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A WI ND - TUNNEL I NVESTIGATION OF SEVERAL WINGLESS 

MI SSILE CONFI GURATIONS AT SUPERSONIC SPEEDS 

By David E. Reese, Jr . 

SUMMARY 

• • • 

A wi nd- tunnel i nvestigat i on of several wingl ess missile configurations 
has been made . Lift , drag , and pitching- moment coefficients were measured 
on a series of model s at Mach number s of 2.44 to 3.35 and on one model from 
1.76 to 5. 05. I n order to establish a frame of reference with which to 
evaluate the performance of the wingl ess missil e , results are also presented 
for a conventional winged , cruciform mi ssile . 

The resul ts of this investigati on indicate that for the particular 
center- of- gravity l ocations chosen , the maximum trimmed lift capabilities 
of the wingl ess configurations tested were, in general , somewhat less than 
those of the winged miss ile . I t is shown that a wingless missile using 
f l ared segments of the afterportion of the body to provide both stability 
and control can have a lower drag i n the trimmed condition than one using 
an extendi bl e section of the surface of the nose for control. This lower 
drag is achieved wi th some sacri f i ce in maximum trimmed lift capability . 
A comparison between Newtonian impact theory and experiment shows that 
the experimental val ues of side - force and yawing- moment coefficients due 
to l ateral defl ection of the tail control agree wel l with the theory at 
angles of attack near zero . However , the experimental rolling- moment 
coefficients and the side - force and yawing-moment coefficients at the 
hi gher angl es of attack do not agree with the theory . The theoretical 
val ues of pitchi ng- moment coeff i c i ent due to defl ection of the control 
on the coni cal nose were i n fair agreement with the experimental resul ts , 
whereas thi s comparison for the control behind the hemispherical nose was 
poor . 

I NTRODUCTI ON 

I n the short hi story of guided antiaircraft missiles, airframe design 
has proceeded al ong mor e or l ess conventional lines with relatively large 
wings pr ovidi ng the f orces necessary for maneuvering flight. For the 
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airborne missile , the use of l arge wings resul ts in a rather high drag 
associated with the stowage of the missile and a corresponding penalty 
in the performance of the mi ssil e - carrying aircraft . The advantage of a 
reduction i n the size of the missile wings, from the standpoint of mini 
mizing this stowage drag, is obvi ous . Furthermore, if the wings could 
be elimi nated entirely and folding control and stabilizing surfaces used , 
the additional advantage of stowing and launching the missile from a tube 
would be possibl e . This arrangement would not only have a rel atively low 
stowage drag but should also reduce launching errors . 

I t can be seen then that from the standpoint of missile - airplane 
compatability some attention should be given to missil es having very low 
aspect ratio wings or no wings at all. Experimental investigat ions of 
several cruciform very l ow aspect ratio wi ng- fuse l age combinations have 
been made by Katzen and Jorgensen (refs . 1 and 2 ). Experimental studies 
of two wingl ess mi ssile configur ations have been made by Lazzeroni (ref . 3) 
and Eggers and Syvertson (ref . 4). The present investigation was intended 
to explore other wingless configurations that appeared feasible from a 
study of these data . 

The investigation reported here i n was divided into three parts . The 
first part dealt with tests at Mach numbers of 2.44 and 3. 35 of several 
wingless configurations utilizing a control surface l ocated near or on 
the nose of the mode l and various t ypes of stabilizing surfaces at the 
rear of the body . The second part covered the investigation at a Mach 
number of 3.35 of a wi ngless model using flared segments at the rear of 
the body for both stabil ity 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 geometry on the stability 
and the maximum trimmed lift and drag were determined . The third phase 
of the i nvestigati on covered tests made to determine the effects of Mach 
number on the stability , drag , and maximum trimmed lift capabilities of 
a model with f l ared body segments chosen on the bas i s 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 
coefficients were obtained for all model s . Side- force, yawing-moment, 
and rolling- moment coeffic i ents were also obtained for the model in the 
third phase of the investigation at a Mach number of 2.00. 
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SYMbOLS 

stabilizing segment l ength , percent body l ength 

center of grav i ty 

drag 
drag coefficient , qS 
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minimum drag coefficient 

drag coefficient at maximum trimmed lift 

rolling moment 
rolling- moment coefficient , 

qSd 
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maximum trimmed lift coeff icient 
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"t h " t "t h " t ff"" t Pl c lng momen pl c lng- momen coe l Clen , qSd 

6Cm pitching- moment coeff i c i ent at ~ = 00 
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M 

q 
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pitching-moment- curve slope , per deg 

yawing moment 
yawing- moment coefficient , qSd 

side force 
side- force coefficient , qS 

body di ameter ) in . 

body length , in. 

free-stream Mach number 

free - stream dynamic pressure , lb/ sq in. 

Reynol ds number based on body length 

maximum cross - sectional area of body) sq in. 

angl e of attack of body axis) deg 

control defl ection ) deg 
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initial flare angl e of stabil izing segments, deg 

cp roll angle, deg 
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Wind Tunnels 
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The portions of the experi mental investigation made at Mach numbers 
of 2.44 and 3 . 35 were conducted i n the Ames 1- by 3-foot supersonic wind 
tunnel No . 2 which is an intermittent- operation) nonreturn) variable-
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pressure wind tunnel with a maxi mum Mach number of 3 . 8 . The Mach number 
in this tunnel is varied by means of f l exibl e pl ates forming the top and 
bottom of the nozz l e section . The t est s 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 wi th an asymmetric nozzl e enabling continu
ous vari at i on of Mach number up to a maximum value of 2 . 3 . The stagna
tion pressure can be regulated to mai ntain a fixed Reynolds number . The 
tests at Mach numbers of 3 . 0 , 4 . 24, and 5 . 05 were made in the Ames 
10- by 14- inch hypersonic wi nd tunnel which is of the continuous - flow , 
nonreturn t ype and operates with a nominal supply pressure of 6 atmos 
pheres . The Mach number in the test section may be varied from approxi 
matel y 2 . 7 to 6 . 3 by changi ng the rel ative position of the top and bottom 
wall s of the wind tunnel . 

Al l model s were st i ng mounted and the forces and moments were 
measured by means of electri cal strai n - gage balances . For the models 
tested in the 1- by 3- foot and 10- by 14- inch wind tunnels the balances 
measuring the normal and axial forces were housed in the sting- support 
structur e 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 mode l . In the 6- by 6- foot wind tunnel a six- component balance 
housed i ns i de the model was used . 

Models 

Sketches of the various models tested are shown in figures 1, 2, 
and 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 conical or hemispherical nose and one of three sets 
of stabilizing surfaces . The over- all fineness ratio of the body for 
each of the models was 16 . Models A, B, and D had stabilizers that simu
lated folding surfaces which would make it possible to store and launch 
the missile from a tube . The stabilizing surfaces on model A simulated 
the fins on a current folding- fin aircraft rocket . The stabilizing sur
faces on models Band D simulated 900 segments of the body surface flared 
200 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 stabiliz i ng surface was tested in order to 
indicate the difference in effectiveness of the flared segments and full 
cone stabili zing surfaces . It should be noted that for models A, B, 
and D, the stabilizing surfaces were rotated 450 from the pitch plane . 
Photographs of models C and D are shown in figure 4. 

The control moments on models A, B, and C were developed by deflect
ing a port i on of the body surface near the nose into the air stream. The 
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control surfaces for model s D and E we r e portions of the surface of the 
nose that could be deflected into the air stream. Deflection angles of 
00 , 100 , 200 , and 300 , measured from the fully retracted position, were 
tested . 
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The model for the second phase of the investigation, model F, 
retained the same basic configuration as model D, as shown in figure 2 . 
However , control was accomplished by deflecting the stabilizing segments 
from the ir original flare angle . This model was tested with the pitch 
plane coinciding wi th the pl ane of symmetry of one set of stabilizing 
surfaces . The two surfaces lying in the pitch plane were deflected equal 
amounts for control purposes , that is, one surface was deflected outward 
as much as the opposite surface was r~tracted. The effect of a variation 
i n segment length and initial f l are angle on the stability and control of 
the configuration was investi gated . The values used are tabulated 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 defl ection (measur ed 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 one control, measured 
from the body surface , was twi ce the initial 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, is shown i n figure 3 . Since this phase of the investigation was 
conducted i n both the 6- by 6- foot supersonic and 10- by 14-inch hyper
sonic wi nd tunnels , two separate model s were used . The body diameters of 
these two model s are noted in figure 3 . The plane of symmetry of one set 
of stabiliz i ng surfaces coi ncided wi th the pit ch plane for this model and 
control was accomplished in the same manner as for model F. Control 
deflections of 00 , 60

, 120
, and 170 measured from the initial flare angle 

were tested. 

It should be noted that , with one exception, solid blocks of wood or 
metal , simulating bell ows - deflected controls , were used for the controls 
involving defl ected portions of the body surface . The exception was the 
nose control used on model s D and E . This control was built of a 1/16-inch 
sheet of Duralumin supported by a 1/4-inch- thick wedge of Duralumin extend
ing 86 pe rcent of the l ength of the control . The surface of the control 
was contoured so that when fully retracted it formed a portion of t he sur
face of the conical nose . A rear view of this control is shown in the 
inset in figure 4 (b) . 

I 
--.I 
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In or der to evaluate the performance of the wingless missiles, 
results ar e also presented for a conventional winged, cruciform missile . 
The geometrical characteristics of this missile are given in figure 5 . 

TESTS AND PROCEDURE 

The ranges of the variabl es for the various models are tabulated 
bel ow . 

Model s A through E 

M 2 . 44 3-35 
ex, _8° to 24° _8° to 24° 

0 0° to 30° 0° to 30° 

R 12 . 7X106 13 . 4xl 06 

(1- by 3- foot supersonic wind tunnel) 

Model F 

M 3 · 35 
ex, - 3° to 24° 

0 Varied with control surface 

R 13 . 4xl 06 

(1- by 3- foot supersonic wind tunnel ) 

Model G 

M = 1. 76 M = 2 . 0 M = 2.2 M = 3 . 0 M = 4 . 24 M = 5 . 05 

ex, _6° to 24° _6° to 24° _6° to 24° - 3° to 17° - 3° to 17° - 3° to 17° 

0 0° to 17° 0° to 17° 0° to 17° 0° to 17° 0° to 17° 0° to 17° 

R 9><106 9X106 9><106 11 . 8x106 10 . 4x106 5 . 0X106 

(6- by 6- foot wind tunnel ) (10- by 14- inch wind tunnel ) 

The pressures acting 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 area of the body . Thus the drag coefficients incl ude the 
effects of ba se pressure only on the rear face of the stabilizing surfaces . 
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As can be seen from the information tabulated above, the Reynolds 
number for the tests of model G at a Mach number of 5.05 was about half 
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of that for the remainder of the investigation. Previous tests of slender 
bodies in the 10- by 14-inch wind tunnel (where the present tests were 
conducted ) have indicated that a boundary-layer trip was necessary to 
prevent laminar separation of the flow over the rear portion of the body 
in this Mach number and Reynolds number range. For this reason a boundary
layer trip was installed on the nose of the model. The data presented for 
model G at Mach numbers of 3 . 0, 4 . 24, and 5.05 were obtained with the 
boundary-layer trip in place . For comparison purposes several runs were 
made at these Mach numbers with the trip removed. The increase in axial
force coefficient due to the presence of the boundary-layer trip averaged 
about 0.05 and was relatively independent of angle of attack. 

The stability and trim characteristics 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 establish some criterion for the selection of the 
center- of- gravity locations in order that the results be comparable. 
Because of the nonlinear nature of the pitching-moment curves, there is 
a considerable change in the stability of the models through the range 
of trim lift coefficients . Thus it was not possible to select a center
of- gravity location for a given model which would result in a specified 
stability for all values of trim lift coefficient. Instead, the criterion 
used to select the center- of- gravity location required that through the 
range of trim lift coefficients, the static stability of the models, Clla, 
be equal to or greater than a specified minimum value. In order to 
find the center-of-gravity position that satisfied this requirement, the 
data were cross-plotted to find the trim lift coefficients at which 
minimum stability occurred for a series of center- of-gravity positions. 
The value of Clla was then determined at each of these points and plotted 
as a function of center- of- gravity position . From this plot the center 
of gravity was selected to give a minimum value of Cmu 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 positions was selected as the 
center-of - gravity position to be used in the moment calculations. 

The above procedure vas 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 lift 
coefficients for minimum stability for these models was not as accurate 
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 
interpol ation affect the data are mentioned in the following section. 
The choice of the center- of- gravity location for model G is also discussed 
in the foll owing section. 

