76, 2.0,
and 2.2 were conducted in the Ames 6- by 6-foot supersonic wind tunnel.
This wind tunnel is equipped with an asymmetric nozzle ensbling contimi~
ous variation of Mach number up to a maximm value of 2.3. The stagna-
tion pressure can be regulated to maintain a fixed Reynolds nunber., The
tests at Mach numbers of 3.0, 4.2k, and 5.05 were made in the Ames

10~ by 1lhi~inch hypersonic wind tunnel which is of the continmiocus~flow,
nonreturn type and operates wilith a nominal supply pressure of 6 agtmos~-
pheres. The Mach number in the test section mey be varied from approxi-
mately 2.7 to 6.3 by changing the relative position of the top and bottom
walls of the wind tunnel.

All models were sting mounted and the forces and moments wexre
measured by means of electrical strain-gage balances. For the models
tested in the 1- by 3-foot and 10- by li-inch wind tunnels the balances
measuring the normal and axlel forces were housed in the sting-support
structure and pitching moments were indicated by strain gages mounted on °
the stings. The forces on the sting support were essentially eliminated .
for these balances by shrouds extending to within 0.040 inch of the base °
of the model. In the 6~ by 6-~foot wind tunnel a six~component balance .
housed. inside the model was used.

i

Models -

Sketches of the various models tested are shown in figures 1, 2,
end 3. The models tested in the first phase of the investigation are
shown in figure 1. These five models consisted of a cylindrical body
fitted with either a conicsl or hemispherical nose and one of three sets
of stabilizing surfaces. The over-all fineness ratioc of the body for
each of the models was 16. Models A, B, and D had stabilizers that simu-
lated folding surfaces which would maske it possible to store and launch
the missile from a tube. The stgbllizing surfaces on model A similated
the fins on & current folding-fin aircraft rocket. The stabilizing sur- .
faces on models B and D simulated 90° segments of the body surface flared
20° into the air stream. The length of these segments was 10 percent of
the total body length. The stabilizing surface used on models C and E
was the frustum of a cone having the same flare 'angle and length as the
segments of model B. This stabilizing surface was tested 1n order to __
indicate the -difference in effectiveness of the flared segments and full-
cone stabilizing surfaces. It should be noted that for models A, B,
and D, the stabilizing surfaces were rotated 45° from the pltech plane.
Photographs of models C and D are shown in figure 4.

Tﬁe control méments on models A, B, and C were developed by deflect-
ing & portion of the body surface near the nose into the air stream., The

e
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control surfaces for models D snd E were portions of the surface of the
nose that could be deflected into the sir stream. Deflection angles of
0°, lOO, 20°, and 30°, measured from the fully retracted position, were
tested. '

The model for the second phase of the investigation, model F,
retained the sesme basic configuration as model D, as shown in figure 2.
However, control was accomplished by deflecting the stabilizing segments
from their original f£lare angle. This model was tested with the pitch
Plane coinciding with the plane of symmetry of one set of stabilizing
surfaces. The two surfaces lying in the pitch plane were deflected equsl
amounts for control purposes, that is, one surface was deflected ocutward
as much as the opposite surface was retracted. The effect of a variation
in segment length and initial flsre angle on the stebility and control- &Ff
the configuration was investigated. Thé values used are tgbulated below.

Segment length Initial flare angle,
(percent of body length) deg
10.0 10, 15, 20
18.3 10, 15
26.2 10, 15

Maximum control deflection (measured from the initial flare angle) varied
with the stabilizing surfaces and was equal to the initial flare angle.
Thus for maximum control deflection the angle of onre control, measured
from the body surface, was twice the initisl flare angle while the
opposite control was retracted to the body surface.

A sketch of the model tested in the third phase of the investigation,
model G, 18 shown in figure 3. Since this phase of the investigation was
conducted in both the 6- by 6~foot supersonic and 10- by li-inch hyper-
sonic wind tumnels, two separate models were used. The body diameters of
these two models are noted in figure 3. The plane of symmetry of one set
of stabilizing surfaces coincided with the pitech plane for this model and
control was accomplished in the same manner as for model F. Control
deflections of 00, 6°, 12°, and 17° measured from the initial Fflare angle
were tested. ’

It should be noted thet, with one exception, solid blocks of wood or
metal, simulating bellows-deflected controls, were used for the controls
involving deflected portions of the body surface. The exception was the
nose control used on models D and E. This control was built of a l/lS—inch
sheet of Duralumin supported by a l/h—inch-thick wedge of Duralumin extend-
ing 86 percent of the length of the control. The surface of the control
was contoured so that when fully retracted it formed a portion of the sur-
face of the conical nose. A reasr view of this control is shown in the
inset in figure 4(b).

O
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In order to evaluate the performasnce of the winglese misslles,

TESTS AND PROCEDURE

results are also presented for a conventional winged, cruciform missile.
The geometrical characteristics of this misslle are given in figure 5.

The ranges of the variables for the varicus models sre tabulated

_ below.
Models A through E
M 2. 44 3.35
o) -8° to 24° -8° o 24°
8 0° to 30° 0° to 30°
R 12.7x10% 13.4x10°®
(1~ by 3-foot supersonic wind tunnel)
Model F
M 3.35
3 -39 {0 24°
3] Varied wilith control surface
R 13.4x108
(1- by 3-foot supersonic wind tunnel)
Model G
M=1.7T6 M=2.0 M=2.2 M=23.0 | M=4.2h | M=5,05
-6° to 24°|-6° to 24°[-6° to 24°{-3° to 17°|-3° to 17°]-3° to 17°
0° to 17°| 0° to 17°| 0° to 17°! 0° to 17°] 0° to 17°| 0° to 17°
gx108 gx108 ox10® 11.8<10°% | 10.4x10% | 5.0x10°
(6~ by 6-foot wind tunnel) (10- by ib-inch wind tunnel)

The pressures actlng on the base of the bodies were measured during

the tests and were used in correcting the drag data to values that would

have been measured had free-stream static pressure been acting on the - .
cross~sectional ares of the body. Thus the drag coefficlents include the
effects of base pressure cnly on the rear face of the stabilizing surfaces.

