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FOR A FINmED SPINMNG BODY OF ~ O L U T I O I J  

HAVING A HIGH lTEEIES RATIO* 

By W i l l i a m  C . Hayes, Jr . , and Robert A.  Kilgore 

SUMMARY 

Forced-oscillation tests were made at  Mach numbers between 0.60 
and 1.20 t o  determine the  clapping i n  pitch and i n  yaw and the oscil la- 
tory longitudinal and directional s t ab i l i t y  parameters of a finned 
body of revolution of high fineness ra t io  f ree  t o  spin about the lon- 
gitudinal axis. The m e a n  angle of attack generaUy varied from -4' t o  
19, the  reduced-frequency parameter from 0.0020 t o  0.0192, and the 
spin rate from 109 t o  226 radians per second. 
showed that a 40-percent increase in the basic t a i l - f in  area increased 
the damping in pitch and provided a longitudinally stable configuration. 
This configuration also had positive damping i n  yaw and directional 
s t ab i l i t y .  

The results of the t e s t s  

INTRODUCTION 

Missiles are often designed t o  s p i n  about the longitudinal axis i n  
order t o  a l leviate  the adverse effects of asymmetry o r  thrust misaline- 
ment. However, as a result of the coupling of t he  gyroscopic torque 
due t o  spin and the aerodynamic torque due t o  angle of attack, a pre- 
cessional type of motion can result with possible adverse effects  on 
range and accuracy. See, f o r  example, reference 1. 
via te  these effects  it i s  necessaxy, therefore, t ha t  any planar motion, 
such as t h a t  i n i t i a t ed  by turbulence, be damped before large precessional 
motion can become established. 

In order t o  a l le-  

The purpose of the present investigation w a s  t o  detexmine some of 
the dynamic longitudinal and directional s t a b i l i t y  characterist ics of a 

)tTitle, mchassified. 
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body of revolution subjected t o  aerodynamically induced spin about t he  
longitudinal axis. The model, which had an ogival nose and a fineness 
r a t io  of 11.57, was tes ted with f in s  off and with two t a i l - f i n  configu- 
rations. The dynamic longitudinal and directional s t ab i l i t y  parameters 
were determined and are presented as functions of angle of attack. 
were made at Reynolds numbers from 0.86 x 10 
t o  a Mach number range from 0.60 t o  1.20. The reduced-frequency param- 
e t e r  varied from 0.0020 t o  0.0192 and the spin rate varied from lo9 t o  
226 radians per second. The angle-of-attack range for most pitch t e s t s  
w a s  from -4' t o  12' and the angle-of-attack range f o r  the yaw t e s t s  w a s  
from 0' t o  loo. 

Tests 
6 t o  1.14 x lo6 corresponding 

SYMBOLS 

The data are presented relat ive t o  the body-axis system. The origin 
of the axis system is coincident with the center of osci l la t ion located 
63.83 percent of the body length rearward of the nose. 
are defined as follows : 

The symbols used 

d reference length, cylindrical  diameter of the model, 0.271 f t  

M free-stream Mach number 

P spin ra te ,  g, radians/sec 

pitching velocity, - a0 radims/sec 
at' 9 

a% pitching acceleration, - radians/sec* 
&2' 

6 

r yawing velocity, 2, radians/sec 

a2JI 
bt2' 

yawing acceleration, - radians/sec2 

Reynolds number 

reference area, - 'd2 0.0576 sq Ft 
4 '  

time, sec 

I 

r 



free-stream velocity, f t /sec 

instantaneous angle of attack, radians 

mean angle of attack, de@; 

t h e  rate of change of angle of attack, radiaxis/sec at’ 
instantaneous angle of sideslip, sin B = -sin Jr  cos my 

radians 

t i m e  rate of change of angle of sideslip,  - a B  radians/sec 
&, 

instantaneous angle of r o l l ,  radians 

instantaneous angle of pitch, radians 

lb-sec2 
ft4 free-stream mass density of air, 

instantaneous angle of yaw, radians 

angular velocity, 2n(Frequency of osci l la t ion) ,  
radians /sec 

reduce d-f requency parameter , radians 

Pitching moment 

P2Sd 
pitching-moment coefficient , 

Yawing moment y-awing-nunnent coefficient, 

3 
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Cq + cIn& 
damping-in-pitch parameter, per radian 

damping-in-yaw parameter, per radian 
cnr - crib cos uo 

c,, - (F)2c4 os c illat o r y  long it udinal st ab i l i t y  parameter , 
per radian 

2 
cos + (y) Cns osci l la tory directional s t ab i l i t y  parameter, 

per radian c"P 

APPARATUS AND MODEL 

These t e s t s  were made i n  the Langley 8-foot transonic pressure tun- 
ne l  using the sting-mounted forced-oscillation mechanism described i n  
reference 2. Dimensions of the model, which was constructed of magnesium, 
are  presented i n  figure 1. 
a fineness r a t i o  of 11.75, an ogive nose, and a cylindrical  afterbody. 
Canted t a i l  f ins  mounted on the afterbody produced the desired spin ra te  
by us ing  d i f fe ren t ia l  deflections of lo and 3' on alternate pairs  of dia- 
metrically opposed f ins .  
could be increased by about 40 percent by the addition of fin-extension 

The basic model was a body of revolution having 

The model was designed so  tha t  -;he tail-fin area 0 

panels. 
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The model was mounted on specially designed high-precision bearings 
which allowed the model t o  spin about i t s  longitudinal axis. 
were mounted on a shaft which was attached t o  the osci l la t ing moment bal- 
ance so that the model w a s  forced t o  osc i l la te  in pitch o r  yaw while free 
t o  spin. 

