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rnSEARCH MEMORANDUM 

f o r  the 
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A WIND-TUNNEL INVESTIGATION OF TBE STABILITY 

OF THE AJTISUB- ROCKET MK 1 MOD 0 

By Jacob H. Lichtenstein and James L. Williams 

An investigation has been made i n  the Langley s t a b i l i t y  tunnel i n  
an attempt t o  determine the cause and a remedy f o r  the i n s t a b i l i t y  in 
f l i g h t  of the Bureau of Ordnance, Department of the Navy ;  antisubmarine 
rocket Mk 1 Mod 0. 

The r e su l t s  of the investigation indicate tha t  the Magnus e f fec t s  
and t h e i r  nonlinear var iat ion with angle of attack a re  important fac tors  
in the s t a b i l i t y  of t h i s  missile.  Reversing the direction of rotat ion 
of the arming propeller such tha t  the  propeller and body rotated in the 
same direction decreased the Magnus e f fec t s  and it i s  believed tha t  an 
increase in s ize or res i s t ing  torque of the reversed propeller would 
fur ther  decrease the Magnus effects .  A nose-ring spoiler combined with 
rotat ion of the propeller i n  the or iginal  direction (opposite t o  the body 
rotat ion)  appeared t o  be the most promising configuration in tha t  the 
Magnus ef fec ts  were smallest. The nose-ring spoiler, however, caused an ' 

increase i n  drag of about 10 t o  12 pounds, f u l l  scale. 

INTRODUCTION 

The Bureau of Ordnance, Department of the Navy, has recently devel- 
oped an antisubmarine rocket designated a s  the Mk 1Mod 0. This missi le  
i s  projected through the a i r  from a ship t o  a point on the water surface 
above a suspected submarine location where it descends t o  the proper depth 
and i s  discharged. Both spin and f i n  s tab i l iza t ion  i s  employed during 
the  f l i g h t  of the missile and i t s  maximum range i s  about 800 yards. 

During f i r i n g  t e s t s  made f o r  the purpose of preparing range tables,  
the missile exhibited undesirable s t a b i l i t y  character is t ics  f o r  cer tain 
combinations of azimuth launching angle and side-wind velocity. A s  each 
round emerges from the launching tube, the e f fec ts  of gravity and side 
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wind cause the missile axis  t o  assume an angle of attack. The longitu- 
dinal  s t a b i l i t y  of the missile tends t o  reduce t h i s  angle. However",he 
pitching moment i n  combination with the spin of the missile introduces a 
gyroscopic moment tha t  causes the  longitudinal axis of the missile t o  
precess around the flight-path axis. A satfsfactory f l i g h t  is considered 
one i n  which the angle betweeq the missile axis  and f l i g h t  path i s  about 
100 or  less .  When the missile i s  launched at re la t ive  bearings of 650 
t o  135' measured from the bow of a ship traveling a t  33 knots, the angu- 
lar deviation between the  missile axes and the f l igh t  path becomes 
excessively large (about 30°). This resul t s  in  increased dispersion of 
the rounds and may also cause destruction of the round upon contact with 
the water, reference 1. 

As a r e su l t  of the ins t ab i l i ty  of t h i s  missile, a wind-tunnel 
investigation was made in the Langley s t a b i l i t y  tunnel a t  the  request 
of the  Bureau of Ordnance, Department of the Navy, in order t o  determine, 
i f  possible, the cause and a remedy: for  t h i s  condition. The re su l t s  of 
t h i s  investigation are summarized i n  t h i s  paper. 

This investigation included t e s t s  on both a stationary and a 
rotat ing model in order t o  assess the importance of the aerodynamic 
forces associated with spin (~agnus  ef fec ts )  on the s t a b i l i t y  of the 
missile. I n  addition, the stabili ty-tunnel ro l l ing  flow f a c i l i t i e s  
were employed fo r  a portion of the  t e s t s  in  order t o  determine the aero- 
dynamic resistance t o  the precessional motion observed i n  f l igh t .  The 
influence of a turbulence-creating ring around the nose of the missile 
and the influence of the direction of rotat ion of the arming propeller 
on the  s t a b i l i t y  of the missile were also determined. 

