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SUMMARY 

An  investigation  has  been  conducted  in  the  Langley  8-foot  transonic  pres- 
sure  tunnel  to  determine  the  longitudinal  and  lateral-directional  static  sta- 
bility  and  control  characteristics  of a 1/6-scale  force  model  of  a  remotely 
piloted  research  vehicle. The  model  was  equipped  with  a  supercritical  wing 
and  employed  elevons  for  pitch  and  roll  control.  Test  conditions  were  as 
follows:  Reynolds  number  of  about 6.6 x 1 O6 per  meter,  variations  of  sideslip 
from  about -6O to 6O, elevon  deflection  angle  (symmetrically  and  asymmetrically) 
from -90 to 3O, and  rudder  deflection  angle  from Oo to -loo. 

The  model  was  longitudinally  statically  stable  at  angles  of  attack  up  to 
about 7O, which is significantly  greater  than  the  angle  of  attack  for  the  cruise 
condition  (approximately 4O) .  In  the  range  of  test  Mach  numbers,  the  model  was 
directionally  stable  and  had  positive  effective  dihedral,  sufficient  pitch  con- 
trol,  and  positive  effectiveness  of  roll  and  yaw  control.  The  drag-divergence 
Mach  number  (defined  as  the  Mach  number  where  aCD/aM = 0.10 where CD and  M 
represent  drag  coefficient  and  Mach  number,  respectively)  decreased  slightly  as 
lift  coefficient  was  increased. 

INTRODUCTION 

The  National  Aeronautics  and  Space  Administration  has  initiated  a  flight- 
test  program  to  evaluate  an  active  control-flutter  suppression  system  and  to 
obtain  transonic  flight-load  measurements  for  a  flexible,  supercritical  wing. 
The  program  utilizes  an  existing  target  drone  (Teledyne  Ryan  Firebee  11)  modi- 
fied  for  use  as  a  test-bed  aircraft.  The  Firebee  I1 is a  highly  maneuverable, 
supersonic  aircraft  designed  for  relatively  high  load  factors  and  equipped  with 
elevons  for  pitch  and  roll  control.  For  the  flight  test  program  the  production 
wing of the  test-bed  aircraft  will  be  replaced  with  a  new  aeroelastic  research 
wing  that  was  designed  to  flutter  within  the  flight  envelope  of  the  research 
vehicle.  The  geometry  of  the  research  wing  is  a  scaled  version  of  the  super- 
critical  wing  used  in  the  flight-test  program  reported  in  reference 1 .  

A  wind-tunnel  investigation  was  conducted  to  provide  data  for  the  assess- 
ment  of  stability  and  control  characteristics  and  for  the  design  of  the  flight- 
vehicle  control  system  to  ensure  the  success  of  the  proposed  flight  tests.  In 
addition,  these  data  are  needed  to  provide  vehicle  flight  characteristics  to  a 
computer  simulation  program  that  provides  assistance  in  planning  and  execution 
of  specific  flight-research  missions  and  for  the  assessment  of  structural  load- 
ings  at  critical  points  in  the  flight  envelope. 

The  purpose  of  this  paper  is  to  document  the  results,  with  limited  anal- 
ysis,  of  wind-tunnel  measurements  of  the  total  aerodynamic  forces  and  moments 
for  a  1/6-scale  force  model  of  the  Firebee  I1  aircraft  equipped  with  an  NASA 
supercritical  wing.  The  wind-tunnel  tests  were  conducted  in  the  Langley  8-foot 
transonic  pressure  tunnel  at  Mach  numbers  from 0.400 to 0.980, angles  of  attack 



from  approximately -4O to  12O,  a n g l e s  of s ides l ip  from approximately  60 to  -60, 
and a t  a Reynolds number of   approximately 6.6 x 1 O6 per meter. 

SYMBOLS 

All da ta   p re sen ted   he re in  are r e fe renced  to a s t ab i l i t y -ax i s   sys t em 
(ref .  2 ) .  T o t a l  force and moment data  have  been  reduced t o  convent iona l  coef- 
f i c i e n t  form  based on the   geometry   o f   the   re fe rence   wing   p lanform,   tha t  is, t h e  
planform  produced by e x t e n d i n g   t h e   s t r a i g h t   l e a d i n g   a n d   t r a i l i n g   e d g e s  of t h e  
outboard   sec t ions   o f   the  wing to t h e   f u s e l a g e   c e n t e r   l i n e .  The t o t a l  p i t ch ing -  
moment c o e f f i c i e n t s   a r e   r e f e r e n c e d  to  the   qua r t e r - chord   po in t   o f   t he  mean geo- 
metric chord   of   the   re fe rence   wing   pane l .   This   po in t  is l o c a t e d  a t  model sta- 
t i o n  0.76 m. All dimensions are g iven   i n  SI units;  however,  measurements  and 
c a l c u l a t i o n s  were made i n  U . S .  Customary  Units. 

b wing  span 

C streamwise local  chord of wing ( includes  leading-edge  glove  and 
t r a i l i ng -edge   ex tens ion )  

- 
C wing mean geometr ic   chord 
- 
C t  e levon mean geometr ic chord 

CD d r a g   c o e f f i c i e n t   ( c o r r e c t e d  for fuse l age  base pressure   and   duc t  
Drag 

i n t e r n a l  f l o w )  , - 
qs 

cD, i 

cDU 

c% 

CL 

CT "U 

C kl 

I n t e r n a l   d r a g   f o r c e  

qs 
d u c t   i n t e r n a l   d r a g  force c o e f f i c i e n t ,  

acD 
e f f e c t   o f   s p e e d  on d r a g   c o e f f i c i e n t ,  M - 

a M  

slope of drag  curve,   per   deg 

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

as 

242 

e f f e c t  of speed  on l i f t   c o e f f i c i e n t ,  - ~ CL, 
1 - PIL 

sLope of   l i f t   curve   (measured   in   angle-of -a t tack   range   f rom l o  to  5O) 
per deg 



effect  of  symmetric  elevon  deflection  on  lift  coefficient, 
acL -, per  deg 
age 

Rolling  moment 
rolling-moment  coefficient, 

qSb 

ac2 
effective  dihedral  parameter, - w 1 Per  deg 

ac2 
a6a 

asymmetric  elevon  effectiveness  parameter, -, per  deg 

AC2 
effect  of  rudder  deflection  on  rolling-moment  coefficient - 

A6 r 
Pitching  moment 

pitching-moment  coefficient, 
qsc 

pitching-moment  coefficient  at  zero  lift 

8%  8% 
effect  of  speed  on  pitching-moment  coefficient, M - + pu2 - 

aM  aq 

slope  of  pitching-moment  coefficient  against  lift-coefficient 
3% 

aCL 
curve, - 

slope  of  pitching-moment  coefficient  against  angle-of-attack  curve, 
per  deg 

2% 

a6e 
elevon  effectiveness in  pitch  parameter, - , per  deg 

Yawing  moment 
yawing-moment  coefficient, 

qSb 
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a 

CY 

cyi3 

M 

m 

P 

pb 

9 

R 

S 

t 

t t e  

U 

effect  of asymmetric elevon deflection on  yawing-moment coefficient,  
a cn 
ab a 
-, per deg 

ACn 

Ab r 
rudder-effectiveness  parameter, -, per deg 

Pb - P 

9 
fuselage  base-pressure  coefficient, - 

Side  force 

9s 
side-force  coefficient, 

a CY 
ai3 

side-force  parameter, - , per deg 

effect  of asymmetric elevon deflection on side-force  coefficient, 
a CY 
-, per deg 
a' a 

ACY 

Ab r 
effect  of rudder deflection on side-force  coefficient, - I per deg 

free-stream Mach  number 

dz 
local  airfoil   slope,  - 

dx 

free-stream static  pressure 

static  pressure  at  fuselage base 

free-stream dynamic pressure 

free-stream Reynolds number per meter 

planform area of basic wing panels ( i n c l u d i n g  fuselage  intercept) 

local wing thickness 

airfoil  trailing-edge  thickness 

forward  speed 
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streamwise  distance  measured  from  leading  edge  of  total  wing  planform, 
positive  toward  wing  trailing  edge 

spanwise  distance  measured  normal  to  model  plane  of  symmetry,  zero 
at fuselage  center  line 

vertical  distance  from  wing  reference  chord 

vertical  location  of  wing  reference  chord  line  at  fuselage  plane  of 
symmetry;  water  line, 0.024 m  (fig. 1 (c)) 

angle  of  attack  relative  to  fuselage  reference  line  (see  fig.  l(c)), 
deg 

angle  of  sideslip,  deg 

effective  asymmetric  elevon-deflection  angle  (positive  trailing 
%IL - &HR 

edge  down) , I deg 
2 

symmetric  elevon  deflection  angle  (positive  trailing  edge  down),  deg 

h a  
symmetric  elevon-control  sensitivity, - 

c, 'e 
left  elevon  deflection  angle  (positive  trailing  edge  down),  deg 

right  elevon  deflection  angle  (positive  trailing  edge  down),  deg 

rudder  deflection  angle  (positive  trailing  edge  left),  deg 

AC, /AB 
rudder-control  sensitivity, - " I 

Acn /A' r 

angle  of  twist  of  local  airfoil  section  (angle  between  the  wing 
reference  chord  line  and  a  line  through  the  nose  and  a  point  midway 
between  the  upper  and  lower  surfaces at the  airfoil  maximum  thick- 
ness) , deg 

test-medium  density 

APPARATUS AND PROCEDURE 

Model  Description 

The  wind-tunnel  investigation  utilized  a  1/6-scale  force  model  of  the 
test-bed  aircraft  with  a  scaled-down  version  of  the NASA supercritical  wing 
developed  for the F-8 flight-test  program  (ref. 1 ) .  The  general  arrangement  of 
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the  wind-tunnel  model is shown i n   f i g u r e  1 (a) ; Some per t inent   d imens ions  are 
shown i n   f i g u r e   l ( b ) ;   a n d   v a r i a t i o n  of fuse l age   c ros s - sec t iona l   shape  is shown 
i n   f i g u r e  1 (c) ; and  photographs  of  the  model  mounted  in  the  wind  tunnel are 
shown i n   f i g u r e  2. The  wing  had an aspect r a t io  o f  6.8, a t ape r  ra t io  of 0.36, 
and a sweepback ang le   o f   t he   qua r t e r - chord   l i ne   o f  42.24O. Nondimensional coor- 
d i n a t e s   u s e d  to fabricate t h e  model  wing are p r e s e n t e d   i n   t a b l e  I. An a i r f o i l  
shape  and a typica l   var ia t ion   o f   shape   and   upper   and  lower s u r f a c e  slopes are 
shown i n   f i g u r e  3. These  data  were obta ined   f rom  coord ina tes   p resented   in  
t a b l e  I and  from  measurements  of  the  wing a t  the  70-percent-semispan s ta t ion.  
Wing twist d i s t r i b u t i o n s  are shown i n   f i g u r e  4. Var ia t ions   o f  wing thickness- 
to-chord ra t io  and   t r a i l i ng -edge   t h i ckness  are shown i n  figure 5. As shown i n  
f i g u r e   5 ( b )   t h e   t r a i l i n g   e d g e  for t h e  model  wing was squared to f a c i l i t a t e  fab- 
r i ca t ion ,   whereas   t he  wing t r a i l i n g   e d g e   f o r   t h e   f l i g h t   v e h i c l e  was beveled 
(table I ) ;  t h i s   a l t e r a t i o n  was not   expected t o  have a n o t i c e a b l e   e f f e c t  on t h e  
wing aerodynamics. The angle   of   incidence of t h e  wing re ference   chord  a t  t h e  
f u s e l a g e   c e n t e r   l i n e  was oO. 

