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WIND-TUNNEL INVESTIGATION AT HIGH SUBSONIC SPEEDS TO 

DETERMINE STABILITY AND CONTROL CHARACTERISTICS 

OF ANTITANK MISSILES WITH RAM-PRESSURE JET 

CONTROLS ON A RING TAIL* 

By Raymond D. Vogler 

iWJS SUMMARY 

A wind-tunnel investigation was made at high subsonic speeds in the 
Langley high-speed 7- by 10-foot tunnel to determine the stability char- 
acteristics and the effectiveness of ram-pressure jet controls on three 
models of antitank missiles with ring tails. 
body shape, ram-pressure ducts of various sizes, duct inlet positions, 
and slot exit areas were some of the factors involved in the investiga- 
tion. The longitudinal stability and drag of the models were strongly 
influenced by interference between combinations of these geometric fac- 
tors at different Mach numbers. 
had more desirable drag and stability characteristics than larger ones, 
and ducts collecting air from inside the ring tail were more destabilizing 
than ducts collecting air from outside the ring tail. With the rear of 
the body faired to a boattail shape, a configuration with ducts collecting 
air from outside the ring tail was obtained that had stability and con- 
trol through the Mach number and angle-of-attack range investigated. 

Tail size and position, 

Smaller ducts in the ring tail generally 

INTRODUCTION 

High-subsonic-speed tests of a ground-to-ground antitank missile 
were made in the Langley high-speed 7- by 10-foot tunnel. 
is tube launched, rocket-sustained in flight, and electronically guided. 
The primary purpose of these tests was to determine a stable configura- 
tion from different bodies, tail sizes, and tail positions. 
tests were made to determine the effectiveness of ram-pressure jet and 
spoiler controls in producing pitching and yawing moments. 

The missile 

In addition, 

*Title, Unclassified. 
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COEFFICIENTS AND SYMBOLS 

The wind and body axes to which the coefficients are referred are 
given in figure 1. 

Lift lift coefficient, - 
SA 

Normal force normal-force coefficient, 
SA 

Drag drag coefficient, - 
SA 

Axial force axial-force coefficient, 
SA 

Pitching moment pitching-moment coefficient, 
SAd 

Yawing moment yawing-moment coefficient, 
SAd 

tunnel dynamic pressure, 

mass density of air, slugs/cu ft 

free-stream velocity, ft/sec 

reference area, srd21/4 

maximum body diameter 

Mach number 

angle of attack, deg 

pV2/2, lb/sq ft 

0 slope of pitching-moment curve at a = 0 

body reference axes 

wind reference axes 

e 1: 
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APPARATUS AND MODEL 

The models were mounted on a s t i n g  support i n  t h e  Langley high- 
speed 7- by 10-foot tunnel .  
of t h e  s t i n g  and contained wi th in  the model w a s  used t o  measure t h e  
f o r c e s  and moments. 

A strain-gage balance a t t ached  t o  t h e  end 
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Three a l l -me ta l  models were t e s t e d .  Model 1 ( f i g .  2 ( a ) )  was com- 
posed of an ogive nose p iece ,  a short  c y l i n d r i c a l  body, a pa rabo l i c  after- 
body, and a r i n g  t a i l  a t tached  t o  the a f te rbody wi th  f l a t - p l a t e  supporting 
f i n s  set v e r t i c a l l y  and ho r i zon ta l ly  i n t o  the  afterbody and p a r a l l e l  t o  
t h e  model a x i s .  
i n s e r t e d  a duct p l a t e  which wi th  t h e  f i n s ,  r i n g  t a i l ,  and backpla te  
formed four  duc ts  which d i r e c t e d  free-s t ream air t o  ho le s  o r  s l o t s  i n  t h e  
t r a i l i n g  edge of t he  r i n g  t a i l  and duct p l a t e  ( f i g .  2 ( b ) ) .  The use  of 
ho le s  and s l o t s  w a s  t o  determine t h e  r e l a t i v e  e f f e c t i v e n e s s  of t h e  two 
types  of e x i t s .  By v i r t u e  of t h e  ram pressu re  a t  t he  duct i n l e t ,  air was 
forced outward through holes  i n  t h e  r i n g  t a i l  o r  inward toward t h e  model 
c e n t r a l  axis through holes  i n  t h e  duct p l a t e .  This duct system wi th  
s u i t a b l e  s e a l s  o r  valves formed a j e t  c o n t r o l  f o r  t h e  model. 
were operated as p a i r s ,  one on e i t h e r  s i d e  of t h e  t a i l ,  t o  produce 
p i t ch ing  and yawing moments. 
3.5 inches and the  long i tud ina l  pos i t i on  o f  t h e  t a i l  could be va r i ed  
wi th in  small limits. I n  one tes t  the ogive nose of t h e  model w a s  
rep laced  wi th  a 2-inch-diameter cy l inder  wi th  hemispherical nose. 

