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PREFACE 

The work r epo r t ed  h e r e i n  was conducted by t h e  Arnold Engineering 

Development Center (AEDC), A i r  Force Systems Command (AFSC), a t  t h e  

r eques t  of t h e  A i r  Force Armament Laboratory (AFATLIDLJC), Egl in  A i r  

Force Base, F lo r ida .  The AFATL p r o j e c t  manager was Lt .  Tom Speer.  

The r e s u l t s  of t h e  test were ob ta ined  by ARO, Inc . ,  AEDC Divis ion  ( a  

Sverdrup Corporat ion Company), ope ra t i ng  c o n t r a c t o r  f o r  t h e  AEDC, AFSC, 

Arnold A i r  Force S t a t i o n ,  Tennessee, under ARO P r o j e c t  Number P41C-21A. 

Data r educ t ion  was completed on J u l y  15, 1978, and t h e  manuscript  was 

submi t ted  f o r  p u b l i c a t i o n  on September 26, 1978. 
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1.0 INTRODUCTION 

A wind t unne l  t e s t  was conducted us ing  a 1120-scale A-10 a i r c r a f t  

model t o  (1) de te rmine  t h e  aerodynamic and c o n t r o l  c h a r a c t e r i s t i c s  of 

t h e  b a s i c  a i r c r a f t ,  (2) e v a l u a t e  t h e  e f f e c t  of e x t e r n a l  s t o r e  conf ig-  

u r a t i o n s  on t h e  s t a t i c  s t a b i l i t y  and d r ag  c h a r a c t e r i s t i c s  of t h e  a i r -  

c r a f t ,  and (3)  i n v e s t i g a t e  t h e  e f f e c t s  o f  Reynolds number, boundary- 

l a y e r  t r a n s i t i o n  g r i t ,  and aerodynamic h y s t e r e s i s  on t h e  d a t a .  The test 

was conducted i n  t h e  AEDC Propu l s i on  Wind Tunnel F a c i l i t y  (PWT) Aero- 

dynamic Wind Tunnel (4T). The Pave Penny pod/pylon, which i s  cons idered  

by t h e  Systems Program O f f i c e  (SPO) t o  b e  i n t e g r a l  t o  t h e  b a s i c  A-10 

a i r c r a f t ,  was no t  i n s t a l l e d  dur ing  t h i s  t e s t .  Data were ob t a ined  a t  Mach 

numbers from 0.30 t o  0.75 and Reynolds numbers from 0.7 t o  4.9 m i l l i o n  

pe r  f o o t .  The model a n g l e  of a t t a c k  w a s  v a r i e d  from -4 t o  20 deg, and 

t h e  s i d e s l i p  ang l e  was v a r i e d  from -10 t o  10 deg. R e s u l t s  of t h e  t e s t  

have been documented i n  Ref. 1,  and on ly  s e l e c t e d  d a t a  a r e  p r e sen t ed  and 

d i s cus sed  i n  t h i s  r e p o r t .  Th is  t e s t  was t h e  f i r s t  t o  use t h i s  A-10 model, 

and t h i s  r e p o r t  i s  in tended  t o  document t h e  aerodynamic c h a r a c t e r i s t i c s  of 

t h e  model. 

2.0 APPARATUS 

2.1 TEST FACILITY 

The Aerodynamic Wind Tunnel (4T) i s  a  c losed- loop,  con t inuous  flow, 

v a r i a b l e  d e n s i t y  t u n n e l  i n  which t h e  Mach number can be v a r i e d  from 0.1 

t o  1 .3  and can be set a t  d i s c r e t e  Mach numbers of 1 .6  and 2 .0  by p l a c i n g  

n o z z l e  i n s e r t s  over  t h e  permanent s o n i c  nozz le .  A t  a l l  Mach numbers, 

t h e  s t a g n a t i o n  p r e s s u r e  can be v a r i e d  from 300 t o  3,700 p s f a .  The t e s t  

s e c t i o n  is  4  f t  squa re  and 12.5 f t  long w i t h  p e r f o r a t e d ,  v a r i a b l e  p o r o s i t y  

(0.5- t o  10-percent open) w a l l s .  It i s  complete ly  enc losed  i n  a  plenum 

chamber from which t h e  a i r  can be  evacua ted ,  a l lowing  p a r t  of t h e  t unne l  

a i r f l o w  t o  b e  removed through t h e  p e r f o r a t e d  w a l l s  of t h e  t e s t  s e c t i o n .  

The model suppo r t  system c o n s i s t s  of a  s e c t o r  and s t i n g  a t tachment  which 



has a  p i t c h  angle  c a p a b i l i t y  of -8 t o  28 deg wi th  r e spec t  t o  the  tunnel 

c e n t e r l i n e  and a  r o l l  c a p a b i l i t y  of -180 t o  180 deg about t he  s t i n g  

c e n t e r l i n e .  A more complete d e s c r i p t i o n  of t he  t e s t  f a c i l i t y  can be 

found i n  Ref. 2. 

