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The axis system and sign conveptFons are sh~wn in figyre 1. The lopgb- 
tudinal  characteristic^ are presented in the ptabifify-gxgs q ~ ~ r d i w t e  system 
and the lateral/directional charactsr+stics are preeented in the body-axis 
coordinate system. Dimensional units ?re given in tpe geQmetry tableq qnd 
figures where appropriate. 
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EXPERIMENTAL AERODYNAMIC CHARACTERISTICS OF TWO V/STOL 

FIGHTER/ATTACK AIRCRAFT CONFIGURATIONS 

AT MACH NUMBERS FROM 1.6 TO 2.0 

Walter P. N e l m s  and Donald A. Durston 
Ames Research Center 

and 

J. R. Lummus 
General Dynamics, For t  Worth Division 

SUMMARY 

A wind-tunnel test was conducted a t  Ames Research Center t o  measure t h e  
aerodynamic c h a r a c t e r i s t i c s  of two hor izonta l -a t t i tude  takeoff and landing 
V/STOL f i g h t e r l a t t a c k  a i r c r a f t  concepts. The concepts w e r e  developed by the  
General Dynamics Corporation, Fort  Worth Division, during a con t rac t  study f o r  
Ames and the  David Taylor Naval Ship Research and Development Center (DTNSRDC). 
One a i r c r a f t  concept used an e j e c t o r  t o  provide propulsive l i f t ;  t h e  o ther  con- 
cept  used separa te ly  ducted and heated fan a i r  t o  provide propulsive l i f t  
(remote-augmentation-lift system (RALS)). Neither of these  propuls ive- l i f t  
devices was simulated during t h e  tests reported herein.  The tests did  inves t i -  
ga te  the  aerodynamic uncer ta in t i e s  f o r  these  concepts f o r  a Mach number range 
from 0.2 t o  2.0. The present  r epor t  covers tests conducted i n  t h e  Ames 9- by 
7-Foot Supersonic Wind Tunnel f o r  Mach numbers from 1.6 t o  2.0. 

The test r e s u l t s  show the  e f f e c t s  of varying t h i  angle of a t t a c k  
(-4' t o  17O), angle of s i d e s l i p  (-4' t o  +8O), Mach number, and configurat ion 
buildup. I n  addi t ion ,  the  e f f e c t s  of wing trai l ing-edge f l a p  de f lec t ions ,  
canard incidence, and v e r t i c a l - t a i l  de f l ec t ions  a r e  presented. The e f f e c t s  
of varying t h e  canard longi tudinal  loca t ion  and the  shapes of the  inboard 
nacelle-body s t r a k e s  w e r e  a l s o  inves t igated .  

For the  supersonic Mach numbers of t h e  test, both configurat ions gen- 
era ted  good l i f t  c h a r a c t e r i s t i c s  (values of CL from 0.8 t o  over 1.0) f o r  
t h e  test angle-of-attack l i m i t s  (about 15O t o  17O). The canard was ins t ru-  
mental i n  achieving these  high l i f t  c o e f f i c i e n t s ,  and from t h i s  s tandpoint ,  
the  forward canard w a s  t h e  bes t  of t h e  th ree  longi tudinal  locat ions .  Within 
t h e  range of canard and wing trai l ing-edge f l a p  de f lec t ions  considered i n  the  
test, the  e j e c t o r  configurat ion could be trimmed t o  angles of a t t a c k  of about 
11' t o  15' (depending on Mach number), wi th  the  maximum trimmed angles of t h e  
RALS model being somewhat l e s s .  

The e j e c t o r  configurat ion was e s s e n t i a l l y  n e u t r a l l y  s t a b l e  a t  these  
supersonic speeds, with the  aerodynamic center  varying from about +0.2 t o  
-2.6 percent  of the  mean aerodynamic chord; the  v a r i a t i o n  depended on Mach 
number. 



I n  comparison, t h e  RALS configurat ion was about 5 t o  7 percent  l e s s  
s t a b l e  a t  these  same condit ions.  Longitudinal s t a b i l i t y  was increased f o r  
the  e j e c t o r  concept by an a f t  movement of the  canard and by a reduction i n  
t h e  planform s i z e  of the  inboard s t rakes .  A s  f o r  the  e j e c t o r  configurat ion,  
the  a f t  canard posi t ion  was the  most s t a b l e  f o r  t h e  RALS configurat ion.  