Lo ]
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As can be seen from the information tabulsted above, the Reynolds
number for the tests of model G at a Mach number of 5.05 was sbout half
of that for the remainder of the investigation. Previous tests of slender
bodies in the 10- by lli~inch wind tunnel (where the present tests were
conducted) have indicated that a boundary-layer trip was necessary to
prevent leminar separation of the flow over the rear portion of the body
in this Mach number and Reynolds number rsnge. For this reason a boundary-
layer trip was installed on the nose of the model. The dsta presented for
model G at Mach mumbers of 3.0, 4.24, and 5.05 were obtained with the
boundery-~layer trip in place. For comparison purposes several runs were
mede at these Mach numbers with the trip removed. The increasse in axisl-
force coefficient due to the presence of the boundary-~layer trip averaged
gbout 0.05 and was relatively independent of angle of attack.

The stability end trim characterlstics of an aircraft configuration
are dependent to a considerable degree on the assumed location of the.
center of gravity. For an evaluation of several configurations, it is
therefore necessary to estsblish some criterion for the selection of the
center-~of-gravity locations n order that the resulis be compargble.
Because of the nonlinear nature of the pitching-moment curves, there is
a considerable chahge in the stability of the models through the range
of trim 1ift coefficients. Thus 1t was not possible to select a center-
of-gravity location for a glven model which would result in a specified
stability for all values of trim 1ift coefficilent. Instead, the criterion
used to select the center~of-gravity location required that through the
range of trim 1lift coefficients, the static stability of the models, Cn ,
be equal to or gréatef‘fﬁﬁﬁfﬁfgpecified minimm velue. In order to
find the center~of-gravity position that satisfiled this requilrement, the
date were cross-plotted to find the trim 1ift coefficients_al which
minimm stability oceurred for a series of cemter-of-gravity positions.
The value of Gma’ was then determined at each @f these points and plotted
as g function of center-of-gravity position. From this plot the center
of gravity was selected to give a minimwm value of Cp, of -0.10. For
models A through E two such locations were determined, one for each Mach
number tested. The more forward of the two positione was selected as the
center-of-gravity position to be used 1In the moment calculations.

The gbove procedure wes also followed in selecting the center-of-
gravity locations for each of the models tested under the designation
model F. However, the interpolation necessary to find the trim 1ift
coefficlients for minimm stebility for these models was not as accurste
as that for models A through E, since only two control deflections were
investigated for model F. The manner in which these inaccuracies in the
interpolation effect the dats are mentioned in the following section.

The choice of the center-of~gravity location for model G is also dlscussed
in the following section.

The center of gravity for the winged missile used for comparison
purposes was selected such that this missile also had a minimum value of
Cmm of =-0.10; it was located 53.5 percent of the body length from the nose,

CONERREN -
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PRECISION OF DATA

In a static force test such as the present investigation, the velues
often used for the accuracy of the data are those obtsined from the least
readings of the instruments used in the investigation. BSince the scatter
In repested measurements exceeds these values, it was felt that this
information is not worth presenting. Instead, any repeat points that
were obtained have been included in the tabulated resulte. The reader
can estimate the accuracy of the dats from the scatter in these wvalues.

RESULTS AND DISCUSSION

In the following discussion only a portion of the test results -
will be considered in detail. These data are presented In figures 6
through 18, The results of the entire investigation are tabulated in
tables I through IX.

Missiles Having Nose Controls

The results of the first phase of the investigation are shown in
figures 6 through 10. Angle of sttack, drag, and pitching-moment coeffi-
clents are plotted versus 1ift coefficlent for models A through E. The
nonlinesr character of the 1ift and pitching-moment curves for all models
is lmrediately spparent. This phencmenon in the 1ift curves is primarily
due to viscous c¢rossflow foreces. The pltching-moment curves, however,
show a higher degree of nonlinearity then 1s present 1n the 1ift curves.
This is due primarily to the relatively large movement of the center of
pressure with angle of atback that is characteristic of slender bodies.,
By subtracting the tabulated values of tail-off piltching moments fram
the tail~on values, it can be shown that the moment contributions of the
stabllizing surfaces of models B and C are slightly nonlinesr. However,
the nonlinearitles arising fram this source are small compared to those
caused by the center-~of-pressure movement on the body alone.

The effectiveness of the three sets of stabllizing surfaces can be
seen in figures 6 through 8. A measure of the effectiveness of the sta~
bilizing surfaces is the locatlion of the center of gravity necessary to
glve the model adequate stability under the conditions specified in a
previous section. Under these conditions the more effective the stabi-
lizing surfaces, the farther aft will be the center of gravity. Tebulat-
ing the center-of~gravity locatlons we have:

CoMBEaRNET
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Center-of-gravity
Model Jocation
A 0.4921
B 4101
c 5021

It can be seen that the stebilizer effectiveness was greatest for the
conical flare of model C and least for the segmented flare of model B.

A measure of the effectiveness of the two control surfaces tested
igs shown in figure 11. Here the pitching-moment coefficient at o = Q°
has been plotted as a function of control deflection. In order to elimi-
nate the effect of moment center location on the pitching-moment contribu-
tions of the two controls, the moment center for these data was arbitrarily
set at 50.0 percent of the body length from the nose. The dats presented
In this figure were taken from tests of the hemispherical- and conical-
nosed models with conical-flare stabllizing surfaces, Ideslly, control
effectiveness should be obtained from tail-off data, since the presence
of various stebilizing surfaces in the flow behind the control will sffect
the results in verylng degrees. Bowever, only the hemispherical-nosed
model was tested with the tail-off; hence, tail-off comparisons cannot bhe
mede. In order to give some idea of the effect of the conical stabilizer
on the control effectiveness, the data for the hemispherical -nosed model,
tall-off, are shown in the figure. Also presented are the theoretical
values for the pitching-moment coefficient calculated using Newbonian
impact theory (ref. 5).