2.2 TEST ARTICLES 

D e t a i l s . a n d  dimensions of t h e  1120-scale b a s i c  A-10 model a r e  shown 

i n  Fig. 1 .  The model geometry v a r i a b l e s  inc lude  a i l e r o n ,  e l e v a t o r ,  and 

rudder d e f l e c t i o n s .  D e t a i l s  of t h e  A-10 armament pylons a r e  presented 

i n  F ig . ' 2 ,  and d e t a i l s  of t h e  t r i p l e  e j e c t o r  rack  (TER), MK-82, and SUU- 

30 s t o r e s  a r e  presented  i n  Fig.  3. I n s t a l l a t i o n  of t he  model i n  Tunnel 

4T i s  shown i n  Fig.  4. The var ious  s t o r e  loading conf igura t ions  d iscussed  

a r e  presented schemat ica l ly  i n  Table 1 .  For s e l e c t e d  runs,  boundary- 

l a y e r  t r a n s i t i o n  g r i t  (No. 120 carborundum) was appl ied  t o  t h e  model i n  

s t r i p s  0.1 i n .  wide and 0.3 in .  a f t  of t h e  leading  edges of t h e  wing 

and both v e r t i c a l  and h o r i z o n t a l  s t a b i l i z e r s .  The b a s i c  conf igura t ion  

cons i s t ed  of t h e  A-10 model with empty pylons a t  a l l  1 1  armament s t a t i o n s ,  

c o n t r o l  s u r f a c e s  s e t  t o  zero  d e f l e c t i o n ,  t h e  Pave-Penny pod removed, and 

no boundary-layer t r a n s i t i o n  g r i t .  

2.3 INSTRLIMENTATION 

A six-component, i n t e r n a l  s t ra in-gage  balance was used t o  measure 

t h e  aerodynamic fo rces  and moments on t h e  model. Two p res su re  o r i f i c e s  

l oca t ed  i n  t h e  body cavi ty  and connected t o  p re s su re  t ransducers  were 

used t o  determine t h e  model base pressure .  

E l e c t r i c a l  s i g n a l s  from t h e  balance,  p re s su re  t ransducers ,  and 

s tandard  tunnel  ins t rumenta t ion  were processed by t h e  4T D i g i t a l  Data 

Acquis i t ion  System (DDAS) and t h e  DEC System 10 d i g i t a l  computer f o r  

o n l i n e  d a t a  reduct ion.  



3.0 TEST DESCRIPTION 

3.1 TEST PROCEDURES AND CONDITIONS 

Model f o r c e  and moment d a t a  were o b t a i n e d  by v a r y i n g  t h e  a n g l e  of 

a t t a c k  o r  s i d e s l i p  a n g l e  i n  a  p i t ch-pause  mode w h i l e  h o l d i n g  t h e  Mach 

number and t o t a l  p r e s s u r e  c o n s t a n t .  The a n g l e  of a t t a c k  was v a r i e d  

from -4 t o  20 deg,  and t h e  s i d e s l i p  a n g l e  was v a r i e d  from -10 t o  10 deg. 

I n  a d d i t i o n ,  f o r  t h e  p o l a r s  t aken  t o  i n v e s t i g a t e  aerodynamic h y s t e r e s i s ,  

t h e  model a t t i t u d e  was v a r i e d  from -4 t o  20 t o  0  deg i n  p i t c h  and from 0  

t o  -12 t o  12 t o  -12 deg i n  s i d e s l i p .  The nominal t e s t  c o n d i t i o n s  a r e  

p r e s e n t e d  i n  Tab le  2. 

3.2 DATA REDUCTION AND CORRECTIONS 

The aerodynamic f o r c e  and moment d a t a  were reduced t o  c o e f f i c i e n t  

form i n  b o t h  t h e  body and s t a b i l i t y  a x i s  sys tems.  Forebody c o e f f i c i e n t s  

were a l s o  computed by a d j u s t i n g  t h e  model b a s e  p r e s s u r e  t o  t h e  f r e e -  

s t ream v a l u e ,  b u t  t h e s e  d a t a  a r e  n o t  inc luded  i n  t h e  p r e s e n t  r e p o r t .  

A l l  c o e f f i c i e n t  d a t a  p r e s e n t e d  i n  t h i s  r e p o r t  were determined from 

measured v a l u e s  w i t h  no c o r r e c t i o n  f o r  b a s e  p r e s s u r e  o r  n a c e l l e  in-  

t e r n a l  d rag .  A l l  moment d a t a  were r e f e r e n c e d  t o  t h e  moment r e f e r e n c e  

p o i n t  (MRP), a s  l i s t e d  i n  t h e  nomencla ture  and shown i n  F ig .  1. 

The a i r c r a f t  model a t t i t u d e  was c o r r e c t e d  f o r  f low a n g u l a r i t y  i n  

t h e  p i t c h  p l a n e  and f o r  s t i n g  and b a l a n c e  d e f l e c t i o n s  caused by 

measured l o a d s .  The components of model weight a c t i n g  on t h e  b a l a n c e  

(normal ly  termed s t a t i c  t a r e s )  were  accounted f o r  b e f o r e  t h e  l o a d s  were 

reduced t o  c o e f f i c i e n t  form. 



