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SUMMARY 

An i n v e s t i g a t i o n  has been made t o  determine the  e f f e c t s  o f  ex terna l  s tores on the  
s t a b i l  i t y  and c o n t r o l  c h a r a c t e r i s t i c s  o f  a  d e l t a  wing f i g h t e r  a i  rp lane model. Tests 
were made a t  Mach numbers from 0.60 t o  2.01 f o r  a  Reynolds number o f  3.0 x  106 pe r  
f oo t .  The angl e-of -at tack range was from about -4 degrees t o  20 degrees a t  a  s ides l  i p  
angle o f  0  degrees f o r  the t ranson ic  tests,  and from about -4 degrees t o  10 degrees a t  
s i d e s l i p  angles o f  0  and 3  degrees fo r  the  supersonic tests.  

I n  general, the r e s u l t s  o f  the t e s t s  i n d i c a t e d  no se r ious l y  detr imenta l  e f f e c t s  
o f  the s to res  on the s t a b i l i t y  and c o n t r o l  c h a r a c t e r i s t i c s  o f  the model b u t  d i d  show 
an increase . i n  the minimum drag l e v e l  throughout the  i~lach number range. However, the 
drag-due-to-1 i f t  was such t h a t  f o r  subsonic/transonic speeds, the drag a t  h igher  1  i f t s  
was essent i  a1 l y  unaf fec ted  and the  i ndi ca t i ons  are t h a t  the maneuveri ng capabi 1  i ty 
may no t  be impaired by the stores. 

INTRODUCTION 

As p a r t  o f  a  cont inu ing  program t o  study the aerodynamics o f  supersonic f i g h t e r  
a i r c r a f t ,  the Nat ional  Aeronautics and Space Admi n i  s t r a t i  on has conducted an i nves t i -  
g a t i o n  t o  determine the e f fec ts  o f  ex terna l  s to res  on the  s t a b i l i t y  and c o n t r o l  
c h a r a c t e r i s t i c s  o f  a  del ta-wi ng f i g h t e r  model conf igura t ion .  The model incorpora ted  
a  57-degree d e l t a  wing and an a l l  -moveable a f t  ho r i zon ta l  t a i l  and i s  the same model 
as t h a t  used f o r  the i n v e s t i g a t i o n  repor ted  i n  reference 1. Tests were conducted i n  
t h e  Langley 8 - foo t  t ranson ic  pressure tunnel a t  Mach numbers from 0.60 t o  1.20 and i n  
t h e  Langley 4- by 4- foo t  supersonic pressure tunnel a t  Mach numbers from 1.41 t o  2.01 
a t  a  Reynolds number o f  3.0 x  l o 6  per  foot .  The angle-of -at tack range was from about 
-4 degrees t o  20 degrees a t  a  s i d e s l i p  angle o f  0 degrees f o r  the t ranson ic  t e s t s  and 
f rom about -4 degrees t o  10 degrees a t  s ides l  i p  angles o f  0  degrees and 3 degrees f o r  
t h e  supersonic tes ts .  The program inc luded t e s t s  o f  the  bas ic  model, the model w i t h  
py lons and stores, and the model w i t h  pylons alone. P i t c h  c o n t r o l  t e s t s  o f  the model 
w i t h  s to res  were inc luded a t  supersonic speeds only. 

COEFFICIENTS AND SYMBOLS 

The moment reference p o i n t  i s  l oca ted  a t  a  s t a t i o n  corresponding t o  57 percent  o f  
t h e  body l eng th  o r  35 percent  of the wing mean geometric chord. The l o n g i t u d i n a l  
c h a r a c t e r i s t i c s  are r e f e r r e d  t o  the  s t a b i l i t y  a x i s  system and the l a t e r a l  character-  
i s t i c s  are r e f e r r e d  t o  the  body ax i s  system. 



The symbols are de f ined as fo l lows:  

wing span 

wing mean geometric chord 

r o o t  chord 

t i p  chord 
drag 

drag c o e f f i c i e n t ,  - 
q s 

drag c o e f f i c i e n t  a t  zero l i f t  

l i f t  
l i f t  c o e f f i c i e n t ,  - 

qs 

AC e f f e c t i v e - d i  hedral parameter (from t e s t s  a t  = O0 and 3'1, 2 per  degree 
A B  

i t c h i n g  moment 
p i  t c h i  ng-moment c o e f f i c i e n t ,  

qsr 

l o n g i t u d i n a l  s tab i  1  i ty parameter 

p i t c h  e f fec t i veness  o f  ho r i zon ta l  t a i  1  

E n  d i r e c t i o n a l  s t a b i l i t y  parameter ( f rom t e s t s  a t  6 = O0 and 3"), - per  degree 
A B 

s ide- fo rce  parameter ( f rom t e s t s  a t  B = O0 and 3'). 5 per  degree 
AB 