INTRODUCTION 

Ames Research Center has a number of research programs under way t o  
develop aerodynamic and aerodynamic-propulsion i n t e g r a t i o n  technology f o r  
V/STOL f i g h t e d a t t a c k  a i r c r a f t  of the  post-1990 t i m e  period. One of these  
programs w a s  a contrac t  study t h a t  was j o i n t l y  sponsored with the  David Taylor 
Naval Ship Research and Development Center and t h e  Naval A i r  Systems Command. 
I n  Phase I of the  program, four con t rac to r s  provided conceptual designs, esti- 
mated the  aerodynamics of the  designs, i d e n t i f i e d  aerodynamic u n c e r t a i n t i e s  
of the  concepts, and proposed a wind-tunnel program t o  explore these  uncer- 
t a i n t i e s .  References 1 through 5 give the  d e t a i l e d  r e s u l t s  of t h i s  Phase I 
e f f o r t ,  and reference 6 presents  a summary of these  s t u d i e s  and of severa l  
o the r  r e l a t e d  programs a t  Ames. I n  Phase I1 of t h e  program, two contrac tors  
designed and b u i l t  wind-tunnel models f o r  tests i n  t h e  Ames Unitary and 
12-Foot Wind Tunnels; t h e  tests covered a Mach number range from 0.2 t o  2.0. 

This r epor t  presents  the  r e s u l t s  of supersonic tests of two models 
designed and b u i l t  i n  Phase I1 of t h e  contracted program by the  General 
Dynamics Corporation ( r e f .  1 ) .  Both configurat ions inves t igated  w e r e  
hor izonta l -a t t i tude  takeoff and landing V/STOL f i g h t e r l a t t a c k  a i r c r a f t .  One 
model is  a representa t ion of a V/STOL f i g h t e r  a i r c r a f t  employing a jet d i f -  
fuse r  e j e c t o r  f o r  i t s  propulsive l i f t  system ( i d e n t i f i e d  a s  configurat ion 
E205); t h e  o ther  model (configurat ion R104) represents  an a i r c r a f t  f ea tu r ing  
engine a i r  ducting t o  a forward combustor and nozzles (remote-augmentation- 
l i f t  system (RALS)). 

The experimental inves t iga t ion  documented i n  t h i s  r epor t  was conducted i n  
the  Ames 9- by 7-Foot Supersonic Wind Tunnel f o r  a Mach number range from 1.6 
t o  2.0. The Reynolds number w a s  held constant  a t  9.84x106/m (3.0x106/ft) .  
The angle of a t t a c k  w a s  varied up t o  approximately 17O, and angles of side- 
s l i p  ranged from -4" t o  +8O. Model v a r i a t i o n s  inves t igated  included compo- 
nent buildup, canard longi tudinal  locat ion,  inboard-strake shape, and deflec-  
t i o n s  of t h e  canard, wing trai l ing-edge f l a p s ,  and v e r t i c a l  t a i l .  

TEST FACILITY 

The tests w e r e  conducted i n  the  Ames 9- by 7-Foot Supersonic Wind Tunnel, 
which i s  a variable-density,  c losed-c i rcui t ,  continuous-flow f a c i l i t y .  This 
tunnel  has an asymmetric, sliding-block nozzle t h a t  t r a n s l a t e s  i n  the  stream- 
w i s e  d i r e c t i o n  t o  permit t e s t i n g  over a Mach number range t h a t  i s  continuously 
va r iab le  from 1.55 t o  2.5. Models a r e  sting-supported i n  a wings-vertical 
a t t i t u d e  i n  t h i s  tunnel .  



MODEL DESCRIPTXON 

Both models tested represent 9.39-percept pcaled yersioqs qf the con- 
ceptual aircraft described in reference 1. 

A three-view drawing of the wind-tunnel m~del p$mlaging a V/STOL fighter 
with a jet-diffuser ejector vertical-lift systm fmqdel q205) 4s shown in 
figure 2(a). Pertinent dimensions, areas, and other parameters are presented 
in table 1 and in figures 2(b) and 2(c). Figure 2(d) gives g cross-sectional 
area distribution of the wind-tunnel model. Photographs of the model and its 
installation in the wind tunnel are show in figure 3, 

Parametric variations available on the model (not all were investigated 
in the present test) included: component buildup, variable-wing sutboard and 
inboard trailing-edge flaps, variable-wing leadingredge flaps, a variable 
incidence canard with variable leading- and trailing-edge flgps, qhree longi- 
tudinal canard locations, three inboard nacelle-body-strake ~hapes, and an 
all-movable vertical tail. The term "baseline coqfiguration" as used herein 
refers to the model with the mid-canard location (fig. 2(a)) and the baseline 
strake (S1 in fig. 2(c)). 

Configuration R104 

Figure 4(a) presents a three-view drawing of the wind-tunnel model rep- 
resenting a V/STOL fighter employing a +&S for vertical lift. Pertinent 
dimensions, areas, and other parameters are given i o  table 2 and figurq 4 ( b ) .  
Figure 4(c) gives a cross-sectional area djstr4bution of tho wind-tunneJ. 
model. Photographs of the model and the model installed in the wind tunnel 
are presented in figure 5. 

The parametric variations on the R104 configuration yere the same as an 
the E205 model except that only one inboard nacelle-body-strake ghape was 
available. The baseline configuration aga4n has thq mid-canard locatisn 
(fig. 4(a)). 