The theoretical results show that, despite its smsller surface aresa
and moment arm, the control on the conical=-nosed body is more effective
than that on the hemispherical-nosed body for deflections up to sbout 20°.
The theory predicts that the force on both controls varies as the sine
squared of the angle to the air streem., As a result, the initial angle
of the conical nose control leads to a higher effectiveness for this con-
trol than for the hemispherical nose control at the lower deflections.

As deflection incresses, however, the advantage of the canical nose con~-
trol is overcome by a greater reduction in the moment arm of the force
for this control than that for the bhemispherical nose control. Thus the
theory indicates & higher effectiveness for the hemisphericsl nose control
gt the higher deflections.

The experimental results show falr agreement with theory for the
nose control. The results for the hemispherical nose control are, in
general, appreclsgbly below the theoretical values. This discrepancy is
due primsrily to the effect of pressure losses through the strong shock
wave ghead of the hemispherical nose., Comparison of the tsil-on and
tail-off results for the hemispherical nose control indlcates that the
conical flere stabilizer has little effect on the control moments.

w
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One of the most important guasntities in the evaluation of the -
performance of a missile 1s the meximmm trimmed 1ift that can be developed.
A plot of this quantity as a function of Mach number is shown in figure 12
for the five configurations tested here. Values for a variable-incidence, -
cruciform-winged missile are alsc shown for comparison purposes. 'The data
for this missile were cbtained from wind-tunnel and flight-test results
given in references 6 snd T. The results for the winged missile represent
the normal and latersl trimmed 1ift coefficients determined by control
deflections of 170 and l3°, respectively. The control deflections were
limited to these values by mechanical interference between wing panels.
The maximum control deflection for the wingless missile was arbitrarily
set at 30° from the fully retracted position.

It can be seen that the trimmed 1ifts for the wingless missiles are
appreclably lower than those for the winged missile, although the trend
of the latter 1s toward lower velues at the higher Mach numbers. The
pronounced change in trimmed 1ift capsbility with Mach number for models A
and C can be attributed in large part to the change in effectlveness of
the stebilizing surfaces with Mach mumber. By subtracting the tail-off
data from the teil-on results, it can be shown that the moment contribu~
tion of the simulated folding fins of model A decreases markedly with an
increase in Mach nunmber, whereas that for the conical flare of model C
increases somewhat. The moment contribution of the flared segments of
model B remained essentlally constant for the two Mach numbers tested.
These changes in stablllty are, of course, reflected in the maximmm
trimmed 1ift attalned by the models. It should be noted that the
hem!spherical-nosed body with tail off showed an increase in stability
with increasing Mach number which added to the effect of the increased
stability of the conical flare on the trimmed 1ift coefficlent for model C.
Since tail-off data were not obtained for the conical-nosed models, the
effects of Mach number on the separate cantributions of the body and
stabilizing surfaces are not known. However, it can be seen that Mach
number had a smaller effect on trimmed 1ift for these models than for
those with the hemispherical nose.

The question arises as to the importance of the reduced trirmed 1ift
capabilities and the nonlinearities in 1ift and pitching moment on the
performance of the missile. The significance of these factors on the
tracking performance of the missile was investigated in a simulsetion
study of & tracking problem utilizing the missile as a beam rider.

Model D was used for the study with a slightly different center-of-gravity
position. The results of this investigation are presented in reference 8.
To summarize briefly here: The problem studied was that of tracking a
maneuvering target wlth redar glint nolse present. Time histories of the
motion of the missile were obtained aiong with a root mean square value of
the radisl miss distence., In order to establish a frame of reference with
vwhich to evaluate the performence of the wingless configuration, results
were glso presented for a conventional winged, ecruciform miselle. The
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results of the simulstion study showed that the tracking capebilities of
the wingless missile st Mach numbers of 2.4t4 and 3.35 compared favorsbly
with those of the cruciform missile at a Mach number of 1.5.

In figure 13, the drag at zero 1ift and at maximum trimmed 1ift is
plotted as a function of Mach number for the misslles tested in the first
phase of the investigation. It should be noted agaein that the drag values
are those that would have been measured if free-stream static pressure had
been acting on the body cross-sectionsl area at the base. Since the pres-
sures in the region of the base during f£light, both powered and gliding,
mey be considerably different than free-stream static pressure, the drag
coefficients presented here could be considerebly different than flight
values. However, the comparisons that follow are felt to be valid since
the same method of correcting the base drag was used for all models. The
relatively high drag of the wingless missiles at zero 1ift shown in fig-
ure l3(a) is due to the blunt nose shape and/or blunt stebllizing sur-
faces used. In the trimmed condition (fig. 13(b)), the drag of the
wingless missiles is comparsble to that of the winged misslle. For both
types of missiles a sizable portion of the drag in the trimmed condition
is due to the deflection of the control surfaces. One method of reducing
the control drag for the wingless missiles would be to eliminate the nose
control and use the flsred segments of models B and D for both stebiliza-
tion and control in a manner similar to that suggested by Eggers and
Syvertson in reference 4. 1In this arrangement the flared segments would
be deflected from their initial flare angle to produce the control moments
on the alrfreme. The advantage of such an arrangement lies in the fact
that the deflected tail control is at a lower angle to the air stream in
the trimmed condition than is the deflected nose control. Thus the drag
in the trimmed condition would be apprecisbly lower for the missile with
the tail control than for the missile with the nose control at the same
trim 1ift.