The data presented herein are  in the form of standard NACA coeffi- 
c ients  of forces and moments which are referred t o  the wind or f l i g h t  
axes, with the origin a t  the assumed center of gravity of the missile. 
The positive direction of the forces, moments, angles, and angular 
ve loc i t ies  a re  shown in figure 1. The coefficients and symbols a re  
defined a s  follows: 

C~ l i f t  coefficient, L/~S 

C D drag coefficient, D/¶S 

C~ side-f orce coefficient, Y / ~ S  

Cm p itching-moment coefficient , M/¶SZ 

C! n yawing-moment coefficient , N / ~ S Z  
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C 2  rolling-moment coefficient L / q ~  2 

L l i f t ,  l b  

D drag, l b  

Y side force, l b  

M pitching moment about assumed center of gravity, f t - l b  

W yawing moment, f t - lb  

L ro l l ing  moment, f t - l b  

9 dynamic pressure, e2, lb/sq f t  

P mass density of a i r ,  slugs/cu f t  

V velocity, f t / sec  
1 

S maximum cross-sectional area, sq f t  

2  fuselage length, f t  

d maximum diameter of fuselage, f t  

a angle of attack, deg 

P r a t e  of r o l l  about wind axis, precessional velocity, radians/sec 

pd rolling-velocity parameter 
2V 

LU r a t e  of rotat ion about longitudinal ax is  of model, rpm 

a r a t e  of rotat ion of propeller, r p m  

CONFIDENTIAL 



CZT,  Cq t o t a l  ro l l ing  and yawing moments f o r  the spinning missile 

example, cZT = C~ + c E) 
ZP 2V 

APPARATUS, MODELS, AND TESTS 

The t e s t s  of t h i s  investigation were made in the 6-foot c ircular  
t e s t  section of the Langley s t a b i l i t y  tunnel. This section i s  equipped 
with a motor-driven rotor  which may be employed t o  impart a twist t o  the 
a i r  stream so t h a t  the model mounted r ig id ly  in the tunnel i s  i n  a f i e l d  
of flow similar t o  that  which e x i s t s  in ro l l ing  f l i g h t  ( re f .  2).  

The models used in the present investigation were l/2-scale models 
of the Bureau of Ordnance, Department of the Navy, antisubmarine rocket Mk 1 
Mod 0. A sketch showing the general arrangement of the models i s  pre- 
sented i n  f igure 2. The body of the stationary model was made of so l id  
pine with a cut-out f o r  mounting. The t a i l  was made of sheet metal. 
The t a i l  f i n s  within the shroud were canted with the leading edge 70 t o  
the r igh t  of the missile longitudinal ax is  as seen in a p lan  view. The 
ro ta t ing  model was constructed en t i r e ly  of mahogany. In  order t o  at tach 
the ro ta t ing  model t o  the support system it was neceesary t o  hold a 
portion of the model stationary. This stationary section, which was 
13 inches long, contained the driving motor and bearings f o r  the shaft  
t h a t  rotated the forward and re-rd ro ta t ing  sections. (See f ig .  2. ) 
Since the shaft  had t o  be along the center l i n e  it was necessary t o  
at tach the model t o  the support system 1 inch below the assumed center 
of gravity. I n  order t o  minimize the e f f ec t s  of flow through the gap 
between the s tat ionary and rotat ing sections a 1-inch-wide band of 
aluminum was attached t o  the s tat ionary section so tha t  it overlapped 
the gap about 1/2 inch on each side. (see f igs .  2 and 3. ) Because of 
a time l imitat ion during the model construction it was necessary t o  
compromise the desired ro ta t iona l  speed of the  model f o r  a simple drive 
system. The design, as  used, allowed the model t o  ro ta te  f r ee ly  under 
the aerodynamic force of the f ins .  The motor ins ta l led  in the model 
had only suff ic ient  power t o  ro t a t e  the model a t  about 300 rpm and was 
ins t a l l ed  with a s l i p  clutch so tha t  it drove the model only when the 
ro ta t iona l  speed dropped t o  around 300 rpm, The model rotated in a 
clockwise direction a s  seen from the rear  and the ro ta t iona l  apeeds 
through the angle-of-attack range for  the various configurations a re  ' 

