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HIGH-ATTITUDE LOW-SPEED STATIC AERODYNAMIC CHARACTERISTICS 

OF AN F-4D FIGHTER AIRPLANE MODEL WITH LEADING-EDGE SLATS 

James C. Monfort and W. Morrow Whitcomb* 

Ames Research Center 

SUMMARY 

A  wind tunnel i n v e s t i g a t i o n  has been conducted a t  a  Mach number o f  
0.20 on a  F-4D f i g h t e r  a i r p l ane  model w i t h  two-pos i t ion lead ing  edge s l a t s  
t o  determine low-speed s t a t i c  aerodynamic c h a r a c t e r i s t i c s  a t  h i gh  a t t i -  
tudes and over a  range of Reynolds numbers. Angles o f  a t t ack  ranged from 
19" t 3  90" and angles o f  sides1 i p  from -10" t o  30". Reynolds number v a r i -  
a t i o n  was from 1.97 t o  13.12 m i l l i o n  per  meter (0.60 t o  4.0 m i l l i o n  per  
f oo t ) .  

Analysis o f  the r e s u l t s  i nd i ca te  a  cons is ten t  and s i g n i f i c a n t  i n -  
crease 'n CN a t  angles of a t t ack  o f  50" o r  more w i t h  the  s l a t s  extended 
~ n d  less  cons is tent  r e s u l t s  i n  the  20' t o  50° range. A  l a r g s  reduc t ion  
i n  CA i s  apparent f o r  the e n t i r e  angle o f  a t t ack  range and s i g n i f i c a n t  
increases are noted i n  Ca a t  l a rge  angles of s i d e s l i p  a t  a l l  angles o f  
a t tack  and a t  a l l  angles o f  s i d e s l i p  a t  the  lower angles o f  a t tack .  The 
s h i f t s  i n  a l l  o ther  c o e f f i c i e n t s  a re  small o r  i n s i g n i f i c a n t .  No s i g n i f i -  
cant  e f f e c t s  o f  Reynolds number on the aerodynamic c h a r a c t e r i s t i c s  o f  t he  
model over the ranges o f  angles o f  a t t ack  and s i d e s l i p  tes ted  were ob- 
served. 

INTRODUCTION 

I n  an at iempt t o  improve a i r  combat c a p a b i l i t y  du r i n  g  combat maneu- 
ver ing  an e x i s t i n g  swept-wing t w i n - j e t  supersonic f i g h t e r  a i r p l ane  IF-4E) 
was modi f ied by incorpora t ing  prototype f i x e d  leading-edge s l a t s .  F l i g h t  
t e s t s  o f  t h i s  a i r c r a f t  i nd ica ted  s i g n i f i c a n t  improvements i n  both perform- 
ance and l a t e r a l - d i r e c t i o n a l  handl ing q u a l i t i e s  a t  h igh  angles o f  a t tack .  
As a  f o l l o w  on i n  t h i s  program, another a i r c r a f t  was mod i f ied  by the addi -  
t i o n  o f  two-pos i t ion leading-edge s l a t s .  An a n a l y t i c a l  study was under- 
taken a t  the same t ime t o  assess the  nea r - s ta l l ,  s t a l l ,  sp i n  and sp in- re-  
covery cha rac te r i s t i c s  o f  the  a i r c r a f t  w i t h  the two-posi t i o n  leading-edge 
s l a t s .  Loss o f  the  t e s t  a i r c r a f t  made r e s u l t s  of model t e s t i n g  the  so le  
source o f  in format ion f o r  t he  a n a l y t i c a l  study. 

* Pro jec t  engineer, '?0,  Inc .  



To provide in format ion f o r  the ana ly t i ca l  study o f  the modified a i r -  
c r a f t ,  a  wind tunnel t e s t  program was undertaken t,. provide force and 
mment data a t  high angles of at tack and high Reynolds number condit ions. 
Add i t iona l ly  the t e s t  program included an inves t iga t ion  o f  the e f fec ts  o f  
Reynolds number on the force and moment charac ter is t i cs  fo r  the t e s t  model 
a t  these nigh angles of at tack.  

I n  the inves t iga t ion  reported i n  t h i s  paper, an 0.0667-scale model 
o f  a  F-4D f i g h t e r  a i rp lane was tested i n  the Ames 12-Foot Pressure Wind 
Tunnel t o  determine s t a t i c  long i tud ina l  and l a te ra l -d i rec t i ona l  character- 
i s t i c s  a t  high a t t i t udes  over a  Reynolds number range from 1.97 t o  13.12 
m i l l i o n  per meter (0.60 t o  4.0 m i l l  i on  per f o o t )  a t  a  Mach number of 0.20. 
Angles o f  at tack ranged from 19' t o  90' and angles of s i d e s l i p  ranged from 
-10" t o  +30°. Experi i iental aerodynamic charac ter is t i cs  are presented w i  t h  
minimum discussion of resu l ts .  