Missiles Having Tail Cantrols

As a result of the sbove considerstions, a study of the serodynamic
characteristics of the tall control arrangement was undertaken. The
second phase of the investigation covered tests of & model using tail
control; the effects of the geometry of the control on the meximum trimmed
1ift, drag, and stgbility of the model were studled. The model (model F),
as previously described, was similar to model D with the exceptlion that
the flared segments were used both for stability and control and the seg-
ment length and initisl flare angle were varied during the investigation.
The tests were made only for the zero and maximum-control-deflection
conditions since it was felt that intermediste control deflection data
were not essential in the initisl evaluation. It may be worth while to
mention here again that the upper and lower controls were moved equal
amounts to produce a control moment, the upper beilng extended while the
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lower was retracted. Thus the maximum deflection for each set of flared
segments tested was limited to the angle at which the lower control was
Tlugh with the body surface, that 1s, the initlal flare angle. The
investigation was made at M = 3.35 only. The datas from these tests
were tabulated in table VII.

In order to allow rapid evaluation of the effects of segment length
and initial flare angle on the aerodynsmic characteristics of the missile,
a summary plot of several aerodynamic parameters is given in figure 14,
Figure 14(a) shows the effect of varistion in ¢ and & on the maximum
trimmed 11ft coefficient and the corresponding drag coeffiliclent while
figure 14(b) shows the effect of these quantities on the center-of-gravity
location for a given minimum stabllity as specifled in the previous sec-
tion. It should be noted that in order to draw the curves of figure 14
from the wind~tunnel data, it was first necessary to plot the parameter
involved as a function of ¢ with ®&fy constant., From these curves,
the values of c¢ and 8¢ were picked off and plotted in figure 1%, Since
a limited number of combinations of c and Bp were tested, a considerable
amount of interpolation was necessary to draw the curves of figure 14 with
a resulting compromise in the accuracy of the results. It 1s felt, how-
ever, that these curves are still useful in indicating the effect of the
geometry of the configuration on the aerodynemic characteristics of the
model.

Examination of figure 14(a) shows that the lines of constant trim
1ift and trim drag are nearly parallel over a considerable range of
values of ¢ and &p. In other words the trim lift-drag ratio is nearly
constant for this range of c¢ and &p. It can also be seen that the trim
lift-drag ratio is nearly constent regardless of the trim 1lift. Thus,
various combinations of c¢ and ¢ wWill give a specified meximum trim
1ift coefficient and for these the trim lift-drag ratio will be approxi=
mately the same.

In order to determine the Mach number range over which the curves of
figure 14 might be valid, a configuration was selected for tests at Mach
numbers from 1.76 to 5.05. Since it was found that there 1s a fairly wide
range of values of ¢ and 8p for which the trim lift-drag ratio is nearly
constant, the choice of the configurstion for tests in this Mach number
range was somewhat arbitrary. A segment length of 13.1 percent of the
body length and an initisel flare angle of 17° was selected and this model
was designated model G. The center-of-gravity location for the model was
determined from figure 14(b) and was placed 58.5 percent of the body
length from the nose. The third phase of the lnvestigation covered tests
of this model over a Mach number range from 1.76 to 5.05.

The longitudinal cheracteristics of model G are shown in figure 15.
It is immediately spparent that the center of gravity specified by fig-
ure 14(b) does not give the required minimm stebility. One possible
explanation of this discrepancy was poilnted out in the previous section
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where the inaccuracies in determining the trim point for minimum stsebility
of model F were mentioned. Since data were cbtalned for only the zero and
maximum control deflections, linear interpolation was used to determine
the trim point for minimum stability. When thils procedure was followed
for model G, the data obtained at the Intermediate control deflections
showed that the linear interpolastion carried out for the data of model F
was not a good epproximation. Thus it is not surprising that figure 1k(b)
does not accurately predict the center-of-gravity location for the speci-
fied minimm stability. However, it is felt that figure 14(b) is useful
in indicating the effect of the geometry of the flared segments on the
relative stability of this configuration. If the center of gravity is
moved forward to a point 49.0 percent of the body length from the nose,
the minimm value of at M = 3,00 will be =~0.10. With this center-
of-gravity location the ble trim points seen in figure 15 at the lower
Mach numbers dissppear and the nonlinesrities in the pitching-moment
curves are reduced somewhat due to the increased stgbility.

In figures 16 and 17 the trim 1ift capabllities and drag charscteris-
tics, respectively, are plotted as a function of Mach number for the
center of gravity located 58.5 percent of the body length fraom the nose.
Reference to figure 14(a) shows that, for the proper conmbination of c and
8r, the values of trim 1ift and drag predicted by that figure agree fairly
well with those measured on model G for Mach numbers from about 3 to 5.
However, below a Mach number of 3.0 both the trim 1ift and trim drag
increase considerably primarily because of the decrease in stability of
the model. With the center of gravity in this position the trim 1ift and
drag are comparable to those of the winged missile.

Also shown in the two figures are the maximum trimmed 1ift end drag
for the wingless missile when the center of gravity is moved forward to
0.4901 to achieve the specified stebility. It is seen that this move-
ment in center-of-gravity locatlion reduces both the meximmm trimmed 1ift
and drag by a factor of spproximately 2 for Mach numbers from 3.00 to 5.05
and by an even grester emount in the lower Mach number range. Upon com-
parison of the results at this center-of-gravity location with those of
model D, 1t can be seen that although the trim 1ift for the tail control
model is somewhat lower than that for the nose control model, the trim
drag is apprecilably lower. Thus, control drag has been reduced by use
of the tail control with some sacrifice in maximm trimmed 1ift capsbility.

In addition to the usual longitudinal data, some information was
obtained with model G at various roll angles. These data are tabulated
in table IX.

Earlier in this section a comparison between Newtonian impact theory
snd experiment was made for the nose control. It is also of interest to
make this comparison for the tail control. With this in mind, a portion
of the lateral dats obtained on model G is presented in figure 18. The
lateral coefficients Cy, Cn, and C; were selected for this camparison

SoMRERENRN
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with theory since the body makes no direct contribution to these coeffi-
cients at zero sideslip. Thus these data show the effect of the control
surfaces alone and the theoretical results can be compared directly with
the experimental values.