The center of gravity for the winged missile used for comparison 
purposes was sel ected such that this missile also had a minimum value of 
Cmu of -0.10; it was located rcent of the body length from the nose. 
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I n a static force test such as the present investigati on, the values 
often used for the accur acy of the data are those obtained from the least 
readi ngs of the i nstruments used in the investigation . Since the scatter 
in repeated measurements exceeds these values , it was felt that this 
i nformation is not worth presenting . Instead , any repeat points that 
were obtai ned have been included in the tabulated results . The reader 
can estimate the accuracy of the data from the scatter in these values . 

RESULTS AND DI SCUSSI ON 

I n the following di scuss i on only a portion of the test results 
will be considered i n detail . These data are presented in figures 6 
through 18. The results of the entire investigation are tabulated in 
tables I through IX. 

Miss i les Having Nose Controls 

The results of the first phase of the investigation are shown in 
figures 6 through 10. Angle of attack , drag, and pitching- moment coeffi
cients are plotted versus lift coefficient for models A through E. The 
nonlinear character of the lift and pitching-moment curves for all models 
is immediately apparent . This phenomenon in the lift curves is primarily 
due to viscous crossflow forces . The pitching- moment curves, ho\-lever, 
show a h i gher degree of nonlinearity than is present in the lift curves. 
This is due primarily to the relatively large movement of t he center of 
pressure with angle of attack that is characteristic of slender bodies. 
By subtracting the tabulated values of tail- off pitching moments from 
the tail- on values , it can be shown that the moment contributions of the 
stabilizing surfaces of models B and C are slightly nonlinear. However, 
the nonlinearities arising from 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 stabilizing surfaces can be 
seen in f i gures 6 thr ough 8. A measure of the effectiveness of the sta
bili zing sur faces is the locati on of the center of gravity necessary to 
give the model adequate stability under the conditions specified in a 
previous section . Under these condit i ons the more effective the stabi 
lizing surfaces , the farther aft will be the center of gravity . Tabulat
ing the center- of- gravity locations we have: 
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Model 

A 

B 

C 

• • • 
• •• • • • 

•• • • •• 

Center-of-gravity 
location 

0.492 l 
.~Ol 

.502 l 

• ••• • ••• •• 
• • • • • • 
• •• • •• • • · • • • • • 
• • · ••• • • 

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

A measure of the effectiveness of the two control surfaces tested 
is shown i n figure 11 . Here the pitching- moment coefficient at ~ = 00 
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has been plotted as a function of control deflection. In order to elimi
nate the ef fect 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 data presented 
in this figure were taken from tests of the hemispherical- and conical
nosed models with conical- flare stabilizing surfaces. Ideally, control 
effectiveness should be obtained from tail-off data, since the presence 
of various stabilizing surfaces in the flow behind the control will affect 
the results in varying degrees. However, only the hemispherical-nosed 
model was tested with the tail- off; hence, tail-off comparisons cannot be 
made. In order to give some idea of the effect of the conical stabilizer 
on the control effectiveness, the data for the hemispherical-nosed model, 
tail- off, are shown in the figure . Also presented are the theoretical 
values for the pitching-moment coefficient calculated using Newtonian 
impact theory (ref . 5). 

The theoretical results show that, despite its smaller surface area 
and moment arm, the control on the conical-nosed body is more effective 
than that on the hemispherical- nosed body for deflections up to about 200 • 

The theory predicts that the force on both controls varies as the sine 
squared of the angle to the air stream. 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 increases , however , the advantage of the conical nose con
trol is overcome by a greater reduction in the moment arm of the force 
for this control than that for the hemispherical nose control. Thus the 
theory i ndicates a hi gher effecti veness for the hemispherical nose control 
at the higher deflections . 

The experimental results show fair agreement with theory for the 
nose control . The results for the hemispherical nose control are, in 
general, appreciably below the theoretical values . This discrepancy is 
due primarily to the effect of pr essure losses through the strong shock 
wave ahead of the hemispherical nose . Comparison of the tail- on and 
tail- off r esults for the hemispherical nose control indicates that the 
conical flare stab i lizer has l i ttle effect on the control moments. 
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One of the most important quantitie s in the evaluation of the 
performance of a missile is the maximum trimmed lift that can be developed . 
A plot of this quantity as a funct i on of Mach number is shown in fi gure 12 
for the five configurations tested here . Val ues for a variable-incidence, 
cruc iform-winged missile are also shown for comparison purposes . The data 
for this missile were obtained from wind-tunnel and flight - test results 
given in references 6 and 7. The results for the winged missile represent 
the normal and lateral trimmed l ift coeffi c ients determined by control 
deflections of 170 and 130 , respectively. The control deflections were 
limited to these val ue s by mechanical interference between wing panels . 
The maximum control deflection for t he wingless missile was arbitrarily 
set at 300 from the fully retracted position . 

It can be seen t hat the trimmed lifts for the wi ngless missiles are 
appreciably lowe r t han t hose for the wi nged miSSile , although the trend 
of the l atte r i s toward lower values at the higher Mach numbers . The 
pronounced change in trimmed l ift capability with Mach number for models A 
and C can be attributed in large par t to the change i n effectiveness of 
the stabilizing surfaces with Mach number . By subtracting the tail- off 
data from the t ail- on results , it can be shown that the moment contribu
tion of the simulated folding fins of model A decreases markedly wi th an 
increase in Mach number , whereas that for the conical flare of model C 
increases somewhat . The moment contribution of the flared segments of 
model B remained essentially constant f or the two Mach numbers tested . 
These changes in stability are , of course, reflected in the maxi mum 
trimmed lift attained by the models . I t should be noted that the 
hemispherical- nosed body with t ail off showed an increase i n stability 
with increasing Mach number whi ch added to the effect of the j ncreased 
stability of t he conical flare on the trimmed lift coefficient for model C. 
Since tail-off data were not obtained for the conical- nosed models , the 
effects of Mach number on the separate contributions of the body and 
stabilizing surfaces are not known. However, i t can be seen that Mach 
number had a smaller ~ffect on trimmed lift for these models than for 
those with the hemispherical nose . 

The question arises as to the importance of the reduced trimmed l ift 
capabil ities and the nonlinearities i n lift and pi tchi ng moment on the 
pe rformance of the missile . The significance of these factors on the 
tracking performance of the missile was investigated i n a s i mulati on 
study of a tracking problem utilizi ng t he miss i le as a beam rider . 
Model D was used for the study with a slightly diffe rent center- of-gravity 
pos ition. The results of this investi gation are presented i n reference 8. 
To summarize briefly here : The problem studi ed wa s that of tracki ng a 
maneuvering target with radar glint noise present . Time histories of the 
motion of the missile were obtained aLong with a root mean square value of 
the radial mi ss distance . In order to establish a frame of reference with 
which to evaluate the performance of the wingless configuration, r esults 
were also presented for a conventional winged , cruciform missil e . The 
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results of the simulation study showed that the tracking capabilities of 
the wingless missile at Mach numbers of 2.44 and 3 . 35 compared favorably 
with those of the cruciform missile at a Mach number of 1 .5. 

In figure 13, the drag at zero lift and at maximum trimmed lift is 
plotted as a function of Mach number for the missiles tested in the first 
phase of the investi gation. It should be noted again that the drag values 
are those that would have been measured if free-stream static pressure had 
been acting on the body cross - sectional area at the base. Since the pres
sures in the region of the base during flight, both powered and gliding , 
may be considerably different than free-s tream static pressure 7 the drag 
coefficients presented here could be considerably 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 lift shown in fig
ure 13 (a ) is due to the blunt nose shape and/or blunt stabilizing sur
faces used. In the t rimmed condition (fig. l3 (b)), the drag of the 
wingless missiles is comparable to that of the winged missile. 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 mi ssiles would be to eliminate the nose 
control and use the flared segments of models B and D for both stabiliza
tion and control in a manner similar to t hat suggested by Eggers and 
Syvertson i n reference 4 . In this arrangement the flared segments would 
be deflected from their i nitial flare angle t o produce the control moments 
on the airframe. 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 appreciably lower for the missile with 
the tail control than for the missil e with the nose control at the same 
trim lift. 

Missiles Having Tail Controls 

As a result of the above considerations, a study of the aerodynamic 
characteristics of the tail control arrangement 'faS undertaken. The 
second phase of the investigation covered tests of a model using tai l 
controlj the effects of the geometry of the control on the maximum trimmed 
lift, drag, and stability of the model were studied. The model (model F), 
as previously desc~ibed, was similar to model D with the exception that 
the flared segments were used both f or stability and control and the seg
ment length and initial flare angle were varied during the investigation . 
The tests were made only for the zero and maximum- control-deflection 
conditions since it was f elt that intermediate control deflection data 
were not essential in the initial evaluation. It may be worth while to 
mention here again that the upper and lower controls were moved e~ual 
amounts to produce a control moment, t he upper being extended while the 
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lower was retracted . Thus the maximum deflection for each set of flared 
segments tested was l i mi ted to the angle at which the lower control was 
flush with the body surface , that is , the init i al flare angle . The 
investigati on was made at M = 3 . 35 only. The data from these tests 
were tabulated i n table VII . 

I n order to allow rapid evaluati on of the effects of segment length 
and initial flare angle on t he aerodynamic characteristics of the miss ile , 
a summary plot of sever al aerodynami c parameters is given in figure 14 . 
Figure 14 (a ) shows the effect of variat i on in c and of on the maximum 
trimmed lift coeffi cient and the corresponding drag coefficient while 
figure 14 (b) shows the effect of these quantities on the center- of- gravi ty 
location for a gi ven minimum stabili ty as spec ified i n the previous sec 
tion . I t should be noted that in or der to draw the curves of figure 14 
from t he wind- tunnel data , i t was f irst necessary to plot the parameter 
involved as a function of c with of constant o From these curves, 
the values of c and Of were picked off and plotted in figure 14. Since 
a limited number of combinations of c and Of were tested, a considerable 
amount of interpolation was nece ssary to draw the curves of figure 14 with 
a resulting compromise in the accuracy of the results . It is felt, how
ever , that these curves are still useful in indicati ng the effect of the 
geometry of the configuration on the aerodynami c characteristics of the 
model. 

Examination of figure 14 (a ) shows t hat the l i nes of constant tri m 
lift and trim drag are nearly parallel over a considerable range of 
values of c and Of . I n other wor ds the trim lift- drag ratio is nearly 
constant for this range of c and ofo I t can also be seen that the trim 
lift- drag ratio i s nearly constant regardle ss of the tri m lift . Thus, 
various combi nations of c and Of wi l l give a spec ified maximum trim 
lift coeffic i ent and for these the trim lift- drag ratio will be approxi 
mately the same . 

In order to determi ne the Mach number range over which the curves of 
figure 14 mi ght be valid , a configuration was selected for tests at Mach 
numbers from 1 . 76 to 5 . 05 . Si nce it was found that there is a fairly wide 
range of values of c and Of f or which the trim lift -drag ratio is nearly 
constant, the choice of the configuration for tests in this Mach number 
range was somewhat arb i trary . A segment length of 13 . 1 percent of the 
body length and an initial flare angle of 170 was selected and this model 
was designated model G. The center- of- gravity locat i on for the model was 
determined from figure l 4 (b ) and was placed 58. 5 percent of the body 
length from the nose . The thi rd phase of the i nvestigation covered tests 
of thi s model over a Mach number range from 1.76 to 5 . 05. 

The longitudinal characteristics of model G are shown in figure 15 . 
It i s i mmedi ately apparent that the center of gravity specified by fig
ure 14 (b ) does not give the required minimum stability. One possible 
explanation of thi s discrepancy was pointed out in the previous section 
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where the inaccuracies in determining the trim point for minimum stability 
of model F were mentioned . Since data were obtained for only the zero and 
maximum control deflections, linear interpolation was used to determine 
the trim point for minimum stability. When this procedure was followed 
for model G, the data obtained at the i ntermediate control deflections 
showed that the linear interpolation carried out for the data of model F 
was not a good approximation . Thus it is not surprising that figure 14(b ) 
does not accur ately predict the center- of- gravity location for the speci
fied minimum 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 minimum value of CIna, at M = 3 . 00 vill be -0.10. With this center
of- gravity location the double trim points seen in figure 15 at the lower 
Mach numbers disappear and the nonl i nearities in the pitching-moment 
curves are reduced somewhat due to the increased stability. 

In f i gures 16 and 17 the trim lift capabilities and drag characteris 
tics, respectively, are plotted as a function of Mach number for the 
center of gravity located 58 . 5 percent of the body length from the nose . 
Reference to figure 14 (a ) shows that, for the proper combination of c and 
Of , the values of trim lift 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 lift 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 lift and 
dra g are comparable to those of the winged missile. 