NOMENCLATURE 

The axis  systems and s ign conventions are shown i n  f i gu re  1. Force 
and moment coe f f i c i en ts  are p r e s ~ n t e d  i n  the body-axi s  coordinate system. 
Because Che data were computer-plotted, the corresponding p l o t  symbol, 
where used, i s  given together w i th  the conventional symbol. 

P l o t  
Symbo 1  Symbol D e f i n i t i o n  

b  BREF wing span 
- 
c LREF mean aerodynamic chord 

C A C A ax ia l - fo rce  coe f f i c i en t ,  a x i a l  force/qS 

N CN normal - force coe f f i c i en t ,  normal force/qS 

C~ CY s i  de-force coe f f i c i en t ,  s ide force/qS 

c m CLM p i  tching-moment coe f f i c i en t ,  p i t ch ing  moment/qS~ 

C n  C Y  N yawi ng-moment c o e f f i c i e n t  , yawing moment/qSb 

Ck CBL r o l l  ing-moment coe f f i c i en t ,  r o l l  i n g  moment/qSb 

M MACH free-stream Mach number 



f ree-stream dynamic pressure 

RN/ L  u n i t  Reynolds number, mi 11 i cns  per  meter 

SREF wing area o r  reference area 

ALPHA angle o f  a t t ack  

BETA angle o f  s i d e s l i p  

TEST FACILITY 

The Ames 12-Foot Pressure Wind Tunnel i s  a  var iab le-dens i ty ,  low- 
turbulence wind tunnel t h a t  operates a t  subsonic speeds over a  Mach num- 
ber  range o f  0.1 t o  0.94. The dimensions o f  the s e t t l i n g  chaniber upstream 
from the t e s t  sec t ion  prov ide a con t rac t ion  r a t i o  o f  25 t o  1. The wind 
tunnel i s  powered by a two-stage, ax i a l - f l ow  fan d r i ven  by va r i ab le  speed 
e l e c t r i c  motors and the tunnel pressure can be var ied  from 0.17 t o  5.0 
atmospheres. 

HODEL DESCRIPTION 

The model inves t iga ted  cons is ted o f  center  fuselage, removable f o r -  
ward and a f t  fuselage sect ions, removable wings, and removable hor i zon ta l  
and v e r t i c a l  t a i l s .  The model had a i le rans ,  a  rudder, and spo i l e r s  w i t h  
d e f l e c t i o n  angle capabi 1  i t i e s .  The a i l e rons  and spo i l e r s  were tes ted  w i t h  
the wing con f i gu ra t i on  i nc l ud ing  leading-edge s l a t s .  The hor izon ta l  s ta -  
b i l a t o r  angle could be var ied and was manually pos i t ioned  f o r  each run. 
Drawings o f  the model a re  presented i n  f i g u r e  2. 

The fuselage !B50) was constructed from 7075-T6 aluminum i n  th ree  
bas ic  sect ions w i t h  the forward and a f t  fuselage sect ions removable from 
the center  fuselage sect ion. The fuselage a l so  contained the canopy (C6), 
engine duct i n l e t  (01 01 ) , heat and vent duct (DlO3), a f te rburner  choke 
and shroud ( s l  l t ) ,  I R  seeker (M8), f u e l  vent (F?3),  and t a i l  hook. The 
engine duct i n l e t s  were electroformed from n i cke l  and simulated i n t e r n a l  
duct contours f o r  approximately 3 i n .  a f t  of the  leading-edge, where the 
duct was then blocked. 

The wings (W78) were a l so  constructed from aluminum and :,ad simu- 
l a t e d  wheel bumps which were removable and replaceable w i t h  mold- l ine i n -  
se r ts .  The wing contained r igh t -and  le f t -hand  a i l e rons  (A1 3) w i t h  de f lec -  
t i o n  angles o f  0' and 30" t r a i l  i n g  edge down and r i g h t -  and le f t -hand  
spo i l e r s  (130) w i t h  a  d e f l e c t i o n  angie o f  43' t r a i l i n g  edge up. The s l d t  



con f i gu ra t i on  wing (W78g) had lead ing edge s l a t s  (S580 and S58i)  on t he  
outboard panel and the outboard p o r t i o n  o f  t he  inboard panel leading-edge. 
It a lso  inc luded an outboard panel fence (P63) loca ted  j u s t  outboard of 
the  hinge1 ine.  

One se t  o f  ho r i zon ta l  s t a b i l a t o r s  (H104) was const ructed from s t a i n -  
l ess  s tee l  and had d dihedra l  o f  -23.25". The s t a b i l a t o r s  had a va r i ab l e  
d e f l e c t i o n  range from -21' t o  +7". 