Between each of t h e  fou r  p a i r s  of f i n s  t h e r e  could be 

The j e t s  

Model 1 had t a i l s  wi th  chords of 2 .5  and 

Model 2 ( f i g .  3) w a s  composed of t h e  nose p iece  of model 1, a long 
c y l i n d r i c a l  body, a t runca ted  ogive afterbody, and an a t t ached  r i n g  t a i l .  
There were two t a i l  r i n g s ,  one of 6-inch and one of 7-inch diameter, w i th  
a common width of 4 inches.  The method of attachment and duct construc- 
t i o n  were similar t o  those  of m o d e l l ,  bu t  model 2 had no ho le s  o r  s l o t s  
f o r  j e t  con t ro l s .  Since t h e  tai ls  were l a r g e r  i n  diameter than t h e  body, 
guide f e e t  were a t tached  t o  t h e  f r o n t  of t h e  c y l i n d r i c a l  p a r t  of t h e  body, 
t h e  purpose of t h e  f e e t  being t o  a l i n e  t h e  model i n  i t s  launching tube.  

Model 3 ( f i g .  4 (a ) )  had a body s imi l a r  t o  model 2 bu t  w a s  longer and 
had a cone-plus-cylinder afterbody shape. The r i n g  t a i l  w a s  a t t ached  t o  
t h e  af terbody wi th  four f i n s  which s p l i t  t h e  duc ts  a t  t h e i r  t r a i l i n g  edges. 
F a i r i n g s  over t h e  con t ro l  a c t u a t o r  mechanisms of t h e  f l y i n g  missile were 
s imulated by an increased th ickness  o f  t h e  f i n s  a t  t h e  r e a r  of t h e  duc ts .  
The d e t a i l s  of t h e  ducts,  designated " ins ide"  and "outs ide ,"  are given i n  
f i g u r e  4 ( b ) .  
and t h e  en t rance  t o  t h e  ou t s ide  duct w a s  ou ts ide  t h e  r i n g  t a i l .  The out -  
s i d e  en t rance  was made by c u t t i n g  a t r apezo ida l  notch i n  t h e  t a i l  and 
extending t h e  duct p l a t e  t o  t h e  lead ing  edge of t h e  r i n g  t a i l .  
d u c t s  were untapered i n  depth from f ron t  t o  rear. Outside duc ts  were 
t a p e r e d  and untapered. J e t  ho le s  o r  s l o t s  were i n  both  t h e  r i n g  t a i l  and 

The entrance t o  t h e  in s ide  duct was i n s i d e  t h e  r i n g  t a i l  

The i n s i d e  
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t h e  duct p la te ,  s i m i l a r  t o  those i n  model 1 ( f i g .  2 ( b ) ) .  The width of 7 

t h e  s l o t  i n  t h e  r i n g  t a i l  could be ad jus ted  by means of t he  backplate  
which blocked t h e  duct a t  t h e  rear. 
changing s l o t  widths  i n  them. 
p l a t e s  and were mounted i n  a s p e c i a l  s l o t  a t  t he  t a i l  t r a i l i n g  edge. 
This model a l s o  had guide fee t  and small antennas ( f i g .  4 ( a ) )  t h a t  could 
be mounted on t h e  r e a r  i n s ide  sur face  of t h e  r i n g  t a i l  or on the  rear Of 

t h e  af terbody.  
shaped by hand t o  e l imina te  sharp breaks on t h e  o r i g i n a l  af terbody.  

The duct p l a t e s  were removable f o r  
The s p o i l e r s  ( f i g .  4 ( b ) )  were t h i n  f l a t  

The s o f t  wood f a i r i n g  ( f i g .  4 ( a ) )  on t h e  af terbody was 

Models 2 and 3 were f u l l  s c a l e  and model 1 was 0.86 f u l l  s ca l e .  