3.3 DATA UNCERTAINTY 

The u n c e r t a i n t i e s  of t h e  b a l a n c e  measurements were combined w i t h  t h e  

a p p r o p r i a t e  t u n n e l  parameter  u n c e r t a i n t i e s  u s i n g  a  Tay lor  s e r i e s  approxi-  

mat ion  f o r  e r r o r  p r o p a g a t i o n  t o  e s t i m a t e  t h e  aerodynamic c o e f f i c i e n t  

u n c e r t a i n t i e s .  These u n c e r t a i n t i e s  a r e  based on a  95-percent conf idence  

l e v e l  and a r e  p r e s e n t e d  i n  Tab le  3 .  The p r e c i s i o n  i n  s e t t i n g  and m a i n t a i n i n g  

a  s p e c i f i c  Mach number was '0.005, and t h e  u n c e r t a i n t i e s  i n  t h e  model 

a n g l e  of a t t a c k  and r o l l  a n g l e  were '0.1 and 20.4 deg, r e s p e c t i v e l y .  

4.0 TEST RESULTS 

4.1 AERODYNAMIC AND CONTROL CHARACTERISTICS 
O F  THE BASIC CONFIGURATION 

The s t a t i c  l o n g i t u d i n a l  aerodynamic c h a r a c t e r i s t i c s  of t h e  b a s i c  A- 

10 model c o n f i g u r a t i o n  a r e  p r e s e n t e d  i n  F ig .  5. These d a t a  were c o l l e c t e d  

a t  Reynolds numbers cor responding  t o  P = 1,200 p s f a  i n  Tab le  2. The 
T  

v a r i a t i o n  o f  l i f t  c o e f f i c i e n t  w i t h  a n g l e  o f  a t t a c k  (Fig .  5a)  was n e a r l y  

l i n e a r  f o r  moderate a n g l e s  o f  a t t a c k  bu t  d i s p l a y e d  an  i n d i c a t i o n  of 

moderate  wing s t a l l  ( d e c r e a s e  i n  s l o p e )  f o r  l a r g e  v a l u e s  of a n g l e  of 

a t t a c k .  The a n g l e  of a t t a c k  a t  which t h e  s l o p e  change occur red  decreased  

a s  Mach number w a s  i n c r e a s e d ,  v a r y i n g  from 1 8  deg a t  Mach number 0.30 

t o  8  deg a t  Mach number 0.75. T h i s  e f f e c t  can be seen  more d r a m a t i c a l l y  

i n  t h e  pitching-moment v e r s u s  l i f t  c o e f f i c i e n t  d a t a  p r e s e n t e d  i n  F i g .  

5b. The pitching-moment d a t a  v a r i e d  smoothly f o r  l i f t  c o e f f i c i e n t s  up 

t o  a  p o i n t  cor responding  t o  t h e  change i n  l i f t  cu rve  s l o p e .  Beyond t h i s  

p o i n t ,  a f u r t h e r  i n c r e a s e  i n  a n g l e  o f  a t t a c k  r e s u l t e d  i n  a s t r o n g  nose- 

down p i t c h i n g  moment. The d a t a  p r e s e n t e d  i n  F ig .  5  a r e  summarized i n  

F ig .  6  i n  terms of s t a t i c  l o n g i t u d i n a l  s t a b i l i t y  pa ramete rs  and minimum 

d r a g  c o e f f i c i e n t s .  I n  t h e  r e g i o n  o f  z e r o  l i f t ,  t h e  A-10 model was 

s t a t i c a l l y  s t a b l e  a c r o s s  t h e  Mach number range.  The l i f t  c u r v e  s l o p e  

was a maximum a t  Mach number 0.50, and t h e  d r a g  c o e f f i c i e n t  remained 

r e l a t i v e l y  c o n s t a n t  through Mach number 0.65. 



The l a t e r a l - d i r e c t i o n a l  c h a r a c t e r i s t i c s  of t h e  model a r e  p r e sen t ed  

i n  F ig .  7 f o r  a n g l e s  of  a t t a c k  of  0, 5,  10, 15, and 20 deg. The d a t a  

i n d i c a t e  t h a t  t h e  model was g e n e r a l l y  i n s e n s i t i v e  t o  Mach number v a r i a -  

t i o n  w i t h i n  t h e  range i n v e s t i g a t e d ,  bu t  was s e n s i t i v e  t o  model a n g l e  of 

a t t a c k .  The v a r i a t i o n  of t h e  c o e f f i c i e n t s  w i t h  ang l e  of a t t a c k  was 

g e n e r a l l y  l i n e a r  and w e l l  behaved a t  a n g l e s  of a t t a c k  through 10 deg. 