Shown in figure 18 are plots of the latersl coefficients as a func-
tlon of angle of attack for the model with msximum control deflection at
several roll angles., -Also shown in the figure are theoretical values for
the coefficients based on lmpact theory. Agreement between theory and
experimental values of side-force coefficient is very good near a = 0°,
The side-force coefficient also shows fair agreement for ¢ = 90O up to
@ =.21° where there is s relatively sbrupt change in slope for the experi-
mental values. The reason for the change in slope is not fully understood
at the present time but could be due to the effect of the vortices shed
from the nose at high angles of attack on the flow around the control aur-
faces. At o = 45°, the mmgnitude of Cy decreages much more rapldly
with incressing angle of attack than is indicated by the theory. A
possible explanation for this discrepency will be mentioned shortly.

The values of yawing~moment coefficient plotted in figure 18 show
that the theory slightly underestimstes the magnitude of Cp near o = 0°.
As would be expected, the variation of Cpn with angle of attack is
approximately that shown by Cy and the deviation from the theoretical
curve is comparable to that mentioned above. The values of rolling-moment
coefficient predicted by the theory are considersbly below the experi-
mental results., This discrepancy is probably due, in large part, to the
assumption in the theory that the pressure coefficient on lee surfaces is
zerc. The rolling moments are, of course, developed by loads on the flat
side surfaces of the controls. The pressure coefficient on the lee sides
of these surfaces ls probably something less than zero glving rise to
larger rolling moments than predlcted by the theory. This could also
account for the lack of agreement between theory and experiment for the
side-force coefficients at ¢ = 450. A pressure coefficient less than
zero on the lee surface of the deflected control would result in a lower
slde-~force coefficlent than that predicted by Newtonian theory. Such an
explanation is at least comsilstent with the results in figure 18.

It is apparent that the agreement between theory and experiment is
better for the tail control than for the nose controls. One reason for
this has been pointed out previously, that is, the effect of nose shape
on the dynamic pressure in the region of the nose controls. Ancther
factor which could contribute to the differences between theory and
experiment for the two types of controls is the fact that the flow behind
the nose control can have some Influence on the forces and moments through
loads developed on the body. This is not true, however, of the tail
control.

conlilN:
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CONCIL.USIONS

An experimental investigation of several wingless missile configu-
rations has been msde. In order to establish a frame of reference with
which To evaluate the performance of these configurations, results are
also presented for g conventional winged, cruciform missile. The follow-
ing conclusions can be drawn from the results of the investigation:

1. With the center-of-grsvity location chosen such thet the minimum
value of the pltching-moment-curve slope at trim was -0.10, the maxlimm
trimmed 1ift coefficients for the wingless configurations were, in general,
somewhat lower than those for the winged missile.

2. The drag of models using the nose control was somewhat higher
than that for the winged missile for both the zero and maximum trimmed
1ift conditions,

3. The use of flared segments of the body surface as both stabiliz-
ing and control surfaces improves the trim l1ift-drag ratio over the models
using nose contrcl, with some sgcrifice in maximum trimmed 11ft capability.

k, Newtonlan impact theory predicts the side-force and yawing-moment
coefficients due to latersl deflection of the tail control with reasonsble
accuracy at angles of attack near zero., The rolling-moment coefficlents.
and side-force and yawing-moment coefflecients at the higher sngles of
attack are not in good agreement with the theory. The theoretical values
of pitching-moment coefficient due to deflection of the control on the
conical nose were in fair agreement with the experimental results, whereas
this comparison for the control behind the hemispherical nose was poor.