1  i f t - d r a g  r a t i o  

freestream Mach number 

f rees  tream dynamic pressure 

Reynolds number per  f o o t  

wing area 

angle o f  at tack,  degree 

angle o f  s i des l i p ,  degree 

h o r i z o n t a l  t a i l  d e f l e c t i o n  angle, p o s i t i v e  when t r a i l  ing-edge 
i s  down, degree 



APPARATUS 

Tunnel 

The i n v e s t i g a t i o n  was conducted i n  both the  Langley 8 - f o o t  t ranson ic  pressure 
tunnel  and the  Langley 4- by & foo t  supersonic pressure tunnel,  which are cont inuous 

,, f low f a c i l i t i e s  w i t h  va r iab le  pressure c a p a b i l i t y .  Descr ip t ions  o f  these f a c i l i t i e s  
may be found i n  reference 2. 

Model 

A three-view drawing o f  the model i s  shown i n  f i g u r e  l ( a )  and p e r t i n e n t  geometric 
c h a r a c t e r i s t i c s  are g iven i n  t a b l e  I. The wing sec t i on  was a NACA 65A004.5 i n  t he  
stream d i r e c t i o n ,  and the  wing had 2 degrees o f  negat ive d ihedral .  The ho r i zon ta l  
and v e r t i c a l  t a i l s  a lso  had NACA 65A004.5 sec t ions  i n  the  stream d i rec t i on .  The 
v e n t r a l  f i n  was made from a 0.125 i n c h  t h i c k  f l a t  p l a t e  w i t h  a 16 degree edge angle. 
The model was equipped w i t h  a s imulated canopy. No p rov i s ions  were made f o r  a i r f l o w  
through the model. The bas ic  body cross sect ions were c i r c u l a r  w i t h  upper and lower 
halves separated by a f l a t  sec t i on  a f t  o f  the  reg ion  o f  the  canopy. The model had 
two py lon mounted stores, one under each wing. D e t a i l s  o f  the  pylons and s tores  are 
shown i n  f i g u r e  l ( b ) .  The s tores  are representa t ive  o f  a Sidewinder miss i le .  

Tests 

The t e s t s  were c nducted a t  Mach numbers from 0.60 t o  2.01 a t  a Reynolds number 8 pe r  f o o t  o f  3.0 x 10 . The angle-of-attack range was approximately -4 degrees t o  
20 degrees f o r  t he  t ranson ic  t e s t s  and about -4 degrees t o  10 degrees f o r  the  super- 
sonic  tes ts .  Sides1 i p  d e r i v a t i v e s  were obta ined from incremental values measured a t  
angles o f  s i d e s l i p  o f  about 0 degrees and 3 degrees. 

The dewpoint, measured a t  s tagnat ion pressure, was maintained low enough t o  
assure n e g l i g i b l e  condensation e f fec ts .  Boundary-layer t r a n s i t i o n  s t r i p s ,  1/16 i n c h  
wide o f  No. 60 carborundum g r i t ,  were p laced 0.4 i n c h  behind the  l ead ing  edges o f  t he  
wing and t a i l  surfaces, and around the  nose 1.2 inches a f t  o f  the  apex. 

Measurements 

Aerodynamic forces and moments on the  model were measured by means o f  a s i x -  
component e l e c t r i c a l  s t r a i  n-gage balance which was housed w i t h i n  the  model. The 

- balance was at tached t o  a s t ing ,  which, i n  turn,  was r i g i d l y  fastened t o  the tunnel  
support  system. Balance-chamber pressure, measured by means o f  a s i n g l e  s t a t i c -  
pressure o r i f i c e  l oca ted  i n  the  v i c i n i t y  o f  the  balance, was used t o  a d j u s t  the drag 
t o  correspond t o  freestream s t a t i c  pressure a t  the  model base. 