The yawing and r o l l i n g  moment c o e f f i c i e n t s ,  however, became l e s s  l i n e a r  

and s u b j e c t  t o  aerodynamic h y s t e r e s i s  e f f e c t s  a t  t h e  h igh  ang l e s  of 

a t t a c k .  These h y s t e r e s i s  e f f e c t s  a r e  d i s cus sed  more f u l l y  i n  S e c t i o n  

4.3.  The d a t a  p r e sen t ed  i n  F ig .  7 a r e  summarized i n  Fig .  8 i n  terms of 

l a t e r a l - d i r e c t i o n a l  s t a b i l i t y  parameters  v e r s u s  Mach number. The model 

was d i r e c t i o n a l l y  s t a b l e  throughout  t h e  Mach number range.  Except 

f o r  t h e  a n g l e  of  a t t a c k  of 20 deg, t h e  d i r e c t i o n a l  s t a b i l i t y  of t h e  

model decreased  a s  t h e  a n g l e  of a t t a c k  was i nc r ea sed .  The d a t a  i n d i c a t e  

a  f a v o r a b l e  d i h e d r a l  e f f e c t  f o r  t h e  c o n d i t i o n s  i n v e s t i g a t e d .  

The s t a b i l i t y  parameters  p r e sen t ed  i n  F ig s .  6 and 8 were c a l c u l a t e d  

u s ing  a  l i n e a r  l e a s t  squa re s  curve  f i t t i n g  t echn ique  a p p l i e d  t o  t h e  d a t a  

over  t h e  a n g l e  of  a t t a c k  o r  s i d e s l i p  a n g l e  range from -4 t o  4 deg. Th is  

p rocedure  p rov ide s  a  r e a sonab l e  approximat ion f o r  model a t t i t u d e s  

w i t h i n  t h i s  range but  does  no t  r e f l e c t  t h e  non l i nea r  c h a r a c t e r i s t i c s  a t  

h igh  a n g l e s  of a t t a c k  o r  s i d e s l i p .  

Con t ro l  e f f e c t i v e n e s s  of t h e  b a s i c  c o n f i g u r a t i o n  was i n v e s t i g a t e d  

f o r  e l e v a t o r  d e f l e c t i o n s  (DELE) of 0 ,  10, and 20 deg and f o r  a i l e r o n  

d e f l e c t i o n s  (DELA) and rudder  d e f l e c t i o n s  (DELR) of 0  and 10 deg. The 

d a t a  a r e  p r e sen t ed  i n  Fig .  9 and s u m a r i z e d  i n  Fig .  10. Except f o r  an 

e l e v a t o r  d e f l e c t i o n  of 20 deg a t  ang l e s  of a t t a c k  g r e a t e r  than  16 deg, 

a l l  c o n t r o l  s u r f a c e s  remained uniformly e f f e c t i v e  a t  a l l  t e s t  c o n d i t i o n s .  

The e f f e c t i v e n e s s  of a l l  c o n t r o l  s u r f a c e s  remained n e a r l y  c o n s t a n t  a s  

Mach number was increased .  



4.2 EFFECT OF REYNOLDS NUMBER AND TRANSITION GRIT 

The e f f e c t  of Reynolds number on t h e  aerodynamic d a t a  was i n v e s t i -  

g a t e d  by t e s t i n g  t h e  b a s i c  A-10 model a t  u n i t  Reynolds numbers rang ing  

from 0.7 t o  4.9 x  lo6  l / f t  a t  Mach numbers of 0.30, 0.50, and 0.75. 

The e f f e c t  of t r a n s i t i o n  g r i t  was i n v e s t i g a t e d  a t  Reynolds numbers 

cor responding  t o  P = 1,200 p s f a  on ly  ( t h i s  PT g i v e s  t h e  second lowest  
T 

Reynolds number a t  each Mach number). The g r i t - f r e e  d a t a  a r e  p r e s e n t e d  

i n  F ig .  11 f o r  Mm = 0.50 and u n i t  Reynolds numbers of 1.1, 1.7, 2.8, and 

3.7 x  lo6 l / f  t .  These d a t a  a r e  r e p r e s e n t a t i v e  of t h e  Reynolds number 

e f f e c t s  o b t a i n e d  a t  a l l  Mach numbers and a r e  summarized t o g e t h e r  w i t h  

Fig .  12 g r i t  d a t a  i n  Fig .  13. A s  t h e  u n i t  Reynolds number was i n c r e a s e d  

from 1 . I  t o  3.7 x  lo6  1 / f t ,  t h e  maximum l i f t  c o e f f i c i e n t  i n c r e a s e d  and t h e  

minimum d r a g  c o e f f i c i e n t s  were g e n e r a l l y  i n s e n s i t i v e  t o  Reynolds number 

v a r i a t i o n ,  whereas t h e  rolling-moment c o e f f i c i e n t  tended t o  become more 

n e g a t i v e  a s  t h e  Reynolds number was i n c r e a s e d .  Although t h e  t r e n d s  i n  

t h e  d a t a  were g e n e r a l l y  as expec ted ,  t h e  magnitude of t h e s e  Reynolds 

number e f f e c t s  was l a r g e r  than  a n t i c i p a t e d .  From t h e  v a r i a t i o n  of t h e s e  

pa ramete rs ,  i t  can  g e n e r a l l y  b e  concluded t h a t  a s u f f i c i e n t l y  h igh  

Reynolds number was n o t  reached f o r  Reynolds number t o  b e  excluded as a  

f a c t o r  i n  t h e  d a t a .  