TESTS AND CORRECTIONS 

L 

2 
2 
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Data were obtained from tes t s  of three models i n  the  Langley high- 
speed 7- by 10-foot tunnel a t  angles  o f  a t t a c k  from -loo t o  10'. Model 1 
was tested wi th  r i n g  t a i l s  i n  three long i tud ina l  p o s i t i o n s  and wi th  t a i l s  
of two widths.  
e x i t s  were not v a r i a b l e  i n  area. Model 2 w a s  t .es ted without con t ro l s .  
T a i l  diameter, t a i l  p o s i t i o n ,  and d i f f e r e n t  shaped guide feet  were inves- 
t i g a t e d .  
shapes and j e t  e x i t s  t h a t  could be va r i ed ,  bu t  wi th  a f ixed  t a i l  pos i t i on ,  
diameter, and width.  Spo i l e r s  of  two shapes and two p ro jec t ions  were 
t e s t e d  on t h i s  model. 

In s ide  duc ts  only were t e s t e d  on t h i s  model and t h e  j e t  

Model 3 w a s  t e s t e d  wi th  i n s i d e  and ou t s ide  duc ts  of d i f f e r e n t  

v 
The Mach number range was from 0.75 t o  0.90 and the  corresponding 

Reynolds number based on a body diameter of 0.43 f o o t  var ied  from 
1.63 x I O 6  t o  1.784 x lo6. 

The only co r rec t ions  appl ied  t o  t h e  d a t a  were blocking co r rec t ions  
t o  t h e  Mach number and dynamic p res su re  as determined by t h e  method of 
reference 1. 

RESULTS AND DISCUSSION 

Model 1.- The aerodynamic c h a r a c t e r i s t i c s  of model 1 obtained wi th  
t h e  j e t  c o n t r o l s  opera t ing  and not  ope ra t ing  are presented  i n  figure 5 .  
It i s  r ead i ly  seen t h a t  t h e  c o n t r o l s  are e f f e c t i v e  b u t  t h e  model i s  
uns tab le .  The o v e r a l l  s lopes  of t h e  pitching-moment curves i n d i c a t e  
t h a t  the aerodynamic cen te r  of t h e  model i s  ahead of  t h e  moment cen te r  
by approximately 0.6d t o  O.7d, depending upon Mach number. The d a t a  
ind ica t e  t h a t  blowing outward from t h e  ho le s  i s  more e f f e c t i v e  than 
blowing outward from t h e  s l o t .  
w a s  l e s s  than  t h e  e x i t  area of  t h e  s l o t ,  t h i s  might r e s u l t  i n  a g r e a t e r  

Since t h e  t o t a l  e x i t  area o f  t he  ho le s  
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buildup of ram pressure  i n  t h e  duct with hole  e x i t s  and a g r e a t e r  pene- 
t r a t i o n  of t h e  j e t s  i n t o  t h e  f r e e  stream. A combination of inward and 
outward blowing i s  25 t o  30 percent  more e f f e c t i v e  than outward blowing 
a lone .  With a l l  four ou t s ide  j e t s  blowing - a p o s s i b l e  con t ro l s -neu t r a l  
condi t ion  - t h e  s t a b i l i t y  c h a r a c t e r i s t i c s  are t h e  same as f o r  a l l  j e t s  
closed, bu t  t h e  blowing j e t s  increase  t h e  drag of t h e  model by 15 t o  
20 pe rcen t .  