TEST CONDITIONS AND PROCEDURFS 

Tests were conducted at Mach numbers 1.6, 1.8, and p.0 at a constaqt 
unit Reynolds number of 9 .84x106/m (3  .0x106/ft). The angle of attack was 
varied up to approximately 17O, and angre ~f sideslip ranged from -4' to +qQ, 
The angle of attack was corrected for wind-tunnel flow misalignment and for 
balance and sting deflections caused by qerodynamic loads, 



The models were sting-supported through the  base of t h e  fuse lage  body 
on a 6.35-cm (2.5 in.)  six-component strain-gage balance. The moment re fe r -  
ence cen te r  f o r  both models was located  long i tud ina l ly  a t  3 percent  of t h e  
mean aerodynamic chord, which represents  a fuselage  s t a t i o n  of 0.737 m 
(29.002 in . )  on t h e  E205 model and a fuse lage  s t a t i o n  of 0.748 m (29.463 in . )  
on the  R104 model. Measured a x i a l  fo rces  have been adjusted t o  a condit ion 
corresponding t o  t h a t  of having free-stream s t a t i c  pressure  a c t i n g  on t h e  
fuselage cav i ty  and on t h e  base areas of t h e  two n a c e l l e  choke plugs. 

The d a t a  presented i n  t h i s  r epor t  have been adjus ted  f o r  i n t e r n a l  fo rces  
a c t i n g  i n  the  flow-through nacel les .  These i n t e r n a l  a x i a l  and normal fo rces  
w e r e  derived from a series of runs employing a duct-exit rake i n  both nacel les .  
These rakes, each with 20 t o t a l  head tubes,  w e r e  ca l ib ra ted  p r i o r  t o  t h e  test 
aga ins t  known mass flows measured by, s tandard ASME nozzles. The duct-exit  
s t a t i c  pressures were measured during t h e  i n t e r n a l  flow survey by using a 
s e r i e s  of o r i f i c e s  located around t h e  periphery of t h e  nace l l e  choke plugs. 
For these  tests i n  the  9- by 7-Foot Wind Tunnel, t h e  rake  i n s t a l l a t i o n  was s i m -  
i l a r  t o  t h a t  shown i n  f i g u r e  6, which is a photograph from the  11-Foot Wind- 
Tunnel tests. The r e s u l t i n g  in ternal - force  c o e f f i c i e n t s  t h a t  have been 
applied t o  t h e  d a t a  a r e  presented i n  t a b l e  3 (E205) and t a b l e  4 (R104) a s  a 
function of Mach number and angle of a t t a c k .  

I n  order t o  assure  an a l l - tu rbu len t  boundary l ayer ,  t r a n s i t i o n  s t r i p s  
cons i s t ing  of a random d i s t r i b u t i o n  of 0.0246- t o  0.0295-cm (0.0097- t o  
0.0116-in.) sieved g lass  spheres w e r e  placed near the  leading edges of t h e  
wing, canard, and v e r t i c a l  t a i l ,  around t h e  fuse lage  nose, and around the  
nace l l e  leading edges. Pas t  experience i n  the  9- by 7-Foot Wind Tunnel indi-  
cated t h a t  t h i s  g r i t  s i z e  was appropr ia te  t o  provide a turbulent  boundary 
l ayer  on t h e  model a t  the  condit ions of t h e  test while not producing drag 
associa ted  with t h e  g r i t .  

RESULTS AND DISCUSSION 

Experimental aerodynamic d a t a  f o r  the  two models are presented i n  f ig-  
ures  7 through 74. The r e s u l t s  f o r  the  E205 model a r e  shown i n  f igures  7 
through 44 and t h e  r e s u l t s  f o r  the  R104 model are presented i n  f igures  45 
through 74. 

I n  addi t ion ,  complete tabula ted  da ta  are provided on microfiche (af f ixed 
t o  t h e  i n s i d e  back cover) ,  and a run-number summary is  provided i n  t a b l e  5 
t o  c o r r e l a t e  the  p lo t t ed  f igures  wi th  t h e  da ta  l i s t i n g s .  

I n  order t o  expedite publ ica t ion of t h e  data ,  a minimal desc r ip t ion  of 
the  test r e s u l t s  is presented i n  t h e  following sect ions .  An in-depth ana lys i s  
of the  d a t a  and comparisons with t h e o r e t i c a l  estimates a r e  reported i n  ref -  
erence 7. Experimental r e s u l t s  f o r  these  models a t  Mach numbers from 0.4 t o  
1.4 a r e  given i n  reference  8 .  Reference 9 presents  a summary of some se lec ted  
r e s u l t s  over the  complete Mach number range. 



Baseline E205 Configuration 

Longitudinal characteristics (zero deflection on a22 control surfaces)- 
The effect of Mach number on the longitudinal characteristics of the baseline 
configuration is presented in figure 7 for Mach numbers 1.6, 1.8, and 2.0. 
These data are summarized in figure 8. As may be expected, the results show 
that with increasing supersonic Mach number there is a reduction in minimum 
drag and lift-curve slope and a forward movement of the aerodynamic center, 
The configuration is essentially neutrally stable at these speeds, with the 
aerodynamic center varying from about +0.2 to -2.6 percent of the mean aero- 
dynamic chord. 