The model f u s e l a g e  was equipped  with a s ing le   f l ow- th rough   duc t   t ha t  simu- 
l a t e d   t h e   i n t a k e   a n d   e x i t   e n g i n e  duc ts .  The a f t  end   of   the   fuse lage  was modi- 
f i e d  t o  allow fo r   t he   w ind- tunne l   s t i ng   suppor t .  (See f i g .  6 . )  The  modifi- 
ca t ion   de le ted   approximate ly   18  cm o f   t h e   a f t   f u s e l a g e  to  provide a 5.1-cm- 
d iameter   c learance   ho le   th rough  the   fuse lage  t o  t h e   b a l a n c e   c a v i t y   f o r   t h e   s t i n g  
suppor t .   Four   s ta t ic -pressure  orifices were located on t h e   e x i t  d u c t  wall near 
the  base,   and t w o  s t a t i c - p r e s s u r e   o r i f i c e s  were located in   t he   fu se l age   ba l ance  
c a v i t y .  The e x i t - d u c t   s t a t i c - p r e s s u r e   o r i f i c e s  complemented a 16-tube total-  
p r e s s u r e  rake that   provided  measurements   of   internal   drag  and  mass-f low  data .  
A photograph  of  the rake a t t a c h e d  t o  t h e   a f t - f u s e l a g e   e x i t   d u c t  is p resen ted  
i n   f i g u r e   2 ( b ) .  The k e e l  and  parachute riser hous ing   o f   t he   fu l l - s ca l e   veh ic l e  
were also simulated on the  model ( f i g s .  2 and  6) . 

Deflec ted   rudder   da ta  were ob ta ined  by us ing   rudde r s   t ha t  were f a b r i c a t e d  
to  p rede te rmined   de f l ec t ion   ang le s  of Oo and -loo. The r i g h t   a n d  l e f t  elevons 
were a t t a c h e d   i n  a manner  which  allowed  manually  variable  independent  deflec- 
t ions  of   each  e levon  in   the  range  f rom -15O to go. The range  of  rudder  deflec- 
t i o n   f o r   t h e   f l i g h t   v e h i c l e  is from  -loo to loo, and  the  range of e levon  def lec-  
t i o n  is from  -120 to  7O. 

T e s t  F a c i l i t y  

The i n v e s t i g a t i o n  was conducted  in   the  Langley  8-foot   t ransonic   pressure 
t u n n e l   ( r e f .  3 ) .  T h i s   f a c i l i t y  is a cont inuous- f low,   s ing le- re turn ,   s lo t ted-  
t h r o a t   t u n n e l   h a v i n g   c o n t r o l s   t h a t  allow fo r   t he   i ndependen t   va r i a t ion   o f  Mach 
number, density,   temperature,   and  dewpoint.   The test  s e c t i o n  is square   in  cross 
sect ion  with  the  upper   and lower walls a x i a l l y  slotted (each wall having  an  open 
ra t io  of approximately 0.06) to  permi t   changing   the   t es t - sec t ion  Mach number 
cont inuous ly   th rough  the   t ransonic   speed   range .  The s t a g n a t i o n   p r e s s u r e   i n   t h e  
tunnel   can  be  var ied  f rom a minimum value  of  about  0.25  atmosphere a t  a l l  t es t  
Mach numbers to a maximum value  of   approximately 1 . 5  atmospheres a t  t r a n s o n i c  
Mach numbers  and to  approximately 2.0 atmospheres a t  Mach numbers  of 0.400 or 
less. 

6 



Boundary-Layer T r a n s i t i o n  

Boundary-layer   t ransi t ion  on  the model was determined  with  the a id  of 
r e f e r e n c e s  4 and 5 and from experience  gained  with similar wind-tunnel models. 
F ixed- t r ans i t i on  strips were u s e d   t h a t   c o n s i s t e d   o f  0.25-cm-wide bands of 
carborundum g r a i n s  embedded i n  a plastic adhesive.  The s i z e  and   l oca t ion  of 
t h e   t r a n s i t i o n   s t r i p s  are p r e s e n t e d   i n   f i g u r e  7. The outboard   por t ion  of t h e  
wing  upper  surface s t r i p  was p o s i t i o n e d   i n  a conven t iona l   l oca t ion   nea r   t he  
lead ing   edge   (10   percent  c ) ,  and  the lower s u r f a c e  s t r ip  was p o s i t i o n e d  well 
a f t  (22   percent  c) of the   l ead ing   edge  to p r e v e n t   a n   u n r e a l i s t i c a l l y   t h i c k  
boundary-layer  buildup  ahead of the  t ra i l ing-edge  cusp  region.   The more for-  
ward l o c a t i o n s  of the   i nboa rd   po r t ions   o f   t he  wing upper   sur face  s t r i p  were 
based   on   p rev ious   i nves t iga t ions   ( r e f .  1 ) .  The sur face   forward   of   the  strips 
on a l l  r eg ions   o f   t he  model was k e p t  e x c e p t i o n a l l y  smooth to maintain  laminar  
flow. 

Measurements  and Test Condit ions 

Measurements were ob ta ined  to eva lua te   t he   l ong i tud ina l   and  lateral- 
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   f o r   t h e  model over   ranges of a n g l e  of a t tack 
from  about -4O to  12O, ang le   o f  s idesl ip  from about -6O t o  6O, and Mach  num- 
ber from about 0.400 to  0.980, a l l  f o r  a Reynolds number of approximately 
6.6 x l o 6  per  meter. Static aerodynamic  force  and moment measurements were 
ob ta ined  by means  of  an  internally  mounted  six-component  strain-gage  balance 
which, i n   t u r n ,  was r i g i d l y  mounted to  a tapered  s t ing-support   system. Basic 
l o n g i t u d i n a l  data were o b t a i n e d   f o r  a l l  con t ro l   su r f aces   unde f l ec t ed .   In  
addi t ion ,   yaw-cont ro l   da ta  were ob ta ined  by  rudder   def lect ion,   and  pi tch-   and 
r o l l - c o n t r o l  data were ob ta ined  by symmetric and asymmetric e l e v o n   d e f l e c t i o n s ,  
r e s p e c t i v e l y .  

The s ta t ic  p res su res   i n   t he   ba l ance   cav i ty   and   i n   t he   p l ane   o f   t he  model 
base were recorded for de te rmina t ion   o f   t he  base drag by u s i n g   d i f f e r e n t i a l -  
p r e s s u r e   t r a n s d u c e r s   r e f e r e n c e d  to  the   f ree-s t ream s ta t ic  p res su re .  The 
i n t e r n a l - d r a g   c o e f f i c i e n t s  were determined  from  measurements  of  the total- 
p r e s s u r e   d i s t r i b u t i o n   a n d   t h e  s ta t ic  p r e s s u r e   i n   t h e   d u c t   e x i t  area. 

Accuracies and  Correct ions 

The maximum a l lowable   loadings   for   the   s ix-component   ba lance   used   in   th i s  
i n v e s t i g a t i o n  were as follows:  normal  force,  1890 N; a x i a l  force, 378 N; s i d e  
force,   1779 N; p i t c h i n g  moment,  226 N-m; r o l l i n g  moment,  23 N-m; and  yawing 
moment, 113 N-m. The  accuracy of each  component  of  the  balance was es t ima ted  
to be ha l f   o f  1 p e r c e n t  of t h e  maximum value.  

The d i f fe ren t ia l -pressure   t ransducers   used   wi th   the   scanning-va lve   un i t s  
for t h e  s ta t ic  and rake to ta l  pressures   had  a maximum range  of  17.2 kN/m2. The 
e s t ima ted   accu racy   o f   t hese   t r ansduce r s  was 1 pe rcen t   o f   t he  m a x i m u m  range. 

The  measured  angles  of attack have  been corrected f o r   d e f l e c t i o n s   o f   t h e  
model support   s t ing  and  balance  which  occurred as a resu l t   o f   aerodynamic  loads 
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on  the   model .   Fur ther   cor rec t ions  to the  measured  angles   of  at tack were made 
f o r   t h e   t u n n e l  airflow a n g u l a r i t y .  A t  t h e  maximum l i f t   c o e f f i c i e n t s ,   t h e   a n g l e s  
of attack are es t ima ted  to be  within  +0.lo;   and  near cruise l i f t  c o e f f i c i e n t s ,  
t he   ang le s   o f  attack are es t ima ted  to  be w i t h i n  20.05O. The accuracies f o r   t h e  
a n g l e s   o f   s i d e s l i p  are e s t ima ted  to be  approximately  0.lo. 

The d rag  results presented   here in   have   been   cor rec ted  for t h e   i n t e r n a l   d r a g  
o f   t he   eng ine  a i r  d u c t  (see f ig .   8 )   and   fo r   t he   fu se l age   base  pressure Cp,b. 
N o  correct ions  have  been  appl ied to t h e   d a t a   f o r   s t i n g - i n t e r f e r e n c e   e f f e c t s   o t h e r  
than  exclusion  of   the  base  drag  f rom  the t o t a l  measured  drag. However , t h e  model 
s u p p o r t   s t i n g  was s e l e c t e d  on t h e   b a s i s  of r e f e r e n c e  6 to min imize   s t i ng   i n t e r -  
f e r e n c e  a t  near-sonic  Mach numbers.   Furthermore,   no  corrections  have  been 
a p p l i e d  to t h e   d a t a   f o r   t h e   e f f e c t s   o f   e i t h e r  solid w a k e  blockage or l i f t   i n t e r -  
f e r e n c e  due to  wall  e f f e c t s .  The estimated accuracy  of  Mach number was 0.003. 