I n  order t o  determine some of the causes of t h e  model i n s t a b i l i t y  
and develop some poss ib l e  improvements, some tests of t h e  body alone 
and of t h e  model wi th  d i f f e r e n t  r i n g - t a i l  l o c a t i o n s  were made. 
da t a  of t hese  t e s t s  a r e  presented i n  f igu res  6 t o  8, and some of t h e  
r e s u l t s  are summarized i n  f i g u r e  9. This f i g u r e  shows t h a t  f o r  similar 
conf igura t ions  t h e  2.5-inch-wide (higher aspec t  r a t i o )  t a i l  band i s  not 
as uns tab le  as t h e  3.5-inch-wide ta i l .  Some of t h i s  decrease i n  i n s t a -  
b i l i t y  may be a t t r i b u t e d  t o  an increase i n  t a i l  l eng th  of about 0.5 inch 
s ince t h e  2.5-inch-wide t a i l  w a s  made by removing 1 inch  a t  t h e  lead ing  
edge of t h e  3.5-inch-wide t a i l .  
never less than  would be e f f ec t ed  by an equiva len t  0.5-inch inc rease  i n  
t a i l  l eng th  and i s  genera l ly  comparable t o  t h a t  obtained by an increase  
i n  t a i l  l eng th  of  1 t o  4 inches.  
o f f )  i s  moved rearward by 1-inch increments, t h e  i n s t a b i l i t y  of t h e  
model decreases  approximately as expected as a r e s u l t  of t he  increased 
t a i l  length ,  except with t h e  t a i l  i n  t h e  r e a r  p o s i t i o n  a t  M = 0.9. Here 
t h e  model becomes very s t a b l e  a t  zero angle  of a t t a c k  but  r e v e r t s  t o  i t s  
uns t ab le  condi t ion  a t  higher angles  of a t t a c k  ( f i g .  6 ( c ) ) .  

The 

However, t h e  change i n  i n s t a b i l i t y  i s  

A s  t h e  2.5-inch-wide t a i l  a lone  (ducts  

Adding t h e  duc ts  t o  e i t h e r  r i n g  t a i l  of model 1 considerably 
i n c r e a s e s  t h e  i n s t a b i l i t y  ( f i g .  9 ) .  Blowing from t h e  fou r  ou t s ide  j e t  
e x i t s  had l i t t l e  e f f e c t  on t h e  s t a b i l i t y  of t h e  model wi th  t h e  3.5-inch 
t a i l  ( f i g s .  5 and 9 ) ,  bu t ,  wi th  t h e  2.5-inch t a i l ,  t h e  i n s t a b i l i t y  w a s  
changed t o  almost n e u t r a l  s t a b i l i t y  through t h e  Mach range a t  low angles 
of  a t t a c k  ( T i g s .  6 and 9). As expect.ed; t h e  drag of t h e  model wi th  t h e  
3.5-inch t a i l  w a s  s l i g h t l y  more than wi th  t h e  2.5-inch t a i l  wi th  duc ts  
on and no blowing j e t s ;  bu t ,  blowing from t h e  four ou t s ide  j e t  e x i t s  
increased  t h e  model drag by 40 t o  50 percent  wi th  t h e  2.5-inch t a i l  as 
compared wi th  15 t o  20 percent  wi th  t h e  3.5-inch t a i l  ( f i g s .  5 and 6 ) .  
With duc t s  of f  t h e  2.3-inch t a i l  gave l e s s  drag i n  t h e  midposi t ion 
than  i n  t h e  forward o r  rear pos i t i ons .  
on s t a b i l i t y  and drag of adding t h e  supporting f i n s  and t h e  r i n g  t a i l  
t o  t h e  body. 
a lone  c h a r a c t e r i s t i c s  of model 2 a r e  a l s o  shown i n  f i g u r e  8. 

Figures 7 and 8 show t h e  e f f e c t  

The e f f e c t s  of modifying t h e  nose of model 1 and t h e  body- 

Model 2.- Model 2 ( f i g .  3) i s  another prel iminary design of an 
a n t i t a n k  m i s s i l e .  This model d i f f e red  from model 1 i n  having more of 
i t s  body c y l i n d r i c a l  and having r i n g  t a i l s  l a r g e r  i n  diameter than  t h e  
body i t s e l f .  
made t h e  o v e r a l l  diameter equal t o  the t a i l  diameter. The rec tangular  