Longitudinal aerodynamic characteristics resulting from model component 
buildup are presented in figures 9 through 11 for Mach numbers 1.6, 1.8, and 
2.0; a summary with Mach number is given in figure 12. The compLete baseline 
configuration generated relatively high lift coefficients (values of CL up 
to 1.2 at M = 1.6), and even the body/nacelle alone produced values of about 
half that amount (CL = 0.6 at M = 1.6). Adding the canard improved the 
lift and the drag due to lift. The effects of component buildup on the 
pitching-moment coefficient were essentially as would be expected when lift- 
ing areas are located fore and aft of the moment reference center. 

Lateral/directionaZ characteristics- Figures 13 and 14 show the lateral/ 
directional aerodynamic characteristics at various angles of attack for the 
baseline configuration; a summary with angle of attack is given in figure 15. 
The model produced positive directional stability (+C ) at angles of attack 

up to about 6.5" for M = 1.6 and 10.5" for M = 2.0. The effective dihedral 
is positive (-Cg ) at essentially all angles of attack, as shown in figure 15. 

6 
Canard on-and-off effects on the lateral/directional characteristics of the 
baseline configuration are shown in figure 16 for Mach number 1.6 at two 
angles of attack. 

Trim characteristics- Figures 17 through 20 present the trim character- 
istics of the baseline configuration. Canard-incidence variations (0°, +lo0) 
and canard-off are shown for two wing trailing-edge flap deflections (0°, 10") 
at Mach numbers 1.6 and 2.0. For these runs, the wing outboard and inboard 
trailing-edge flaps were deflected as a unit. Although possible, tests were 
not run for a canard incidence of +20° and wing trailing-edge flap deflections 
of 20" and 25". Likewise, the effects on trim of canard leading- and trailing- 
edge flap deflections and wing leading-edge flap deflections (all available 
on the model) were not investigated during this tunnel entry because of time 
limitations. 

Figures 21 and 22 present some of the previous data replotted to show 
the effectiveness of the trailing-edge flap as a trimming device. The longi- 
tudinal aerodynamic characteristics are shown for two flap deflections (0°, 
10") with zero canard incidence at Mach numbers 1.6 and 2.0. 

The results of the trim investigati~n indicate that the configuration 
could be trimmed over a wide range of angle of attack by using a combination 
of wing trailing-edge flap deflection and canard incidence. 



Vertical-tail effects- The longitudinal and lateralldirectional aero- 
dynamic characteristics resulting from deflection of the vertical tail are 
presented in figures 23 through 28 for Mach numbers 1.6 and 2.0. The 5' 
vertical-tail deflection had essentially no effect on the longitudinal char- 
acteristics (figs. 23 and 24), but the 15' deflection produced a significant 
increase in drag, a reduction in LID, and a nose-up pitching moment. 

The lateralldirectional characteristics are shown in figures 25 through 
28 for vertical tail off and deflections of 0°, 5', and 15' at two angles of 
attack for each Mach number. The results indicate that deflecting the verti- 
cal tail was effective in producing significant control forces over the 
angle-of-attack and angle-of-sideslip ranges of the test. 

It should be noted that when the angle of attack is given in a figure 
title the value given is nominal; more accurate values (to within k0.5') are 
in the headers at the top of each plot page. 

Effects of Alternative Components 

Canard-location effects- The effect on the longitudinal aerodynamic char- 
acteristics of varying the canard longitudinal location (see fig. 2(a) for 
positions) is given in figures 29 through 34. Data are presented for zero 
canard deflection at Mach numbers 1.6 and 2.0 for each of the three strake 
options (baseline, high-sweep, and "off ,I1 as shown in fig. 2(c) ) . For all 
strakes at both Mach numbers, the forward canard (C2) gave the highest values 
of CL at the higher angles of attack and the lowest values of CD at a 
given CL. However, this same canard position accounted for the greater 
instability in all cases. The aft canard produced the lower lift, but it 
gave the better longitudinal stability. 

Lateralldirectional characteristics are shown in figures 35 through 38 
at two angles of attack for Mach numbers 1.5 and 2.0. At Mach 1.6, the aft 
canard (Cg) generally gives the greater di-rectional stability up to a = 8 O ,  
and it also gives a slightly higher lateral stability. However, at Mach 2.0, 
the three canard positions exhibit differences in the lateral/directional 
characteristics that vary with Mach number and angle of attack. 

Strake effects- The longitudinal aerodynamic characteristics due to the 
strake variations on the model (fig. 2(c)) are presented in figures 39 and 40 
for Mach numbers of 1.6 and 2.0. The canard was held at the mid-position at 
an incidence of 0' for these plots. The model with the baseline strake has a 
greater LID than the models with high-sweep strake or strake "off," but 
this model also experiences more longitudinal instability, primarily because 
Yhe forward planform area of the baseline strake is greater (see fig. 2(c)). 
Thus the model with the baseline strake incurs a penalty in pitching moment. 