Also shown in the two figures are the maximum trimmed lift and drag 
for the wingless missile when the center of gravity is moved forward to 
0.490 l to achi eve the spe ci f ied stability. It is seen that this move 
ment in center- of- gravity location reduces both the maximum trimmed lift 
and drag by a factor of approximately 2 for Mach numbers from 3 .00 to 5 . 05 
and by an even greater amount in the lower Mach number range. Upon com
parison of the results at this center- of- gravity location with those of 
model D, it can be seen that although the trim lift for the tail control 
model is somewhat lower than that for the nose control model, the trim 
drag is appreciably lower . Thus , control drag has been reduced by use 
of the tail control with some sacrifice in maximum trimmed lift capability . 

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

Earlier i n this section a comparison betveen Newtonian impact theory 
and experiment was made for the nose control . It is also of interest to 
make thi s comparison for the tail control . With this in mind , a portion 
of the lateral data obtained on model G is presented in figure 18. The 
lateral coeff i cients Cy , Cn , and Cl were selected for this comparison 
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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 
surface s alone and t he theoretical results can be compared directly with 
the experimental values . 

Shown in figure 18 are plots of the lateral coefficients as a func
tion of angle of attack for t he model with maximum control deflection at 
several roll angles . Also shown in the figure are theoretical values for 
the coefficients based on impact theory. Agreement between theory and 
experimental values of side- force coefficient is very good near Q = 00 • 

The side - force coefficient also shows fair agreement for ~ = 900 up to 
Q = 210 where there is a relatively abrupt change in slope for the experi 
mental values . The reason for the change in slope is not fully understood 
at the present t i me but could be due to the effect of the vortices shed 
from the nose at hi gh angles of attack on the flow around the control sur
faces . At ~ = 450

, the magnitude of Cy decr eases much more rapidly 
with i ncreasing angle of attack than i s indicated by the theory . A 
possible explanation for this discrepancy will be mentioned shortly . 

The values of yawing-moment coeff icient plotted in figure 18 show 
that the theory sl i ghtly underestimates the magnitude of Cn near Q = 00

• 

As would be expected , the var i ati on of Cn with angle of attack is 
appr oxi mately that shown by Cy and the deviation from the theoretical 
curve i s comparable to that mentioned above . The values of rolling-moment 
coeffic i ent predicted by the theory are considerably below the experi
mental results . This discrepancy is probably due , in large part, to the 
assumption in the theory that the pr essure coefficient on lee surfaces is 
zero. The rolling moments are , of course, developed by loads on the flat 
side surfaces of the control s. The pressure coeffi cient on the lee sides 
of these surfaces i s probably something less than zero giving rise to 
larger rolling moments than predicted by the theory . This could also 
account for the lack of agreement between theory and experiment for the 
s ide - force coefficients at ~ = 450

• A pressure coeffic i ent less than 
zero on the lee surface of the deflected control would result in a lower 
side - force coefficient than that pr edicted by Newtonian theory . Such an 
explanat ion i s at least consistent 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 ha s been pointed out previously, t ha t i s, the effect of nose shape 
on the dynamic pr essure i n the region of the nose controls . Another 
factor whi ch 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 i nfluence on the forces and moments through 
loads developed on the body . This is not true , however , of the tail 
control . 
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CONCLUSIONS 

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

1 . With the center- of- gravity location chosen such that the minimum 
value of the pitchi ng-moment- curve slope at trim was -0.10, the maximum 
trimmed l ift coefficients for the wi ngless configurations were, in general , 
somewhat lower than those for the wi nged missile . 

2 . The drag of models using the nose control was somewhat higher 
than that for the winged miss ile for both the zero and maximum trimmed 
lift conditions. 

3. The use of flared se gments of the body surface as both stabiliz
ing and control surfaces i mprove s the trim lift- drag ratio over the models 
using nose control, with some sacrifice in maximum trimmed lift capabili ty. 

4. Newtonian impact theory predicts the side - force and yawing- moment 
coefficients due to lateral deflect i on of the tail control with reasonable 
accuracy at angles of attack near zero . The rolling-moment coefficients 
and side-force and yawing- moment coefficients at the higher angles 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 i n fair agreement with the experimental results, whereas 
this comparison for the control behi nd the hemispherical nose was poor . 

Ames Aeronautical Laboratory 
National Advi sory Committee for Ae r onautics 

Moffett Field, Calif . , Oct . 22,1957 
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TAllLE L - EXPERIMENTAL RESULTS FOR MODEL A; C.G. AT 0 . 4921 TAllLE II . - EXPERIMENTAL RESULTS FOR MODEL B; e.G. AT 0.4101 

d~ :.;. Cr.iCo c", [I d~g a., 
deg Cr. Co c", d~8 ttliZ. Cr. Co c", II d~g a., 

deg Cr. Co c", 

(a) M' 2 .44 (a) M • 2 .44 

0 - 8 .5 -1.60 1.45 5· 60 20 -8.6 -1.66 1.59 5. 95 
- 6 .3 -1.09 1. 32 4.28 -6 .3 -loll 1.46 4. 7J. 
-3 ·0 -. 46 1.20 1.97 -2 ·9 -· 37 1.35 2. 7J. 

.2 .03 1.18 -.12 . 4 .23 1.37 1. 96 

.2 .03 1.16 -.10 . 4 .22 1.36 · 97 
3.6 .48 1.18 -1. 96 .4 .21 1.37 ----

6 .9 1.13 1.32 -4.37 3 .8 ·79 1. 45 - . 71 
10.2 1. 91 1.51 -5· 95 7 ·2 1.47 1.62 -2. 78 
13 ·5 2 ·97 1· 91 -7.14 10.5 2·30 1.92 - 4. 41 
16.8 4 .16 2 .64 -8. 72 13·9 3. 40 2 .44 -5. 63 
20 .1 5 .62 3 ·51 -ll·51 17·3 4.70 3 .24 -7. 02 
23 . 4 7.29 4.79 -16. 06 20 .7 5.98 4 .24 -9. 64 

24 .1 7·32 5 .51 12. 75 

0 - 8.7 -1.07 1.61; 3.12 20 -8.5 -1.07 1.74 3.17 
- 6 .5 -·73 1.56 2. 63 - 6 .3 -.69 1.68 2. 68 
- 3·1 -·39 1.45 1 · 97 -2 ·9 -. 23 1.61 2. 10 

.1 .00 1.45 . 07 .4 .19 1.62 . 86 

.1 .01 1.57 . 06 .4 .17 1.60 . 98 

.1 - .01 1.40 . 26 .4 .14 1.59 1.12 
3 .4 ·32 1. 43 -1.33 3 ·7 ·50 1.68 . 55 
6.8 .66 1.54 -2.10 7.1 .96 1.81 -.65 

10.1 1.24 1.66 -2 . 96 10·5 1.57 2.01 -1.60 
13.4 2.18 1.84 -4. 09 13. 8 2 .58 2 .40 -2 . 84 
16 .8 3·30 2 . 47 -6. 69 17.2 3 ·63 3 ·03 -5.14 
20.1 4.59 3.36 -ll.09 20 .6 4.89 4 .00 -9. 41 
23. 4 5.64 4. 34 ----

10 -8.3 -1. 68 1.49 5. 74 
-6 .1 -1.14 1.38 4. 52 30 - 8 ·3 -1. 65 1.83 6· 87 
-2 ·9 - .44 1.26 2.30 -6 .0 -1.05 1.7J. 5. 64 

·3 .10 1.23 . 23 -2 .6 - . 23 1.68 3. 69 
·3 .07 1. 21 . 38 .7 .45 1.72 2. 09 
·3 .06 1.23 . 46 .7 .46 1.73 2. 09 

3·6 .57 1.28 -1. 56 ·7 .45 1. 45 2.18 
6 .9 1.22 1. 40 - 3. 83 4 .1 1.12 1.90 . 38 

10.2 2.04 1.64 -5.63 7 ·5 1.88 2 .08 -1.36 
13. 4 3·20 2.ll -6 .85 10·9 2 .73 2 ·51 -2· 92 
16.7 4 .46 2 . 80 - 8. 40 14·3 4 .02 3 ·20 -4.13 
20.0 5 .85 3·76 -ll . OO 17·7 5 ·25 4.ll -5. 97 
23.3 7 .28 4 .98 -14. 97 21.1 6 .56 5 .23 -8. 89 

24 ·5 7 . &:; 6 .63 12. 38 

10 - 8 .6 -1.1.0 1.63 3·10 30 -8.2 -·98 1.85 3. 59 
- 6 ·3 -.7J. 1.64 2. 54 - 8.2 -. 96 1.94 3. 60 
- 3·0 - ·32 1·53 1.86 -6 .0 - .59 1.82 3· 30 

·3 .04 1.48 . 48 -2·7 -.ll 1.79 2. 78 
·3 ·05 1.46 . 39 .6 ·37 1.84 1 . 63 
.3 .04 1. 46 . 42 .6 .38 1.84 1 . 55 

3 .6 .37 1.46 -.68 . 6 ·37 1.80 1 . 71 
7·0 ·79 1 .58 -1.86 3 ·9 ·73 1.97 1· 51 

10.4 1.36 1.74 -2. 64 7·2 1.16 2.14 . 70 
13·7 2.28 2 .06 - 3. 76 13 ·9 2 .78 2.81 -1 . 66 
17·1 3. 39 2 .59 -6. 23 17·2 3.81 3 ·50 - 3. 95 
20.4 4.61 3.47 -10. 28 20.6 4.92 1, .33 -7. 88 
23.8 5. 43 4.45 ----

(b) M' 3 .35 (b) M • 3·35 

0 - 8.3 -1.59 1.52 3· 60 10 16·3 3· 97 2 .62 -6. 91 
-6 .1 -·99 1.36 2. 58 19.6 5·21 3.47 -9. 58 
-2 .9 - .43 1.22 1· 09 22.8 6.60 4.58 13· 21 

·3 -.04 1.21 - .26 
·3 -. 03 1.18 - . 23 20 -7 .8 -1. 48 1.57 4. 00 
·3 .04 1.18 - .ll -5 ·7 - .94 1. 43 2 ·97 

3 ·5 ·33 1.23 -1. 49 -2.4 - ·32 1.32 1. 78 
3·5 ·33 1.21 -1. 47 ·7 .17 1.34 . 71 
6 .7 ·85 1.31 -2. 96 .7 .16 1.33 · 73 
9 ·9 1.69 1.56 -4. 46 3·9 ·77 1.44 - · 70 
9 ·9 1.68 1.54 -4 . 34 7·2 1.23 1.64 -1. 20 

13.2 2 ·73 1.91 -5· 93 10.4 2 ·05 1.93 -2. 02 
13.2 2 ·73 1.&:; -5. 98 13 ·6 3 ·05 2 ·35 -2. 74 
16.4 3 ·93 2.47 -8.16 16 .8 4 .17 3 ·02 -4. 41 
16.4 3·92 2.47 -8. 24 20 .1 5 · 37 3·90 -7.24 
19.6 5 .24 3 ·31 -10. 85 23 ·3 6 .69 5 ·08 10. 77 
19.6 5 .22 3·29 -10 .80 
22 .8 6 .63 4 . 39 -14. 00 30 - 8.1 -1. 38 1. 66 4. 81 

-5 ·9 -. 80 1.55 3. 75 
10 -8 .4 -1.54 1.52 3. 7J. -2.6 - .14 1.47 2· 59 

-6 .2 -1.00 1.38 2 . 65 .6 .41 1.56 1. 69 
-3·0 - ·39 1.27 1·32 .6 .44 1.55 1. 47 

.1 .04 1.23 -. 02 .6 .17 1.48 --- -

.1 .04 1. 22 . 03 3·9 .98 1.73 · 91 

.1 .02 1.22 .16 7·2 1.57 2 .01 . 48 
3 . 4 .45 1.29 -1.14 10 ·5 2 ·37 2 ·36 . 23 
6.6 .98 1.44 -2.56 13·8 3 . 34 2 .88 -. 24 
6.6 .98 1.41 -2. 45 17·1 4 ·39 3.60 -2 .10 
9.8 1.80 1.65 - 3. 79 20 .4 5 .45 4.51 -4 . 89 

13.1 2 .84 2 .04 -5.10 23·7 6 .61 5 .65 -8. 77 

0 - 8 .1 -1.12 1.50 3·25 20 - 8.0 -1.10 1.57 3. 88 
-5·9 - ·73 1.43 2. 45 -5.8 -.68 1.51 2. 77 
-2·7 - ·37 2·59 1.53 -2.6 -.28 1. 4 2. 09 