The g r i t  used t o  f i x  t r a n s i t i o n  was s p e c i f i e d  by AEATL and s a t i s f i e s  

t h e  c r i t e r i a  of Ref. 3. The d a t a  i n  F igs .  12 and 13 compare t h e  c a s e s  of 

t h e  v a r i a t i o n  of Reynolds number w i t h  g r i t  o f f  and t h e  c a s e  of moderate ly  

low Reynolds number w h h  g r i t  on, The d a t a  show t h a t  t h e r e  was l i t t l e  

o r  no e f f e c t  of g r i t  on t h e  s i d e - f o r c e  o r  yawing-moment c o e f f i c i e n t s  

b u t  t h a t  agreement between t h e  low and h igh  Reynolds number p i t c h i n g -  and 

rolling-moment d a t a  was g e n e r a l l y  improved by adding g r i t  t o  t h e  low 

Reynolds number case .  The d a t a  a l s o  show a  s m a l l  i n c r e a s e  i n  t h e  d r a g  

when g r i t  was added. However, t h e  maximum l i f t  c o e f f i c i e n t  ob ta ined  

w i t h  g r i t  would b e  expected t o  a g r e e  w i t h  o r  exceed t h e  v a l u e  o b t a i n e d  

a t  t h e  maximum Reynolds number w i t h o u t  g r i t .  Th i s  expec ted  t r e n d  o f  t h e  



l i f t  c o e f f i c i e n t  i s  n o t  borne  o u t  by t h e  d a t a  of  F i g s .  12 and 13,  which 

i n d i c a t e  a  r e d u c t i o n  i n  C 
L , W  

r a t h e r  t h a n  an  i n c r e a s e .  Thus, i t  c a n  b e  

concluded t h a t  t h e  maximum l i f t  c o e f f i c i e n t  d a t a  d i d  n o t  f o l l o w  e x p e c t e d  

t r e n d s ,  and f u r t h e r  i n v e s t i g a t i o n  of t h e  u s e  of  g r i t  w i t h  t h i s  model i s  

w a r r a n t e d  . 
4.3 AERODYNANIIC HYSTERESIS 

Aerodynamic h y s t e r e s i s  o c c u r s  when t h e  v a l u e s  of t h e  aerodynamic  

f o r c e s  and moments depend on t h e  p a s t  h i s t o r y  af  t h e  model a t t i t u d e ,  

making a n a l y s i s  and a p p l i c a t i o n  of t h e  d a t a  d i f f i c u l t .  Aerodynamic 

h y s t e r e s i s  had been observed i n  p i t c h  and yaw p o l a r s  a t  h i g h  a n g l e s  of 

a t t a c k  d u r i n g  r e c e n t  t r a n s o n i c  wind t u n n e l  tests of o t h e r  a i r c r a f t  con- 

f i g u r a t i o n s .  T h e r e f o r e ,  a  s u r v e y  was conducted  t o  d e t e r m i n e  whe the r  

aerodynamic h y s t e r e s i s  o c c u r r e d  w i t h i n  t h e  a n g l e - o f - a t t a c k  and s i d e s l i p  

r a n g e s  of t h e  c u r r e n t  test .  

H y s t e r e s i s  e f f e c t s  w e r e  i n v e s t i g a t e d  by o b t a i n i n g  d a t a  w h i l e  p i t c h i n g  

o r  yawing t h e  model i n  one d i r e c t i o n  and t h e n  o b t a i n i n g  d a t a  i n  t h e  

r e v e r s e  d i r e c t i o n .  No s i g n i f i c a n t  h y s t e r e s i s  e f f e c t s  were  obse rved  i n  

t h e  d a t a  f o r  p i t c h  p o l a r s  o r  yaw p o l a r s  a t  a ( 10 deg. For  yaw p o l a r s  a t  

a n g l e s  of a t t a c k  of 15 o r  20 deg,  a p p a r e n t  h y s t e r e s i s  e f f e c t s  were 

obse rved .  The d a t a  p r e s e n t e d  i n  F ig .  1 4  a r e  t h e  w o r s t  c a s e  of aerody-  

namic h y s t e r e s i s  obse rved  w i t h  t h i s  model; t h e  a r rows  drawn on t h e  f i g u r e  

i n d i c a t e  t h e  d i r e c t i o n  of model movement. These a p p a r e n t  h y s t e r e s i s  

e f f e c t s  a r e  s e e n  p r i m a r i l y  i n  t h e  moment c o e f f i c i e n t  d a t a  (C 
rn3 'n' 

and 

C ) and t o  a  l e s s e r  e x t e n t  i n  t h e  f o r c e  c o e f f i c i e n t  d a t a  ( C  
R L, CD, and 

Cy). The s o u r c e  of t h i s  h y s t e r e s i s  phenomenoc i s  n o t  known, and t h e  

asymmetry of t h e  d a t a  a b o u t  6 = 0  s u g g e s t s  t h a t  t h e  h y s t e r e s i s  may n o t  

b e  aerodynamic  i n  n a t u r e .  However, i t  s h o u l d  b e  p o i n t e d  o u t  t h a t  t h e  A-10 

model, i n c l u d i n g  cannon and a n t e n n a s ,  i s  i t s e l f  asymmetr ic ,  and t h e  

h y s t e r e s i s  obse rved  cou ld  b e  o f  aerodynamic o r i g i n .  Where p o s s i b l e  a l l  

yaw p o l a r s  were r u n  w i t h  s i d e s l i p  i n c r e a s i n g  i n  a n  e f f o r t  t o  minimize  

t h e  h y s t e r e s i s .  