Ames Aeronautical ILsboratory
National Advisory Committee for Aeronsutics
Moffett Field, Calif., Oct. 22, 1957
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TABLE VII,~ EXPERIMENTAL FESULTS FOR MODEL F - M = 3.35
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(a) c = 0.1002; 8¢ = 10°; C.G. at 0.4121 (e) c = 0.1831; B¢ = 15°; C.0. at 0.6261
0 {-3.5 -0.222 0.216 -.gl'z 10 -g; -0.56 o.g gg o) zg -0, o.lég -.g 15 :g.t -;_.:._2 o.gg ;g
o - 4 B G4 e Il B 2| T we| Iie o| “Bs| 8| ta7
.2 JOL] 281 -.k2 =1 -.89] 22| 2.b 1 .02 ﬁ N, 0] .90 .8k Lo
=1l) ~01f .23 -. -0 =& .16 a.lJ’: 1 00] . -7 L] -9 .80] k.50
2.9 22| .25 -.? 2.8] ~.06] .18 2.07 3.2 A3 Jk6 ~a97 3.0 =M .66 3.79
2.9 W21 JIG | =lhT 2.8 ~.o%| k| 1.97 3.2 A5 b6} 1,02 3.1} -4 72| 3.75
9.2| 1. B33 -1.79 9.3{ .821 .30} .70 9.6} 1.69¢ .18 -1.78 9.5t Bl B 3.2
5.8 2, 1.20 | =6.k49 15.8] 2.59] .95| -3.7% 6.4 3.78 1.73 -2.53 15.9] 2.99]1.35| 1.93
22,6 | 4.61§2.52-13.2% 22,81 k.33]2.17(-10.16 22.8) 5.97(3.3h | -3.80 22.7| 5.37]2.62) .57
(b) ¢ = 0.1001; Bp = 1577 C.G. &t 0.47T2 £) o = 0.2621; By = 10°; C.G. at 0.6251
0]-3.3] -. 26 . 534 ~79¢ 52] hom|| of-8.0)-1.684] 67| -0k 10)-5.7]-1.89] .5 3.5
-gg -.ﬁ .3k 859 ~3.3| «.8L7 .50( 4,38 5.9 <1.02]| 57| -.30 A -3 B 2.5
=3]| =01 .2%] -.23 -2| =51 35 4,00 =2.7| ~%3[ 46 e A -68] .62 2.;2
.0 00| .33f -.3b -1] =31 k2| k.2 2| -.00] 48] -.39 3.3| -.22] .56] 2.
-0} =.00] 25| -, -1 -.52 A2 ka1 W2 J02] L[ -e53 6.5 L2l 650 1.27
2.8 25| .e6 -.2 2.8] -. 35 3.6h 3.3 S0P ohh | -1.,00 9.71 1.17} .8L| 1.2
2.9 . 31| -6 2.9 ~.2k] . 3.53 6ob | 1.0k .6k] -1.23 12.9 | 2.27(1.06{ 1.18
9.3 1.3 501 ~1.58 9.3 .TL iﬁ 2.89 9.6 1.96| .8e| -1.70 16.2| 3.h6]|1.62 +»8%
15.9] 2.94[ 1.26 -5.% 1.9 245 1.06] -1.10 12.8 E.m 1.23 | -2,10 19.4| b.63(2.15 -.09
22,8 4.87] 2.70 |-10. 22.8| k3| e.23] -6.0T Jigdé S.g ;.gg :gg
22,6| 6.90] 3.T0| -3.
(c) ¢ = 0.1001; 8 = 20% C.0. at 05491 (g) ¢ = 0.2621; 6 = 15 = C.G. at 0.679%
o (-8.0 -1.36 % .% 20 -3.§ -.96 .95 ggﬁ 4] -3.3 -.ZE l.gg -'?} 13 ;g -1:2,; J..;;r ;523
3:-91 -:ag 6 :zr. é.l -8 .'gi k:as 2:7 '63 157 -1.31 2.9| -.52{1.08] 3.2%
3) -~} .7 -o24 ~1] ~,70] .18] 4.50 9.4 | 2.26 (1,25 | -2.21 9.2| :o09j1.03] 2.1
3 -~ J57] -.24 -0 -.70 .79] k.8 15. 3.8%11.80) 1.57
.3 -% .63 -.:.217 g.g -.g; .;(g :Eg 15 -gg -Jl.gg ia% g._sfg 23, 6.6 | 3.22] 1.15
3:2 '31 Isg -:63 3:0 -:3 :69 u:hj - =1.25{1.23 4.5
6.5 TT| 71| -e91 9.3 6 731 3.54
9.7 1.45{ .89 -1.07 16.0{ 2.57] .27 1.36
13.0] 2.32] 1.22] -1.5% 22,8 | k.81[2.36| “L.6k
16.3 a.ae 1.72] -2.65
19.6 26| 2.1 | -ho05
22.9| 5.26} 3.29} -5.63
(a) ¢ = 0.1832; 3, = 10% C.0. &t 0,528 (b) Body alone; C.G. at 0.5261
«3. - - -3. - . . o{-3.5| ~-.1 . - o] 2.9 AT .08 .39
il et = o M el 8 B e B | B 3 e B Bl 60| 'wh| ) va
-.5 2| .23] -.3%0 =1 =49 . 2.913 -2{ -.02{ .03 -.20 .4 96 [ .83 J..ﬁ;
~.2]| =-.00] .16} -.37 -1| -.bg % 2.92 -1] =00 .08 -.27 12,6 | .72 .k9] 1.k5
-2 =.00| .18]| -.3k 1] - . 2.88 =1| =02 .03 -.19 16.1 | 2.5 .86] 1.h7
2.8 31 .22 -.73 2.8 -1k 23 2.23 2.7 .16] .06 .3 19.5 E'” 1.37} 1.09
2.9 30 16 -.69 2.9 -3 .26 2.2 22.9 1T | 2.05 62
9.3{ 1.33| .k |-1.70 9.3 .90{ .%3| l.eu
16.0] 3.16] 1.30] -k.22 15,1 | 2.81 ] 1.06 ] -1.h9
23.0{( 5.12| 2.77§ ~7.80 22.9} *.88|2.30| -4.88
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SKBLE VITI.- EXPERTMERTAL RESULTS FOR MODEL G; C.G. AT 0.585t
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TABLE VIIT,.- EXPERIMENTAL RESULTS FOR MODEL G; C.G. AT 0.5851 -
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TABIE IX.- EXPERIMENTAL HESULTS POH MODEL G AT SEVESAL ROLL AMILES - K = 2.00; C.G. AT 038R