presented i n  tab le  I. Two arming propellers were tested; one propeller 
ro ta ted  a s  on the ful l -scale  missile; in the opposite direction t o  tha t  
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of the model (counterclockwise), whereas the other propeller tested 
rotated i n  the same direction a s  the model (clockwise). The propeller 
shafts  and blades were made of s t e e l  and the housing was made of alumi- 
num. The shaft  was mounted i n  b a l l  bearings so tha t  it was f r ee ly  
rotating, and no torque other than the bearing f r i c t ion  was applied. 
Measurement of t h i s  bearing f r i a t ion  indicated a res is t ing  torque of , 
about 0.1 inch-ounce, The spoiler-nose r ing  was a 1/16-inch-diameter 

welding rod formed in  a c i r c l e  of lnches outside diameter and was 
8 

attached around the nose of the model a t  the location shown in figure 2. 
The models were mounted on a single-strut support which was attached t o  
a conventional six-component balance system. Photographs of the rotat ing 
model mounted i n  the Langley s t a b i l i t y  tunnel are presented i n  figure 3. 

The t e s t s  were made a t  a dynamic pressure of 39.7 pounds per square 
foot  which corresponds t o  a Mach number of 0.17 and a Reynolds number of 

/ 

4.84 x lo6 based upon the model length. The model was tes ted  through an 
angle-of-attack range from about -40 t o  about 40' a t  zero s idesl ip in  
both s traight  and ro l l ing  flow with the model s t a t i o w y  and rotating. 
The t e s t s  were made with and without a nose r ing fo r  the propeller-off, 
counterclockwise-propeller, and clockwise-propeller configurations. In 
addition, some brief  t e s t s  were made with the t a i l  f i n s  and shroud 
extended about 50 percent of t h e i r  or iginal  length, 

C ORRECT IONS 

Corrections were applied t o  the l i f t ,  drag, and pitching moment fo r  
the support-strut tares .  The moment data fo r  the rotat ing model have 
been transferred from the mounting point t o  the assumed center-of-gravity 
location. No corrections were applied fo r  blockage or  jet-boundary 
ef fec ts  inasmuch as  they were found t o  be of negligible'magnitude. Cor- 
rections f o r  the interference of the support s t r u t  and stationary section 
of the spinning missile were not applied t o  the l a t e r a l  coefficients 
because means f o r  the i r  evaluation was not readily apparent. 

RESULTS AND DISCUSSION 

Presentat ion of Data 

The straight-flow data f o r  the rotat ing model without and with a 
nose ring are presented i n  figures 4 and 5, respectively, and fo r  the 
stationary model without and with the nose r ing in f igures 6 and 7, 
respectively. The rolling-fiow data fo r  the rotating model without and 
with the nose r ing  are presented in figures 8 and 9, respectively, and 

C ONFIDrn IAL 
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f o r  the available configurations of the stationary model without the nose 
r ing  in f igure 10. The t o t a l  ro l l ing  moment and yawing moment a re  pre- 
sented in f igures  11 and 12, respectively, f o r  the rotat ing model without 
and with the nose ring, The model rotat ional  speed cu through the angle- 
of-attack range f o r  various configurations i s  presented in table  I, The 
propeller ro ta t iona l  speed R i s  a l so  presented in tab le  I. Typical 
values a re  given because changes i n  !2 with changes i n  model configur- 
a t ion were insignificant magnitude. 

Longitudinal Characteristics 

The curves of l i f t ,  drag, and pitching moment against angle of a t tack 
( f igs .  4, 5 ,  6, and 7) show that ,  other than a general increase in drag 
due t o  the nose ring, the nose r ing and direction of propeller rotat ion 
had l i t t l e  influence on the longitudinal parameters as  could be expected. 
These factors ,  if generally l i nea r  a s  shown here, should not be a primary 
contribution t o  an ins t ab i l i t y  of the type reported f o r  t h i s  missile. 
The data show t h a t  the increment i n  drag due t o  addition of the nose r ing 
was larger  on the stationary model than on the rotat ing model. 