The lateralldirectional characteristics for the strake variations are 
plotted in figures 41 through 44 in a sequence similar to that for the canard- 
location effects. At these Mach numbers and angles of attack there are some 
slight differences in the lateral/directional characteristics, but no partic- 
ular trends are evident among the three strake options. 



Baseline R104 Configuration 

Longitudinal characteristics (zero deflection on a l l  control surfaces)- 
The e f f e c t  of Mach number (1.6, 1.8, and 2.0) on t h e  long i tud ina l  character-  
i s t i c s  of the  basel ine  configurat ion is presented i n  f i g u r e  45 and summary 
d a t a  a r e  given i n  f i g u r e  46. I n  general,  the  r e s u l t s  a r e  s imi la r  t o  those 
previously discussed f o r  t h e  E205 configurat ion with the  following notable 
differences:  The E205 model has a s l i g h t l y  higher l i f t - curve  slope,  a lower 
minimum drag, and a somewhat higher maximum LID. (Compare f i g s .  8 and 46,) 
Also, the  aerodynamic center  tends t o  be about 5- t o  7-percent f a r t h e r  forward 
on the  R104 configurat ion,  depending on t h e  Mach number. 

Longitudinal aerodynamic c h a r a c t e r i s t i c s  r e s u l t i n g  from model-component 
buildup a r e  shown i n  f igures  47 through 49, and f i g u r e  50 presents  a summary 
of these d a t a  with Mach number. A canard-on with wing-off configurat ion was 
added t o  t h i s  series of runs; t h i s  configurat ion was not  t e s ted  on t h e  E205 
model. The r e s u l t s  a r e  s i m i l a r  t o  those f o r  the  E205 conf igura t ion except f o r  
t h e  aforementioned di f ferences .  (Compare f i g s .  47-49 with f i g s .  9-12.) 

Lateral/directional characteristics- Figures 51 and 52 show t h e  l a t e r a l 1  
d i r e c t i o n a l  aerodynamic c h a r a c t e r i s t i c s  a t  various angles of a t t a c k  f o r  the  
basel ine  configurat ion a t  Mach numbers 1.6 and 2.0; f i g u r e  53 presents  a 
summary of these  data  with angle of a t t ack .  The r e s u l t s  a r e  s imi la r  t o  those 
f o r  the  E205 configurat ion ( f i g s .  13-15) except t h a t  a t  both Mach numbers the  
E205 model exhibi ted  p o s i t i v e  d i r e c t i o n a l  s t a b i l i t y  t o  a higher angle of 
a t t ack .  However, the  R104 configurat ion gave s l i g h t l y  l a r g e r  values of posi- 
t i v e  e f f e c t i v e  d ihedra l  (-CR ) a t  both Mach numbers. (Compare f i g s .  53 
and 15.) B 

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  f o r  v e r t i c a l - t a i l  on and off  a r e  
shown i n  f igures  54 through 57 f o r  two angles of a t t a c k  a t  Mach numbers 1.6 
and 2.0. Canard-off e f f e c t s  on t h e  l a t e r a l 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 
the  basel ine  R104 configurat ion a r e  shown i n  f igures  58 and 59 f o r  Mach num- 
bers  1.6 and 2.0, respect ively ,  f o r  two angles of a t t ack .  

T r i m  characteristics- Figures 60 through 65 present  t h e  t r i m  character-  
i s t i c s  of the  basel ine  R104 configurat ion using canard incidence and wing 
trai l ing-edge f l a p  def lec t ions .  Results  a r e  shown f o r  th ree  canard incidences 
(0°, + lo0)  and canard off  f o r  two wing trai l ing-edge f l a p  de f lec t ions  (0' and 
10') a t  Mach numbers 1.6, 1.8, and 2.0. It should be noted t h a t  r e s u l t s  f o r  
Mach 1.8 w e r e  not obtained during tests of the  E205 model. With the  exception 
of the  r e s u l t s  f o r  zero-trailing-edge f l a p  de f lec t ion  a t  M = 2.0, test 
r e s u l t s  show t h a t  the  E205 model could general ly be trimmed t o  higher values 
of CL than could the  R104 model. (Compare f i g s .  60-65 with f i g s .  17-20.) 
Of the  two models, t h e  R104 model had the  g rea te r  l e v e l  of i n s t a b i l i t y ,  a s  
previously indicated.  

Figures 66 through 68 show t h e  ef fec t iveness  of t h e  wing trai l ing-edge 
f l a p  a s  a trimming surface  with canard incidence of zero. The r e s u l t s  a r e  
f o r  Mach numbers 1.6, 1.8, and 2.0. (Again r e s u l t s  f o r  M = 1.8  were not 
obtained on the  E205 model.) Comparing these  f igures  with f igures  21 and 22 



reveals  t h a t  t h e  E205 model can be trimmed t o  a higher CL than t h e  R104 
model with the  same f l a p  s e t t i n g .  