·3 -.02 1.25 -.07 .4 .12 1. 45 . 65 
· 3 -.04 1.19 . 03 .1, .12 1.35 . 69 
·3 -.02 1.20 -.21 .4 .13 1.32 .62 
·3 -.04 1.26 . 04 3·6 ·50 1.49 -. 52 

3·3 ·33 1.28 -1·99 6 .8 .93 1.67 -1. 49 
6.5 .66 1.45 -2 · 99 10.1 1.4e 1.87 -2 . 77 
9. 4 1.24 1.60 -3.94 13·5 2 .36 2·37 - 3· 71 

13·1 2 .07 1.94 -5. 98 16.9 3·)1 2·90 -6. 60 
16.4 3·05 2.46 -9.18 20·3 4.27 3 ·67 -10. 08 
19 .4 4 .10 3.15 -12 . 85 23 .6 5 .28 4.65 -14. 60 
23·3 5·23 4.13 -16. 74 

10 - 7.7 -1.14 1.50 3· 52 30 -7 ·3 -1.02 1. 67 4. )2 
-5·9 - .74 1.46 2 · 59 - 5 ·5 -.57 1.65 3· 29 
-2·7 - .34 1.35 1.7J. -2 .5 - .13 1.61 2. 63 

·3 .02 1.31 · 09 .6 ·29 1.64 1 . 46 
·3 • OJ. 1.24 .15 .6 .29 1.52 1 . 35 
· 3 .00 1.26 .14 .6 ·31 1.47 1 . 25 
·3 .02 1.21 .12 3.8 .75 1.79 .29 

3 .4 ·35 1.33 -1 . 29 7·1 1.21 1.99 -.37 
6.6 .76 1.51 -2 . 70 10.5 1.76 2.22 -.16 
9.8 1.36 1. 63 -3 . 66 13·9 2.62 2.68 -2,24 
9.8 1.36 1.63 -3.66 17.2 3 .48 3.34 -5. 04 

13·2 2 .18 2.13 -5. 68 20 . 6 4.35 4.12 - 8. 68 
16.6 3·13 2·57 -8. 42 23·9 5·)1 5.12 -13.34 
20.0 4.12 3 ·27 -ll . 87 
23 · 3 5.18 4 .22 -16.29 
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TABLE III. - EXPERIMENTAL RWUL'lS FOR MODEL C; C.G. AT 0. 502l TABLE IV. - EXPERIMENTAL RWUL'lS FOR MODEL D; C. G. AT o. 506l 

II, a., CL ~ em 
e, a., CL ~ Cm deg deg deg deg d~g a., 

deg 
CL CD Cm 

6, 
deg 

a., 
deg 

CL ~ em 

(a) M = 2 .44 (a) M = 2 .44 

0 -<l .1 -1 .13 2·33 2. 67 20 -<l.1 -1.17 2 .28 2. 99 0 -<l.o -1.15 .85 2. 01 20 -<l.1 - ·98 1.17 3. 05 
-5.9 - .81 2 .24 2. 68 -5 ·8 - ·77 2 ·33 2. 77 
-2 .6 - ·51 2 · 09 2. 68 -2. 5 -· 33 2 .23 2. 76 

·3 . 00 2.10 . 05 . 5 .14 2 .27 1 . 23 
·3 . C!2 2 ·09 ·.10 ·5 .19 2 .27 1 .04 

3· 4 . 44 2. 19 -2.12 ·5 .17 2.25 1 .14 
6.6 . 73 2.29 -2.17 3· 7 ·57 2 . 33 . 22 
9· 9 1.33 2. 37 -2. 59 6· 9 1.C!2 2 ·50 - . 47 

13 · 4 2· 32 2. 61 -3. 35 10 .3 1.67 2.65 -. 86 
17.0 3. 45 3.14 -4. 69 13 . 9 2 .68 3· 03 -1 . 53 
20·5 5 .06 3. 54 - 8. 60 17 .4 3· 73 3·64 -2. 82 

21. 0 5 · 01 4.61 -5 . 97 
24.6 6.14 5 ·93 -8. 71 

-5.9 - .80 . 79 1. 59 -5 .6 - ·59 1. 17 2. 82 
-2 · 7 - .38 · 70 1.03 -2 .4 - . 08 .98 2· 33 

·3 -· 91 .69 - . 03 .7 · 32 1.02 1 . 82 
·3 - .03 · 70 .17 .7 .34 1.00 1 . 77 
·3 . 00 .66 . 07 3.8 .66 1.06 1 . 69 

3.4 · 37 .68 - . 83 3.9 .66 1.06 1.70 
6 .6 .81 · 78 -1.47 7.1 · 97 1.16 2 .03 
9 .8 1.44 .93 -2. 09 7.1 . 95 1.17 2 . 06 

13.3 2.28 1.22 -2.13 10.3 1.64 1.38 . 67 
16.7 3· 33 1. 73 - 3. 41 13.6 2. 39 1. 75 . 05 
20.1 4. 46 2 .47 -5. 82 17·0 3·35 2.27 -1 . 57 
23·6 5 .67 3· 52 -8. 41 20.4 4· 33 3·01 -3. 92 

10 .1 -1.15 2 · 32 2. 71 
-5 ·9 - .80 2 .26 2. 63 30 -<l . o -1.05 2 · 50 3. 33 
-2.6 - .44 2.12 2. 65 -5 · 7 - .66 2 .42 3. 45 

.4 .01 2.13 . 64 - 3·1 - .16 2 . 42 3. 47 

.4 . 03 2 .18 . 61 ·7 ·35 2 .47 2.11 

23·7 5 .41 4. 01 -6 . 47 
10 -<l .0 -1. 13 .93 2. 43 

-5 .8 - . 76 .85 2.14 30 - 7· 7 - .80 1.28 3. 82 
-2.6 - · 30 · 77 1.48 -5·5 - · 35 1.25 3. 56 

. 4 .10 .82 . 68 -2 .2 .13 1.26 3. 27 
.4 . 07 2 .16 . 53 ·7 .36 2 .48 2. 06 

3·5 .44 2.19 -1.10 · 7 ·38 2 .42 2. 01 
6 . 7 .81 2 · 32 -1.62 3· 3 .80 2. 58 1 . 71 

10 . 0 1.41 2.45 -2.12 6.6 1.22 2 · 79 1. 43 

.4 .10 . 78 · 73 .9 . 53 1 ·33 3. 00 

.4 ·09 · 79 ." .9 . 53 1. 31 3. 00 
3.6 . 43 .83 . 29 .9 .53 1. 33 2 . 9~ 
6 . 7 .85 .91 -. 34 4.1 .84 1.40 3. 2 

13·6 2. 44 2·75 -2. 48 10. 0 1.85 3. C!2 1 . 25 10. 0 1.31 1.09 - · 90 7.4 1.13 1.53 3· 75 
17 ·2 3 ·56 3· 33 -4.19 13 ·6 2 .89 3· 47 . 58 13 ·4 2·32 1.42 -1. 33 7. 4 1.13 1.55 3. 83 
20· 7 4.93 4.01 -7. 33 17 ·1 3· 07 3·87 ----
24.6 6. C!2 5.49 -9. 76 

16 .8 3· 35 1.94 -2. 75 10.6 1.66 1. 73 2. 96 
20.2 4.43 2.69 -4. 78 13 ·8 2 ·50 2 .15 1.07 
23·6 5 ·59 3.68 -8. 30 17·2 3·26 2. 66 -. 43 

20.4 4 .18 3.38 - 3.20 
23·8 5.03 4 .27 -5 . 79 

(b) M = 3.35 (b) M = 3. 35 

0 -<l . 0 - 1 ·31 1. 99 3. 58 20 - 7·9 -1.27 2 . 04 4.14 0 -<l . 0 -1.36 .81 1. 82 20 - 7.9 -1.12 . 93 2· 70 
-5 .8 - .86 1. 96 2. 84 - 5.8 - .84 2.02 3· 37 
-2 . 7 -· 50 1.86 2. 27 -2.6 -. 40 1.96 2. 80 

· 3 - . 04 1.86 -. 05 .4 .10 2. 07 · 97 
· 3 - · 05 1.68 0 . 4 · 09 1.77 1 . 01 
· 3 -. 06 1 · 76 . 04 .4 .10 1.75 · 92 

3· 3 . 45 1. 78 -2. 76 3·5 .58 1. 94 - . 62 
6. 4 .82 1. 98 - 3. 70 6 · 7 1.06 2 .15 -1 · 73 
9.6 1. 40 2 .28 - 4. 52 10.0 1.71 2 .40 -2. 07 

13 · 0 2. 34 2 . 54 -6. 30 13 . 4 2.63 2 .84 - 3· 47 

-5 . 9 - .87 . 73 1.25 -5· 7 -. 64 .87 2 .19 
-2.7 -· 38 .69 . 50 -2.5 - .10 . 96 1.87 

·3 -. 01 ·74 - .24 .6 ·30 .87 1 · 53 
· 3 - .01 · 57 - . 24 .6 ·30 .85 1 . 51 
·3 -. 01 .63 - .17 .6 · 31 · 33 1 . 53 
· 3 . 00 .69 - . 21 .6 ·30 ·93 1. 60 

3 ·4 ·31 .64 - . 87 3·7 .64 .95 1.54 
6 · 5 · 77 · 71 -1.50 6.9 ·95 1.00 2 . 02 
9· 7 1.45 .89 -2.16 10.1 1.57 1.22 1.03 

16 · 3 3.43 3·06 -9.15 16 . 7 3·66 3· 57 -6.05 
19 . 6 4.64 3. 60 -12. 43 20 . 0 4. 66 4.44 -9·19 
23·0 5·76 4 .86 -15. 58 23.4 5 . 90 5 .14 -12. 81 

13·0 2 · 32 1.22 -3. 29 13·3 2·36 1.69 -. 62 
16 · 3 3.28 1.72 - 5.16 16.6 3·20 2.23 -2. 62 
19 .6 4.26 2.41 -7. 38 19.8 4. 04 2·90 -5. 12 
22 ·9 5 ·26 3·29 -9. 87 23.0 4.96 3· 77 -8 . 43 

10 -<l . o -1.27 1.99 3. 64 30 - 7.8 -1.19 2.17 4. 77 
- 5 .8 - .86 1. 95 2. 92 -5 · 7 - . 73 2 .13 4. 01 
-2 .6 - .45 1.86 2. 28 -2. 4 - .25 2 . 06 3. 40 

10 -<l.0 -1.28 .83 2.16 30 - 7·7 -. 89 1.08 3. 45 
-5 ·8 - . 79 · 74 1.51 -5.5 - .42 1.07 3. 43 

· 3 - .00 1.86 · 31 .6 .29 2 .07 1 . 74 
·3 - . 00 1.68 . 31 . 6 · 30 2 .07 1. 78 
· 3 -. 00 1.75 . 30 .6 .28 2.24 1.89 

3· 4 . 46 1.80 -1 . 93 3.8 .83 2.22 · 37 
6 .5 ·90 2.03 -3. 25 7· 0 1.32 2.47 - . 01 
9.8 1. 50 2 · 33 - 3. 90 10.4 1.93 '2 .27 . 43 

13 ·1 2.45 2 .60 -5. 60 13· 7 2. 86 3.16 -1. 29 
16 . 4 3·48 '3 ·17 - 8. 09 17·0 3·82 4.00 -3. 68 
19 · 7 4. 55 3·98 -11 . 26 20.3 4.54 4· 76 -7·10 
23·1 5 ·73 5 · 01 -14 . 88 23·6 5.80 5. 97 -11. 26 

I 

-2 ·7 - ·30 .65 1 . 06 -2·3 · 09 1.13 3. 22 
.4 .11 .68 .24 .8 .1'7 1.28 3.20 
.4 .10 . 76 . 38 .8 .49 1.19 3. 09 
.4 .11 · 71 . 34 4.0 · 77 1.26 3. 43 
.4 . 11 ·72 . 28 7·2 1.11 1.34 3. 66 

3·5 . 41 · 73 · 30 10.4 1.60 1.55 3. 57 . 
6 . 7 .86 ·79 - .18 13.6 2·31 1.95 1. 95 
9·9 1.51 1 . 00 - . 88 16.8 3. 08 2 ·54 - -38 