4 

Lateral  Characteristics 

Straight flow.- The l a t e r a l  force and moment coefficients Cy, C 2 ,  
and Cn f o r  a body with no spin and perfect symmetry of flow should be 
about zero. Development of an asymmetrical wake due t o  i n s t a b i l i t y  of 
a symmetrical wake or by the influence of rotat ion of the body or  i t s  
components r e su l t s  i n  a deviation of these coefficients from zero. The 
forces and moments which a r i se  due t o  circulation when the missile i s  
rotat ing a t  an angle of attack are  called the Magnus effects .  These 
forces and moments a re  usually destabilizing ( re f .  3) i n  tha t  they feed 
energy into the precessional motion of the missile. If these Magnus 
e f fec t s  a re  suff ic ient ly  large, a precession of increasing amplitude 
resu l t s .  It appears therefore tha t  it would, i n  general, be good t o  
maintain these forces and moments s m a l l  and preferably zero. 

Inasmuch a s  the mqdel was allowed t o  spin f ree ly  under the aero- 
dynamic influence of the f ins ,  the r a t e  of spin varied with angle of 

a d  at tack ( tab le  I )  and the scale spin necessary fo r  the same value of - 
2V 

on the model and ful l -scale  missile was not f a i th fu l ly  reproduced.   or 
most of the angle-of-attack range the model r a t e  of spin was higher than 
the required scale spin (about 4-80 rpm). Because of t h i s  condition and 
the f a c t  t ha t  no corrections fo r - the  interference of the support s t r u t  
and stationary section of the rotat ing model were applied t o  these 
parameters, the values a re  not quite representative of ful l -scale  values, 
The variat ion with angle of a t tack f o r  these parameters, however, and 
t h e i r  approximate magnitude a re  indicated, 



The data presented i n  figure 4 f o r  the rotat ing model show t h a t  
the forces and moments vary nonlinearly with angle of a t tack f o r  a l l  
the configurations, The values were small a t  the low angles of a t tack 
and increased rapidly beyond a = 8 O  t o  a maximum a t  about a = 16'. 
The small values a t  the low angles of attack are  about the magnitude of 
r e l i ab le  measurement. Removing the propeller provided very l i t t l e  
iznprovement; however, reversing the direction of propeller rotat ion 
provided considerable improvement in tha t  the increase in the Magnus 
e f fec t s  was delayed until higher angles of attack were obtained and the 
magnitudes of these e f fec ts  were generally decreased. It should be 
noted tha t  changing the direction of propeller rotat ion affected the 
r a t e  of spin of the model (going from the counterclockwise t o  the clock- 
wise propeller rotat ion decreased the model r a t e  of spin). The e f fec t s  
of the propeller on the l a t e ra l - s t ab i l i t y  parameters therefore a re  due 
i n  par t  t o  the d i rec t  e f fec t  of the propeller on the flow and in par t  
t o  the indirect  e f fec t  of the propeller i n  changing the r a t e  of spin. 
The f a c t  tha t  the Magnus force obtained f o r  a l l  the propeller config- 
urations i s  negative whereas the moments a re  posit ive indicates tha t  the 
center of pressure is  rearward of the center of gravity. A t  an angle of 
a t tack of 160 the  indications a re  t h a t  the center of pressure would be 
about 3 fee t ,  f u l l  scale, rearward of the center of gravity. 

With the nose r ing ins ta l led  ( f ig .  5)  the magnitude and variation 
of the  forces and moments were considerably smaller than f o r  the nose- 
ring-off configurations f o r  angles of attack up t o  about 20°. This i s  
par t icu lar ly  noticeable f o r  the model with counterclockwise-propeller 
configuration. For the configuration with the nose r ing on, the e f fec t  
of propeller rotat ion was  just  the  opposite t o  the e f fec t  of propeller 
ro ta t ion  f o r  the configuration with the nose ring off; the clockwise 
propeller now was adverse. (compare f igs .  4 and 5. ) 

The data i n  table  I show t h a t  the rotat ional  veloci ty  of the model 
reached a maximum usually between a = 80 and a = 12' then decreased 
with angle of attack u n t i l  about a = 240 where the rotat ional  velocity 
tended t o  l eve l  off .  For most of the angle-of-attack range the ro ta t iona l  
veloci ty  was higher than tha t  which could be obtained from the motor 
indicating tha t  the f i n s  were forcing the model t o  rotate.  