Feet added t o  pos i t i on  t h e  model i n  t h e  launching tube 
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f ee t  were des t ab i l i z ing ,  but  t he  c i r c u l a r  f e e t  were not  too objec t ionable  
( f i g s .  10 and 11). 
simply being t o  determine s t a b i l i t y  c h a r a c t e r i s t i c s  of  bas i c  configura- 
t i o n s  with d i f f e r e n t  t a i l  s i z e s  and pos i t i ons .  These c h a r a c t e r i s t i c s  are 
shown i n  f igu res  10 and 11, and t h e  r e s u l t s  are summarized i n  f i g u r e  12 .  
I n  t h e  rearward pos i t i on ,  t h e  7-inch-diameter t a i l  i s  very stable and t h e  
6-inch-diameter t a i l  i s  genera l ly  about n e u t r a l l y  stable, through t h e  
angle-of-at tack and Mach number range. In  t h e  forward p o s i t i o n  t h e  
6-inch t a i l  i s  very uns tab le  while t h e  7-inch t a i l  i s  s t a b l e  only a t  t h e  
higher  angles  of a t t a c k ,  except a t  M = 0.9 where it i s  stable through 
t h e  angle-of-attack range. The drag of  t he  model wi th  t h e  7-inch t a i l  
i n  t h e  uns tab le  (forward) p o s i t i o n  i s  more than  t h e  drag of t h e  s t a b l e  
conf igura t ion .  This increased drag wi th  the  t a i l  i n  t h e  forward pos i -  
t i o n  i s  probably due t o  flow separa t ion  r e s u l t i n g  from too  r ap id  area 
expansion i n  t h e  flow passage between t h e  af terbody and t a i l .  The 
6-inch t a i l  does not  have as l a r g e  v a r i a t i o n s  i n  drag wi th  t a i l  pos i -  
t i o n  as t h e  7-inch t a i l ,  bu t  t h e r e  are much l a r g e r  \ . a r ia t ions  i n  l ift 
wi th  t a i l  pos i t i ons  a t  a given angle  of  a t t a c k  wi th  t h e  6-inch t a i l  than  
wi th  the 7-inch t a i l .  

No con t ro l s  were t e s t e d  on t h i s  model, t h e  ob jec t  

Model 3.- In the  design of  model 3 ( f i g .  4) some of  t h e  t e s t  r e s u l t s  
from models 1 and 2 were taken i n t o  cons idera t ion .  Since i n s t a l l a t i o n  
of t h e  duc ts  on model 1 made t h e  model more uns tab le ,  it was be l ieved  
t h a t  t h i s  i n s t a b i l i t y  could be reduced by reducing t h e  blockage o f  t h e  
duc ts  and the  flow dis turbance a t  t h e  lead ing  edge of t h e  t a i l .  This  
modification w a s  made by changing t h e  shape of t h e  af terbody,  moving t h e  
duct  entrances f a r t h e r  back on t h e  t a i l ,  us ing  shor t e r  duc ts  i n s i d e  t h e  
t a i l  r ing,  o r  by c u t t i n g  notches i n  t h e  t a i l  r i n g  forming t h e  d i s t i n -  
guishing f e a t u r e  of what i s  r e f e r r e d  t o  as ou t s ide  duc t s .  
f l y i n g  missile would r equ i r e  guide f ee t  f o r  proper pos i t i on ing  i n  t h e  
launching tube and rece iv ing  antennas f o r  guidance con t ro l ,  bo th  were 
t e s t e d  in  two pos i t i ons .  
e i t h e r  did not  have a g r e a t  e f f e c t  on model s t a b i l i t y .  I n  a l l  remaining 
t e s t s  ( f i g s .  1 4  t o  18) t h e  feet  were i n  t h e  rear p o s i t i o n  and t h e  anten-  
nas  were a t tached  t o  t h e  rear of t h e  a f te rbody.  