4.4 EFFECT OF EXTERNAL STORE LOADING 

The aerodynamic c h a r a c t e r i s t i c s  of t h e  A-10 model w i t h  38 s t o r e -  

l o a d i n g  c o n f i g u r a t i o n s  were i n v e s t i g a t e d  d u r i n g  t h i s  t e s t .  I n  g e n e r a l ,  

t h e  a d d i t i o n  of s t o r e s  r e s u l t e d  i n  a  decreased  l i f t  s l o p e ,  a  more nose- 

down p i t c h i n g  moment, i n c r e a s e d  d r a g ,  decreased  d i r e c t i o n a l  s t a b i l i t y ,  

and a  more f a v o r a b l e  e f f e c t i v e  d i h e d r a l .  The d a t a  i n  F ig .  1 5  i l l u s t r a t e  

t h e s e  c h a r a c t e r i s t i c s  of t h e  d a t a  f o r  s e l e c t e d  s t o r e  l o a d s  ( s e e  Table  

1 ) .  It shou ld  b e  no ted  t h a t  w h i l e  t h e  g e n e r a l  t r e n d ,  a s  s t a t e d  above, 

was f o r  t h e  added s t o r e s  t o  produce a  nose-down p i t c h l n g  moment, t h e  

a d d i t i o n  of t h e  empty TER produced a  more nose-up p i t c h i n g  moment. 

5.0 SUMMARY OF RESULTS 

A t r a n s o n i c  wind t u n n e l  t e s t  was conducted t o  de te rmine  t h e  s t a t i c  

aerodynamic c h a r a c t e r i s t i c s  of t h e  A-10 model w i t h  and wi thou t  e x t e r n a l  

s t o r e s ,  and t o  i n v e s t i g a t e  t h e  e f f e c t  o f  c o n t r o l  d e f l e c t i o n s ,  Reynolds 

number v a r i a t i o n ,  boundary-layer t r a n s i t i o n  g r i t ,  and aerodynamic h y s t e r e s i s  

on t h e  d a t a .  Data were o b t a i n e d  a t  a n g l e s  o f  a t t a c k  from -4 t o  20 deg 

and s i d e s l i p  a n g l e s  from -10 t o  10 deg. The Mach number range  was from 

0.30 t o  0.75,  and Reynolds number was v a r i e d  from 0.7 t o  4.9 m i l l i o n  p e r  

f o o t .  The r e s u l t s  o b t a i n e d  a r e  summarized a s  fo l lows :  

1 .  For  t h e  moment r e f e r e n c e  p o i n t  chosen,  t h e  b a s i c  c o n f i g u r a t i o n  

was l o n g i t u d i n a l l y  s t a b l e  n e a r  z e r o  l i f t .  The model was 

d i r e c t i o n a l l y  s t a b l e  a t  each a n g l e  of a t t a c k  i n v e s t i g a t e d .  A 

f a v o r a b l e  d i h e d r a l  e f f e c t  was observed a t  a l l  t e s t  c o n d i t i o n s .  

2. I n  g e n e r a l ,  t h e  c o n t r o l  s u r f a c e s  were uniformly e f f e c t i v e  over  

t h e  range of model a t t i t u d e  and Mach numbers examined. The 

e l e v a t o r  e x h i b i t e d  some l o s s  o f  e f f e c t i v e n e s s  when d e f l e c t e d  

t o  20 deg f o r  a n g l e s  of a t t a c k  g r e a t e r  t h a n  16 deg. 



3. V a r i a t i o n  i n  t h e  t e s t  Reynolds number r e s u l t e d  i n  t h e  expec ted  

t r e n d s  i n  t h e  d a t a ;  however, t h e  changes due t o  Reynolds 

number v a r i a t i o n  were l a r g e r  than  a n t i c i p a t e d .  

4. The a d d i t i o n  of boundary- layer  t r a n s i t i o n  g r i t  t o  t h e  b a s e l i n e  

A-10 c o n f i g u r a t i o n  decreased  t h e  maximum l i f t  c o e f f i c i e n t  and 

i n c r e a s e d  t h e  minimum d r a g  c o e f f i c i e n t .  The t r e n d s  f o r  maximum 

l i f t  c o e f f i c i e n t  were n o t  a s  expec ted ,  and f u r t h e r  s t u d y  of t h e  

u s e  of g r i t  on t h i s  model i s  warranted.  