DISCUSSION 

Longi t u d i  nal  Charac te r i s t i cs  

The e f f e c t s  of the pylons and s tores  on the l o n g i t u d i n a l  c h a r a c t e r i s t i c s  are 
presented i n  f i g u r e  2. The addi ti on o f  the py l  ons and stores cause an increase i n  
minimum drag through the  Mach number range as would be expected. However, the drag- 
d u e - t o - l i f t  i s  l ess  w i t h  the py lon and stores i n s t a l l e d  and a t  the  h igher  l i f t s  t h a t  
might  be encountered i n  maneuvering f l i g h t ,  the drag increment due t o  the  stores 
tends t o  disappear. The s tores  reduce the pitching-moments a t  the  h igher  l i f t s  which, 
i n  turn,  would reduce the c o n t r o l  de f l ec t i ons  requ i red  f o r  maneuvering. There i s  no 
measurable e f f e c t  o f  the s to res  on the  t o t a l  l i f t  so the  change i n  pitching-moment 
i s  apparent ly due t o  a  change i n  l i f t  d i s t r i b u t i o n .  This  c h a r a c t e r i s t i c  i s  an i nd i ca -  
t i o n  t h a t  the spanwise l o c a t i o n  of the  pylon, and the  a t tendant  f l ow  in te r fe rence  
region, i s  an impor tan t  geometric considerat ion.  I n  add i t ion ,  the con f i gu ra t i on  
shows negat ive values o f  pitching-moment a t  zero l i f t  a t  subsonic speeds e i t h e r  w i t h  
o r  w i thou t  stores. A t  supersonic speeds, these values become p o s i t i v e  and the  stores, 
i n  f ac t ,  add a  small p o s i t i v e  increment. The p o s i t i v e  values o f  pitching-moment a t  
zero l i f t  tend t o  reduce the c o n t r o l  d e f l e c t i o n s  requ i red  f o r  tr imming o r  maneuvering 
a t  p o s i t i v e  l i f t s .  

Long i tud ina l  c o n t r o l  t e s t s  were made f o r  M = 1.41, 1.61, and 2.01 ( f i g .  3 )  f o r  
t he  model w i t h  miss i les .  These resu l t s ,  when compared w i t h  the c lean con f i gu ra t i on  
r e s u l t s  o f  reference 1, i n d i c a t e  e s s e n t i a l l y  no e f f e c t  o f  the ex terna l  s t o r e  
i n s t a l l  a t i o n  on the l o n g i  t u d i  nal c o n t r o l  cha rac te r i s t i cs .  This  fac t ,  coupled w i t h  
the  favorable d r a g - d u e - t o - l i f t  and p o s i t i v e  pitching-moment increments associated 
w i t h  the stores, should tend t o  minimize the e f f e c t s  o f  s tores on the  maneuvering 
cha rac te r i  s t i  cs. 

A summary of some l o n g i t u d i n a l  parameters as a f unc t i on  o f  Mach number i s  pre- 
sented i n  f i g u r e  4. The pr imary detr iment  associated w i t h  the s to res  i n s t a l l a t i o n  i s  
t he  increased mi nimum drag whi ch woul d  adversely a f f e c t  the power requ i  rements and 
the  acce le ra t i on  c h a r a c t e r i s t i c s  a t  low l i f t s .  However, the reduct ion  i n  s t a b i l i t y  
l e v e l ,  the unchanged con t ro l  e f fect iveness,  the  p o s i t i v e  increments o f  p i t ch ing -  
moment, the improved drag-due- to - l i f t ,  and the unaf fec ted  l i f t ,  a l l  tend t o  negate 
any adverse e f f e c t s  o f  the s to res  a t  h igher  l i f t s  and p a r t i c u l a r l y  a t  l i f t s  requ i red  
f o r  h igh  maneuverabi l i ty .  

L a t e r a l  Charac te r i s t i cs  

The e f f e c t s  o f  the pylons and s tores  on the l a t e r a l  c h a r a c t e r i s t i c s  a re  presented 
i n  f i g u r e  5. Even though the p o s i t i v e  increment i n  s ide  fo rce  (-CY ) i s  below the 
r o l l  ax is ,  the py lon  and s tores  genera l l y  caused an increase i n  e f f  0 c t i v e  d ihedra l  
( -C lp)  a t  subsonic/transonic speeds probably due t o  a  l oss  i n  l i f t  on the  downwind 
wing outboard o f  the pylon. I n  t h i s  speed range, there  i s  a l so  a  decrease i n  CnR, 
probably due t o  d i r e c t  s ide force  on the s to re  i n s t a l l a t i o n  a c t i n g  ahead o f  the moment 
reference po in t .  However, p o s i t i v e  d i r e c t i o n a l  s t a b i l i t y  i s  s t i l l  maintained t o  
r e l a t i v e l y  h igh  angles o f  at tack f o r  maneuvering (about 16 degs) due t o  the i nhe ren t l y  
h igh  values o f  Cnp f o r  the basic  conf igura t ion .  O f  course, f o r  more forward 
l o c a t i o n s  o f  the center  o f  g r a v i t y  (moment reference)  which may be r e a l i s t i c ,  the 
permiss ib le  maneuvering angle o f  a t tack  l i m i t  would be even higher.  