13 ·2 2· 37 1. 43 -2.)0 19.9 3·85 3·28 -3. 30 
16.4 3.24 1.93 -4. 03 23 .1 4· 71 4.18 -7. 40 
19 · 7 4 .15 2· 58 -6. 33 
22.9 5 .15 3 ·48 -9. 47 
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nuJLE V.- EXPERIMEmlIL RESULTS FOR MODEL E; C . G. AT 0 . 5871 
• • • • • • •• • = VI . - li:lCPERIMEmlIL RESULTS FOIl l>&J 

e, 
deg I e>, 

deg Cr. 1> Cm 
e, 

deg 
e>, 

deg Cr. 
<a) M = 2 .44 

0 - 8.0 -1. 22 1. 45 1. 72 20 -7 ·5 1.10 
-5.8 - .84 1.39 1.56 -5·5 - .66 
- 2.7 - .43 1. 31 1. 25 - 2. 4 -.13 

·3 - .03 1. 37 .29 .7 ·30 
·3 .02 1.36 . 27 .7 .28 

3 .4 .41 1.34 -·97 3.8 .59 
6 .5 ·79 1.42 -1.13 7 ·1 ·92 
9 .8 1.46 1.56 -1 . 38 10 .2 1.65 

13 ·2 2·31 1.84 -1 .06 13 ·5 2 .48 
16 .6 3. 44 2 ·36 -1.76 16 .9 3 ·49 
19 ·9 4.60 3 ·11 - 3. 33 23 . 5 5. 55 
23 ·4 5 .82 4 .19 -4 . 96 

10 -7 ·9 -1.26 1.56 2. 89 30 -7.6 - .86 
-5·7 - .83 1.48 2. 66 -5 .4 -. 43 
-2 .6 - ·38 1.46 1 . 87 - 2 .2 -.05 

.4 .04 1.52 1.12 ·9 . 49 
·5 .01 1.47 1. 29 ·9 . 48 

3 ·6 . 40 1. 49 . 65 4 .1 .76 
6.7 .86 1.58 .17 7 ·3 1.06 

10 .0 1.56 1.75 -.27 10 ·5 1.67 
13·3 2.42 2 ·05 -.26 13 ·7 2.56 
16 .7 3 ·52 2 ·59 -1 .15 17.0 3 .47 
20 .1 4.63 3·33 -2. 83 20 .2 4 .39 
23 .4 5·59 4.82 - 4. 60 

(b) M = 3.35 

0 -8.0 .-1.41 1.29 1 · 33 20 -7.8 -1.22 
-5.9 - .89 1.25 . 82 -5 ·7 - .69 
- 2·7 - .43 1.22 . 58 -2 ·5 - .18 

·3 - .01 1.32 -.27 .6 ·29 
·3 -. 02 1.27 - .28 .6 ·29 

3 ·3 . 42 1.18 -1 .29 3·7 .76 
6 .5 .85 1.26 -1 . 60 6 .9 1.08 
9·7 1.51 1.40 -1.91 10 .1 1.84 

12·9 2 .48 1.86 -3.02 14.3 2 ·91 
16 .1 3·55 2·39 -4. 61 16 .4 3.54 
19 .4 4.70 2.96 -6. 59 19 .6 4.45 
22 .6 5·72 4.00 -8. 63 22 ·7 5 .45 

10 -7 .91 -1. 38 1.35 1· 95 30 -7.7 -1.02 
-5 .8 - .86 1.30 1.43 -5.5 -. 49 
- 2 .6 -. 34 1.32 1 .16 -2·3 .07 

.4 .10 1.47 . 63 .8 .54 

.4 .06 1.36 .69 .8 .43 
3·5 .41 1.26 . 63 4 .0 ·71 
6 .6 .89 1.34 . 17 7 ·1 1.03 
9 .8 1.65 1.55 -. 76 10 ·3 1.61 

13·0 2 .60 2.04 -2 . 02 13 ·5 2.47 
16 .3 3·57 2 .57 - 3. 59 16 .6 3 ·37 
19 ·5 4.56 3·32 -5 . 64 19 ·7 4.30 
22.7 5.66 4 .14 -8. 26 22.81 5 .34 

1> Cm 

1.65 3. 04 
1.58 2. 96 
1.60 2. 77 
1.70 2. 31 
1.63 2. 38 
1.70 2· 53 
1.76 3. 14 
1.97 1. 80 
2 ·35 1. 22 
2 .89 . 10 
4.64 - 3. 54 

1.87 3· 91 
1.85 3· 93 
1.90 3. 90 
2 .00 3. 76 
1.95 3. 78 
2 .01 4. 44 
2 .10 4. 99 
2·33 4. 10 
2.73 2. 37 
3 ·29 · 97 
4 .02 -1 . 06 

1.44 2. 61 
1.42 2. 24 
1.48 2. 08 
1.68 1 . 94 
1.57 1. 88 
1.45 1.87 
1.48 2. 49 
1.73 1 . 06 
2.42 -. 84 
2.82 -2.16 
3.60 -4. 44 
4 .50 - 7-33 

1.64 3. 61 
1.67 3. 19 
1.84 3· 12 
1.87 3. 44 
1.86 3. 54 
1.76 4. 31 
1.95 4. 83 
2 .07 4. 35 
2 ·50 2. 49 
3 ·18 -. 07 
3·98 - 3· 25 
4 .75 -6. 75 

e, 
deg 

0 

10 

0 

10 

a., 
deg 

-8.5 
-6.2 
-2.9 

.4 

.4 
3·7 
7·1 

10.4 
13.8 
17 ·1 
20 ·5 
23.9 

-8 .4 
- 6 .2 
- 2 .8 

·5 
·5 

3.8 
7 ·2 

10.6 
14.0 
17·3 
20 .7 
24.1 

-8.1 
-6.0 
-2 ·7 

.4 

.4 
3·7 
6 .9 

10 .2 
13 .4 
16 .7 
19·9 
23·2 

-7.8 
-5 ·7 
-2.5 

.6 
3 ·7 
6 .9 

10 .1 
13·3 
16.4 
19 .6 
22 .8 

~, • I r 

~. , 

C.G. AT O. 500l 

CL 1> em e, 
deg 

(a) M = 2 .44 

- .70 .89 -2.88 20 
- .38 .81 -2.15 
-.12 ·75 -1.04 
- .00 ·97 .19 

.01 .98 . 36 

.10 ·93 1 . 45 

.36 1.02 2. 45 

. 84 1.18 3. 79 
1.61 1.51 5. 55 
2 .65 2 .15 5. 90 
3 ·90 2 ·91 5. 54 
5.17 3 ·89 4. 98 

- ·71 1.17 -2 . 77 30 
- ·50 1.11 -2. 02 
-. 08 1.06 - .77 

.04 .06 ·57 

.03 1.04 . 72 

.16 1.06 1. 99 

. 42 1.12 3.09 
·92 1.25 4. 50 

1.78 1.57 6.12 
2 .81 2 .12 6. 86 
3·98 2 .86 6. 55 
5.17 3.87 6.23 

(b) M = 3 .35 

- .84 1.26 -2 . 55 20 
- .44 1.16 -2 .12 
- .16 1.09 -1.01 
- .02 1.07 -.12 
- .02 1.08 . 01 

.08 1.10 . 91 
·33 1.19 1 . 85 
·90 1.28 2. 81 

1.79 1.53 3. 39 
2·77 1.97 3. 32 
3.84 2·59 3. 44 
4.91 3·28 3. 87 

-. 82 1.26 -2 . 32 30 
- ·55 1.17 -1.84 
-. 13 1.09 -. 84 

.03 1.12 .19 

.16 1.16 1.32 

.42 1.25 2· 35 
1.00 1.41 3. 65 
1.86 1.68 4. 37 
2.80 2 .12 4. 64 
3·80 2·74 5. 03 
4.84 

3·55 i 5. 03 

. .... 
• •• •• • • • •• 

19 

.~ B9 tUm C - TAn. OFFj 

a., 
deg CL 1> Cm 

-8 .4 -. 69 1.27 -2. 85 
-6.1 -·33 1.20 - 2. 00 
-2.8 .01 1.17 - . 37 

·5 .21 1.19 1. 28 
·5 .19 1.17 1 . 33 

3·9 .38 1.24 2. 97 
7·3 .68 1.34 4. 41 

10.7 1 .19 1 ·53 5. 05 
14.1 2 .08 1.90 7. 68 
17·5 3·12 2 ·52 8. 58 
20 .8 4.25 3·31 8.05 
24.2 4.69 3 ·99 12.80 

-8. 2 - . 52 1 . 38 -2.29 
-6.0 - .18 1 . 36 -1 . 40 
-2. 5 .18 1039 .39 

. 8 . 43 1 . 45 2.29 

. 8 . 43 1 . 44 ----

.8 . 42 1 . 43 2 .'37 
4. 2 . 66 1 . 56 4. 34 
7. 6 . 94 1.70 6.28 

11.0 1. 41 1 . 92 7. 71 
14. 4 2. 3a 2.40 9. 43 
17. 8 a·

2 3.04 10. 35 
21· 3 . 36 3.94 9. 89 

-7 ·7 -.78 1.32 -1. 88 
-5 .6 -.40 1 .22 -1 . 43 
-2.4 - .07 1.19 -.25 

·7 .15 1.23 . 99 
3·9 .34 1·31 2. 47 
7·1 .68 1.40 3. 89 

10.4 1.25 1.63 5. 49 
13.6 2 .10 1.97 6. 45 
16.8 2.98 2.48 7.12 
20.0 3·91 3.14 7.28 
23 ·2 4.87 3·99 7. 07 

-8· 3 . 63 -1 . 20 -1. 41 
-5 ·9 .49 1 . 28 -·92 
-2. 6 - . 00 1 . 34 . 43 

. 6 . 40 1 . 43 2. 34 

. 6 . 39 1.47 2.03 

. 6 . 38 1 . 41 ----
3. 9 - . 03 1 . 56 3. 74 
7· 2 1 .01 1.75 5. 64 

10. 6 1 . 58 2 .06 7. 56 
13· 9 2. 38 2 .48 8. 76 

17 :~ 3. 19 3. 04 9. 32 
20 . 4.01 3. 72 8. 70 
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5, 
deg 

cr., 
deg 

0 - 3 ·5 
- 3 · 3 
- .2 
- .2 
-. 1 
2 ·9 
2.9 
9 . 2 

15 .8 
22.6 

0 - 3 ·3 
- 3 · 3 
-· 3 
-. 0 
- . 0 
2.8 
2·9 
9 · 3 

15 · 9 
22 .8 

0 -8 . 0 
-5 ·9 
-2.7 

· 3 
· 3 
· 3 
· 3 

3 . 4 
6 . 5 
9 · 7 

13 · 0 
16· 3 
19 .6 
22 · 9 

0 -3 · 3 
- 3 · 3 

- · 3 
-. 2 
-. 2 
2 .8 
2 · 9 
9 . 3 

16 . 0 
23 · 0 

.. 
• • · . · • C· • L 

• .." 'j'll 
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.:: .: :TA~ vrk E~:REi~~ ~<lI'eMODEU' - M = 3· 35 ------. • • • c; • Cm 5 , I cr., 

deg deg 
CL Cn Cm 

!l) 
deg 

cr., 
deg 

CL Cn <;" !l, 
deg 

(a) c = 0 .1001; Of = 10
0

; e . G. at 0 . 4121 (e) c = 0.1831; Of = 15
0

; 

- 0 .24 0 .26 - . 07 10 -3 . 4 - 0.56 0 .22 2 . 91 0 -3 · 0 -0 ·38 0.48 -.15 15 
- .26 .21 - . 01 -3 · 3 -. 56 .26 2 . 96 -2 · 7 - .40 .61 -.06 
- .02 .24 - . 23 -. 2 - · 31 .17 2 . 55 .1 . 01 . 46 -. 48 

. 01 .29 -. 42 - .1 -. 29 .22 2 . 43 .1 . 02 ·52 -. 51 
-. 01 .23 - . 29 - . 0 -. 29 .16 2 . 44 .1 .00 .44 -. 47 

.22 .25 -. 54 2 .8 - . 06 .18 2 . 07 3 ·2 . 43 .46 - . 97 

.21 .19 - . 47 2 .8 - .04 .14 1.97 3 ·2 .45 .46 -1.02 
1.05 .53 -1 . 79 9 . 3 .82 · 30 . 70 9.6 1.69 . 78 -1 . 78 
2.74 1.20 - 6. 49 15 .8 2 .49 . 95 - 3. 74 16.4 3 · 78 1.75 -2. 53 
4 .61 2 ·52 -13 . 24 22 .8 4 · 33 2.17 -10 .16 22 .8 5 ·97 3 . 34 - 3. 8J. 