PRESENTATION  OF  RESULTS 

The results o f   t h i s   i n v e s t i g a t i o n  are p r e s e n t e d   i n   t h e   f o l l o w i n g   f i g u r e s :  

Figure 
Basic l o n g i t u d i n a l   a e r o d y n a m i c   c h a r a c t e r i s t i c s :  

Longi tudinal   aerodynamic  character  istics a t  t w o  a n g l e s  

E f f e c t   o f   s i d e s l i p  on l o n g i t u d i n a l   a e r o d y n a m i c   c o e f f i c i e n t s  

E f f e c t   o f  symmetric e l evon   de f l ec t ion  on l o n g i t u d i n a l  

o f   s i d e s l i p ;  6e = Oo; 0.400 6 M 6 0.980 . . . . . . . . . . . . .  9 

f o r  two a n g l e s   o f  at tack; fje = Oo; 0.400 5 M 5 0.980 . . . . . .  10 

ae rodynamic   cha rac t e r i s t i c s  . . . . . . . . . . . . . . . . . . . .  1 1  

Summary o f   l ong i tud ina l   ae rodynamic   cha rac t e r i s t i c s :  
Var ia t ion   o f   p i tch-up   angle   o f  a t tack C, = 0 wi th  . . . . . . . . . . . . . . . . . . . . . . .  12 
Var i a t ion   o f   d rag   coe f f i c i en t   w i th  Mach number f o r   t h r e e  

v a l u e s   o f   l i f t   c o e f f i c i e n t ;   6 e  = 00 . . . . . . . . . . . . . . . .  1 3  
V a r i a t i o n  of drag-divergence Mach number w i t h   l i f t   c o e f f i c i e n t  . . . .  1 4  
Var i a t ion   o f   ze ro - l i f t   p i t ch ing -moment   coe f f i c i en t   w i th  Mach number; 

V a r i a t i o n   o f   w i t h  Mach number; = Oo . . . . . . . . . . . .  16 

V a r i a t i o n   o f  untrimmed l i f t - c u r v e   s l o p e   w i t h  Mach number; 

V a r i a t i o n  of pitching-moment-curve slope with Mach number; 

Var i a t ion   o f   d rag -cu rve   s lope   w i th  Mach number f o r   f i v e   a n g l e s  
o f  a t tack;  6e = Oo . . . . . . . . . . . . . . . . . . . . . . . .  19 

V a r i a t i o n   o f  t h e   l i f t   e f f e c t i v e n e s s  with Mach number . . . . .  20 

Mach number; = Oo ( a  1 

6 e = O 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15 

c"cL 

6 e = 0 °  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  17 

6 e = O o  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  18 

''6 e 
Var i a t ion  of p i t c h - c o n t r o l  power wi th  Mach number . . . . . . .  21 

' m ~  e 

V a r i a t i o n  of p i t c h - c o n t r o l   s e n s i t i v i t y  6 with Mach number . . . .  22 
ea 
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Figure 
Variation of the  derivative aCL /aM w i t h  Mach  number for  three 

Variation of the  derivative aC&M w i t h  Mach  number for  three 

Variation of the  derivative aCD/aM w i t h  Mach  number for  three 

symmetric elevon deflections  at  three  angles of attack . . . . . . .  23 

symmetric elevon deflections  at  three  angles of attack . . . . . . .  24 

symmetric elevon deflections  at  three  angles of attack . . . . . . .  25 

Basic lateral-directional aerodynamic characteristics: 
Lateral-directional aerodynamic characterist ics  at  two angles 

Effect of angle of attack on lateral-directional aerodynamic 

Effect of asymmetric elevon deflection on lateral-directional 

Effect of rudder deflection on lateral-directional aerodynamic 

Effect of rudder deflection on lateral-directional aerodynamic 

of attack; 6, = Oo . . . . . . . . . . . . . . . . . . . . . . . .  26 

characterist ics  at  two angles of sideslip; 6, = Oo . . . . . . . .  27 

aerodynamic characteristics; B = Oo . . . . . . . . . . . . . . . .  28 

characteristics; B = Oo . . . . . . . . . . . . . . . . . . . . .  29 

characteristics; a = 2.2O . . . . . . . . . . . . . . . . . . . .  30 

Summary of lateral-directional aerodynamic characteristics: 
Variation of lateral-directional  stability  character  istics 

w i t h  Mach  number a t  two angles of attack . . . . . . . . . . . . . .  31 
Variation of lateral-directional  aileron-control (asymmetric 

elevon)  derivatives w i t h  Mach  number a t  three  angles of 

Variation of lateral-directional  rudder-control  derivatives 

Variation of rudder-control  sensitivity w i t h  Mach number; 

attack; B = Oo . . . . . . . . . . . . . . . . . . . . . . . . . .  32 

w i t h  Mach  number a t  three  angles of attack . . . . . . . . . . . . .  33 

average a, 2.20 . . . . . . . . . . . . . . . . . . . . . . . . . .  34 

DISCUSSION OF RESULTS 

Longitudinal Aerodynamic Character i s t i c s  

The longitudinal aerodynamic characteristics of the model are  presented 
i n  figure 9 as a function of angle of attack  for  sideslip  angles of Oo and 2.2O 
and for Oo elevon deflection. The data  indicate  that  differences of  more than 
a few percent  for  corresponding  values of the  coefficients do not appear u n t i l  
a Mach  number  of 0.950 is obtained. There was very l i t t l e   d i f fe rence  i n  the 
longitudinal aerodynamic characteristics  for  sideslip  angles of Oo and 2.2O 
over the range of Mach numbers investigated. 

The longitudinal aerodynamic characteristics of the model are  presented 
i n  figure 10 as a function of sideslip. The data show variations of the  longi- 
tudinal  coefficients over a  range of sideslip  angles from approximately -6O 
to 6O for average  angles of attack of 2.2O (range from 2. l o  to  2.3O) and 5 .6O 
(range from 5.3O to 5.7O) i n  the  test Mach  number range. The data show a 
negligible  effect of sideslip on the l i f t  and drag coefficients and a more 
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n o t i c e a b l e  effect of s i d e s l i p  on  the  pi tching-moment   coeff ic ient .  A minimum 
pitching-moment c o e f f i c i e n t  was gene ra l ly   deve loped  for a s i d e s l i p   a n g l e   n e a r  
or s l i g h t l y   g r e a t e r   t h a n  Oo. A s  t h e  Mach number was i n c r e a s e d ,   t h e   e f f e c t  of 
s idesl ip  on  the  pi tching-moment   coeff ic ient  also i n c r e a s e d .   I n   a d d i t i o n ,   t h e  
d a t a   i n d i c a t e   t h a t   t h e  effect of s ides l ip   on   t he   p i t ch ing -moment   coe f f i c i en t  
was l a rge r   fo r   an   ave rage   ang le  of attack o f  5.6O t h a n   t h e   e f f e c t   o f   s i d e s l i p  
for an   average   angle  of a t tack of 2.2O t h roughou t   t he  Mach number range  except  
f o r  a Mach  number of 0.900 where limited d a t a  were ob ta ined .  

The e f f e c t  of symmetric e l evon   de f l ec t ion   on   t he   l ong i tud ina l   ae rodynamic  
c h a r a c t e r i s t i c s  is p r e s e n t e d   i n   f i g u r e  1 1 .  Data are p r e s e n t e d   f o r   d e f l e c t i o n  
a n g l e s  of -6O, - 3 O ,  Oo, and 3O and for t h e  tail-off condi t ion.   The  data   indi-  
c a t e   t h a t   t h e   l i f t   c o e f f i c i e n t   i n c r e a s e d   a n d   t h e   p i t c h i n g - m o m e n t   c o e f f i c i e n t  
decreased  as e l evon   de f l ec t ion  was var ied  f rom -6O to 3O.  I n   g e n e r a l ,   t h e  
resu l t s  i n d i c a t e   t h a t   t h e  model could  have  been trimmed throughout   the   range  
f o r  Mach numbers f o r  l o w  to moderate a n g l e s   o f  a t tack  for a r e l a t i v e l y  small, 
symmetric e l evon   de f l ec t ion   ang le .  

The v a r i a t i o n   w i t h  Mach number o f   t h e   a n g l e  of attack a t  which a pitch-up 
cond i t ion   occu r s  is shown i n   f i g u r e  12 f o r   t h e  basic d a t a   p r e s e n t e d   i n   f i g u r e  9. 
I n c l u d e d   i n   t h e   f i g u r e   a r e   d a t a  from p r e v i o u s   i n v e s t i g a t i o n s   o f  similar wing 
d e s i g n s   ( r e f s .  7 and 8 ) . ,  The d a t a   o f   f i g u r e  12 ind ica te   an   approximate   p i tch-  
up a n g l e  of at tack of about  7O f o r  Mach numbers  from  about  0.700 to 0.950. A t  
Mach numbers  below  and  above th i s   r ange ,   t he   p i t ch -up   ang le   o f  a t tack is ind i -  
c a t e d  to  b e   s u b s t a n t i a l l y   h i g h e r .  The angle   o f  a t tack a t  t h e   c r u i s e   c o n d i t i o n  
f o r   t h i s   f l i g h t   c o n f i g u r a t i o n  was determined to be  approximately 4O based  on 
t h e   r e s u l t s  from a p r e v i o u s   f e a s i b i l i t y   s t u d y  ( ref .  9)  and f i g u r e  9 ( f )   ( f o r   t h e  
f o l l o w i n g   c r u i s e   c o n d i t i o n s :  CL = 0.36; M = 0.980; a l t i t u d e ,  13.72 km; and 
R = 3.33 x l o 6 ,   f u l l  scale) . This   va lue  for ang le   o f  at tack is s u b s t a n t i a l l y  
smaller than   the   p i tch-up   angle   o f  attack shown by t h e   r e s u l t s   o f   f i g u r e  12. 
Pitch-up w i l l  n o t  be a p r o b l e m   f o r   t h e   r e s e a r c h   f l i g h t s   p l a n n e d   f o r   t h e   f l i g h t  
v e h i c l e   s i n c e   a n g l e   o f  attack w i l l  be   he ld  to less than  6O. However, f o r  
f l i g h t   c o n d i t i o n s  a t  ang le s  of attack la rger   than   60   the   addi t ion   o f   underwing  
leading-edge   vor tex   genera tors   can   be   used  to pos tpone   the   p i tch-up   angle   o f  
at tack to h igher   va lues  ( ref .  10) . 

The d rag   cha rac t e r  istics for t h e  model a r e   p r e s e n t e d   i n   f i g u r e   1 3  as a 
func t ion  of Mach number f o r   l i f t   c o e f f i c i e n t s  of 0.20,  0.36,  and  0.50. The 
d a t a  show a c h a r a c t e r i s t i c   d r a g  r ise  a t   t h e   h i g h e r  Mach numbers  (from 0.800 
to 0.980).  The drag-divergence Mach number (drag-divergence Mach number is 
de f ined  as the  Mach  number a t  which aCD/aM = 0.10) a s  a f u n c t i o n   o f   l i f t   c o e f -  
f i c i e n t  is p r e s e n t e d   i n   f i g u r e  1 4 .  The d a t a   o f   f i g u r e  1 4  i n d i c a t e  a maximum 
drag-divergence Mach  number f o r  a l i f t   c o e f f i c i e n t  of about  0.15  and a s l i g h t  
r educ t ion   i n   t he   va lue   o f   t he   d rag -d ive rgence  Mach number f o r   o t h e r   v a l u e s  of 
l i f t   c o e f f i c i e n t .  A t  t h e   d e s i g n   l i f t   c o e f f i c i e n t  of 0.36,  the data i n d i c a t e  
a drag-divergence Mach number of approximately  0 .94.   This   value  corresponds 
to a drag-divergence Mach number o f  0.96 which was o b t a i n e d   f o r   t h e  F-8 con- 
f i g u r a t i o n  reported i n   r e f e r e n c e  1 .  