A t  supersonic speeds, the  e f fec ts  o f  the  s tores  on C lg  disappears. I n  t h i s  
speed range, any r o l l  from d i r e c t  sideforce e f f e c t s  of the  s tores  a c t i n g  below the 
r o l l  a x i s  may be o f f s e t  by i n te r fe rence  f low f i e l d s  from the pylon which, i n  side- 
s l i p ,  would tend t o  decrease the  1 i f t  o f  t he  windward wing inboard o f  the  py lon  and 
t o  increase the  l i f t  o f  the  downwind wing inboard o f  t h e  py l  on. 

The d i r e c t i o n a l  s t a b i l i t y ,  f o r  t he  1 i m i  t e d  angle range o f  the  supersonic tests,  
i n d i c a t e d  a small b e n e f i c i a l  e f f e c t  o f  the  stores. This may be due t o  a more con- 
f i n e d  e f f e c t  o f  the  py lon ls to re  f low f i e l d  t o  regions a f t  o f  t h e  moment reference. 
I n  addi t ion,  any e f f e c t s  o f  the  stores on the  v e r t i c a l  t a i l  c o n t r i b u t i o n  t o  

CnB ( o r  
Clg) cannot be detected since v e r t i c a l - t a i l - o f f  data i s  n o t  avai lable.  

CONCLUDING REMARKS 

The i n v e s t i g a t i o n  o f  the e f f e c t s  o f  ex terna l  s tores on a d e l t a  wing f i g h t e r  model 
i ndi  cated no se r ious l y  detr imental  e f f e c t s  on the  s tab i  1 i ty and con t ro l  charac ter i  s- 
t i c s .  An increase i n  the  minimum drag due t o  the  stores would adversely a f f e c t  the  
power requirements and acce lera t ion  c h a r a c t e r i s t i c s  a t  low l i f t s .  However, w i t h  
i nc reas ing  l i f t ,  o ther  fac to rs  a f f e c t i n g  the  drag, p i  tching-moments, and con t ro l  
e f fec t i veness  were such t h a t  the  i n d i c a t i o n s  are t h a t  the  maneuvering c a p a b i l i t y  
would n o t  be impaired by the  stores. A11 th ings  considered, i t  appears t h a t  the 
geometric l o c a t i o n  o f  the pylon and s to re  f o r  t h i s  con f igu ra t i on  i s  an important  
f a c t o r  i n  d e t e m i  n i  ng the  e f f e c t s  o f  s to re  car r iage on the  s t a b i l i t y  and con t ro l  
c h a r a c t e r i s t i c s  and t h a t  these e f f e c t s  may be q u i t e  small o r  even favorable, par- 
t i c u l a r l y  f o r  maneuvering f l i g h t .  
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TABLE I . GEOMETRIC CHARACTERISTICS 

b y  i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  17.62 
A. leading edge. deg . . . . . . . . . . . . . . . . . . . . . . . . . . .  57.0 . . . . . . . . . . . . . . . . . . . . . . . . . .  A . t r a i l i n g e d g e .  deg - 0 
C. mean aerodynamic chord. i n  . . . . . . . . . . . . . . . . . . . . . .  9.85 
cry a t  body intersect ion.  i n  . ..................... 12.5 
c t .  i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.125 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  r. deg -2 
Section . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  NACA 65A004.5 
S y  inc lud ing fuselage intercept .  sq i n  . . . . . . . . . . . . . . . . . .  139.5 
A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.22 
Body s ta t i on  f o r  t r a i l i n g  edge intersect ion.  i n  . . . . . . . . . : . . .  25 

Horizontal  t a i  1 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Span.tota1. i n  9.19 

C V  a t  body center l i n e  . . . . . . . . . . . . . . . . . . . . . . . . .  6.60 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ck 2.21 
Hinge l i ne .  percent exposed roo t  chord . . . . . . . . . . . . . . . . . .  30.0 
Section . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  NACA 65A004.5 
A. leading edge. deg . . . . . . . . . . . . . . . . . . . . . . . . . . .  58.5 
Body s ta t i on  f o r  in te rsec t ion  o f  extended 

lead ing edge w i t h  body centerl ine. i n  . . . . . . . . . . . . . . . .  25.825 

Ver t i ca l  t a i  1 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  Span.exposed. i n  4.51 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  c,.. exposed. i n  9.09 
c t .  i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.41 
Section . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  NACA 65A004.5 . . . . . . . . . . . . . . . . . . . . . . . . . . .   l lea ding edge. deg 64 
Body s ta t i on  f o r  in te rsec t ion  o f  extended 

1 eading edge w i t h  wing chord plane. i n  . . . . . . . . . . . . . . . .  20.125 
cr a t  i n te rsec t ion  w i t h  wing chord plane. i n  . . . . . . . . . . . . . .  10.65 
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Figure 5. Concluded.
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