5. Aerodynamic h y s t e r e s i s  was observed f o r  yaw p o l a r s  a t  a n g l e s  

of a t t a c k  of 15 o r  20 deg. H y s t e r e s i s  was observed i n  a l l  

aerodynamic c o e f f i c i e n t s ,  b u t  p r i m a r i l y  i n  t h e  yawing-, 

r o l l i n g - ,  and pitching-moment c o e f f i c i e n t s .  

6 .  I n  g e n e r a l ,  t h e  a d d i t i o n  of s t o r e s  r e s u l t e d  i n  a  d e c r e a s e d  

l i f t  s l o p e ,  a more nose-down p i t c h i n g  moment, i n c r e a s e d  d r a g ,  

d e c r e a s e d  d i r e c t i o n a l  s t a b i l i t y ,  and a  more f a v o r a b l e  

d i h e d r a l  e f f e c t .  
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Figure 2. Details of the A-10 armament pylons. 
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a. Lift characteristics 
Figure 5. Longitudinal characteristics of the A-10 model. 
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Figure 6. Summary of longitudinal characteristics. 



A
E

D
C

-T
R

 -7
8

-6
6

 





c. Rolling-moment coefficient, a = 0 
Figure 7. Continued. 
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Figure 8. Summary of lateraldirectional characteristics. 



a. Elevator deflection at M_ = 0.30 
Figure 9. Effect of control deflections on the aerodynamic 

characteristics of the A-10 model, a = 0. 







d. Rudder deflection at M_ = 0.30 
Figure 9. Continued. 





f. Rudder deflection at M_ = 0.75 
Figure 9. Continued. 
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Figure 10. Variation of control effectiveness with Mach number. 







c. Drag coefficient 
Figure 11. Continued. 
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f. Rolling-moment coefficient, a = 0 
Figure 11. Concluded. 
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c. Drag coefficient 
Figure 12. Continued. 
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Figure 13. Summary of Reynolds number and grit effects. 
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Figure 13. Concluded. 



a. Side-force coefficient 
Figure 14. Hystersis characteristics in A-10 aerodynamic data, a = 20 deg. 













a. Lift coefficient at Mm = 0.50 
Figure 15. Effect of external stores on the aerodynamic characteristics of the A-10 model. 
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h. Side-force coefficient at Mm = 0.75, a = 10 deg 
Figure 15. Continued. 



i .  Yawing-moment coefficient at M_ = 0.50, a = 10 deg 

Figure 15. Continued. 











Table 2. Summary of Nominal Test Conditions 

Mm 

0.30 

0.30 

0.30 

0.30 

0.50 

0.50 

0.50 

0.50 

0.65 

0.70 

0.75 

0.75 

0.75 

0.75 

P ~ '  
p s f a  

800 

1,200 

2,000 

2,800 

800 

1,200 

2,000 

2,800 

1,200 

1,200 

800 

1,200 

2,000 

2,800 

Re x 
l / f t  

0.7 

1.1 

1 .8  

2.5 

1.1 

1.7 

2.8 

3.7 

2.1 

2.2 

1.5 

2.2 

3.7 

4.9 

Q, 
psf - 

4 7 

7 0 

120 

165 

120 

175 

295 

41 5 

265 

295 

220 

325 

540 

755 



A EDC-TA -78-66 

Table 3. Data Uncertainies 

C~ 

C 
m 

!? 

c A 

C~ 

-- c~ 

Mach Number 

0.30 

2 0.083 

2 0.014 

+ 0.015 

2 o.ooo9 

2 0.0014 

+ 0.014 

2 0.081 

2 0.025 

0.50 

2 0.028 

2 0.006 

2 0.006 

2 0.0004 

2 0.0005 

2 0.005 

2 0.027 

2 0.009 

1 

0.65 

+ 0.015 

+ 0.004 

2 0.004 

2 0.0003 

t 0.0003 

2 0.003 

2 0.014 

2 0.005 

0.70 

2 0.012 

2 0.004 

2 0.003 

2 0.0002 

2 0.0002 

r 0.002 

2 0.012 

2 0.004 

0.75 

2 0.010 

2 0.003 

+ 0.003 

r 0.0002 

2 0.0002 

2 0.002 

2 0.010 

2 0.003 



NOMENCLATURE 

ALFA, a 

BETA, B 

Balance c a v i t y  a r e a  used f o r  c a l c u l a t i n g  t h e  base  
a x i a l - f o r c e  c o e f f i c i e n t ,  0.01 51 7  f  t 2  

Model wind a x i s  system ang l e  of a t t a c k  measured 
r e l a t i v e  t o  a i r c r a f t  w a t e r l i n e ,  deg 

Model wind a x i s  system ang l e  of s i d e s l i p  measured 
r e l a t i v e  t o  a i r c r a f t  l o n g i t u d i n a l  a x i s ,  deg 

Model b u t t l i n e ,  i n .  