Ef fec t s  of Canard Location 

Figures 69 and 70 present  the  longi tudinal  aerodynamic e f f e c t s  of moving 
the  canard forward and a f t  of t h e  base l ine  mid-location (see f i g .  4(a)  f o r  
pos i t ions) .  The r e s u l t s  a r e  shown f o r  Mach numbers 1.6 and 2.0 with a l l  con- 
t r o l  surfaces  a t  zero de f lec t ion .  For both Mach numbers, the  forward canard 
(C2) gave the  h ighes t  values of CL a t  t h e  higher angles of a t t a c k  and t h e  
a f t  canard (C3) produced t h e  lowest values.  This r e s u l t  is cons i s t en t  with 
t h e  r e s u l t s  from t h e  E205 conf igura t ion (see f i g s .  29 and 32). The most 
notable  e f f e c t  of canard longi tudinal  loca t ion  w a s  t h e  e f f e c t  on s t a b i l i t y :  
An a f t  movement of t h e  canard increased t h e  s t a b i l i t y  of the  model a t  a l l  Mach 
numbers. This r e s u l t  a l s o  is cons i s t en t  with t h e  r e s u l t s  f o r  t h e  E205 model. 

The e f f e c t  of canard loca t ion  on 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  
is shown i n  f igures  71 through 74 f o r  Mach numbers 1 .6  and 2.0 a t  two angles 
of a t tack.  The trends shown are s imi la r  t o  those obtained on t h e  E205 con- 
f igura t ion  (see  f i g s .  35-38). 

CONCLUDING REMARKS 

T e s t s  were conducted i n  the  Ames 9- by 7-Foot Supersonic Wind Tunnel fo r  
Mach numbers from 1.6 t o  2.0 on two models r epresen ta t ive  of V/STOL f i g h t e r /  
a t t a c k  a i r c r a f t  configurat ions.  Both were hor izonta l -a t t i tude  takeoff and 
landing concepts developed under con t rac t  by t h e  General Dynamics Corporation. 
The concepts d i f f e r e d  i n  t h e i r  approach t o  propulsive l i f t ,  one fea tu r ing  a 
je t -d i f fuser  e j e c t o r  system f o r  v e r t i c a l  l i f t  and the  o ther  employing a 
remote-augmentation-lift system (RALS). 

Detailed e f f e c t s  of varying angle of a t t a c k  (up t o  17O), angle of s ide-  
s l i p  (-4' t o  +8O), Mach number, and configurat ion buildup were inves t igated .  
I n  addi t ion ,  t h e  e f f e c t s  of wing trai l ing-edge f l a p  de f lec t ions ,  canard inc i -  
dence, and v e r t i c a l - t a i l  def lec t ions  were explored. Three canard longi tudinal  
loca t ions  and d i f f e r e n t  shapes of the  inboard nacelle-body s t r a k e s  w e r e  a l s o  
inves t igated .  Results  from these  tests indicated  the  following: 

1. Both configurat ions produced high l i f t  c o e f f i c i e n t s  (values of CL 
from 0.8 t o  over 1.0 depending on Mach number) a t  the  test angle-of-attack 
l i m i t s  of about 15O t o  17O. 

2. Addition of t h e  canard increased l i f t  c o e f f i c i e n t s  and improved the  
drag polars  a t  high angles of a t t ack ,  but  i t  a l s o  increased the  i n s t a b i l i t y  
of both configurat ions.  

3. The forward-canard loca t ion  produced t h e  higher l i f t  c o e f f i c i e n t s  
and t h e  a f t  pos i t ion  gave the  lower values. 



4 .  Within t h e  range of canard and wing trai l ing-edge f l a p  de f lec t ions  
considered i n  the  test, the  e j e c t o r  concept could be trimmed t o  an  angle of 
a t t a c k  of about 11' a t  Mach 1.6 and 15' a t  Mach 2.0. These trimmed angles of 
a t t a c k  w e r e  somewhat l e s s  f o r  t h e  RALS configurat ion.  

5. The e j e c t o r  configurat ion was e s s e n t i a l l y  n e u t r a l l y  s t a b l e  with t h e  
aerodynamic cen te r  varying from about +0.2 percent  of t h e  mean aerodynamic 
chord a t  Mach 1.6 t o  -2.6 percent a t  Mach 2.0. I n  comparison, the  RALS model 
was about 5 t o  7 percent  l e s s  s t a b l e  f o r  these  same condit ions.  

6. For t h e  e j e c t o r  configurat ion,  longi tudinal  s t a b i l i t y  w a s  increased 
by an a f t  movement of t h e  canard and by a reduction i n  t h e  planform s i z e  of 
the  inboard s t rakes .  The aft-canard loca t ion  a l s o  produced t h e  g rea te r  longi- 
tud ina l  s t a b i l i t y  on the  RALS model. 

7. The e j e c t o r  configurat ion had a p o s i t i v e  d i r e c t i o n a l  s t a b i l i t y  t o  an  
angle of a t t a c k  of about 6.5' a t  Mach 1.6 and about 10.5' a t  Mach 2.0. These 
angles w e r e  s l i g h t l y  less f o r  the  RALS configurat ion.  
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TABLE 1.- GEOMETRY OF E205 CONFIGURATION 

aArea of one panel. 
b~ean aerodynamic chord. 