Since t h e  

Figure 13  shows t h a t  changing t h e  p o s i t i o n  of  

Two s p o i l e r s  d i f f e r i n g  i n  p l an  form were a t t ached  t o  t h e  t r a i l i n g  
edge of t h e  t a i l  and were t e s t e d  simultaneously as poss ib l e  p i t c h  and 
yaw con t ro l  devices .  I n  t h i s  case and i n  some of t h e  j e t - c o n t r o l  con- 
f i g u r a t i o n s  t h e  model i s  no t  symmetrical i n  p i t c h  and yaw and t h e  d a t a  
f o r  both moments are presented along w i t h  t h e  normal and ax ia l - fo rce  
da t a ,  f o r  an  angle-of-at tack range. The s p o i l e r  p ro j ec t ed  equal ly  a t  
both ends y ie lded  increments of moment ( C n ,  f i g .  14)  about p ropor t iona l  
t o  t h e  spo i l e r  f r o n t a l  area, bu t  t h e  s p o i l e r  p ro j ec t ed  unequally a t  t h e  
ends showed decreasing e f f ec t iveness  (Cm, f i g .  14)  w i th  increas ing  pro- 
j e c t i o n .  However, the  l a t t e r  s p o i l e r  w a s  more e f f e c t i v e  than t h e  former 
based on moment increment per  u n i t  of  f r o n t a l  area of t h e  p ro jec t ed  
s p o i l e r  ( f i g .  1 4 ) .  
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. The results obtained wi th  j e t  cont ro ls  used i n  conjunction with t h e  
small i n s i d e  duc ts  a r e  shown i n  f igu re  15. I n  t h i s  case the  con t ro l  
power of t h e  j e t s  i s  again good, but the i n s t a b i l i t y  of t h e  model i s  
gene ra l ly  about t h e  same as wi th  cont ro ls  and duc t s  o f f .  A faired a f t e r -  
body ( f i g .  4 ( a ) ) ,  similar t o  the afterbody of model 2, improved t h e  sta- 
b i l i t y  a t  small negative angles of a t t ack  and reduced t h e  drag t o  about 
t h a t  of t h e  model wi th  duc t s  and j e t s  o f f ,  wi thout  impairing the con t ro l  
power of t h e  je ts .  

The yawing-moment c o e f f i c i e n t s  presented may a l s o  be considered as 
pitching-moment c o e f f i c i e n t s  a t  zero angle of a t t a c k  through a s i d e s l i p  
range, i n  which case t h e  average incremental pitching-moment c o e f f i -  
c i e n t s  through t h e  Mach range a t  zero angle of a t t a c k  f o r  t h e  0.062-, 
O.l25-, and 0.187-inch-slot j e t s  are approximately 0.230, 0.420, and 
0.490, r e spec t ive ly .  These values give some i n d i c a t i o n  of t h e  e f f e c t  
of j e t - e x i t - s l o t  width on incremental moments. 

Moving t h e  r i n g  t a i l  rearward 0.6 inch on t h i s  model ( f i g .  16) pro- 
duced a s t a b i l i z i n g  inf luence  t h a t  was four  or f i v e  times greater than 
expected from t h e  increase  i n  t a i l  length.  This change gave a model 
conf igura t ion  t h a t  w a s  genera l ly  s t ab le  or n e u t r a l l y  s t a b l e  except near 
a = Oo a t  M = 0.9 and i s  ind ica t ive  of t he  s e n s i t i v i t y  of t a i l  e f f ec -  
t i v e n e s s  t o  t a i l  p o s i t i o n .  However, with t h e  l a r g e  in s ide  duc ts  i n s t a l l e d  
and con t ro l s  opera t ing ,  t he  model became as uns t ab le  as it w a s  wi th  t h e  
t a i l  i n  t h e  o r i g i n a l  p o s i t i o n  w i t h  small ducts on and c o n t r o l s  opera t ing .  
The l a r g e  duc ts  on t h e  t a i l  i n  t he  more rearward p o s i t i o n  d id  give about 
60 percent  more p i t ch ing  moment than the s m a l l  duc t s  on t h e  t a i l  i n  t h e  
forward p o s i t i o n  f o r  t h e  same s l o t  width, a t  a = 0'. 

The c h a r a c t e r i s t i c s  of t h e  model with ou t s ide  duc ts  on t h e  r i n g  
t a i l  are presented i n  f i g u r e  17 and summarized i n  figure 18. 
be not iced  t h a t  t h e  pitching-moment curves show small i r r e g u l a r i t i e s  i n  
s lope  a t  lower l i f t  c o e f f i c i e n t s  and then very d e f i n i t e  changes i n  s lope  
a t  higher l i f t  c o e f f i c i e n t s .  These small i r r e g u l a r i t i e s  i n  iirieai?itji iiizy 
r e s u l t  from flow separa t ion  which i s  not s t a b i l i z e d  a t  any p a r t i c u l a r  
p o i n t  on t h e  afterbody u n t i l  a s izable  angle of a t t a c k  i s  reached. 
a f te rbody f a i r i n g  e l imina ted  some of t he  non l inea r i ty  of t h e  p i tch ing-  
moment curves &id extended t h e  s t a b l e  range of t h e  model t o  higher angles  
of a t t a c k .  
t r o l  e x i t s  on t h e  s ides  were e igh t  0.125-inch-diameter ho les .  
f o r  t op  and bottom con t ro l s  were ad jus tab le  s l o t s .  S u f f i c i e n t  t e s t i n g  
t i m e  w a s  not a v a i l a b l e  t o  permit determining t h e  r e l a t i v e  e f f ec t iveness  
of ho le  and s l o t  e x i t s  on t h i s  model. D i f f i c u l t y  i n  s e t t i n g  s l o t  widths 
a t  a predetermined value accounts for  t h e  f a c t  t h a t  t h e  upper and lower 
s l o t s  a r e  not t h e  same width. The values of dCm/dCL shown i n  f i g u r e  18 
were obtained a t  However, one might be j u s t i f i e d  i n  measuring 
t h e  o v e r a l l  s lopes  between about &bo, i n  which case  t h e  s t a b i l i t y  would 
gene ra l ly  be g r e a t e r  than ind ica t ed  by t h e  curves of f i g u r e  18 and would 