As discussed in references 4 and 5, it i s  possible f o r  a missile of 
t h i s  type  t o  develop a large-amplitude wobbling motion, somewhat similar 
t o  the motion described in t h i s  paper, i f  the  spinning velocity and the 
normal frequency i n  pi tch or yaw are about the same, However, f o r  the 
present case, the spinning veloci ty  i s  about 12 times the value of the 
frequency in e i ther  pitch and yaw; the ins t ab i l i t y  therefore i s  more 
l i k e l y  a r e su l t  of the combination of aerodynamic; and gyroscopic forces 
than the cross-coupling ef fec ts  of the ro l l ing  and pitching or yawing 
frequencies. 
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The data presented i n  f igure 6 f o r  the stationary model without the 
nose r ing show tha t ,  f o r  the nearly symmetrical case (body, hub, and 
t a i l ) ,  the values of these parameters were re la t ive ly  close t o  zero, up 
t o  about a = 20°, as  would be expected, The ef fec t  of propeller rota- 
t i o n  on the stationary model up t o  a = 20° was similar i n  trend although 
d i f fe rent  i n  magnitude t o  the propeller e f fec ts  obtained on the rotat ing 
model ( f ig .  4). The i n c r a e n t s  i n  the moments due t o  addition of e i ther  
of the  two propellers t o  the stationary model without propeller were of 
comparable magnitude t o  the t o t a l  moments measured f o r  the ro ta t ing  model 
 onf figurations even though the e f f ec t s  of the oppositely rotat ing propel- 
l e r s  were not symmetrical. 

The ef fec t  of the nose r ing on the stationary model was similar t o  
i t s  ef fec t  on the rotat ing model, t ha t  i s ,  decreasing the magnitude and 
variat ion of the forces and moments with angle of a t tack and also reversing 
the e f fec t  of the propeller rotation. 

Some br ie f  t e s t s  were made with the length of the f i n s  and shroud 
increased by 50 percent. Inasmuch a s  the t e s t s  were of an exploratory 
nature and the r e su l t s  were not s ignif icant ly different  than those f o r  
the or ig ina l  t a i l ,  the data a re  not presented. This r e su l t  i s  similar t o  
-that found i n  reference 1 i n  which moderate changes in the t a i l  config- 
uration did not appreciably change the f l i g h t  character is t ics  of the 
missile.  

Rolling flow.- The information available on the behavior exhibited 
by t h i s  missile i n  f r ee  f l i g h t  indicates tha t  the motion i s  primarily one 
of precession about the f l i g h t  path a t  a constant ra te .  This condition 
i s  closely simulated by the rolling-flow f a c i l i t y  of the s t a b i l i t y  tunnel. 

The r e su l t s  of rolling-flow t e s t s  i n  t h i s  f a c i l i t y  ( f igs .  8, 9, 
and 10) show tha t  the resistance ar i s ing  i n  proportion t o  the 
precessional velocity cZp) increased approximately a s  a 

function of the angle & attack sq&ed up t o  about a = 28'. The 
various modifications considered herein, t ha t  is, removing the propeller, 
reversing the propeller rotation, or adding a nose ring, had no appre- 
c iable  e f fec t  on the  values of C z p  

up t o  f a i r l y  high angles of attack. 

The following analysis i s  made t o  i l l u s t r a t e  how the t o t a l  aero- 
dynamic moment would af fec t  the behavior of t h i s  missile f o r  the idealized 
case represented by the rolling-flow t e s t s .  Curves of the t o t a l  ro l l ing  
an& yawing moment plot ted against angle of attack a re  presented in f ig-  
ur s ll and 12, repectively. These t o t a l  moments C.zT and CnT a re  
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where C z ,  Cn, CZp,  and C are  obtained from figures 4 t o  10 and 
n~ 

i s  computed using p = n radians per second (which approximates the  
2V 
value given in ref ,  1 ) .  As mentioned previously, inasmuch a s  the scale 
spin of the missi le  was not exactly duplicated, the magnitudes of the 
values a re  not quite representative of ful l -scale  values although the 
variat ion with angle of attack should be of the proper form. 