Airfoil at 
C~ 
C~ 

Theo etical area, m2 (f t2)  MAC,^ m (in.) 
Aspect ratio 
Taper ratio 
Root chord, m (in.) 
Tip chord, m (in.) 
Span, m (in.) 
Dihedral, deg 
Incidence, deg 
Hinge line at 

B.L. 
F. S. 
W.L. 

Hinge-line sweep, deg 
Leading-edge sweep, deg 
Trailing-edge sweep, deg 
Body length, m (in.) 

1.526 (60.096) 

Wing 

NACA-64A204 
NACA-64A204 
0.315 (3.3858) 
0.340 (13.398) 
3.62 
0.190 
0.495 (19.505) 
0.094 (3.706) 
1.067 (42.010) 
0 
0 

- 
- 
- 
- 
40 
4'58' 

Horizontal canard 
(mid-position) 

NACA-64A005 
NACA-64A003 
0.0315 (0.3390)a 
0.183 (7.197) 
1. 08a 
0.37 
0.249 (9.815) 
0.092 (3.631) 
0.184 (7.261) 
0 
- 

0.228 (8.996) 
0.620 (24.414) 
0.396 (15.587) 
-1'46' 
4 5 
8'26' 

Vertical 
tail 

5.3% biconvex 
4.0% biconvex 
0.0389 (0.4188) 
0.184 (7.256) 
1.27 
0.43 
0.245 (9.638) 
0.105 (4.144) 
0.222 (8.751) 
- 
- 

0 
1.252 (49.297) 
0.403 (15.869) 
0 
47'30' 
24'52' 



TABLE 2.- GEOMETRY OF R104 CONFIGURATION 

aArea of one panel. 

Airfoil at 
C~ 
CT 

Theoretical area, m2 (ft2) 
MAC, m (in.) 
Aspect ratio 
Taper ratio 
Root chord, m (in.) 
Tip chord, m (in.) 
Span, m (in.) 
Dihedral, deg 
Incidence, deg 
Hinge line at 

B.L. 
F. S. 
W.L. 

Hinge-line sweep, deg 
Leading-edge sweep, deg 
Trailing-edgesweep, deg 
Body length, m (in.) 

1.471 (57.902) 
I 

Wing 

NACA-64A204 
NACA-64A204 
0.293 (3.154) 
0.330 (12.973) 
3.57 
0.1966 
0.479 (18.851) 
0.094 (3.706) 
1.023 (40.270) 
0 
0 

- 
- 
- 
- 
40 
4'58' 

Horizontal canard 
(mid-position) 

NACA-64A005 
NACA-64AO03 
0.0315 (0.3390)~ 
0.183 (7.197) 
1. 08a 
0.37 
0.249 (9.815) 
0.092 (3.631) 
0.184 (7.261) 
0 
- 

0.206 (8.126) 
0.620 (24.414) 
0.396 (15.587) 
-1'46' 
45 
8'26' 

Vertical 
tail 

5.3% biconvex 
4.0% biconvex 
0.0389 (0.4188) 
0.184 (7.256) 
1.27 
0.43 
0.254 (9.638) 
0.105 (4.144) 
0.222 (8.751) 
- 
- 

- 
1.247 (49.110) 
0.377 (14.836) 
0 
47"3Ot 
24'52' 



TABLE 3 . -  INTERNAL-FORCE COEFFICIENTS OF THE 
E205 CONFIGURATION 

(Values a r e  t o t a l s  of both ducts)  

TABLE 4 . -  INTERNAL-FORCE COEFFICIENTS OF THE 
R104 CONFIGURATION 

(Values a r e  t o t a l s  of both ducts)  



TABLE 5.- CONFIGURATION/RUN NUMBER SUJ%MARY 

Configuration 

Ejector (E205) 

Bl SlNWlClV 

B1S1NW1C2V 

B1S1NW1C3V 

B1S2NW1C1V 

B1S2NW1C2V 
BlS2WlC3V 
BlS3WlClV 

BlS3mlC2V 
B1S3W1C3V 
BlSlNWlClV 

Bl SlNWlV 

BlSlNWlCl 

BlSlNClV 
BlSlNV 
BlSlN 

Wing 
T E ~  flaps, 

deg 

0 

I 
10 
10 
10 
0 

Canard, 
deg 

0 
0 
0 
0 
0 

- 10 
10 
0 

-10 
10 
0 

'I 
- 
- 
- 
- 
0 
0 
0 
- 
- 

'I 

Mach 

1.6 

630 
631 
63 2 
633 
634 
648 
646 
654 
650 
652 
660 
661 
662 
667 
668 
669 
675 
676 
677 
679 
671 
701 
702 
703 
707 
705 
68 7 
688 
689 
690 
691 
695 
696 
697 
623 
6 24 
625 
656 
641 
642 
712 
715 
718 