( I t  is o f   i n t e r e s t  to n o t e   t h e   s i g n i f i c a n t   d i f f e r e n c e   i n   t h e   p r i m a r y  
wing-design  emphasis  between  the F-8 c o n f i g u r a t i o n  ( r e f .  1 )  and t h e   F i r e b e e  I1 
r e s e a r c h   v e h i c l e   o f   t h i s   i n v e s t i g a t i o n .  The F-8 c o n f i g u r a t i o n  was designed t o  
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demonstrate  optimum  cruise  condition (CL = 0.40; M = 0.970; altitude, 6.4 km) 
for  a  supercritical  wing  representative  of  that  for  an  advanced  transport 
designed  for  near-sonic  flight. The  Firebee I1 was  configured  with  the  super- 
critical  wing  used on the F-8 configuration  without  effort  to  optimize  the 
performance on the  Firebee  vehicle. The primary  purposes  of  the  present  tests 
are  to  aid  in  the  development  and  analysis  of  active  control  systems  for  flutter 
suppression  and  to  obtain  measurements  of  aerodynamic  loadings  for  this  aero- 
elastic  research  wing at  high  subsonic  and  transonic  Mach  numbers  at  load  fac- 
tors up to  2.5g. The full-scale  Reynolds  number  (based on the  wing  mean  aero- 
dynamic  chord)  for  the F-8 configuration  was  approximately 10.6 x 1 O6 at  the 
design  condition;  for  the  Firebee I1 configuration,  the  fuli-scale  Reynolds 
number  is  estimated  to  be  about 3.7 x 106 (ref. 9) . ) 

The  variation  of  zero-lift  pitching-moment  coefficient  with  Mach  number  is 
shown  in  figure 15 for Oo elevon  deflection. The  data  indicate  a  small  change 
in  the  magnitude  of  the  zero-lift  pitching-moment  coefficient  in  the  Mach  number 
range  from 0.400 to 0.925 and  a  substantial  increase  in  the  magnitude  of  the 
pitching-moment  coefficient at higher  Mach  numbers. A positive  value  for  the 
zero-lift  pitching-moment  coefficient is indicated  throughout  the  range  of  Mach 
numbers . 

Variation  of  the  derivative C with  Mach  number  is  presented  in  fig- % 
ure 16 for  an  elevon  deflection  of Oo. Data  are  presented  for  a  range  of  lift 
coefficients  from 0 to 0.50. The  data  indicate  negative  values  for C in 

W L  
the  range  of  test  Mach  numbers  and  a  significant  increase  (negative)  in  the 
magnitude  of C for  Mach  numbers  greater  than 0.900. This  rapid  change  in 

W L  
the  value  of  the  derivative is primarily  attributed  to  the  change  in 

c"cL 
pitching  moment  associated  with  a  rearward  shift  in  the  position  of  the  wing 
center  of  pressure  with  increasing  Mach  number. 

Variation  of  the  lift-curve  slope  with  Mach  number  is  presented  in  fig- 
ure 17 for  an  angle-of-attack  range  from l o  to 5O and  an  elevon  deflection  of Oo. 
The  data  show  a  gradually  increasing  lift-curve  slope  with  a  greater  rate  of 
increase  for  Mach  numbers  greater  than 0 . 8 0 0  and  a  maximum  lift-curve  slope at 
a  Mach  number of 0.950.  

Variation  of  the  pitching-moment-curve  slope  with  Mach  number  is  presented 
in  figure 18. These  data  show  that  the  model  was  statically  stable  in  the  range 
of test  numbers,  with  a  significant  increase  in  the  static  stability  for  Mach 
numbers  between 0 . 8 0 0  and 0.980. This  increase  in  longitudinal  stability  with 
Mach  number  was  accompanied  by  a  positive  increase  of  the  zero-lift  pitching- 
moment  coefficient  (fig. 15)  which  tends  to  off  set  the  pitching-moment- 
coefficient  trim  increment  resulting  from  increased  stability. 

Variation  of  the  drag-curve  slope  with  Mach  number  is  presented  in  fig- 
ure 19. These  data  which  were  obtained  from  the  results  of  figure 9 are  pre- 
sented  for  angles  of  attack  from 1 0  to 5 0  and  for Oo elevon  deflection.  Large 
variations  of  the  drag-curve  slope  are  indicated  for  the  range  of  Mach  numbers 
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from 0.800 to 0.980. The angle   o f  attack for minimum drag  (i.e., when C D ~  = 0) 

is shown to increase  f rom a v a l u e   s l i g h t l y   l a r g e r   t h a n  l o  a t  Mach numbers i n  
the  range  f rom 0.400 to about 0.700 or 0.800 to  a n   a n g l e  of attack of 2O a t  a 
Mach number o f  0.970. Both  angle  of attack and Mach number have   cons iderable  
effect on   the   d rag-curve   s lope .  

V a r i a t i o n s   o f   e l e v o n   e f f e c t i v e n e s s   o n   l i f t   a n d   p i t c h i n g  moment and  var ia-  
t i o n  of e l evon-con t ro l   s ens i t i v i ty   w i th  Mach number are p r e s e n t e d   i n   f i g u r e s  20, 
21, and 22, r e s p e c t i v e l y .  These data were ob ta ined  for an  angle-of-attack 
range  from 2O to  6O and symmetric e l evon   de f l ec t ions   o f  -6O, -3O, Oo, and 3O. 
The l i f t  e f f e c t i v e n e s s   ( f i g .  20) and  the  pi tching-moment   effect iveness   ( f ig .  21) 
i n c r e a s e d   g r a d u a l l y  as Mach number was inc reased  from 0.400 to  0.980. The l i f t  
e f f e c t i v e n e s s   i n c r e a s e d  about 33 percent   and  the  pi tching-moment   effect iveness  
increased   about  40 percen t .  The symmetric e l e v o n - c o n t r o l   s e n s i t i v i t y   ( f i g .  22) 
i n c r e a s e d   s l i g h t l y  for Mach numbers up to  about 0.900. As Mach number was 
var ied  f rom 0.900 to 0.980, t h e   e l e v o n - c o n t r o l   s e n s i t i v i t y  more than doubled i n  
magnitude. The data ( f i g .  22) i n d i c a t e   t h a t  a t  the   h igher  Mach numbers (Mach 
numbers g r e a t e r   t h a n  0.900) a larger   change of symmetric e l evon   de f l ec t ion  is 
requ i r ed  to e f f e c t  a given  degree  of  change  of  angle of attack than a t  t h e  lower 
Mach numbers. 

The ra te  of  change of t h e   l i f t ,   p i t c h i n g  moment, a n d   d r a g   r e l a t i v e  to Mach 
number are p r e s e n t e d   i n   f i g u r e s  23, 24, and 25 as a func t ion   of  Mach number, 
r e s p e c t i v e l y .  Data are shown for ang le s  of attack of 2O,  3O, and 4O and for 
symmetric e l evon   de f l ec t ions   o f  -6O, Oo, and 3O. These data are u s e f u l   i n  
de t e rmin ing   t he   speed   de r iva t ives  CL,, Cmu, and CD which are r e q u i r e d   f o r  

dynamic - s t ab i l i t y   ana lys i s  of t h e   f l i g h t   c o n f i g u r a t i o n .  The data,  i n   g e n e r a l ,  
i n d i c a t e  a r e l a t i v e   i n s e n s i t i v i t y  to Mach number i n   t h e  low-speed range (i.e., 
f o r  Mach numbers  between 0.400 and 0.800); however, f o r  Mach numbers g r e a t e r  
than 0.800, a l l  those d e r i v a t i v e s   v a r y   r a p i d l y   w i t h   i n c r e a s i n g  Mach number and 
approach  very  large  magnitudes.  

U 

La te ra l -Di rec t iona l  Aerodynamic Characteristics 

V a r i a t i o n s  of t h e   l a t e r a l - d i r e c t i o n a l   a e r o d y n a m i c   c o e f f i c i e n t   w i t h   a n g l e  
of s i d e s l i p  are p r e s e n t e d   i n   f i g u r e  26 for   average   angles   o f  a t tack o f  2.2O 
and 5.6 ( ranges  f rom 2.1° to  2.3O and 5.3O to 5.7O, respec t ive ly)   and  for a 
range of Mach numbers  from 0.400 to 0.980. The data i n d i c a t e  a n e a r l y   l i n e a r  
v a r i a t i o n   o f   t h e   l a t e r a l - d i r e c t i o n a l   a e r o d y n a m i c   c o e f f i c i e n t s   w i t h   a n g l e   o f  
sideslip. A s i z a b l e   e f f e c t   o f   a n g l e   o f  at tack is i n d i c a t e d   f o r   t h e   r o l l i n g  
moments and a small or n e g l i g i b l e   e f f e c t  of ang le   o f  attack is i n d i c a t e d  for 
the  yawing moment and side force   th roughout   the  Mach number range. 

0 

Var ia t ions   o f  the l a t e r a l - d i r e c t i o n a l   a e r o d y n a m i c   c o e f f i c i e n t s   w i t h   a n g l e  
of attack are p r e s e n t e d   i n   f i g u r e  27 f o r  s idesl ip  a n g l e s   o f  Oo and 2O. The 
data i n d i c a t e  a small or n e g l i g i b l e   e f f e c t   o f   a n g l e   o f  attack on t h e   r o l l i n g -  
moment c o e f f i c i e n t   f o r  a s i d e s l i p   a n g l e   o f  Oo and for an  angle-of-attack  range 
from  about -2O to 6O. A t  angles   o f  attack above 6O and for Mach numbers of 
0.400 and 0.980, t h e  data show tha t   t he   ro l l i ng -moment   coe f f i c i en t  became l a r g e r  
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as ang le  of attack was increased.  
the  rol l ing-moment   coeff ic ient  for 
t h e  Mach number r a n g e .   I n   s e v e r a l  

A 
a 

s i g n i f i c a n t   e f f e c t   o f   a n g l e  of attack on 
s i d e s l i p   a n g l e  of 2O is shown throughout 

cases, p e a k s  are observed   in   the   curve   o f  
rol l ing-moment   coeff ic ient  a t  or near   the   angle  of attack where a break occurs 
i n   t h e   l i f t   c u r v e   a n d   w h e r e   p i t c h - u p  is also ind ica t ed .  (See, for example, 
f i g .   27 (c )   and   f i g .   9 (c ) . )   Th i s  effect can be  expected  with  asymmetric flow 
c o n d i t i o n s  a t  a n g l e s  of sideslip o the r   t han  00. A small effect of a n g l e  of 
attack is also shown f o r   t h e  yawing-moment c o e f f i c i e n t   ( f i g .   2 7 ) .  A gradua l  
reduct ion   of  yawing-moment c o e f f i c i e n t   w i t h   i n c r e a s i n g   a n g l e  of attack charac- 
t e r i z e s   t h e   d a t a  for s idesl ip  ang le s  of Oo and 2O i n   t h e  Mach number range 
from 0.800 to  0.980.  The s i d e - f o r c e   c o e f f i c i e n t  shows a n e g l i g i b l e  effect of 
angle   o f  attack a t  s i d e s l i p   a n g l e s   o f  Oo and 2O throughout  the Mach number range. 