(b) e = 0.1001 ; Of = 15
u

; C.G. at 0 . 4771 (f) c = 0 .2621 ; Of = 10
0

; 

- .29 .26 · 09 15 -3 . 4 - .79 ·52 4 · 51 0 - 8. 0 -1 . 64 . 67 -. 04 10 
- .28 .34 . 05 - 3 .3 -. 81 · 50 4. 55 -5· 9 -1 . 02 . 57 -. }1 
- . 01 .24 - . 23 - .2 - . 51 .45 4. 00 -2. 7 -. 43 . 46 -. 34 

. 00 ·33 - .}4 - .1 -· 51 .42 4.01 . 2 -. 01 . 48 - . 59 
- . 00 .25 - . 29 - .1 - .53 .42 4.11 . 2 . 02 . 41 - . 53 

.25 .26 - . 64 2 .8 -. 24 ·35 3. 64 3. 3 . 50 . 44 -1 . 01 

.25 ·31 - . 64 2 . 9 - .24 · 35 3· 53 6. 4 1.04 . 64 -1.23 
1.14 ·50 -1 . 58 9 · 3 . 71 .43 2 . 29 9. 6 1.96 . 82 -1. 70 
2 . 94 1.26 - 5· 37 15 ·9 2 .45 1.06 -1.10 12 . 8 3.12 1 . 23 -2 .10 
4.87 2 . 70 -10 . 88 22 .8 4.43 2 .23 - 6. 07 16.1 4. 36 1 . 85 -2 . 62 

19· 3 5. 67 2 . 68 - 3. 34 
22. 6 6 · 90 3· 70 -3. 64 

NAeA RM AS7 J22 

cr., 
deg 

CL Cn <;" 

C. G. at 0 . 6261 

-3 ·1 -1.33 0 · 97 5.12 
-3 · 0 -1. 32 .96 5 .05 

. 0 -.89 . 78 4. 47 

. 0 -. 90 .84 4. 51 

. 2 - ·91 .80 4. 50 
3 · 0 - . 44 .66 3. 79 
3 ·1 -. 44 ·72 3. 75 
9 . 5 . 78 . 78 3. 20 

15 . 9 2 . 99 1.35 1.93 
22 ·7 5 ·37 2.62 . 57 
C.G. at 0 . 6251 

-5.7 -1.89 .54 3. 59 
.4 -. 73 . 75 2. 45 
.4 - .68 .62 2. 33 

3·3 -. 12 ·56 1.54 
6.5 . 42 .65 1 . 27 
9 . 7 1.17 .81 1 . 42 

12 . 9 2 . 27 1.06 1 .18 
16 .2 3 ·46 1.62 . 84 
19 .4 4 . 63 2 .15 -.09 

(e) c = 0 .1001; Of = 200
; e . G. at 0.5491 (g) c = 0 .2621; Of = 15

0
= e.G. at 0 . 6791 

-1.36 .81 . 81 20 - 3·2 -. 98 ·95 5. 22 0 - 3· 2 - ·70 .96 .64 15 - .1 -1.24 1.13 4 .50 
-. 87 . 73 . 60 -3 ·1 -. 98 . 93 5.18 - .4 - .04 1 . 00 -. 27 2.8 -. 52 ·97 3·29 
-· 38 .69 . 21 - .1 - .68 .84 4. 85 2·7 .63 .87 -1.31 2·9 - ·52 1.03 3 ·25 
-. 01 . 74 - . 24 - .1 - · 70 . 78 4. 90 9.4 2 .26 1.25 - 2 .21 9 ·2 1.09 1.03 2 . }1 
- . 01 ·57 -.24 - . 0 -. 70 · 79 4 . 89 15 . 9 3 ·85 1.80 1.57 
- . 01 .63 -.17 2 .8 - .41 . 70 4. 60 15 - 3 · 3 -1.93 1.32 5 . 69 22·7 6 .61 3 · 22 1.15 
- . 00 .69 - .21 3 ·0 - · 39 .68 4 . 48 - 3 ·2 -1. 93 1.40 5·75 

·31 .64 -. 63 3 · 0 - · 39 .69 4. 45 -. 1 -1.25 1 .23 4 .59 
.77 . 71 - · 91 9 ·3 .64 . 73 3. 54 

1.45 .89 -1.07 16 . 0 2.57 1.27 1. 36 
2 · 32 1.22 -1. 54 22 .8 4 .81 2 . 36 -1 . 64 
3.28 1.72 -2 . 65 
4 .26 2 .41 - 4 .05 
5 ·26 3. 29 -5. 65 

(d) c = 0 .1831; Of = 10
0

; e.G . at 0 . 5281 (h) B~ alone; C.G. at 0 . 5281 

- ·31 .24 - .14 10 -3 · 3 - .84 . 44 3 · 51 0 -3 ·4 -. 19 .05 - . 95 0 2 · 9 .17 . 05 · 39 
- ·31 .20 -. 13 -3 · 3 - .84 .41 3 ·53 -3 .4 -. 21 .04 -· 91 6 .0 .44 .11 1. 01 

. 02 .23 - . 50 - .1 -. 49 ·31 2 .94 -. 2 - . 02 . 03 -. 20 9 . 4 .96 .23 1.39 
- . 00 .16 - · 37 - .1 -. 49 .43 2 ·92 - .1 - .00 . 05 -. 27 12 . 6 1.72 .49 1.45 
- . 00 .18 - · 34 0 - . 49 · 35 2 .88 -.1 -. 02 . 03 -. 19 16 .1 2.52 .86 1.47 

· 31 .22 -· 73 2 .8 - .14 .24 2 .29 2·7 .16 . 06 .43 19 . 5 3· 35 1.37 1.09 
· 30 .16 - . 69 2 · 9 - .13 .26 2.24 22·9 4 .17 2 . 05 .62 

1.33 . 49 -1. 70 9 · 3 · 90 .43 1.21 
3 .16 1.30 -4 .22 16 .1 2 .81 1.06 - 1.49 
5 ·12 2 . 77 - 7.80 22 .9 4 .88 2 · 30 - 4 .88 

. ~. 
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1B :r~~ ~m. G; c .... A~ g.5~.H : · ::. • •• A • • 
d~g d~g CL Cn Cm II e, deg d~g CL Cn Cm d~g d~g CL CD c", d~g d~g "-~L • CD c", 

(a) M = 1.76 (e) M = 2 .20 

0 -6 .1 - 0· 78 0.67 1 . 61 12 -6 .1 -1. 33 1.02 5. 32 0 -6 .1 - 0.67 .66 . 76 12 0 - .48 ·75 3. 32 
- 3·1 - .40 .63 . 98 - 3·2 -· 95 .89 4. 57 -3 · 0 -· 31 .60 . 39 1.0 -. 37 .73 3.10 
-1.1 -. 14 .63 . 41 -1.2 -. 66 .82 3. 86 -1. 2 -. 08 .58 .10 2.8 -. 16 .71 2. 83 
0 . 02 .63 . 09 0 - .56 ·79 3. 61 0 .07 .59 -.20 5 .8 .27 .73 2. 47 

.8 .14 .64 - . 21 .8 - .42 .77 3. 23. .8 .23 .58 -. 42 9 · 0 .81 ·77 2· 35 
2 . 9 . 43 .67 -. 80 2·7 - .16 .76 2. 66 2 .8 .46 .60 -.71 U . 9 1.61 . 96 2. 75 
5 ·8 .82 .76 -1 · 37 5. 7 .24 .78 2.10 5.8 .86 .66 -1.04 14.9 2.51 1.24 3. 29 
8 .8 1. 34 .86 -1. 90 8 ·9 ·73 .87 1. 76 8.8 1.43 .77 -1. 36 16 . 4 3·02 1. 43 2.67 

u .8 1.90 1.01 -2.15 11.8 1.28 ·99 1 . 53 u.8 2.17 1.00 -. 79 17 . 9 3.62 1.69 3.14 
14. 9 2.62 1.28 -1. 73 14· 9 2.09 1.22 1 . 81 14.9 3· 06 1.36 -.18 20.9 4.64 2.24 2. 78 
17 ·9 3 ·69 1.75 - . 72 17·9 3 ·12 1.62 2. 61 17 ·8 4.13 1.86 -.26 22 .9 5. 58 2.76 1·92 
20 .9 4.77 2 ·37 .04 20· 9 4· 35 2 .21 3. 08 20. 9 5.16 2·51 -.70 24.0 6.16 3· 08 . 96 
21.8 5 .27 2 .61 . 07 21.9 4 . 72 2 . 42 3. 41 23.7 6.49 3 ·38 -1. 99 
22 .9 5.81 2 .93 - .15 22 · 9 5.25 2 · 71 3. 20 17 -6 .1 -1.42 1.18 6· 09 
23.9 6 . 49 3 · 30 -1.10 23 ·8 5 ·97 3· 02 2. 41 6 -6 .1 -. 95 .78 2. 51 - 3· 0 -1.10 1.04 5. 61 

- 3· 0 -. 58 ·70 2. 03 -1.2 - .83 .94 5. 08 
6 -6 .1 -1.05 .84 ' 3. 28 17 -6 .1 -1.62 1.20 7.16 -1.2 -· 30 .65 1. 62 .1 -. 75 .89 4. 94 

-3 ·0 - .65 ·73 2. 56 -3·1 -1.23 1.05 6. 37 0 -. 18 .62 1. 41 .8 -. 61 .87 4. 66 
-1. 2 - .39 .69 1 . 95 -1.1 -1.01 .94 5. 82 .8 -. 06 .61 1.22 3 . 0 -. 33 .81 4.22 
0 - .22 .68 1 . 56 .1 -.86 .88 5. 42 2 .8 .13 .61 1 . 03 5.9 -. 00 .80 3. 99 

.8 -. 15 .67 1 . 36 ·9 - . 75 .85 5.12 5 ·9 . 56 .66 . 70 8.9 .54 .83 3. 77 
2 .8 .12 . 68 . 85 2.8 -. 46 .80 4. 45 8 .8 1.19 --- . 53 11 .9 1.35 1.01 4. 09 
5.8 · 51 ·74 . 32 5 ·9 - .04 .80 3. 72 u.8 1.89 . 91 . 93 14.9 2 .28 1.27 4.41 
9· 0 1.06 .83 - .19 8 .8 .44 .86 3. 32 14.9 2 . 78 1.25 1 . ~5 17.9 3. 35 1.68 4.18 

11 .8 1. 61 .95 -. 45 U .8 1.02 .98 3. 01 17·9 3.84 1.74 1 . 8 19 . 4 3.94 1.94 3. 86 
14·9 2·37 1.20 - .17 14·9 1.81 1.22 3.14 20· 9 4. 95 2·35 . 98' 20·9 4.57 2 .25 3.47 
17.8 3. 41 1.63 . 68 17 · 9 2 · 90 1.63 3. 80 23·9 6 · 38 3·24 -.56 22.5 5.23 2.61 2. 95 
20.9 4 .64 2 .26 1 . 32 19·3 3·48 1.87 3. 97 23.9 5.96 2 . 96 1. 85 
22.3 5. 27 2.61 1.58 20 ·9 4.17 2 .17 4.15 12 -6.1 -1. 21 1.03 4. 53 
24.0 6· 30 3.16 . 49 22.5 4.93 2 · 54 4. U -3·0 -.83 .89 3. 95 

23.9 5 ·86 2 ·95 3.18 -1.0 -. 62 .80 3. 60 

(b) M = 2 . 00 (d) M = 3.00 

0 -6 .2 - .74 .60 1 . 23 12 0 - . 47 ·72 3. 57 0 -3·0 -. 43 .53 . ~ 12 -.0 -. 59 .78 3. 66 
- 3·1 - .40 .56 . 97 .8 - .40 · 71 3. 36 -1.0 -.15 .49 . 35 -. 0 -. 61 .80 4.40 
-1. 1 -. 15 .55 . 55 2 .8 -. 12 .69 2. 85 0 -. 01 .49 .14 ·9 -. 48 . 78 3.51 
0 -. 00 .55 . 31 5 .8 .25 . 71 2. 49 0 -. 01 .48 .12 1.9 - ·35 ·75 3. 25 