For the configuration without the nose r ing and with the counter- 
clockwise propeller, both moments increase sharply a t  a = lo0 indicating 
t h a t  these aerodynamic components a re  now adding energy t o  the system. 
I n  order t o  consume t h i s  excess energy and maintain equilibrium, it would 
be necessary f o r  the missile t o  precess more rapidly and increase i t s  
angular deviation. A t  about a =: 26O, both moments drop t o  about zero 
and equilibrium i s  again established. It i s  indicated, therefore, t ha t  
equilibrium i s  possible below a E lo0 and a t  about a = 26O which i s  
i n  general agreement with ac tua l  f i r i n g  ( re f .  1). Reversing the direc- 
t i o n  of rotat ion of the propeller delayed the increase i n  moments u n t i l  
a = 14' and also reduced the magnitude somewhat. Although t h i s  i s  a 
def in i te  improvement, it is  not a complete answer because cer tain combi- 
nations of azimuth launching angle and side-wind veloci ty  could provide 
conditions under which the angle of deviation would become as  large a s  
lkO.  The behavior of the missile then would be similar t o  tha t  f o r  the  
counterclockwise propeller. From these resu l t s ,  however, it appears 
t h a t  increasing the s ize  or r e s i s t ing  torque of the clockwise propeller 
may provide a fur ther  decrease i n  Magnus effects.  

Ins ta l l ing  the spoiler-nose r ing on the configuration with the 
counterclockwTse propeller delayed the increase i n  ro l l ing  moment u n t i l  
about a = 24O while the yawing moment did not become posi t ive through- 
out the angle-of-attack r a g e .  It appears, therefore, t ha t  i f  t h i s  
configuration were displaced t o  some moderate angle of deviation (approxi- 
mately 180 t o  20°) there would be no aerodynamic force tending t o  drive 
the missi le  t o  s t i l l  larger  angles, The ef fec t  of the nose r ing  on the 
clockwise-propeller configuration was not as beneficial  a s  f o r  the 
counterclockwise propeller since both moments increased i n  a posit ive 
direct ion a t  around a = 14'. 
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CONCLUDING REMARKS 

The r e s u l t s  of a wind-tunnel investigation of the Bureau of Ordnance, 
Department of the Navy, antisubmarine rocket Mk 1 Mod 0 indicate tha t  the 
Magnus e f fec t s  and t h e i r  nonlinear variation w i t h  angle of attack are  
important fac tors  in the s t a b i l i t y  of t h i s  missile,  Other researches 
have indicated tha t  reducing the Magnus ef fec ts  should provide an improve- 
ment i n  the s t a b i l i t y  of spinning missiles,  Reversing the direction of 
the propeller rotat ion (propeller and missile ro ta t ing  in the same direc- 
t ion)  decreased the Magnus effects ,  and it i s  believed tha t  increasing 
the s ize or  r e s i s t ing  torque of the reversed propeller would fur ther  
decrease the Magnus ef fec ts ,  The combination of nose-ring spoiler and 
or ig ina l  direction of propeller rotat ion (propeller and missile ro ta t ing  
i n  opposite directions) appeared t o  be the most promising configuration 
in tha t  the Magnus effects  were smallest through most of the angle-of- 
a t tack range and there was no increase i n  these e f fec ts  u n t i l  angles of 
a t tack of about 20° were attained. The nose r ing caused, however, an 
inqrease in  drag of about 10 t o  l2 pounds, f u l l  scale. 
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TABU I.- ROTATIONAL SPEEDS OF THE MODEL AND OF T a  PROPELLER I N  WOLUTIONS PER MINUTE 



Figure 1. - System of axes used. Arrows ind ica te  p o s i t i v e  d i r e c t i o n  00 
forces ,  moments, angles, and angular v e l o c i t i e s .  