The e f f e c t   o f   a s y m m e t r i c   e l e v o n   d e f l e c t i o n   o n   t h e   l a t e r a l - d i r e c t i o n a l  aero- 
dynamic c h a r a c t e r i s t i c s  is p r e s e n t e d   i n   f i g u r e  28. These data show v a r i a t i o n s  
of the  rolling-moment, yawing-moment, and   s ide - fo rce   coe f f i c i en t s   w i th   ang le  of 
attack for   th ree   asymmetr ic   e levon  def lec t ions  of Oo, 3O, and 6O, and a s i d e s l i p  
angle   of  Oo in   the   range   of  tes t  Mach numbers.  The o f f s e t s   o f   t h e   c o e f f i c i e n t s  
for unde f l ec t ed   e l evons  are a t t r i b u t e d  t o  asymmetry  of  the model. The v a r i a t i o n  
o f   t h e   c o e f f i c i e n t s   w i t h   a n g l e   o f  attack is g e n e r a l l y  smooth;  however, data f o r  
the  rol l ing-moment   coeff ic ient  a t  the   h igher  Mach numbers o f  0.900  and  0.980 
( f i g s .   2 8 ( c )   a n d   2 8 ( d ) ,   r e s p e c t i v e l y )  show s i g n i f i c a n t   n o n l i n e a r   v a r i a t i o n s   n e a r  
a n g l e s   o f  attack where a p i tch-up   condi t ion  (Cm = 0) occurs ( f ig .   9 ) .   These  
v a r i a t i o n s  are considered to be   p r imar i ly  associated with asymmetric wing s t a l l  
( a n   e f f e c t  also n o t e d   i n   r e f .  1 1 ,  which reports on a similar s t u d y   f o r   t h e  
r e sea rch   o f   r e f .  1 )  and  occur a t  l i f t   c o e f f i c i e n t s   t h a t  are well beyond t h e  
o p e r a t i n g   r a n g e   o f   t h e   f l i g h t   v e h i c l e .  The data also show a gene ra l   r educ t ion  
of yawing-moment c o e f f i c i e n t   d u e  to rol l  cont ro l   wi th   increas ing   angle   o f  at tack 
i n   t h e  test  Mach number range. A change  from p o s i t i v e  to  nega t ive  yawing- 
moment c o e f f i c i e n t s  is i n d i c a t e d  for Mach numbers  of  0.900  and  0.980 a t  t h e  
h igher   angles  of attack. 

The e f f e c t  o f   rudde r   de f l ec t ion   on   t he   l a t e ra l -d i r ec t iona l   ae rodynamic  
c h a r a c t e r i s t i c s  is p r e s e n t e d   i n   f i g u r e s  29 and 30. The data show v a r i a t i o n s  
of  the  roll ing-moment,  yawing-moment,  and side-force c o e f f i c i e n t s   w i t h   a n g l e  
of attack ( f i g .  29 )   and   ang le   o f   s ides l ip   ( f i g .  30)  f o r  rudder d e f l e c t i o n s   o f  
Oo and - loo  ( t r a i l i n g   e d g e  to  t h e   r i g h t ) .  The  primary e f f e c t   o f  rudder de f l ec -  
t i o n  is i n d i c a t e d  by t h e   r e l a t i v e l y   l a r g e   p o s i t i v e  yawing moments fo r   t he   r anges  
of   angle   o f  a t tack ,  ang le   o f   s ides l ip ,   and  Mach number.  The data o f   f i g u r e  29 
also i n d i c a t e   t h a t   t h e  effect of rudde r   de f l ec t ion  on the  rolling-moment coef- 
f i c i e n t  is decreased as t h e   a n g l e   o f  attack is inc reased ,   and   t he re  is a neg- 
l i g i b l e   i n f l u e n c e   o f   a n g l e   o f  at tack on   the  yawing-moment and   s ide- force  coef- 
f i c i e n t s .  The r e s u l t s   o f   f i g u r e s  29 and 30 i n d i c a t e   t h a t   r u d d e r   d e f l e c t i o n  
p r o v i d e s   s i g n i f i c a n t   p o s i t i v e   d i r e c t i o n a l   c o n t r o l   a n d  smaller side e f f e c t s   o f  
r o l l i n g  moment a n d   s i d e   f o r c e .  

V a r i a t i o n s  of t h e  static 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   c h a r a c t e r i s t i c s  
with Mach number f o r  two angles   o f  attack are p r e s e n t e d   i n   f i g u r e  31.  The data 
show t h a t   t h e  model had p o s i t i v e   e f f e c t i v e   d i h e d r a l   ( n e g a t i v e   v a l u e s   o f   t h e  
roll ing-moment  derivative)  and was d i r e c t i o n a l l y  stable ( p o s i t i v e   v a l u e s  of t h e  
yawing-moment de r iva t ive ) .   La rge   va r i a t ions   o f   t he   ro l l i ng -moment   de r iva t ive  
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are  shown  for  Mach  numbers  greater  than 0.800, with  the  more  severe  excursion 
shown  for  the  larger  angle  of  attack. The  yawing-moment  derivative  (the  direc- 
tional  stability  derivative)  and  the  side-force  derivative  generally  show  a  very 
small  effect  of  angle  of  attack. 

Variations  of  the  roll-control  derivatives  (asymmetric  elevon)  with  Mach 
number  are  presented  in  figure 32 for three  angles  of  attack.  These  data  were 
obtained  for  effective  asymmetric  elevon  deflections  of 00 (6HL = 00, 
6m = Oo), 3 O  (6, = 3O, 6m = -3O), and 60 (6, = 3O, 6, = -90) for 00 side- 
slip. The  data  show  that  roll-control  effectiveness  was  positive  (positive 
values  of  the  rolling-moment  derivative)  for  angles  of  attack  of Oo, 2O, and 4O. 

Near-constant  values  of  roll-control  effectiveness  were  developed  for  Mach  num- 
bers  up  to  about 0.900, and  larger  values  of  roll-control  effectiveness  were 
developed  at  the  higher  Mach  numbers  (about 0.900) for  angles  of  attack  of 2O 
and 40. The  data also show  that  the  cross-control  derivative  (yawing  moment 
due  to  asymmetric  control)  was  positive  for  angles  of  attack  of Oo, 2O, and 4O 
and  that  the  derivative  decreased  slightly  with  increasing  angle  of  attack. 
The  cross-control  derivative  also  increased  as  the  Mach  number  was  increased. 
Negative  values  of  the  side-force  derivative  were  developed  for  the  ranges  of 
angle  of  attack  and  Mach  number,  and  larger  negative  values  of  side-force 
derivative  were  developed  as  Mach  number  was  increased. 

Variations  of  the  rudder-control  derivatives  with  Mach  number  are  pre- 
sented  in  figure 33 for  three  angles  of  attack. The  data  show  that  the  rudder- 
control  derivatives  were  not  significantly  affected  by  angles  of  attack  of Oo, 
2O, and 4O. The  rolling-moment  derivative  was  positive  and  essentially  unchanged 
in  the  Mach  number  range. The  data  also  indicated  positive  rudder  effectiveness 
(negative  values  of  the  yawing-moment  derivative).  The  yawing-moment  derivative 
increased  only  slightly  (to  larger  negative  values)  as  Mach  number  was  increased. 
The  side  force  due  to  directional  control  was  positive  also  and  increased  only 
slightly  as  Mach  number  was  increased. 

Variation  of  the  rudder-control  sensitivity  with  Mach  number  is  presented 
in  figure 34 for an  average  angle  of  attack  of 2.2O  (2.1° to 2.3O). The  data 
show  that  the  rudder-control  sensitivity  was  approximately  constant  for  the 
test  condition. 

CONCLUDING REMARKS 

A wind-tunnel  investigation  has  been  conducted  to  determine  the  longitu- 
dinal  and  lateral  static  stability  and  control  characteristics  of  a  1/6-scale 
force  model  of  a  remotely  piloted  research  vehicle  with  a  supercritical  wing. 
The  model  was  tested  at  Mach  numbers  from 0.400 to 0.980, at  angles  of  attack 
from  about -4O to 12O, and at  angles  of  sideslip  from  about -6O to  6O. 

The  model  exhibited  a  pitch-up  characteristic  at  an  angle  of  attack  of 
approximately 7O for  Mach  numbers  from 0.700 to 0.950. However,  the  pitch-up 
angle  of  attack  was  significantly  greater  €or  Mach  numbers  of 0.400 and 0.980. 
In general,  the  drag-divergence  Mach  number  (defined  as  the  Mach  number  where 
aC aM = 0.10 where CD and  M  represent  drag  coefficient  and  Mach  number, 
D/ 
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respectively)  decreased  slightly  as  lift  coefficient  was  increased.  The  model 
exhibited  longitudinal  characteristics  that  were  statically  stable  at  angles 
of  attack  up  to  and  significantly  greater  than  that  for  the  cruise  condition. 
Elevon  effectiveness  was  shown  to  be  sufficient  to  trim  the  model  throughout 
the  Mach  number  range.  The  model  was  directionally  stable  and  had  positive 
effective  dihedral  throughout  the  Mach  number  range.  Positive  effectiveness 
of the  roll  and  yaw  control  was  demonstrated  throughout  the  Mach  number  range. 