Slale[a]ala]a g a[a]=]a[c]alg[w[o]=ja[% [
(w)@=0° B=c” (b) ¢ =22.5°, 8=0° (cle =87 s=°
6.2 |-0.7 [0.60| 1.23| 0.| o.07} -20| 6.1|-0.66]{0.71 | 1.23{-0.0Lf-0.02] -.13| 6.3 |~0.70]| 0. -1.20 | 0.00 |-0.0k | .02
3.1 | -0 § .56 9T . .of| -a19| ~6.2] -.66| .3} 1.23| -.00] =-.0L| =13] -3-1{ =35 E .g :.g :.gi .g
“Ll] =15 | .55 >8] .| 06| -9 -3.1) -.33| 66 96| .00 -.oL| -.0 -:..i. -.09 g2 bl B4 B o
o -.00 | .55 2| .ol .| -ag| -L1] -1} .6 &| -.00{ -.aL{ -.0k . .07 £ o % .03 3
-9 JA3 | 56 «Ok 0l J05] -8} -1.1]| -17§ .60 JGa) -.00| -.c2| -.00 1.1 <17 -4 -'ﬁ -'oo :.g e
2.8 Al .58 -9 oL 5] -a8 1| 00| 39 .g_ -.00| =.0L a.ok 2.9 .eag -67 _;:19 :.oo o o'
581 .87)| .66} -l.07| .00| .03| -a25 4] a5 .= —a -0 | -.02 5.9 @l - ddg| -oof —c2] 9
8.9] 1.2 | .78] 1.8 .oL 8| -.09 .9 Jas| .58 o8 -] -] © 9.0 | 1. .9 o - - a
1n8| 2.0/ .91 10| .| .| -.05] 29| .B] 60| -- -00| -.0h| 0T “11.8'5 :.05 l:§ =115 -al - o
k.9 | 2.97 [1.31 ~e32 QL 05| -a3 5.9 L2 .68 =9T| - -’ok «16 *.92 Lgl :.g; -.oo % @
17.8 | ».00 |1.80] -.06) .| .15] -.39| 8.9| 1.35| W | -3} -.03] ~. .22 :L'r.z ;'05 3 " el Il B
20.9 | 5.10 [2.kk | ~.2h | 28| -7 8} 210|100} 209! -.03| -.06| .25{ 19. ST ER2.13F -39 - ® :19
£3.9| 6.3 [3.33] -122| @] -.25| .22 i;g gg’{. i'.aa -ﬁ -.g -.]og :J.ﬂo 20.2 ;ag 225.1. _;g; e+ e B
21.0{ 5.12|2. 5] -8} -11| -0 23.9] 651 |3.A3) A ]| ~@ ] -.10| 1.6
20.9| 5.31|2.07| -28| -3 -0} -1
23.9| 6.%2 [3.33 | .29 -.03| -.09| 6%
(4) @ = 67.5°, 8= ° (o) @ = °, B=17° (£) 9 = 3%, 3 =170
31 -6x | 86| 1.0 -.01] -.od| .o €a|2m {122 680 .00 -03( -.02] -6.L(-1.36|L.e2 | .of| -.50]| 3.03
:g.z -.37 | -T3 93| -] .0k 03} -3.0]-1.21| .99| 6.27 .00 03| 08| -3.1] =97 1.3 g.& 2| -5 3.36
1.1 =13} .69 :23 ~0L| -0k| 02| -1.1] -.97] 90| 5.8 | .00 gi -0k N A ) I - | ~57| 39
=1| -2} .66 -0L{ =-.03 «03 o] -85 .85 553 -00 . =0T -57| 89 3! -.03| -.58] 3.53
8] a3} .65f -.03{ -.o| -.03| .02| Lo -.To} -B1| 5.18 .00) .ok| -.07 B - 85| 3. -.03 -.?; 3,55
29| b2} 6] -] -] -2 -] 2.9] -W5| 77| kTR| .00| .08 -OT} 29| -20{ .79 342 -.olz - 3.43
3.9| .8k R -1 00| 1| -09| 35.9| -.a3| 75| %8| .c0| .| -0k] 5.9| 26| .T9| 2.86] -. "ﬁ 3.20
8.9 1.:2 | . =1a .00 00| =e23 8.9 « .9 3.87 .00 O] -12| 8.9 . o1 2.2 - -'ko z,g,
2.0 | 2.12 |1.06 | %15 .00 08| =18| 1.8 1.29| .96 T9 00 gg il lﬁ.g 1.h7| B} 2| - —'315 2.
15.0f 2.92 1.38 | =] -.00 -.cL] -«22| 15.8| 2.17|Ll.22 33f 00| . s -.:'l‘.z -2 2.29 i.:.a 3,36 | --33 - 2.
7.8 i? 1.8 | =2k | ~00] .02| -e13| 178} 3.28 |1.62| M2 R[] J2N| - 17. 3.37 gI 70| - 2 = 1.68
19.3 AT (2,13 ~a22 — . =09 | 19.3 E 1.85 k2T .03 ji ~ik | 15.3 izg 1. 3,70 = A1) 1.8
21.0 .13 (2.5 =55 .00 .08 o 20.9 AT {2.18 3.96 .03 -.30 | 20.9 o 211 3,86 -.w - 1.98
22.6 | 5.81 |2.97| -2.00 | ~.00| .03| 78] 22.5] 3.11|2.33 3.g | .;3 2.5]5 252 2.40f = -22| 1,18
2k.0| 6.58 [3.%2| -2.73 ] -.00| ~.03| L. | 23.9| 387 |2.2 | 2. -00]| 2| -.28} 2%.1| 5 29| 3.12f -] -.22] 1.:3
(g) @ = 5%, 8=17° (o} @ = 135°, 5= 17° (1) @ = 180°, &= 17°
6.2 | -.62 Jrao]| 2.0z | .av| -.86) S.2% | 6.3 -8 Bk ] L arf -] 3.39] 62| .| 8| -3.68] .00] -3 -1
-3.0| -.58 | .97| 1.88} .or| -.8%]| 516 -3.2| .p0| B8] B} . - 3. 3.1 SR -g -_ig =00 | =. .11.13
=11 | =20} .90 | .o «83] 513| 11| 50| o] -3.22| .00 -6 3.68] -L.1] .T3 ] g o4
o -.05 | .89 J2 | —a| -83| 5.2 2] 93] ~3AT| | - 3.66 JE T - - -5.3". ol B .Jlg
90 02| -0k =83 5.1 SF BB -3 - | -%| 3.6 9 :..S (9,3 -5 -0 _.3 3
Hol | -6 | -11| - 5,16 | 2.9 1.03 [1.0 | -h.KE 0T | =55 | 3.2 0 1.51’ 1. ~5.98 aw o 8
5.9| .88 {1.00]| 1T | ~22| —B6| 5.25 ] 3.9| L.51|L.1T | 3. -.13 -.ﬁ) .g 12..1 1..1& -6.39 -0t o 28
8.8 | 1.5 (111 ) 2.5 -.H -.88 | 5,36 8.9| 2.08 j1.36 | ~6.03 | =19 | -. 2.83 ﬁ 2 T La —6." oo _.cs .m
1.8 | 2.16 [1.32) -2,23 | -- =87 | 5.37| 1.9 2'61?. 1.62 | -5, -25 | -.39 z.zz n.s .53 2. g .oo - '16
1.8 ﬁ.w 1.56 .1.33 =53] -861| =, 1k.9 i 2.02 | =5. -'ﬁ =35 | 2 .9 i. 2 =5, -® ga -8
17.8 WAL 2.k | 2k | -2 | -8 5, :r.'r.z B.6L | -%.78{ - -.32 { 1.687] 17.9 :.gk -5.2T % :'oh- =
19.3 | %61 |2.83 | am2 | === | -T3} %.26 | 19.% | 5.21 2. =6.08 | ~A% -.g 1.3 » 5.0L .35 B e e
20.9 | 5.23 |28.80| .77 | -] -7 | %.63 | 2.0 5.88 |3. =645 -.;g - Lo 22.2 2.57 3:89 = e %
2.5 5.9 [3.24 | 2,31 | -.T9| --80| &.75 | 22.h | 6.3 [3.88 | -6.. - -2 | 2,12 2 5.?. :2.93 ol B -8
23.9 | 6.65 {3.72 | -3.20 | --88 | ~.22| T.76 | 3.9 | 7.05 |*.%1 | -T. =59 | =.IT| 1.23 | 2k.0 .39 .28 | -. o o
e ot [ Gy . ¥
ag] % [ ] m ]| x[G ] ggf 2% [= [ |®
(3) ¢ = x°, 8=6° (k) @ = 50°, B=12°
6.2 }-0.73 [0.75 | 1.37|0.06|-0.08 }2.63| -6.1| -0.7h | 0.90| 1.56}0.11 | -0.60 | 3,
3.2 -.E 65 131 3| =28 |2.57 | -3.2] -.38 A1) 1a32f L5 =59 |3
daf -15| 68F & ]-.00| -26|152] <12 08| 7| .m| .00 =373
a 0 .a ok | -.00] -27|L.2]| o -0 | LTI o3| -2 -.;r sﬁ
.9 o .g - -7 (1.3 9] ast .mrj -.06]--08| ~56 |3
3.0 :? 61] -b2)-.06| -27fLlAT| 3.0 2| 79| -58]-.11] --38 |3k
6.0 33 | -1.0e|-a0f —29|2.87] 3.9 8&] .87|-2.18]-18] -39 (3.8
8.9 1. 22 1.k |=-.15] -.30]1.77} 8.9] 1.h2 96| ~1,80{ =2T| ~.563 |3
12,1 2.8 |1.06] 1,28 | --19] -.32 |2.63 | .0} R4T| 1.19 | -1.TO -.g =53 | 3-
*.9| 2.97|1.38] -.65]|-e2| —30]1.82] k.9 g.m 1.53 | ~2.09 | -- =63 | 3.77
17.9{ 3.5911.88| -.38|--2%| -.30 2.8 | IT.9] h.05| 2. -.87]-.58 | -.60]3.63
19.k | b.30{2.26| -.36|-25| -.27|1.80] 29.3]| B.32| 2. =e86 | =51 | =.5T 3.6
20.9] 5.20|R.%| -6 |=-26| -.23 |1. 20,9 | 5.12 | 2.6% | -1.10 [ =53 | -.52 | 3.83
22,5 | 5.81 2.{5{ 2,1k | -29] - 2. 22.6| 5.89 | 3.1% -I'E -.2 ~.59 | 5.8
2k, 0| 6.%2|3.55] 1.9 |-22] -.39 [3.85 | 23.9| 6.53 | 3.57|-R.ML|-. =72 | 5.86
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NACA RM A5TJ22 CONIEDRNS
1094 Beveled lsading edge
- i— 1=16.000 ~ % S
- 45
-~ _l-1w000 { .‘ _ 052
. (@ - s — ——  Model A
I‘__(;'igﬁ) 1000 A\Jﬁs 4835
Body diameter = 1200 in. 4’;%’
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.76'§(: so*{>
Feer 7
Nose control
3.