It w i l l  

The 

Throughout t h i s  s e r i e s  of t e s t s  wi th  outs ide  ducts ,  t h e  con- 
The e x i t s  

a = 0'. 
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vary l e s s  with Mach number. The data as shown indicate that the model 
with the small untapered ducts with faired afterbody is a stable con- 
figuration. The small tapered ducts give neutral stability, and adding 
the afterbody fairing gives some increase in stability. Tapering the 
small duct increases the power of the control and reduces the drag. 
Increasing the size (frontal depth) of the tapered duct increases the 
control power, the drag, and the stability at low Mach numbers but 
severely decreases the stability at M = 0.90. 
on this duct approximately doubled the pitching moment. 

5 

Doubling the slot width 

CONCLUSIONS 
L l  
6 
2 
2 

A wind-tunnel investigation was made at high subsonic speeds to 
determine the stability characteristics and the effectiveness of jet 
controls on three models of antitank missiles with ring tails. Tail 
size and position, body shape, ram-pressure ducts of various sizes, 
duct-inlet position, and slot-exit areas were variable factors in the 
investigation. 
reached : 

From the data obtained the following conclusions are 

1. The longitudinal stability and the drag of the models were not 
dependent solely on geometric factors such as tail size and position, 
duct size, and body shape, but were also dependent upon interference 
effects between combinations of these geometric factors at different 
Mach numbers. 

5 

2. Ducts collecting air from inside the ring tail were more desta- 
bilizing than ducts collecting air from outside the ring tail, and with 
either type of duct a boattail shape of the rear of the missile body 
gave better stability characteristics than other shapes. 

3 .  The smaller ducts generally had more desirable drag and stability 
characteristics than the larger, and a model configuration with ducts 
collecting air from outside the ring tail was obtained that had stability 
and control through the Mach number and angle-of-attack range investigated. 

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Field, Va., August 26, 1959. 

. 
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Figure 1.- Wind and body axes. 
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P o s i t i v e  va lues  ind ica t ed  by arrows. 
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(a) Geometric characteristics and tail arrangements. 

Figure 2.- Model 1. Dimensions in inches. 
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Figure 3 . -  Geometric characteristics and tail arrangements of model 2. 
Dimensions in inches. 
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(a) Geometric characteristics and duct arrangements. 

Figure 4.- Model 3. Dimensions in inches. 
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(b) Details of various controls. 

Figure 4.- Concluded. 
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(b) M =  0.80. 

Figure 5.- Continued. 
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Figure 5.- Concluded. 
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(a) M = 0.75. 

Figure 6.- Effect of tail position and duct installation on aerodynamic 
characteristics in pitch of model 1 equipped with 2.5-inch-wide ring 
tail. 
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(b) M = 0.80. 

Ewe 6.- Continued. 
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( c )  M = 0.90. 

Figure 6 .  - Concluded. 
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(a) M = 0.75. 

Figure 7.- Aerodynamic characteristics in pitch of model 1 with ring 
tail off (fins on) and with 3.3-inch-wide tail on with ducts open 
at rear. 
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(b) M =  0.80. 

Figure 7. - Cont h u e d  , 
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(c) M = 0.90. 

Figure 7.- Concluded. 



(a) M = 0.75. 

Figure 8.- Body-alone aerodynamic c h a r a c t e r i s t i c s  i n  p i t c h  of models 1 
and 2. 
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(b) M = 0.80. 