Langley  Research  Center 
National  Aeronautics  and  Space  Administration 
Hampton,  VA 23665 
January 26, 1979 
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TABLE I.- WING COORDINATES ALONG STREAMWISE  CHORDS 

(a) Sketch  showing  semispan  stations for wing coordinates 

(ti 
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TABLE I.- Continued 
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TABLE 1.- Continued 

(c) - = ’ 
0.234 to 0.351 

b/2 

- =  Y 
b/2 

0.234; c = 99.604 cm 

x/c 

3.0000 
- 0 0 0 6  
,0013  
.0025 
-0038  
.0050 
.0c75 
.0100 
, 9 1 5 3  
.a200 
,0250  
. J 3 7 5  
a0500 
,0750 
.1 coo 
,1500  
rn 1750  
-7000 
t 500 
3000 

-3500  

.4500 
5 C O O  

, 5500  

- 6 5 0 0  

.4c00 

6000 

e7000 
-7500  
,9000 
e8500 
.QOOO 
- 9 7 5 0  
e9500 
e9750 
- 9 9 1 3  

1.0000 

T 
Upper 
surface 

.0349 

, 0 4 1 1  
,0392  

,3438  
.5457 
, 0 4 7 4  
.0500 
e0522 
, 0 5 5 6  

0603 
.OS82 

, 0 6 4 6  
- 0 6 7 9  

072 9 
076 8 

, 0 8 2 3  
.OR44 
. 0 @ 6 0  
. O B 8 8  
.0910 
-0924  

C93 1 
- 5 9 3 1  
. 0 9 i  4 

091 3 
.OA94 
.0?73  
.OR53 
,0827  
- 0 7 9 9  
,0764  
,0722  
, 0 6 9 4  
.‘I665 
. a t 3 4  
- 0 6 1 3  

Lower 
surf  ace 

- 0 3 4 9  
0307  

. 0 2 8 P  
, 0262  
, 0 2 4 1  
,0225  

.0177 

, 0 1 1 5  
-0092  

.DO17 

-.OC53 
-.OO2b 

-.OC91 
- .OC82 

- .0097 
-.OC99 
-.oca8 
-.0067 
- e0039  
-.0C04 

, 0198  

, 5 1 4 3  

-0649  

,0038  
a O C 4 R  
, 0 1 4 6  
, 0 2 1 6  
- 0 2 9 1  
e0372 
- 0 4 5 2  
e0517 
e0557 
,0566 
- 3 5 6 4  
, 0 5 5 4  
, 0 5 4 0  
.05 30 

- =  Y 
b/2 

0.292; c = 82.446 cm 

1 
! W p e  r 

surface 

: .oooo 
- 0 0 0 6  
,0012  
.JL25 

, . c c 3 7  
~ .0050 

, 0075  
a01GO 
.0150 
,0200  
m5250 
,6375  
mil500 
. 375c  . lC00 

e1750 
.1500 

.ZiOO 
,2500 

3000 
.3CO0 
.4000 
,451’0 
e5000 - 5500 

6277 
,6500 
7COO 
7500 

. ? C O O  
mP500 
m 9000 
, 9 2 5 0  
.9E00 

991 3 
- 9 7 5 0  

1 .(.GOO 

, 0 3 7 5  
041 5 

e0432 
0 4 5  7 

- 0 4 7 5  
. 0 4 8 9  
~ U 5 1 3  
- 0 5 3 1  
,0563  
,059C 
-0612 
.Ot56 
, 3 6 9 0  

.078 8 

.0745 

.OR51 

.0P77 
niiQC0 
. t 9 3 7  
.09t 4 
. 0 9 b l  
- 0 9 9  3 
- 0 9 9 8  

099 6 
- 0 9 9  1 

59e 5 
, 0978  
eG969 
.0954 
- 0 9 3  4 

090 7 
.3870 
, 0 8 4 5  
, 0 8 1 6  
, 0 7 8 1  
,075  6 

Lower 
surface 

. 03  75 
- 0 3 3 7  
,0319  
- 0 2 9 5  
,0277  

- 0 2 4 0  
- 0 2 6 3  

.0222 
e0191 
. 0 1 t 8  
, 0 1 5 0  
,0114  . OCP7 
.OC52 . C027 

-.OG14 
-.OC36 

JC 17 
-.0@13 
- .ocoo 

. o c 2 1  
,0050 
.OC@5 

‘ .0128 
. o l e o  
.G242 
,0319  
-04C5 
.0499  
,0592  
.Of66 

G709 
e0716 
- 0 7 1 0  
- 0 6 9 1  
- 0 6 6 9  
. u t 5 4  

” 
Y 

b/2 
- 0.351; c = 73.703 cm 

1. x/c 

I surface 

,0000 
.COO6 

00 13 
.CC25 
eCC37 

.C@75 
,0100 
-0150  
. c200  
,0250 
a0375 . c 500 
mC75G . lC0O 
.l EO\) 
, 1750  
. t o 0 0  
e 2 5 0 0  
.3G00 
.3E01 
.4001 
- 4 5 0 1  
. 5 c o 1  
- 5 5 0 1  
. t G O l  
, 6501  
. 7 t 0 1  

. a 0 0 1  
- 7 5 0 1  

.1:00 
9C 90 

.? I750 
, 9500  

. cc50  

, 9 7 5 0  
-9913  

1. ocoo 

038 7 
.Oh28 
, 0 4 4 4  

046 8 
.C I .85  
, 0498  
,0520 . C53A 
, 0 5 6 7  
- 3 5 9 1  
.oc12  
- 0 t 5 4  

.a744 
0 c 6 e  8 

, 078  7 
-0‘254 
. o p e 1  . Cj90 5 

1 .O972 
.0943 

. l o l l  

1030 
, 1 0 3 6  
. l o 4 1  
- 1 0 4 2  
elC40 
, 1032  
,1018  
. a998  
- 0 9 6 4  
,094  1 

.OP75 
091  2 

Lower 
surf ace 

, 0 3 8 7  

~ 0 3 3 1  
, 0 3 4 7  

0 307 
,0291  
02 77 

,0256  
,0240  
,0214 
,0195  
e0179 
.01:3 
, 0 1 2 6  
e0cf3 
, 0 0 6 9  
e0g42 
.0c?8 
.g036 
a0c4z . oc 57 
.oceo 
.0110 
,0146 
, 0 1 9 1  
- 0 2 4 6  
, 0 3 1 3  
,0396  
e0495 
. O t O l  
- 0 7 0 3  

0 779 
a0817  
.0@20 
m0ec8 

0 7  79 
- 0 7 4 9  
, 0 7 3 3  



TABLE I.- Continued 

Y 
b/ 2 

(d )  - = 0.386 to 0.468 

- =  0.468; c = 66.033 cm 
b/2 

- =  
b/2 

0.386; c = 70.912 cm - =  
b/2 

0.409;  c = 69.518 an 

r Z/C z/c 
X/C 

0.0000 
000 6 
.0012 
.C025 
-0037 
-0050 
.GO75 
.0100 
-0150 
.0200 
.02EG 
-0375 
.OS00 
,0750 
.loo0 
.150O 
1750 . zi100 

, 2 5 0 0  
3000 

4COO 
rn 3500 

e5000 
-4500 

5500 
6000 . h500  
7000 

.7500 
l .a000 
1 .8500 
I. .9000 
1 ,9250 

. Q750 - 9  500 

-9513 
I 1.OC00 

1 UPpe r 
surf ace 

tower 
surf ace 

UPPe r 
surface 

e 0 3 9 8  
, 0440  
-0456 

.c497 
e 0 4 8 0  

-0510 
,0532 
.r)550 
.057P. 
.Ot01 . Oh20 
.CCt .?  
,0695 
.0747 
,0789 
.085h 
e G 8 8 3  
.09i 5 
'094.4 
0976 
1003 

-1024 
.1c40 

1 G 5 5  
1067 
,1075 
.lo80 

1076 
, 1082  

1 0 6 h  
elC40 

1 0 1 6  
.Cog4 
-0965 
- 0 9 2  8 
.0@9Q 

Lower 
surface 

-0394 
e0352 
- 0 3 3 6  

-0295 
e0313 

.0282 
e0260 
.a244 
.022ti 
.0201 
n O 1 H b  
,0157 
-0135 
,0102 . O t  80 
eOC59 
eOC57 
.O r56  . O C 6 3  
.ooeo 
e0104 
e0136 
e0173 
.02 1 e  
02 74 
-0343 
e0429 
e0130 
,0639 
e0743 
.OP19 
-0P56 
.0@57 
e O e 4 3  
. O F  12 
07 81 
,0765 

Lower 
surface 

. 0 398 
,0356 
e0341 

e0300 
.C317 

. 0286  
- 0 2 6 5  
, 0 2 4 9  
-0225 
.O2Ch 
-0191 
e0163 
. 0 1 4 1  
,0109 
. o c ~ e  
- 0 C b 8  
.OC67 
.OCt7 
,0075 
-0093 
,0118 
.0150 
e0187 
e0233 
-0289 
03 59 
-0445 

.0657 
e0547 

,0761 
.OB37 . C E. 75 
,0876 

. O e  30 . 0 800 
,0783 

. oeez  

upper 
surface 

* 5394 
,0436 
045 7 
nJ47h 
,0494 
e0507 
a0529 
,0547 
.os75 

. O t l b  

.ot59 

. ( I t 9 2  
,0745 
.07e 7 
. O P 5 3  
,3879 
.0902 
.993 9 
,0971 
,0997 
-1G17 
elC32 
, 1 0 4 4  
1055 

- 1 0 6 2  
1066 

- 1 0 6 6  
-1859 
,1048 

. n w s  

-1030 
-0997 
0975 
094 6 
090 9 

. o n 8 0  

0.0000 . X 0 6  
.0013 
.0025 . GO3 9 . c o b 0  
.@C75 
,0100 
-0150 . C200 
.0?50 
.@375 
. 0 : 0 0  
.C750 . IC00 
.1:03 
e1750 

' . Z O O 0  
.?!GO 

. r )408 
, 0 4 4 9  
.i)*65 
.04e  9 
e 3 5 0 6  
-0419 
.a541 
. os=a  
.use t . C60 H 
, Oh2 t, 
.Oh69 
.37C2 
e0754 
.079 6 
.CP64 
.0@9l 
, 0 9 1 4  
.I3955 
,0990 
.1c20 
,1044 
1365 

,1083 
-109 8 
.1110 
-1119 
e 1 1 2 4  
.1122 
-1114 
lC98 

-1044 
-101 6 . d97 8 
,5948 

lG67 

.0h08 
9 2  68 
.03  E2 
-03 29 

-0299 
e0277 
.02t2 
, 0 2 3 8  
.J220 
,0206 
-0178 
,0157 
,0128 
,0109 
.0b94 
OQ93 

-0312 

-0095 

-01 27 
5c1c6 

,0153 
,0187 
mbZ26 
02 74 
.3331 

.0490 
,0402 

e0593 
0 705 

.0@c9 

.gee7 
-0925 
,0926 

0 GOO0 
e O O U 6  
-0013 
aC.025 . GC3@ 
aCC50 
,0075 
.J103 
-0150 
.0200 
, 0 7 5 0  
.0?75 
.dEO@ 
,0750 . lC00 
.15co 
1750 . Z C O O  
2500 
3COO 
e3500 
-4000 
,4500 . '000 
,5500 

6000 
e 6 5 0 0  
7'200 
7500 

.oooo 
,8500 
,9000 
.9250 
,9500 
-0750 
o 9913 

1.LCOO 

: . 3 C G O  

.4GOO 

' .5000 
' ,5500 . A000 

,6500 
.7COO 

. 3 ~ o n  

~ . c 5 0 0  

I .acno 
, . 7 c o o  

. Q C O O  . c! 500 
: .9750 1 . 9 E O C  

eo750 
I -9913 

I l * o o o o  



TABLE I.- Continued 

Y 
b/2 

(e) - = 0.526 to 0.643 

- =  
b/2 

0.526; c = 62.548 cm 

0.0000 
C O O  6 

, 0013  
a( iC25  
,0038 
. 0 0 5 0  
, 0075  
. O l C O  
, 0150  
. C ? O O  
- 0 2 5 0  
. c375  
,0500 