20 T

1 ) O T C@:)ZJ& Model B
L 6.560 | __l — i

i (4101) ™ L584

Note: Stobilizing surfoces of models A,B, & D are
shown rototed 45 from tested position,

25 |
1 ' s _ - @ Modet C
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A— o —
- Figure 1.~ Sketches of models for first phese of investigation;

dimensions in body diameters.
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e 3621 —ei

S NACA RM A57J22
16.000
jt—— C —w
t _—
_t
T 3
1.000
JLP
2
Body diameter = 1.200 in.
c, Br, c.g. position,
percent 1 deg percent 1
10.0 10 yi.2
15 hr.7
20 54.9
18.3 10 52.8
15 62.6
26.2 10 62.5
15 67.9

Figure 2.- Sketch of model for secord phase of investigation (model F);
dimensions in body dlameters.

e 3G0 —i

—_—

Note:

£16.00 '
b | 210+
& _t
i i7°
9360 o
(sssn)y 100 85’/ ,7_\

Dimensions 1n body dismeters

6- by 6-foot wind tunnel model 3.600 in.

10- by li~inch wind tunnel model 1.000 in.

Figure 3.- Sketch of model for third phase of investigation (model G).
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A-21356

(a) Model C

(P) Model D A ~21355.1

Figure 4.~ Photographs of models.
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Figure 6.~ Lift, drag, and pitching-moment characterlstics of model A.
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Figure T.- Lift, drag, and pltching-moment characteristice of medel B.
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Figure 8.~ Iift, drag, and pitching-moment characteristice of model C.
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Figure 9,~ Lift, drag, and pitching-moment charascteristics of model D.
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(a) M = 2.4k

Figure 10,~ Lift, drag, and pltching-moment characterlisties of model E.
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Figure 11l.- Nose control effectiveness at a = 0°.
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(b) Maximum trimmed 1ift.

Figure 13.- Drag coefficients for the winged and wingless missiles.
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Figure 14.- The effect of variation in segment length end flare angle on meximm trim 1ift and
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Filgure 15,- Lift, drag, and pltching-moment characteristics of model G.
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Flgure 17.~ Drag coefficients for the winged missile and model G.
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