~O~API support-, I $ t-use~age 
'vase F ' 4  ---\ po/nt 

mode/ 
I 

B~nch wide oImbonQ17. "1 

Propeller hoys/ng cBeI"o/l 

Figure 2. - Sketch of t he  ro t a t i ng  model, The s ta t ionary  model had t he  
same over-a l l  dimensions except t h a t  it was one piece and the  center  
of g rav i ty  and model support point coincided. A l l  dimensions a r e  i n  
inches, 
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L-77017 
Figure  3 ,- Photographs o f  t h e  r o t a t i n g  model i n  t h e  Langley s t a b i l i t y  t unne l .  



M e /  wlih cla:kw~se prope//r 

0 Mode/ with no propeller 

8 2 16 -20 2 28 32 36 
Angle of ffPfffckr' Xi deg 

Figure 4.- Variation of aerodynamic coeff ic ients  with angle of a t t ack  
f o r  r o t a t i ng  inodel without nose r ing.  



0 Mode/ with counfercrbcckw/se prope//erp 
0 Mode/ w/Ph ck36kwise propel/@r 
0 Mod& with no propeI/er 

Figure 4. - Concluded. 
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A Mode/ w/#h cou.ferc/~kw~se propeler + nose r / q  
a Mod9 w/Ph chckw~se prope//er + nose r/ng 
0 Mode/ w/i% no prope//er + nose r/ng 

Figure 5 , -  Variation of aerodynamic coef f i c ien t s  wi th  angle of a t t ack  
f o r  r o t a t i ng  model with nose r ing.  
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.B 

A Mode/ w/fh counferckkw/se ppeller + nose r / .  
b Mode/ w/th c/ikw.se pmpe/le//e~. +nose r/ng 
o Model w/Ph no prop//& + m s  ring 

6B 4 8 12 /6 20 24 28 32 36 
Ant$? of ottock, C9 deg 

Figure 5.  - Concluded. 



Figure 6.- Variation of aerodynamic coeff ic ients  with angle of a t t ack  
f o r  s t a t i ona ry  model without nose r ing.  
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Figure 6 ,  - Concluded, 
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- 4  0 4 8 2 /6 20 24 28 36; 40 
Angle of oftack, c, deg 

Figure 7,- Variation of aerodynamic coef f i c ien t s  wi th  angle of a t t ack  
f o r  s t a t i ona ry  model with nose r ing.  
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Mode/ w~fh c/ockw/se prope/kf + nose mg 

0 Mode/ ww/th no pmpe/!er + nose nq 

1 1 1  I I t  I I I I I I I I I I I I I I I I I  

0 4 8 12 /$ 20 24 28 32 3$P a 
~ n g / e  of attack, a; deg 

Figure 7. - Concluded. 



0 

-4 

-8 

-12 
-4 Q 4 8 I2 /6 20 24 2% 32 36 40 

Angle of oi"PoCk9 E9 &g 

Figure 8,- Variation of r o l l i n g  der ivat ives  with angle of a t t ack  f o r  
ro ta t ing  model without nose r ing,  



A Model WI fh co~n&~c/oeekw~se p r o ~ e I l e + ~ ~  r/m 
h Mode/ w//h clockw~se propel/er + nose r/ng 

a McuJd w~th no pmpe/Iep nose ring 

Figure 9.- Variation of r o l l i n g  der ivat ives  with angle of a t t ack  f o r  
r o t a t i n g  mbdel with nose r ing.  

CONFIDENTIAL 



Figure 10.- Variation of r o l l i n g  der ivat ives  with angle of a t t a ck  f o r  
s ta t ionary  model without nose r ing.  



0 4 8 1 2  1 6  20 24 28 32 36 

angle of ottock2 C9 deg 

( a )  Model with nose r ing.  

- Model M h  counferclmkw~se ptqwller 
.--- - - Mo&/ with cIockWIse propeller . . --- Mode/ w~fh no propeller 

0 4 8 I2 I6  20 24 28 32 36 

Angle of oftock, C, deg 

( b )  Model without nose r ing.  

Figure 11.- Total  r o l l i n g  moment of  spinning model. 



0 4 8 I2 I6 20 24 28 32 36 

Angle of attack, GC 

( a )  Model with nose r ing.  

- Model w/th countercLockw/se propeller 

( b )  Model without nose r ing.  

Figure 12,-  Total  yawing moment of spinning model, 

Restriction/
Classification 
Cancelled