10 
0 
0 - 
- 
- 

numbers 

1.8 

635 

626 

711 
714 
717 

Vertical 
tail, 
deg 2.0 

636 
637 
638 
639 
640 
647 
645 
653 
649 
651 
65 7 
658 
659 
664 
665 
666 
672 
673 
674 
678 
670 
698 
699 
700 
706 
704 
68 2 
683 
684 
685 
686 
692 
693 
694 
627 

655 
643 
644 
710 
713 
716 

0 

a'b 
deg 

A 
0 
4 
8 
12 

A 
A 
A 
A 
A 
A 
0 
8 
A 
0 
8 
A 
0 
8 
A 
A 
A 
0 
8 
A 
A 
A 
0 
4 
8 
12 
A 
0 
8 
A 
0 
8 
A 
0 
8 
A 
A 
A 

v 

Model 

" b  
deg 

0 
A 
A 
A 
A 
0 
0 
0 
0 
0 
0 
A 
A 
0 
A 
A 
0 
A 
A 
0 
0 
0 
A 
A 
0 
0 
0 
A 
A 
A 
A 
0 
A 
A 
0 
A 
A 
0 
A 
A 
0 
0 
0 

5 
5 
5 
5 
5 
15 
15 
15 
0 
0 
0 
0 - 
- 
0 
0 
- 

R~/L 

3.0 
x106 

7 



TABLE 5.- CONCLUDED 

 railing edge. 
b~chedules A: -4' I a I 15' at 2' increments; -4' 1 B I 8' at 2' increments. 
Schedules B: -4' I a I 13' at 2' increments. 

Configuration 
Wing 

T E ~  flaps, 
deg 

Canard, 
deg 

T 

Vertical 
tail, 
deg 

Model 

deg 

Mach numbers 

1.6 
b b  

deg " R ~ / L  1.8 2.0 



/ 
STABILITY 

WIND AXES 

NOTE: 

1. POSITIVE VALUES OF FORCE AND 
MOMENT COEFFICIENTS AND ANGLES 
ARE INDICATED. 

2. ORIGINS OF WlND AND STABILITY 
AXES HAVE BEEN DISPLACED FROM 
CENTER OF GRAVITY FOR CLARITY. 

+ 0 (SIDESLIP) = - I) (YAW) 

Figure 1.- Axis system and sign conventions. 



CANARD H.L. 
MID 
62.01 

(24.41) 

THEO. ROOT 

(-5.35) 

NOTE: ALL LINEAR DIMENSIONS 
ARE IN CENTIMETERS (INCHES). 

(a) Three-view drawing. 

Figure 2.- De ta i l s  of the E205 wind-tunnel model. 



WING: 
F.S. 55.34 (21.79) 

- c-------T-B.L.O.O 

\ I 
\ I 
\ I 
\ I 

S.S. 

S.S. 48.43 (19.07) 

CANARD: F.S. 62.01 (24.41) 
(BASELINE POSITION) 

I 

VERTICAL TAIL: F.S. 143.54 (56.51) 

F.S. 108.76 F.S. 125.21 
(4282) (49.30) 

NOTE: ALL LINEAR DIMENSIONS 
ARE I N  CENTIMETERS (INCHES). 

(b) Wing, canard,and v e r t i c a l - t a i l  d e t a i l .  

Figure 2. -  Continued. 



I BASELINE STRAKE (S1) 

I - B.L. 0 - 

I I (5.1 8) 
F.S. -13.59 Fms. 3.30 

i '----- 

HIGH-SWEEP STRAKE (S2) 

I STRAKE "OFF" (S3) 

(c) Strake options. 

I F.S. 27.43 

Figure 2.- Continued. 

- - 
-=---- - 

(10.80) - B.L. 0 -- - -, - B.L. 3.81 

36' 32' -4\ (1.50) 
F.S. 34.32 (13.51) 

B.L.13.11-fl ---- 
(5.16) 1 

NOTE: ALL LINEAR DIMENSIONS 
ARE IN CENTIMETERS (INCHES). 

\ *----- 



ALTERATION 

100 120 140 

I I I I I I I 
0 10 20 30 40 50 60 

FUSELAGE STATION, in. 

(d) Cross-sectional area distribution. 

Figure 2.- Concluded. 



(a) E205 model, R104 body, and components. 

Figure 3 . -  V i e w s  of E205 model i n  Ames 9- by 7-Foot Supersonic Wind Tunnel. 

2 1 







CANARD H.L. 
MID 
62.01 
(24.41 ) 

F.S. -13.59 (-5.35) (12.53) (1 2.55) (39.25) (49.11) 

NOTE: ALL LINEAR DIMENSIONS 
ARE I N  CENTIMETERS (INCHES). 

(a) Three-view drawing. 

Figure 4.- Details of R104 wind-tunnel model. 
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(b) Wing, canard, and vertical-tail detail. 

Figure 4.- Continued. 
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Figure 4. - Concluded. 
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