. loco 
, 0 7 5 0  

.1500 
1750  . 2c00 

.2 coo 
-3000 
e35bO 
4000 

. 4 5 0 0  

. 5OL;O 
- 5 5 0 0  
.6COO 
,6500 

7000 

.8000 
, 7 5 0 0  

@ 500 
3GOO 

a9250 
a9COJ 

.7913  
9750 

1 .oo(io 

1 ,0420 
1 .0460 
I ,0475 1 .Ob99 

.OS29 

.C567 
- 0 5 9 4  
.Ot17 

.C677 
, 0 7 1 0  
.U762 
. c e c 4  

e0900 
, 3 9 2 4  

.C516 

- 0 5 3 0  

0637  

.c1a72 

.3C6 P 
- 1 0 0 5  
.1C38 

IC67 
e1091 
e 1 1 1 4  
- 1 1 3 2  
e1149 
. l l t l  

1 1 7 0  
1172 

e1167 
,1152 
.1123  
.1101 
- 1 0 7 2  

1003  
1034 

Lower 
surface 

- 0 4 2 0  
,0380  
,0365 

a0325  
, 0 3 4 1  

e0312 
, 5 2 9 1  
e0276 
, 5 2 5 3  
. a236  
. a 2 2 2  
0 l a 4  
01 75 

- 0 1 3 3  
, 0 1 4 9  

.0121 
,0122  
-0126 
, 0 1 4 1  
, 0 1 6 5  
, 0 1 9 3  
.a228 

0 2  69 
,0319  
.0378 
e5451  
e0539  
06 45 

e0758 
e 0 6 6 2  
, 0942  
- 0 9 8 0  
e 0 9 8 1  
- 0 9 6 7  
, 0 9 3 5  
, 0 9 0 4  
e0885 

i 
- =  Y 
b/2 

0.585; c = 59.063 cm 

0.0000 

- 0 0 1 3  
* O O S 6  

, 0025  
,0038  
. O C 5 0  
, 0075  
.0100 
- 0 1 5 0  
,0200 
,0250 
.0375 
. O E O O  
.C750 . lCOO 
, 1500  
, 1 7 5 0  

' . 2coo 

3COG 
- 2  500 

.4 000 
e3500 

5000 
- 4 5 0 0  

,5500 
, 6000  
6500 

- 7 0 0 0  
- 7 5 0 0  . eo00 
- 8  500 
. F C O O  
, 9250  
- 9 5 0 0  
.9750 
, 9 9 1 3  

1 .oooo 

0433  
e0472 
-048 7 
e0511  
e0527  
,0540 
a0560 
.n577 
,0604 
062 7 

- 0 6 4 6  . S t 8  7 
eG719 
a0771 
, 0 8 1 3  

- 0 9 1 0  
,0882  

C93 6 
,0982 
.1c22  
,1058  
- 1 0 9 2  
, 1 1 2 1  
- 1 1 4 9  

1 1 7 1  
,1192  
, 1 2 0 9  
.122z 

1229  
e l 2 2 6  
e1214 
e1186  
-1164  

1135  
I 1 0 9 7  

1 0 6 4  

L 

1 
I 

Lower 
surface 

- 0 4 3 3  
,0394  
. a379  
- 0 3 5 6  
e0340 
- 0 3 2 7  
,0307  
-0292  
- 0 2 7 0  
- 0 2 5 3  
-0239  
e0213 
,0195  
-0172  
. a l t o  
, 0152  
, 0 1 5 5  
, 0 1 6 1  
. o l e 1  
- 0 2 3 7  
a0238 
- 0 2  74 

, 0 3 6 9  
- 0 3 1 7  

, 0 4 2 9  
e 0 5 0 5  
, 0 3 9 5  
.0702 

.( i422 

. o e l t  

lC04 
1C42 

. l o 4 3  

e0997 
0 1C30 

,0965 
.0945 

= 0.643; c = 55.577 cm 
b/2 

1 
, , 0448  

-048 6 
,050 1 

, .OF24 
, , 0 5 4 1  

..I553 
a0573  
,0589 
a O C 1 6  
. O E 3 P  
, 0657  
. 3 t 9 P  
e0730 
.07P2 
.Ob24 
eOP93 
, 0 9 2 2  
.0949 
,0998  

104 1 
.IC82 
, 1120  
, 1 1 5 5  
. l l 8 @  
e1215 
I 1 2 4 1  

1 2 6 3  
.I280 
, 1292  
,1293  
.I282 
- 1 2 5 7  

1235 
- 1 2 0 6  

1167  
, 1 1 3 3  

Lower 
surface 

e0448 
04 10 

,0395  
e0373 
e0357  
,0344 
,0325  

,0290  
e0311  

, 0 2 7 3  
e0260  
, 0 2 3 4  
,0218  
,0199  
, 0 1 9 0  
.a188 
, 0 1 9 3  
.0201 
, 0 2 2 5  
,0254  
,0288 
- 0 3 2 6  
, 0372  
, 0425  
,0489  
, 0 5 6 6  
- 0 6 5 7  
ma767 
,0884  
, 0599  

1'373 
e 1 1 1 2  
, 1112  
,1100  
-1C67 
n1t34 
.1012 



- =  Y 
b/2 

0.702; c = 52.092 cm 

TABLE I.- Continued 

( f )  - Y = 0.702 to 0.819 

b/2 

- =  Y 
b/ 2 

0.760: c = 48.607 cm 

o.cooo 
.OOO6 
. O C l Z  

O C 2  5 
.GO37 
-0050 
- 0 0 7 5  
.0100 
- 0 1 5 0  
.0200 
- 0 2 5 0  
. c 3 7 5  
- 0  500  
. e750  
. l o o 0  
.1500  
- 1 7 5 0  
. z c o o  

-3000 
. 2500  

3500  
. 4000  
- 4   5 0 0  
e5000 

5 500 
4 0 0 0  
h500  

-7COO 
- 7 5 0 0  

P O G O  
ed500  . Q C O O  
e9250  . QE.00 
, 9 7 5 0  
, 9 9 1 3  

1 .ocoo 

r 1 
Upper 

sur face  

- 0 4 7 2  
.05G8 
, 0523  
. 5545  
e9562  
.c:74 
.0593 

0 6 0 9  
, 0 6 3 6  

- 0 t 7 7  
.C656 

- 3 7 5 0  
, 3 7 1 7  

- 0 8 4 3  
. c ) P c j l  

.Go13 
- 0 4 4  3 
- 0 9 7 1  

102  3 
, 1069  
a1113  
a1157  
, 1 1 9 7  
, 1 2 3 5  
a 1 2 6 6  
- 1 2 9 7  
- 1 3 2 3  
, 1 3 4 6  
. I 3 6 2  
, 1 3 6 6  
e1358  
, 1 3 3 5  
, 1 3 1 3  

1 2 8 5  
1 2 4 6  

. 1 2 1 1  

sur face  
Lower 

- 0 4 7 2  
- 0 4  34 
e0420  
.C348 

- 0 3 7 0  

, 0 3 3 7  

.03e3  

ad351  

, 3 3 1 7  
, 0 3 0 1  
.5288 
- 0 2 6 4  
- 0 2 4 9  

- 0 2 2 7  
- 0 2 3 4  

- 0 2  30 
e 0 2 3 7  
- 0 2 4 7  
.0276 
- 0  309 
, 0 2 4 5  

- 0 4 3 3  
.0?86 

e 04  89 
.cl554 
O t  34 

- 0 7 2 7  
.OE39 
. 0 9 5 7  

1C62 
.1149 
- 1 1 9 9  
- 1 1 8 9  
- 1 1 7 7  
- 1 1 4 4  
, 1 1 1 2  
l G d 8  

I 
i 
{ ,3500 
, . 4000  

5COO 
f .5:00 

.6COO 
' -6500 

7000 
, 7 5 0 0  
.@GOO 

' . a500  

, 9 7 5 0  
' . 9 E 0 0  

- 9 7 5 0  
1 . 9913  

I/ .450li 

I .9000 

I 

0.0000 
C O O  6 

, 0 0 1 2  
.CC25 
e0037  

0 0 5 0  
.LC75 
.0100  
- 0 1 5 0  
.02GO 
- 5 2 5 0  
.C?75 
. O * C i I  
eC750 
.1ooLl 

1 5 0 0  - 1 7 5 0  
. 2@00 
.2 500 
3COO 

T 
I 

i Upper 
sur face  

-0506 
- 0 5 4 1  
, 0 5 5  6 
.0578 
. a594  
- 3 6 0  6 . n62 5 
,5640 
- 0 6 6 7  
.Or589 

. a748  

.07d 1 

. 3975  

.C?32 

0 0 4  6 
.0977  

100 5 . l o c o  
- 1 1 ~ 9  
- 1 1 5 6  
- 1 2 0 4  
. 1248  
- 1 2 9 1  
- 1 7 2 6  

1 3 9 2  
. 1 ? t 1  

. 1418  
1 4 3 0  

.144 7 
- 1 4 4 2  
- 1 4 2 2  
. 1 4 c 1  

, 1 1 7 ~  e 

~ 1 3 7 3  
'I , 1 3 3 4  
1 - 1 2 9 9  

I Lower 
sur face  

.OE06 

- 0 4 5 5  
- 0 4 6 9  

- 0 4 3 4  
.0419 
nG607 
. O ? R B  
. 0375  
- 0 3 5 6  

.1;32@ 
- 0 7 4 0  

e 0 3 0 4  
. G 2 9 3  
, 027"  
- 3 2 7 4  
.O2P2 
- 0 2 9 1  
- 0 3 0 3  
.U3?5 
- 0 2 7 1  

. 0 4 : 4  

.CY63 
, 3 5 0 4  

.Ob29 
e0712  
~ ~ € 0 7  
.3$19 
. l o 3 9  
e 1 1 4 3  

- 1 2 7 4  
.12?2  

1 7 7 5  
* ;263  
- 1 2 3 0  

.0410 

, 1 1 9 9  
1 - 1 1 7 5  

L .  

t" 0.0000 -0OO6 
~ . oc12  
' .OC25 
' a t 0 3 7  . C050 

.@075  

.0100 
- 0 1 5 0  
.c200 
,0750 
, 0 3 7 5  
. c500 
.C750 . lC00 

1 5 ~ 0  
- 1 7 5 0  
, 2 0 0 0  
. 2  500 
3000 

.? 500 

-45CO 
. 4 c o o  

-5GOO 
- 5 5 0 0  

. h500  
6600 

, 7 0 0 0  
e 7! 00 
.9000 
-9500 
.9000 
- 9 2 5 0  
- 9  500 
- 9 7 5 0  
e 9 9 1 3  