Figure 8.  - Continued. 
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( c )  M = 0.90. 

Figure 8. - Concluded. 
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F i v e  9.- Summary Of e f f e c t s  of duc ts ,  r i n g - t a i l  width, and t a i l  pos i -  
t ion  on s t a t i c  s t a b i l i t y  of model 1. 



(a) M = 0.75. 
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Figure 10.- Effect of tail position and guide feet on aerodynamic char- 
acteristics in pitch of model 2 with 7-inch-diameter ring tail. 
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M = 0.80. 

figure 10.- Continued. 
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( c )  M = 0.90. 

Figure 10.- Concluded. 
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(a) M = 0.75. 

Figure 11.- Effec t  of t a i l  p o s i t i o n  and guide feet on aerodynamic char-  
a c t e r i s t i c s  i n  p i t c h  of model 2 wi th  6-inch-diameter r i n g  t a i l .  
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Figure 11. - Continued. 
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( c >  M = 0.90. 

Figure 11.- Concluded. 
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Figure 12.-  Sumnary of e f f e c t s  of  t a i l  pos i t i on  and r i n g - t a i l  diameter 
on t h e  s t a t i c  s t a b i l i t y  of model 2. Guide feet o f f .  



(a) M = 0.75. 

Figure 13.- Effect of guide feet and antenna positions on aerodynamic 
characteristics in pitch of model 3 with ducts off. 
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(b) M = 0.85. 

Figure 13.- Continued. 
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(e) M = 0.90. 

Figure 13 . -  Concluded. 
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M = 0.75. 

Figure 14.-  Ef fec t  of s p o i l e r s  on the aerodynamic c h a r a c t e r i s t i c s  of 
model 3 with  duc ts  o f f .  Guide f ee t  rearward and antennas t o  rear of 
a f te rbody.  
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(a) M = 0.77. Concluded. 

Figure 14.- Continued. 
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(b) M = 0.85. 

Figure 14. - Continued . 
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(b) M = 0.85. Concluded. 

Figure 14.- Continued. 
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( c )  M = 0 . 9 .  

Figure 14.- Continued. 
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( c )  M = 0.90. Concluded. 

Figure 14.- Concluded. 



am a a a  a a a om a. a am. a a a a  om 
m o a  . m a  0 . 0  9 a m  a m  o m  a am a ma a 

a .  o o  a m  a om 

a m .  o o  a o e  w- a a a o o a  am 45 

(a) M = 0.75. 

Figure 15.- Effect of jet controls on aerodynamic characteristics of 
model 3 with and without faired afterbody. Small (0.38-inch) inside 
ducts. Guide feet rearward and antennas to rear of afterbody. 
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(a) M = 0.75. Concluded. 

Figure 15.- Continued. 
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(b) M = 0.85. 
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Figure 15.- Continued. 
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(b) M = 0.85. Concluded. 

Figure 15.- Continued. 
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( c )  M = 0 . 9 .  

Figure 15.- Continued. 
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(c) M = 0.90. Concluded. 

Figure 15.- Concluded. 
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(a)  M =  0.75. 

Figure 16.- Aerodynamic cha rac t e r i s t i c s  i n  p i t c h  of model 3 with j e t  
cont ro ls .  
i n s ide  ducts .  

Ring t a i l  moved rearward 0.6 inch, l a rge  (0.75-inch) 
Guide f e e t  rearward and antennas t o  rear o f  afterbody. 
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(a)  M = 0.75. 

Figure 17.- Aerodynamic c h a r a c t e r i s t i c s  of model 3 with j e t  con t ro l s  and 
var ious  shaped ou t s ide  ducts ,  with and without f a i r e d  af terbody.  
Guide feet  rearward and antennas t o  rear of af terbody.  
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(a) M = 0.75. Concluded. 

Figure 17.- Continued. 
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(b) M = 0.85. 

Figure 17. - Continued . 
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Figure 17.- Continued. - 
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(c) M = 0.90. 

Figure 17 .- Continued. 



( c )  M = 0.90. Concluded. 

Figure 17.- Concluded. 
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Figure 18.- Summary of t h e  e f f e c t s  of duc t  s i z e  and shape, s l o t  width, 
and af te rbody f a i r i n g  on aerodynamic c h a r a c t e r i s t i c s  of model 3. 
a = 0'; guide f e e t  on. 
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