Changes in  rol l ing f r i c t ion  due t o  load do not a f fec t  damping measured in  
the pitch o r  yaw plane. 
mounted induction c o i l  pick up and pulse generator w h i c h  provided a s ig-  
nal f o r  an electronic counter. 
mounted equipnent i s  shown i n  figure 2. 

Tfie bearings 

Wind-off t e s t s  indicated spin ra te  had no measurable effect  on 
the cnntrihtdinn of the bes_ri_n_g ESeEb* t n  pi+& nr p-w rlnJ.!lpm m m c t *  

The spin rate was measured by an internally 

A diagram of the model and internally 

A l l  t e s t s  were made with three-dimensional roughness consisting of 
number 60 carborundum part ic les  applied in  a band around the model nose 
as shown i n  figure 1. 

PROCEDURE AND TESTS 

The m d e l  was forced t o  perform e i ther  a pitching o r  yawing oscil la- 
t i on  of about 2O amplitude while measurements of the torque requi.red t o  
produce the known osci l la t ion were obtained. 
the principles of measuring dynamic s t ab i l i t y  with t h i s  f orced-oscillation 
technique is presented i n  appendix A of reference 3 .  

A detailed discussion of 

T e s t s  were made a t  a tunnel stagnation pressure of 1 atmosphere 
f o r  Mach numbers of 0.60, 0.80, 1.00, and 1.20 with the corresponding 
Reynolds numbers based on the cylindrical diameter of the model varying 
from 0.86 x lo6 t o  1.14 x lo6 as shown i n  figure 3 .  
attack a, varied from -4' t o  l2O f o r  most pitch-oscil lation t e s t s  and 
a, 
frequency parameter o.a/v varied from 0.0020 t o  0.0192 and the spin 
rate varied from log t o  226 radians pr  second. 

The mean angle of 

The reduced- varied from Oo t o  10' f o r  the yaw-oscillation tests. 

Wind-off values used in the  data reduction process were obtained 
with the model in a nonspinning condition so tha t  the wind-on data as 
presented include the contribution of the aerodynamically induced 
spinning on the dynamic s t a b i l i t y  parameters. 

RESULTS AM) DISCUSSION 

The damping and osci l la tory s t ab i l i t y  parameters are presented as 
f o r  each of the t e s t  Mach numbers i n  figures 4 t o  7. functions of a, 
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Tes t s  of the nonspinning body alone ( f ins  o f f )  i n  the lower range 

of reduced-frequency parameter ($ = 0.0Ox) t o  O.OOj7) indicated large 

aperiodic excursions of the damping-in-pitch parameter C q + C %  at 

a constant 
figure 4. Inasmuch as the presence of these excursions was well defined, 
data points were obtained near the limits of the excursions whenever they 
occurred. The extreme variations of damping i n  pitch,  including rever- 
sals of sign, are probably associated with a flow separation and reattach- 
ment phenomenon which occurred intermittently during the low-frequency 
oscil lation tests. Tests of the same configuration a t  a higher range of 

reduced-frequency parameter (y = 0.0092 t o  0.0192; flagged symbols) did 

not produce any similar excursions i n  the damping i n  pitch fo r  a given 
se t  of t e s t  conditions. The positive values of the oscil latory longi- 

tudinal s t a b i l i t y  parameter Cm, - (F ) 2 c m 4  , which indicate in s t ab i l i t y  , 
show general agreement with the subsonic resul ts  f o r  a similar model 
presented in  reference 4. 

and Mach number as shown by the unflagged symbols i n  
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The instal la t ion of the basic f in s  induced a spin rate  which varied 
but slightly with within the ranges defined i n  figure 5 .  This con- 
figuration exhibited positive damping i n  pitch which generally increased 
with increasing q,. Although instal la t ion of the basic  f i n s  provided a 
large stabil izing increment i n  the osci l la tory longitudinal s t a b i l i t y  
parameter, t h i s  finned configuration remained longitudinally unstable. 

* 

An increase i n  f i n  area of about 40 percent, result ing from the 
attachment of the fin-extension panels t o  the basic f in s ,  increased 
the damping i n  pitch and provided a longitudinally stable configuration 
at  a l l  t e s t  conditions. (See f ig .  6 . )  

The damping i n  yaw and the directional s t a b i l i t y  parameters are 
presented fo r  the extended-fins configuration i n  figure 7. No attempt 
has been made t o  evaluate the contribution t o  these parameters ar is ing 
from magnus forces inasmuch as at the relat ively low values of and 
spin rate of  these t e s t s  they are  expected t o  be small. Th's configura- 
t ion  exhibited positive damping in  y a w  and osci l la tory directional sta- 
b i l i t y  fo r  a l l  t e s t  conditions. 

a, 

CONCLUDING REMARKS 

Wind-tunnel t e s t s  were made t o  determine the damping in  pitch, 
damping i n  yaw, oscil latory longitudinal s tabi l i ty ,  and oscil latory 
directional s t a b i l i t y  at transonic speeds of a finned spinning body 
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having a high fineness ra t io .  
&-percent increase i n  the basic t a i l - f i n  area increased the damping 
i n  pi tch and provided a 1 o n g i t u d h U y  stable configuration. This con- 
figuration also had positive damping i n  yaw and directional s t ab i l i t y ,  

The resul ts  of the tests showed that a 
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Figure 7.- Variation of damping-in-yaw parameter cnr - Cni cos c+) and 

2 
cos a. + (9) CnE 

CnB 
oscillatory directional stability parameter 

with mean angle of attack. Body plus fins with extensions. 