The v e r t i c a l  t a i l  (V l6 )  was const ructed from aluminum and had a 
s t a i n l e s s  s t e e l  rudder (R6) w i t h  a s imulated rudder horn. The rudder had 
d e f l e c t i o n  c a p a b i l i t i e s  of -30', 0°, and +30°. An antenna f a i r i n g  (a39) 
on the  v e r t i c a l  t a i l  was a lso  simulated. 

Four Sparrow m iss i l es  (T9) were f ab r i ca ted  from brass and were 'cse- 
lage mounted 

TESTING AND PROCEDURE 

The t e s t s  were conducted a t  constant u n i t  Reynolds numbers from 1.97 
t o  13.12 m i l  l i o n  per  meter (0.60 t o  4.0 m i l l i o n  per  f o o t )  a t  a Mach number 
t o  0.20. Angle of a t t ack  was var ied  from 19" t o  90" and angle o f  s i d e s l i p  
was va r i ed  -10" t d  30". The model was s t i n g  supported as shown i n  f i g u r e  
2 ( j )  and f i g u r e  2 ( k ) .  Force and moment data were obtained from an i n t e r -  
na l  l y  mounted s i  x-component s t r a i  n-gage balance. The moment re ference 
cen te r  was assumed t o  be a t  33 percent o f  the mean aerodynamic chord. 

The t e s t s  were conducted by s e t t i n g  the  model t o  the  des i red  angle 
o f  a t tack ,  s e t t i n g  the des i r2d tunnel  condi t ions,  and then yawing the 
model i n  s i d e s l i p .  Th is  was done by s t a r t i n g  a t  0" s i d e s l i p  and yawing t o  
the most negat ive angle, then proceeding through the  sides1 i p  range i n  a 
p o s i t i v e  d i r e c t i o n .  

DATA REDUCTION 

The balance data were reduced t o  c o e f f i c i e n t  form about the  model 
re ference center  i n  the body ax i s  system and cor rec ted  f o r  model weight 
tares and model support de f l ec t i ons  due t o  a i r l oad .  The a x i s  system i s  
def ined i n  f i g u r e  1, and the moment t r a n s f e r  diagram i s  presented i n  f i g -  
u re  2 ( i ) .  Angle o f  a t tack  and the appropr ia te  aerodynamic c o e f f i c i e n t s  
were cor rected f o r  tunnel  wa l l  i n t e r f e rence  e f f e c t s  ( r e f .  1 ) .  The wa l l  
co r rec t i on  values a re  as fo l lows:  



T a i l  On T a i l  O f f  

Two methods were used t o  c o r r x t  tunnel  cond i t i ons  f o r  blockage. For 
model angles of a t t ack  below the  onset o f  s t a l l ,  the  blockage cor rec t ions  
app l i ed  a re  based on those presented by H e r r i o t  ( r e f .  2 ) .  The blockage 
co r rec t i ons  used above s t a l l  a re  fo r  separated f l ow  on b l u f f  bodies accord- 
i n g  t o  Maskell  ( r e f .  3 ) .  The two methods are f a i r e d  over the  i n t e r v a l  be- 
tween s t a l l  onset and completion. 

Angle o f  a t tack  and angle o f  sides1 i p  were both referenced t o  t he  
model re ference 1 i ne. 

The maximum unce r t a i n t i es  of the  data, based upon r e p r o d u c i b i l i t y ,  
a re  est imated t~ be: 

R/L = 2 0 . 0 2 9 ~  1,O6 per  m 

RESULTS AND DISCUSSION 

The v a r i a t i o n  o f  s i x  aerodynamic c o e f f i c i e n t s  w i t h  angle o f  a t t a c k  
f o r  the  h ighest  Reynolds number t es ted  i s  presented i n  f i g .  4. The 
e f f e c t s  o f  Reynolds number on three o f  these c o e f f i c i e n t s ,  CN, Cm and CA, 
a re  shown i n  f i g .  5. The v a r i a t i o n  o f  Cy, Cn and CQ w i t h  angle o f  s ide -  
s l i p  f o r  t he  h ighes t  Reynolds number i s  presented I n  f i g .  6 and t he  e f f e c t s  
of Reynolds number on these same coe f f i c ' en t s  a re  shown i n  f i g .  7. See 
t a b l e  2 f o r  a  l i s t i n g  of the data f i g c r e s .  General ly the  r e s u l t s  i n d i c a t e  
a  cons is ten t  and s i g n i f i c a n t  i n c r e a ~ e  i n  CN a t  angles o f  a t t a c k  o f  50" o r  
more f o r  t he  model w i t h  the s l a t s  extended, D3, versus the  s l a t s  r e t r ac ted ,  
D l .  Less cons is ten t  r e s u l t s  a r z  noted i n  the 20" t o  50' range. A l a rge  
reduc t ion  i n  CA i s  i nd i ca ted  for the e n t i r e  angle o f  a t tack  range and 
s i g n i f i c a n t  increases a re  noted i n  C, a t  l a r g e  angles o f  s i d e s l i p  a t  a l l  
angles o f  a t t ack  and a t  a l l  angles of s i d e s l i p  a t  the  lower angles o f  