Model r e f e r e n c e  span ,  1.874 f t  

Model r e f e r e n c e  chord ,  0.4772 f t  

T o t a l  measured drag  c o e f f i c i e n t ,  t o t a l  measured 
drag/QS 

Minimum measured v a l u e  of C w i t h i n  a  g iven  p o l a r  
D 

L i f t  c o e f f i c i e n t ,  t o t a l  measured l i f t   force/^^ 

Maximum measured v a l u e  of C w i t h i n  a  g iven  p o l a r  
L 

S lope  of a  l i n e a r  l e a s t  squa re  curve f i t  of C 
v e r s u s  a (-4 < a 2 4  deg) 

L 
- 

Body a x i s  rolling-moment c o e f f i c i e n t ,  body a x i s  
r o l l i n g  moment/QSb 

Slope of a l i n e a r  l e a s t  squa re  curve  f i t  of CL 
v e r s u s  B (-4 - < B 2 4  deg) 



CONFIG 

A i l e r o n  c o n t r o l  e f f e c t i v e n e s s  pa ramete r ,  
ACL/A6A 

Pitching-moment c o e f f i c i e n t ,  t o t a l  measured 
p i t c h i n g  moment /~SS 

Slope of a  l i n e a r  l e a s t  s q u a r e  c u r v e  f i t  of  C 
m 

v e r s u s  a (-4 ( a - < 4  deg)  

E l e v a t o r  c o n t r o l  e f f e c t i v e n e s s  pa ramete r ,  

Normal-force c o e f f i c i e n t ,  t o t a l  measured normal 
f  orce/QS 

S lope  of a  l i n e a r  l e a s t  square  curve  f i t  of  C 
v e r s u s  a (-4 < a < 4  deg)  

N 
- - 

Yawing-moment c o e f f i c i e n t ,  t o t a l  measured yawing 
moment/QSb 

Slope of a  l i n e a r  l e a s t  s q u a r e  c u r v e  f i t  of  C 
n  

v e r s u s  B (-4 < B < 4  deg)  - - 

Rudder c o n t r o l  e f f e c t i v e n e s s  pa ramete r ,  Acn/h6r 

A unique number a s s i g n e d  t o  each  model conf igura -  
t i o n  t e s t e d  i d e n t i f y i n g  t h a t  c o n f i g u r a t i o n  
( s e e  Table  1 )  

S ide- fo rce  c o e f f i c i e n t ,  t o t a l  measured s i d e  
force/QS 

Slope of l i n e a r  l e a s t  s q u a r e  c u r v e  f i t  of C 
v e r s u s  B (-4 < B < 4  deg) 

Y 
- - 



DELA, 6A 

DELE, 6e 

DELR, 6 r  

M, 

MRP 

PART 

'BASE 

PHIA 

POINT 

Def l ec t i on  angle  of model a i l e r o n s ,  p o s i t i v e  
d e f l e c t i o n s  produce p o s i t i v e  r o l l i n g  moments, deg 

Def l ec t i on  a n g l e  of model e l e v a t o r ,  p o s i t i v e  
f o r  e l e v a t o r  t r a i l i n g  edge up, deg 

Def l ec t i on  ang le  of model rudder ,  p o s i t i v e  f o r  
rudder  t r a i l i n g  edge r i g h t ,  deg 

Free-stream Mach number 

Model moment r e f e r e n c e  p o i n t ,  27 pe rcen t  of t h e  
mean aerodynamic chord,  MS121.615, WLf5.0, BL1O.O 

Model s t a t i o n ,  i n .  

Free-stream s t a t i c  p r e s su re ,  p s f a  

Numerical index i d e n t i f y i n g  a  p a r t i c u l a r  d a t a  po l a r  

Measured base  p re s su re ,  p s f a  

Model r o l l  ang le ,  p o s i t i v e  r i g h t  wing down, deg 

Unique number a s s o c i a t e d  wi th  a  p a r t i c u l a r  d a t a  
po in t  w i th in  a  d a t a  po l a r  

Free-stream t o t a l  p r e s su re ,  p s f a  

Free-stream dynamic p re s su re ,  psf 

- 1  
Free-stream u n i t  Reynolds number, f t  

Model r e f e r ence  a r e a ,  1.2650 f t  
2 



STA-XX 

TEST 

Slope of a  l i n e a r  l e a s t  square  curve f i t  of C 
ve r sus  CL f o r  -4 2 a < 4 deg, f r a c t i o n  of c ;  m 

p o s i t i v e  when c e n t e r  o f  p r e s su re  i s  forward of 
t h e  moment r e f e r e n c e  po in t  

Armament pylon s t a t i o n  numbers 1  through 1 1 ;  
pylon s t a t i o n s  a r e  numbered from l e f t  wingt ip  
t o  r i g h t  wingt ip  

T e s t  number a s s o c i a t e d  w i th  a  p a r t i c u l a r  t e s t  
e n t r y  

Free-stream t o t a l  t.emperature, OF 

Model wa te r l i ne ,  i n .  

Dis tance  between t h e  cen t ro id  of a r e a  of t h e  base  
and t h e  MRP measured normal t o  t h e  ba lance  X-axis, 
p o s i t i v e  when t h e  c e n t r o i d  of  t he  base a r e a  is 
below the  MRP, 0.0108 f t  