·9 .13 .56 . 04 8 . 9 .82 . 78 2. 08 0 -.01 .49 . U 4.0 -. 07 ·73 2. 72 
2.8 .41 .58 -. 49 11.9 1.54 .94 2. 32 1.0 .11 .49 -.09 7. 0 ·35 .63 3.41 
5.8 .87 .66 -1· 07 14.9 2.45 1.21 3. 07 2 . 0 .23 .51 -.27 8.0 ·55 .66 3.47 
8.9 1.42 . 78 -1 . 48 16 .6 3 ·01 1.43 3. 28 4.0 ·50 ·55 -. 64 10.2 1.07 . 76 3.56 

u.8 2 . 06 ·95 -1.10 17 .8 3. 49 1.63 3. 25 7· 0 .98 .65 -·53 10.2 1.07 .75 3.56 
14. 9 2 ·97 1. 31 -. 32 20·9 4 .64 2.22 3. 06 8.1 1.20 ·70 -.58 10.2 1.08 . 76 3.57 
17 ·8 4. 00 1.80 -. 06 22 .9 5. 49 2 . 73 2. 50 10.2 1.70 .84 -. 31 12 . 3 1.68 .88 3. 39 
20.9 5·10 2.44 -.24 24.0 6 . 04 3· 04 1 . go 10 .2 1.70 .83 -. 34 
23· 9 6.43 3· 33 -1 . 22 10 .2 1.73 .85 -035 17 - 3·1 -1 .22 . 95 7. 91 

17 -6.1 -1.55 1.11 6. 80 11·3 1.98 ·92 -.30 -1.1 -. 97 .84 7·01 
6 -6 .1 -. 99 · 75 2. 93 - 3·0 -1.21 .99 6. 27 12 .4 2.28 1.03 -. 39 -.0 -. 85 · 79 6. 62 

- 3·1 - .63 .67 2. 51 -1.1 -· 97 ·90 5. 81 - .0 -. 85 .78 6. 54 
-1.2 -. 38 .62 2. 07 0 -. 85 .85 5. 55 6 -3·1 - · 73 .63 2. 75 -.0 - .85 .78 6. 52 
0 - .22 .60 1 . 75 1.0 -· 70 .81 5.18 -1.0 -. 46 .63 2. 26 .9 -. 73 .74 6.12 

· 7 - .U .60 1 . 53 2 · 9 -. 45 · 77 4. 72 -. 0 -· 33 ·54 2. 03 1.9 -. 60 ·70 5.65 
2.8 .16 .60 1 . 01 5·9 - . 03 · 75 4.18 - . 0 -· 33 .54 2. 03 4.0 -· 32 .66 4. 71 
5.9 .58 .66 . 63 8 . 9 . 48 . 79 3. 87 -. 0 -· 33 .54 2. 02 6.9 . 08 · 72 4. 70 
8 .9 1.11 · 72 . 29 U.S 1.29 . 96 3· 79 ·9 -. 20 ·53 1. 78 8.0 .27 . 74 4. 46 

u.8 1.81 .89 .60 14 .8 2 .17 1.22 4. 33 2 . 0 -. 06 .53 1 .53 10.1 .80 .85 3. 66 
14.9 2.71 1.21 1.30 17·8 3·28 1.62 4. 32 4.0 .19 .54 1 .15 10.1 ·79 .84 3.64 
17.8 3·76 1 .67 1 . 61 19 · 3 3 ·80 1.85 4.27 7. 0 .64 ·58 1 . 66 10.1 .80 .84 3. 60 

20. 9 4.80 2 .24 1 . 65 20·9 4 .47 2.18 3. 96 8 .1 .85 .62 1 . 68 12·3 1.41 ·95 2. 49 

23.9 6 .28 3·15 . 31 22 ·5 5.11 2 .53 3. 57 10.2 1.36 . 74 1 . 83 12·3 1.40 1.05 1.81 
23 · 9 5 ·87 2 .92 2. 82 10.2 1.35 . 74 1 . 78 13 . 4 1.72 1.10 1·09 

12 -6 . 0 -1. 29 · 96 5. 03 10.2 1.36 . 74 1 . 77 15·6 2.43 1.20 -.69 

-3· 0 - ·90 .83 4. 42 12 ·3 1.94 ·90 1 . 77 15 .6 2.43 1.19 -.68 
-1.2 -. 68 ·76 4. 00 15·6 2 .48 1.22 -. 81 

12 -3·1 -1.00 . 94 4. 47 
-1.0 -.74 .84 4.00 
- .0 - .61 .80 3.74 
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• • • • 
•• ... • 

8, 
deg 

a., 
deg C

L ~ 

0 -3 ·0 -· 51 ·57 
-1.0 - .21 . 53 
- . 0 - .08 ·53 
-. 0 - .07 .53 
0 - .04 ·51 
1.0 . 07 ·53 
2.0 .23 ·53 
4. 0 .53 . 55 
6 .9 1.08 . 69 
8 . 0 1.35 . 74 

10 .0 1.85 ·91 
10 . 0 1.85 ·90 
10.0 1.85 .90 
12 .1 2.40 1.13 
12 .2 2 .44 1.14 
13 .2 2·72 1.26 
15·3 3.31 1.58 
15. 3 3. 34 1.60 
15 · 3 3·33 1.58 
17-4 3·92 1.94 

6 -3·0 - .76 .64 
-1.0 -. 49 .58 
-. 0 -. 34 ·55 
- .0 - · 34 . 55 
- . 0 -· 33 .55 
1.0 - .19 ·53 
2 . 0 - . 05 .52 
4 . 0 .26 .53 
6 .9 ·57 .65 
8 . 0 1.04 .65 

10. 0 1.56 . 76 
10 . 0 1.57 .77 
10. 0 1.57 . 77 
12 .1 2.12 .96 
12.2 2 .10 . 92 
13·2 2 .39 1.04 
15 . 3 3 · 05 1.37 
15 · 3 3·01 1.33 
15 · 3 3· 01 1.35 
17 · 4 3 ·63 1.67 

••• • •• .. . . .... .: 
: .: .: .. . 

• • • 
•• • • 
• • • • 

'n\Jl!.E fIn .• -

Cm 
0, 

deg 
a., 

deg 

(e) M = 4 .24 

1 . 22 12 - 3 ·0 
. 72 -1.0 
. 53 -. 0 
. 45 -. 0 
. 32 -. 0 
. 03 ·9 

-.10 2. 0 
-. 54 4 . 0 
-.21 6 .9 
-.42 7· 9 
-. 56 10.0 
-· 55 10 .0 
-. 56 10.0 
-· 97 12.1 

-1. 84 12 .1 
-2.18 13 ·2 
-2. 84 15 ·3 
-2. 90 15 ·3 
-2. 93 15 ·3 
-4. 38 17·3 

2. 63 17 - 3 · 0 
2035 -1.0 
2.10 -. 0 
2.12 -. 0 
2 .10 -. 0 
1. 83 ·9 
1 . 60 1.9 
1.10 4 . 0 
2. 20 6 ·9 
1 . 68 7·9 
1. 38 10. 0 
1 . 42 10. 0 
1. 45 10 . 0 

.12 12 .1 

. 34 12 .1 

. 07 13 ·2 
-. 85 15 . 2 
-. 79 15·2 
-. 85 15 . 2 

-1 . 37 17.4 

• • • • • • • • ••• . :-: ..... ... . . 
:rME:lITAl. RESULTS FOR MODEL G; C.G. AT 0. 5&.H 

C
L ~ Cm 0, 

deg 
a., 

deg C
L '1l 

-1.00 .88 4. 23 0 - 3·0 -. 49 . 50 
- ·74 .80 3. 96 -1.0 -. 19 .48 
-. 61 .76 3. 75 0 - .03 . 48 
-. 60 ·75 3. 72 0 - .04 .48 
-. 62 . 75 3. 83 0 -. 03 .48 
-. 46 ·71 3. 44 1.0 .13 . 48 
- ·32 .71 3. 22 2 . 0 .28 .49 
-. 03 .64 2. 87 4.0 .57 ·51 

. 48 .63 4. 04 6· 9 1.04 .68 
· 74 .66 3.44 7. 9 1.35 . 74 

1.28 .74 3.15 9.9 1.80 ·91 
1.27 . 73 3.17 9.9 1.85 ·92 
1. 28 · 72 3.14 9·9 1.87 . 95 
1.84 .88 2. 74 12 . 0 2 · 38 1.13 
1. 78 .83 2. 68 12 . 0 2.41 1.17 
2. 06 . 93 2.47 13 · 0 2 ·76 1.29 
2 ·72 1.22 1.41 15·1 3 ·23 1.61 
2 .69 1.20 1 . 70 15·1 3.23 1.62 
2·71 1. 52 1 . 53 15 ·1 3·26 1.63 
3·25 1.22 1 . 37 17·1 3 .80 1.97 

-1.23 1.00 5.76 6 -3·0 -. 77 .61 
-. 98 .88 5.50 

I 
-1.0 -. 49 .56 

-.85 .82 5·30 - .0 - ·33 ·52 
- .85 .83 5.28 - .0 - ·34 .53 
- .84 .83 5.22 -. 0 -. 34 .53 
- · 72 . 78 5.08 1.0 - .18 · 51 
-· 57 . 73 4.79 

, 
2.0 -. 02 . 49 

-. 27 .68 4· 38 
, 

4.0 .28 .48 
.26 .74 4.86 6. 9 .81 . 57 
. 49 · 75 4.88 7·9 1.09 .60 

1.05 .80 4.51 9 ·9 1.56 . 74 
1. 04 .80 4.53 9.9 1.44 1.51 
1.04 .81 4 . 55 i 9 ·9 1.58 · 75 
1.63 · 90 3·96 12.0 2 . 08 . 93 
1.62 ·90 2 .88 12 . 0 2 . 01 .90 
1.92 .96 2 .59 13 . 0 2 · 37 1. 07 
2 . 53 1.27 1.73 t 15·1 2.84 1 . 34 
2 ·52 1.26 1.78 

I 
15 ·1 2 ·94 1.33 

2 ·51 1.32 1.86 15 .1 2. 95 1.34 
3.12 1.52 1.35 17·1 3. 48 1 .64 

. ':4ir 
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- CONCLUDED 

Cm d~g d"eg C
L '1l Cm 

(f) M = 5. 05 

. 92 12 - 3· 0 -1.08 .82 4. 04 

. 51 -1. 0 - .73 · 74 3. 74 

. 29 -. 0 -. 57 · 70 3. 48 

. 26 - . 0 - ·58 · 70 3.49 

. 23 -. 0 -· 58 ·71 3·50 
-.13 . 9 -. 44 .66 3. 28 
-. 32 2.0 -. 28 . 63 3. 00 
-.55 4. 0 -. 03 . 59 2. 53 
-.07 6 . 9 ·53 . 58 3. 25 
-. 65 7.9 .81 .62 2. 84 
- · 90 9 .9 1.32 .69 2. 30 

-1 .14 9 .9 1. 32 . 70 2. 39 
-1.17 9. 9 1.33 · 70 2. 33 
-1. 70 12 . 0 1.83 .86 1 . 96 
-2. 43 12.0 1.80 . 79 1.60 
-2. 66 13·0 2 . 07 ·90 1 . 26 
- 3. 60 15.0 2 .62 1.17 . 74 
- 3. 43 15 ·1 2 .65 1.17 .58 
- 3. 45 15 ·1 2 .64 1.16 · 50 
- 3. 96 17 .1 3 .14 1.44 .14 

2. 58 17 - 3·0 -1.21 .95 5.68 
2. 25 -1.0 -· 96 .85 5 .49 
2. 03 -. 0 -. 80 · 79 5·02 
2. 04 - . 0 -. 82 .80 5 · 38 
2. 02 - .0 -. 82 .80 5.73 
1 . 72 . 9 -.67 · 75 4 .92 
1.46 1.9 -· 52 · 70 4 .76 
1.02 4 . 0 -. 20 . 64 4.18 
1 . 58 6 . 9 ·36 .68 4 ·38 
1.12 7.9 · 59 · 72 4 .21 

. 79 9.9 1.10 .75 3 ·72 

. 76 9.9 loll ·75 3 .78 

. 76 9. 9 1.13 . 73 3 .80 

. 38 11 . 9 1.65 .85 3 ·31 
0 :.2 . 0 1.65 .82 2 .26 
-.70 :3 · 0 1.92 ·99 1.97 

-1.04 15 ·1 2 .43 1.25 1.22 
-1 . 37 15 ·1 2.45 1.24 1.47 
-1 . 32 15 .1 2.48 1.24 1. 42 
-2. 22 17 ·1 2 ·99 1.48 1.10 
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·0 
o 0 

o 0 
o • 
•• ruLE IX. - EXPERIMENTAL RESULnl FOR 

0., ct. en c", C1 Cy c;, a., CL 
deg ~eg 

(a ) cp = 0°, 0 0 00 

-6.2 -0.74 0.60 l . 23 O.Ol 0.07 -.20 -6.1 -0.66 
-3.1 - .40 ·56 · 97 .01 .07 -.l9 -6.2 - .66 
-l.l - .l5 ·55 . 55 . 01 .06 -.l9 -3·1 - · 33 
0 - .00 ·55 . 31 ·01 .06 -.l9 -1.l -. l7 