at tack .  A l l  o ther  c o e f f i c i e n t s  a re  a f f e c t e J  o n l y  s l i g h t l y  o r  i n s i g n i f i -  
can t l y .  The data i n d i c a t e  t h a t  t he  s t a t i c  l o n g i t u d i n a l  and l a t e r a l  aero- 
dynamic c h a r a c t e r i s t i c s  o f  the  model a t  angles o f  a t t ack  between 20" and 
90" a re  r e l a t i v e l y  i n s e n s i t i v e  t o  t he  v a r i a t i o n  i n  Reynolds number covered 
i n  these t es t s .  

CONCLUDING REMARKS 

The low-speed i n v e s t i g a t i o n  of the  aerodynamic c h a r a c t e r i s t i c s  o f  an 
F-4D a i r p l ane  model w i t h  two-pos i t i on  leading-edge s l a t s  was conducted a t  
Mach number 0.2 over an angle o f  a t t ack  range o f  19" t o  90" and over an 
angle o f  sides1 i p  range of -10" t o  30'. Reynolds number was va r i ed  from 
1.97 t o  13.12 m i l l i o n  per  meter. 

Increase i n  CN was p a r t i c u l a r l y  s i g n i f i c a n t  above 50" angle o f  a t t a c k  
w i t h  the s l a t s  extended wh i le  a  r educ t i on  i n  CA was noted f o r  the  e n t i r e  
range of angles o f  a t t ack  and s i d e s l i p  tes ted .  A t  3ngles c f  s i d e s l i p  
extension o f  the  s l a t s  produced s i g n i f i c a n t  increases i n  Cg w i t h  r e l a t i v e l y  
small o r  i n s i g n i f i c a n t  changes i n  t he  o the r  aerodynamic c o e f f i c i e n t s .  KO 
s i g n i f i c a n t  e f f e c t s  o f  Reynolds number were noted f o r  t he  cond i t i ons  o f  
t l i i s  i n ves t i ga t i on .  

Ames Research Center 
Nat iona l  Aeronautics and Space Admini s t r a t i o n  
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TABLE 1. - MODEL GEOMETRY 

Fuse1 age 

Length inc lud ing  f u e l  vent 
Length excluding f u e l  vent 
Maximum thickness 
Nose l oca t i on  
Total  volume 

Wing 

Area 
Span 
Mean aerodynamic chord 
Aspect r a t i o  
Taper r a t i o  
Sweep-back angles 

25% chord 
75% chord 

A i  r f o i  1 sect ions 
Root 
Wing fold,  inboard 
Wing fo ld ,  outboard 

T ip 

Hor izonta l  t a i l  

Area 
Span 
Aspect r a t i o  
Taper r a t i o  
Sweep-back angles 

25% chord 
75% chord 

A i r f o i  1 sect ions 
Root 
T ip 

P i vo t  s t a t i o n  

Ve r t i ca l  t a i l  
Area, exposed 
Span, exposed 

NACA 0006.4-64 MOD. 
NACA 0004 -0-64 MOD. 
NACA 0004.0-64 MOD. 

w i t h  10% L.E. extension 
NACA 0003.0-64 MOD. 

w i t h  10% L.E. extension 

NACA 0003.7-64 MOD. 
NACA 0003.0-64 MOD. 

F.S. 103.882 cm 

238.761 cm' 
11.735 crn 



TABLE 1. - MODEL GEOMETRY - Concl uded. 

Taper r a t i o  
Aspect r a t i o  
Sweep-back angles 

25% chord 
75% chord 

A i r f o i l  sect ions  
W .  L. 12.784 
T i p  

NACA 0004.00-64 MOD. 
NASA 0002.50-64 MOD. 



TABLE 2.  - INDEX OF DATA FIGURES 

Figure Title Page 

4 Slat effect with neutral controls, aerodynamic 
,haracteristics. 

5 Reynolds number effect with slats,  longitudinal 6 1 
characteristics. 

6 Slat effect with neutral controls, lateral-directional 7 6 
characteristics. 

7 Reynolds number effect with s lats ,  lateral-direction1 133 
characteristics. 
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Figure 2. - Continued. 
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