1.cooo 

z/c 

Upper 
sur face  

.i1590 

.I2604 
, 0 6 2  5 

, 0 5 5 6  

- 3 6 4 1  . nh5 3 
.0b71 
.0t87 

7 7 1 3  
. a736  
.3755  
- 0 7 9 5  
. ? e 2 7  
.CR79 

J92  3 
.G995 

1 0 2 7  
.1e56 
.1112 
-1163 
- 1 7 1 4  
.1264 
. 1 ? 1 ?  
e1358  

1 3 9 8  
- 1 4 3 6  
, 1 4 7 1  
.1:01 
e1525  
- 1 5 3 7  

- 1 5 1 9  
, 1 5 3 6  

, 1 4 9 9  
- 1 4 7 2  
- 1 4 3 3  

1 3 9 8  

Lower 
surf   ace  

, 0556  

.a505 
nu519 

. 0 4 Q 4  

.d470 

. 0458  
, 0 4 4 1  
. 0 4 2 R  
.5409 
- 0 3 9 4  
.03FJZ 
- 5 3 6 3  
, 3 3 4 7  
- 0 3 3 6  
e0334  
- 6 3 4 6  
. C 3 5 6  
- 0 3 7 0  

6405  

.C4db 

.0444 

.Uf 33 
a t 5 8 7  
e0t4p 
- 0 7 1 6  

. 0 € 9 7  
.OEbG 

. l G l O  
, 1 1 2 8  

1 2 2 3  
, 1 3 2 4  
.1?69  
- 1 3 7 1  

1 3 6 0  
-1328 

1 7 9 7  
, 1 2 7 4  



TABLE I.- Concluded 

(4) - = 0.877 to 0.963 Y 

b/2 

- =  0.936; c = 38.152 cm 
b/2 

- =  0.963; c = 36.496 cm 
b/2 

-1 I s u r f a c e   s u r f a c e  

-1 0.0000 
eOC06 
e0013 
. O C 2 5  
.C.C38 
e C C 5 0  
.C075 

~ .0100 
, a0150 

m G 2 O O  
eC250 . J ?  75 
.os00 
.0750 
,1000  

' - 1 5 0 0  
-1750  
.2000 

2 500 
3000 

,3500 
.4oco 
.4500 
.5COO 
.5 5no 
.6000 
t 500 

,7000  

. s 000 
- 7 5 0 0  

.8*00 
,9000 
,9250  
.9!00 
, 5 7 5 0  
, 9 9 1 3  

1 .GGOO 

, a0624 
' , 0 5 8 7  

, 0 5 7 3  
,0553  

! e0540 

1 .Ob24 
,065  7 

~ .Ob71 
' . o t 9 1  

I - 0 7 0 7  
071 9 

I , 0 7 3 7  
l .0753 

. .0779 . JRO 2 
.0.521 

' ~ O f l 6 1  

.!I947 

. til394 

- 0 9 9 1  
1C66 
IC98 

. l i t e  
- 1 1 8 5  
.123P 
- 1 2 9 0  
,1342  

1 3 9 3  
- 1 4 4 0  

14A 3 
1525  

e1562 
1595  

, 162  1 
n l t 3 8  
-1642  
,1629  

1 6 1  1 
, 1 5 8 5  
e1547  
.1514 

1 .OGCb 
0.0000 

' .0013 
1 o O G 2 5  
1 aGC37 
, .5@50 
' .GO75 
, , 0 1 0 0  
, ,0150 
I .o ioo  

0.0000 
e0006 
eOG13 
, 0 0 2 5  
e0038 
.PC50 
e0075 

-0150 
.0100 

.0200 
~ 0 2 5 0  
a0375 
,0500 
-0750  
. l o o 0  
15013 

, 1750  
.zoo0 
.2 5 0 0  
,3000 
, 3500  
,4000 
.4505 

5000 
rn 5500 

a h 5 0 0  
6000 

m7000 
,7500  . 8COO 

- 9 0 0 0  
.8500 

e9250 
,9500 

- 9 9 1 3  
e9750 

1.0000 

! , 0772  
.de05  
. o ~ l e  
- 0 8 3 6  

, .UP52 
~ - 0 8 6 3  

1 a0772 
,0734  
,0720  

0703 
I .06SO , .06YO 

a0t65 
' -065.3 . ijt 34 

. 3 t  20 
' .Ot10 

.0578 
' .05.61 

l .os91 

- 0 7 1 7  
.Ot79 
- 0 6 6 5  
- 0 6 4 7  

-0798  
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(a) General  arrangement. 

Figure 1.- Wind-tunnel model conf igu ra t ion .  
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(b) Model planform. 

Figure 1 .- Continued. 



0.20  m 

Scale 
111iI 

l b '  - " 1 

Fuselage  reference  line;  water line, -0.021 m 

Wing reference  plane at fuselage  center  line; zw = 0.024 m 

(c) Cross-sectional views of fuselage geometry. 

Figure 1 .- Concluded. 



(a)  V i e w s  of model mounted i n  k e e l  s e c t i o n .  

F igu re  2.- Photographs of 1/6-scaled  wind-tunnel model. 
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(b) V i e w s  of model  and r a k e   i n s t a l l a t i o n .  

Figure 2.- Concluded. 
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Figure 3 . -  Concluded. 
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Figure 4.- Measured twist distribution for model wing. 
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(a) Measured thickness-to-chord ratio for model wing. 

Figure 5.- Measured  wing  thickness for model. 
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(b) Variation of trail ing-edge  thickness  with semispan for model wing. 

Figure 5.- Concluded. 
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Figure 6.- Modification  of  aft  end of fueslage. 
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Figure 7.- Boundary-layer  transition-strip locations and  carborundum-grain sizes for  model. 
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(b) Flow  transition-strip  patterns for fuselage and control surface. 

Figure 7.- Concluded. 
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a ,  deg 

Figure 8 . -  Model internal -drag  character is t ics .  f3 = 0 0 .  
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a ,  deg 

(a) M = 0.400. 

Figure 9.- Variation of longitudinal  aerodynamic  characteristics  with  angle 
of attack at two angles of sideslip. 6, = Oo. 
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(b) M = 0.800. 

Figure 9.- Continued. 
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Figure 9.- Continued. 
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F igu re  9.- Continued. 
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Figure 9.- Continued. 
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Figure 9.- Continued. 
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Figure 9.- Continued. 

47 



(f) M = 0.980. 

Figure 9. - Continued. 
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Figure 9.- Concluded. 
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(a) M = 0.400. 

Figure 10.- Variation of longitudinal  aerodynamic  characteristics  with  angle 
of sideslip  at  two  angles of attack. ge = Oo. 
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(b) M = 0 . 8 0 0 .  

Figure 10.- Continued. 
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F igure  10.- Continued. 
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F igu re  10.- Continued. 
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Figure 10.- Concluded. 
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Figure 11.- Effect of symmetric  elevon  deflection on longitudinal 
aerodynamic  characteristics. 

56 



.32 

.28 

.24 

.20 

co  .16 

.12 

.08 

.M 

0 

-4 -2 0 2 4 6 8 10 12 

a, deg 

(a) M = 0.400. Concluded. 

Figure 11.- Continued. 
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F i g u r e  11.- Concluded. 
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Figure 12.- Variation of pitch-up  angle of attack (% = 0) w i t h  Mach number. 6, = Oo. 
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Figure 13.- Variation of drag coefficient w i t h  Mach  number for  three  values of 
l i f t  coefficient. R = 6.6 x l o 6  per meter. 6, = Oo. 
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Figure 14.- Variation  of drag-divergence Mach number with lift coefficient. 
R = 6.6 x lo6 per meter. 



- 
l i  

%, 0 

.06 

.05 

.04 

.03 

.02 

.01 

0 

.4 

Figure 15 .- 

.5 .6 .7 

M 

.8 .9 1.0 

71 



cL 

-. 50 

-.40 

-.30 

-. 20 

-. 10 

0 

Figure 1 6. - 

.4 

. .  
. .  . .  
. .  

.5 .6 .7 

M 

.8 .9 1 .o 

Variat ion of with Mach number. Applicable  range, 0 6 cL 5 0.50. 
$L 6 ,  = 00. 



.14 

.12 

.10 

.08 

.06 

.4 .5 .6 .7 

M 

.8 .9 1.0 

Figure 17.- Variation of untrimmed  lift-curve slope with Mach number. Applicable range, 
10 5 c1 5 50. 8, = 00. 
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Figure 18.- Variation of pitching-moment-curve slope with Mach number. Applicable range, 
1 0  I a I 50. 6, = 00. 
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Figure 19.- Variation of  drag-curve slope w i t h  Mach  number for  five angles of attack. de = Oo. 
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Figure 20.- Variation  with  Mach number  of  rate of  change  of lift coefficient with symmetric 
elevon deflection. Applicable ranges, -6O 6 6, 6 30 and 2 0  6 CI 6 60. 
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Figure 21.- Variation  with  Mach  number of rate  of  change  of  pitching-moment  coefficient  with 
symmetric elevon  deflection.  Applicable  ranges, -60 6 6, i 30 and 20 i c1 i 60. 
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Figure 22.- Variation of pitch-control sensitivity  (symmetric  elevon) with Mach 
number. Applicable ranges, -6O 2 6, 6 3 O  and 2O 6 a 6 6O. 
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Figure 23.- Continued. 
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Figure 23.- Concluded. 
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Figure 24.- Variations of aC,,,/aM with Mach number for three symmetric 
elevon deflections. 
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Figure 24.- Continued. 
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86 



I " 

.20 

.18 

.16 

.14 

.12 

" a c D  

aM .IO 

.08 

. 0 6  

.04 

.02 

0 

. 3  . 4  .5 .6  .7 .8 .9 1.0 
M 

( c )  a = 4O. 

Figure 25 .- Concluded. 

87 



.a 

.o' 

cl ' 
-. 0 

-. 0; 

.01 

.a 

c" C 

-. oi 

-. 04 

. 2  

.1 

0 

-. 1 

-. 2 

B .  deg 

(a) M = 0.400. 

Figure 26.- Variation of l a t e ra l  aerodynamic characterist ics w i t h  angle Of 

s ideslip  for two angles of attack. 6, = Oo. 
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Figure 26 .- Continued. 
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Figure 27 .- Variation of lateral-directional aerodynamic character  istics w i t h  
angle of attack for two angles of s idesl ip .  6, = Oo. 
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Figure 28.- Effect of asymmetric elevon deflections on lateral-directional 
aerodynamic characteristics. B = Oo. 
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Figure 29.- Effect of rudder deflection on lateral-directional 
aerodynamic  characteristics. B = Oo. 
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F i g u r e  29.- Cont inued.  
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characteristics.' a = 2.2O. 
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Figure 30.- Continued. 
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Figure 31.- Variation of lateral-directional  stability characteristics  with 
Mach number for two  angles of attack. 
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Figure 32.- Variation of roll-control  derivatives (asymmetric elevon) 
w i t h  Mach  number for  three  angles of attack. B = Oo. 
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Figure 3 3 . -  Variation of lateral-directional  rudder-control  derivatives w i t h  Mach 
number for  three  angles of attack. 
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Figure 34 . -  V a r i a t i o n  of r u d d e r - c o n t r o l   s e n s i t i v i t y  w i t h  Mach number. 
Average c1, 2.2O. 
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