·9 .l3 . 56 .04 . 01 . 06 -.l8 -1.1 - .l7 
2.8 .4l ·58 -.49 . 01 .06 -.18 .1 -. 00 
5.8 .87 .66 -1.07 .Ol .05 - .15 .8 .15 
8 .9 1.42 ·78 -l . 48 . 01 .03 - .09 ·9 .U 

il .8 2.06 .95 -1.10 .01 . 02 -.05 2·9 · 38 
14.9 2.97 1.31 -. 32 .01 · 05 -.13 5.9 .82 
17.8 4. 00 1.80 - .06 .01 .15 -. 39 8 ·9 1.35 
20.9 5·10 2. 44 -.24 .02 .26 -. 73 il .8 2.10 
23 .9 6.43 3·33 -1.22 . 02 - .25 .22 14 ·9 2·91 

17.9 3·98 
21 . 0 5.U 
20· 9 '.il 
23 ·9 6.42 

(d) cp = 67 .,°, 0 - 00 

-6·3 -. 64 .86 1 .10 - .01 -. 04 .07 -6.1 -1.55 
-3.2 -· 37 . 73 . 93 -. 01 - .04 .03 -3·0 -1.21 
-1.1 -.13 .69 . 53 - .01 - .04 . 02 -1.1 - ·97 
-. 1 -. 02 .66 .28 - .01 -. 03 .03 0 -.85 

.8 .13 .65 -.03 - .Ol -. 03 . 02 1.0 - · 70 
2·9 .42 .66 -. 57 -. Ol -. 02 - . 02 2.9 - .45 
5·9 .84 · 73 -1. 07 -. 00 -. 01 -.09 5.9 - .03 
8.9 1. 42 .84 -l.54 .00 .00 - .13 8 .9 .48 

u.o 2.U 1.06 -1.15 .00 . 0) -.18 il .8 1.29 
15.0 2 ·92 1.38 -. 46 - .00 -. 01 - .U 14.8 2.17 
17.8 3.94 1.84 - . 24 - .00 .02 - .15 17.8 3.28 
19.3 4.47 2.13 -. 22 --- .04 -·09 19 ·3 3.80 
21 . 0 5 ·l3 2.52 -.55 .00 .06 .06 20 .9 4.47 
22 .6 5·81 2.97 -l .oo -. 00 .03 . 78 22 ·5 5.il 
24.0 6.48 3.42 -l . 73 -. 00 -. 03 l . 51 23 ·9 5.87 

(g) cp _ 90°, O-l7" 

-6.l -.82 loW 2. 0l .l4 - .86 5. 24 -6 · 3 - .18 
-3. 0 - .48 .97 1 . 48 .07 - .84 5.16 -3·2 .20 
- l.l - .20 ·90 . 82 .Ol -.83 5.13 -1.l ·50 
0 -· 05 .89 . 42 - .Ol -.83 5.12 0 .62 

.9 . il .88 . 02 - .04 - .83 5.il ·9 · 73 
2.8 .40 .9l - . 64 - .il - .84 5.16 2.9 1. 03 
5.9 .88 1.00 -l . 47 - .22 -.86 5. 25 5.9 1.5l 
8.8 l .45 1.il -2.15 -· 33 - .88 5. 36 8·9 2 .06 

il.8 2.l6 1.32 -2 . l 3 - .44 - .87 5. 37 il .9 2· 75 
14.8 3·08 1.56 -l . 58 - .53 -.86 5. 27 l4 .9 3 ·6l 
17-8 4.il 2 .14 -1 . 49 -. 62 -. 78 5. l 6 l7·9 4.69 
19·3 4.6l 2. 43 -l . 52 --- -· 75 5.26 19 . 4 5.21 
20·9 5·23 2 .80 -l.77 -· 72 -. 71 5. 63 21 . 0 5.82 
22·5 5.92 3.24 -2. 31 -· 79 - .80 6. 75 22. 4 6. 43 
23·9 6.65 3·72 -3 .20 -.88 -. 92 7. 76 23 ·9 7· 05 

- a. , 
deg ~ Co c;. C1 Oy 

-
. . , 

- - ~) 

••• • : .. . : ... 
• • • •• • • ••• 

• G AT"s~ lIOLIM.N 

en c", C1 Cy 

(b) cp 0 22 .5°, 0. 00 

0. 71 l. 23 -0.0l -O.Ol 
.7l l . 23 -. 00 - .Ol 
.66 . 96 .00 - .Ol 
.64 . 62 -. 00 -. Ol 
.60 . 62 - .00 -. 02 
·59 . 32 -. 00 - .01 
·59 -.m - .00 - .02 
·58 .08 -. 00 - .02 
.60 -. 44 -. 00 - .04 
.68 -· 97 - .Ol - .04 
.78 -1. 31 -. 03 - .04 

1.00 -1·09 -. 03 - .06 
1.33 -.28 -. Ol -. 06 
1.83 -.13 -.Ol -. 10 
2.48 -. 49 -. 03 - .il 
2.47 -. 46 - . 03 -. 10 

3·35 -1 ·29 - .03 - ·09 

(e) cp - 00, 0-17" 

1. il 6. 80 .00 .03 
.99 6. 27 .00 .03 
.90 5. 81 .00 .03 
.85 5.55 .00 .04 
.81 5.18 .00 .04 
·77 4. 72 .00 .03 
· 75 4.l8 .00 .02 
. 79 3. 87 .00 . 04 
.96 3. 79 .00 .03 

1.22 4. 33 . 00 .06 
1.62 4. 32 .01 .14 
1.85 4. 27 . 03 .15 
2 .18 3. 96 .03 .l4 
2 ·53 3· 57 .02 .03 
2.92 2. 82 - . 00 • .02 

(h) cp - l35°, O-l7" 

.84 -l .93 .il - ·55 

.88 -2. 44 .04 - .60 
·91 -3.U .00 - .61 
.93 -3. 47 -. 02 -.60 
· 95 -3.74 - . 0) - ·59 

1.02 -4. 43 - · 07 -· 55 
1.l7 -5.38 - .l3 - ·50 
1.36 -6. 03 -. l9 - .44 
1.62 -5·99 -. 25 - ·39 
2. 02 -5. 60 - .32 -· 35 
2 .6l -5. 78 -. 40 - ·32 
2·96 -6.02 -. 44 - ·30 
3·40 -6. 45 -. 49 - .26 
3·88 -6.91 -. 54 - .21 
4. 4l -7.47 -· 59 -. l7 

Cn 
a. , CL Co deg 

00 

• • •• 
o • 

••••••• • •• • • ••• • 
... ",00 ~<f~ C·f· A! 0.585. . 

••• • •• • • • • • 
en a. , CL Cn c", C1 Oy 

deg 

(e) cp = 45°, e · 0° 

- . l3 -6 .3 -0· 70 0·79 l. 2O 0 .00 -0.04 
- .l3 -3 · l - ·35 .68 . 83 -.00 - .03 
- .04 -1. 1 -.09 .62 . 42 - .00 - .04 
- .04 .l .07 .60 . 08 - .00 - .03 
- . 02 1.l .l7 .60 -.W -. 00 - .03 
- . 04 2·9 . 38 .60 -.44 - .00 - .02 
0 5. 9 .88 .67 -1.19 - .00 - .02 
0 9·0 L4l · 79 -l . 46 - .01 - .01 

.07 il .8 2.05 .98 -1 .15 -.01 - .02 

.16 14.8 2·92 1.31 -. 57 -.00 .00 

. 22 17.9 4.05 1.83 -. 49 .00 .00 

.25 19.4 4.57 2.13 -.59 .00 .00 

. 21 20.9 5.l9 2.51 -.85 -.00 .02 

.10 22.6 5.85 2.97 -1.29 -.01 - .Ol 
- . 09 23 ·9 6.51 3.43 -1· 91 -.m - .10 
- . il 
. 64 

(l) cp _ 45°, 0 -17" 

- .02 -6.1 -1.36 1.22 5. 60 .07 -. 50 
- . 02 -3·1 - .97 1. 05 4. 84 .02 - ·55 
-.04 -1.1 - ·71 .94 4.2'( -.01 -· 57 
- .07 0 - .57 .89 3.96 -.03 - .58 
-.07 .8 -. 46 .85 3. 68 - .03 - ·58 
-.07 2 ·9 - .20 ·79 3.U - .07 - .56 
- .04 5·9 .26 ·79 2. 46 - .14 - ·53 
-.12 8 .9 ·18 ·79 2. 21 -.23 -. 48 
- .il U .O 1.47 .91 2. 72 - .26 -. 40 
- .19 14.8 2.29 1.15 3. 36 -·33 - .34 
- . 44 17.8 3·37 1.57 3.70 : :~ - .34 
-.44 19.3 3.90 1.81 3. 70 - ·31 
- . 30 20 .9 4.45 2.il 3. 66 -.44 - .26 
.l5 22 .5 5·l5 2.52 2. 40 - . 48 - .22 

- . 28 24 . l 5.84 2·99 3.U - ·52 - .22 

(1) cp - 1800, o -l7" 

3. 39 -6.2 .U ·78 - 3. 68 . 00 -.03 
3. 63 -3·l .52 ·78 -4 . l5 - .00 ::~ 3. 68 -1.1 ·73 .87 -4. 63 .00 
3. 66 .1 .9l ·90 -5.08 .00 - .04 
3. 61 ·9 1.02 .93 -5. 34 .00 -· 05 
3. 42 3· 0 1.26 1. 04 -5. 92 - .00 -.04 
3.12 6.0 1.64 1.19 -6. 39 - .00 -. 04 
2. 83 9·1 2 .l7 1.41 -6. 77 -.00 -.04 
2. 55 il .9 2. 74 1.66 -6. 36 -.m - .03 
2.24 14·9 3·58 2 .~ -5. 60 .00 - .03 
1. 87 17·9 4." 2. -5. 27 .00 -. 04 
l .65 19 .2 5 . 0l 2·94 -5. 30 .00 - .04 
l . 34 20 ·9 5·57 3·35 -5. 44 - .00 - . 04 
1.12 22.6 6.23 3·89 -5.93 ·05 -.04 
l .23 24.0 6.81 4.39 -6. 28 - .Ol - ·05 

c;. C1 Cy On 

(J ) cP - 90° , 0 -6° (k) cp - 900, &.12° 

-6 .2 -0· 73 0.75 l. 37 0.06 -0.26 1 . 63 -6 .l - 0. 74 0. 90 1. 56 O.il -0.60 t,~ -3·2 -. 41 .69 l.il .03 -. 26 1 . 57 -3·2 -. 38 .8l 1.12 ·05 - .59 
-1.l -.15 .65 . 61 - . 00 -. 26 l . 51 -1.l -. 08 .77 . 5l .00 - ·57 3, 44 
0 . 03 .65 . 24 -. 00 -.27 l . 52 0 -. 01 .77 . 34 -. 02 - .57 3. 44 

.9 .13 .64 . 06 -.02 - .27 1. 51 .9 .l5 ·77 - .06 - .04 -·56 3. 42 
3· 0 ·38 .67 -.42 - . 06 -. 27 1. 57 3·0 . • 2 .79 -.58 - .il -·58 3. 49 
6. 0 .83 .74 -l.O2 -.l O -. 29 1 . 67 ' .9 .84 .87 -1.18 - .18 - .59 3.58 
8 ·9 1. 34 .63 -1.40 - .15 -· 30 1. 77 8 ·9 1.42 .98 -1 . 80 -.27 - .63 3.73 

l2 .1 2.14 1. 06 -1. 25 - .19 -· 31 1. 83 12 .0 2.17 1.19 -1 .70 - .35 - .63 3.80 
14.9 2. 97 1. 38 -·69 -. 22 -· 30 1. 82 14.9 3· 02 l · 53 -1 ·09 -. 42 -.63 3·77 
17· 9 3·99 1.88 -.38 - .24 - ·30 1. 82 17·9 4.05 2. 03 -.87 -. 48 - .60 3.65 
19. 4 4·50 2.16 - . 36 - .25 -. 27 l . 80 19·3 4.52 2.28 - . 86 - .5l - ·57 3.64 
20·9 5.10 2·5l - . 64 -.26 -. 23 

~:~ 
20.9 5.12 2.64 -l .W -. 53 - .52 3.83 
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Figure 2 . - Sketch of model for second phase of investigation (model F )j 
d i mens ions i n body diameters . 
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Figure 16.- Maximum trimmed lift coefficients for the winged missile fuld 
model G. 
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Figure 17.- Drag coefficients for the winged missile and model G. 
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