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A variable weep fighter configuration w i t h  the ving in the 22O 

sv*? position having leading edge slats and trailing edge flaps on the 

outboard psnels was tested at a Mach number of 0.15. The angle of attack 

range was 0' t o  50' snd the s i C e s l i p  angle range uas -20° to 20'. Etch ,  

roll, acd yaw control effectiveness were studied as vell  is tile affects 

of spoilers. The data ere presented viinout acalysis i n  order ta 

expedite publication. 



To support research being p e r i o d  i n  the rJmP'ley different ia l  

maneuvering simulator, for a nmber of years SASA has condu=ted 

extensive experimental studies of selected configurations over both a 

large angle of attack range and a large s idesl ip  angle range. These 

studies provide r ea l i s t i c  s t ab i l i t y  and control b t a  for  a isrge m t r i x  

of t e s t  conditions. In addition t o  providing similetor inputs, these 

data are used in research into  the desi- of a i rc ra f t  s t ab i l i t y  

w e n t a t  ion systems. 

The present study &s a variable svmp f ighter configuration t c  

this data base. The study was conducted i n  the Lmgley 7- by l0-fo~t 

high speed tunnel at a Mach number of 0.15. The angle of attack raze 

was frcm 0' t o  50' aad the s idesl ip  angle rauge was fran; -20° t o  20'. 

Pitch, roll, and yau c o n t r ~ l  effectiveness were studied es w e l l  as tke 

effects of spoilers for the configuration with the  ving in  the 25' sweep 

position having leading eCge s l a t s  and trailing edge flaps on tine ~utbo-d 

panels. The data are presented tiithout analysis in ~ r d e r  tc expedite 

publication. 



The In ternbt id  Syster of Units, with the U.S. Custa~ary Units 

presented in parenthesis, is  used for the physical quantities i n  t h i s  

report. (see reference 1. f . Xeasurements and calculations were  made in 

the 6.S.  Custanrrry i jn i ts .  31~ data ~rcsented i n  t b i s  reprt are referre6 

t~ both the bo* &is cinc ~ t a b i l i t g  axis systms. 

Tie reference cletitcr fcr naents i.; shew it Figwe I. i'he refereuce 

dimensions are has& sz tke -&ng in  tbc 20' sweep reference position. 

5 viw reference span, 1.2Z m (48.1 inckes f 
- 
c wirg reference ckard, -1867 m (7.3% inches j 

c, ( CL(SA) f Lift 
lift ccc:'ficient, - 

Li qs 

& c,.!cu(;E.)) dreg coefficiect , 
c qs 

13_ (--.I(SA) 1 pit,chin& =~m€irt coefficicct in stability =is s ; ~ . t a ,  - 

( ~? . ! ' ;d~ j  j pitching r:-ce,rr.t cceffi c ient  i n  bocy axis s y s t m ,  

c&( C ~ ~ I ( S A :  j rolling uot.ci,t ccef ficier-t in s t & i l i t y  ui;: 3;st a., 



raring manent coefficient in stabi l i ty  exis system, 

yawing acnent coefficient in body axis system, 

side force coefficient i n  s tabi l i ty  sxis systm, 

Side Force 
cs 

siue force coefficient, i n  body axis systere, 

Siae Force 
qs 

free stream A c h  number 

free stream dynamic pressure, pa (1b/fi2) 

ving reference area, -2050 m 2 

2 (2.237 f t  1 tes t  point nlntber 

~ l e  of attack, degrees 

a w e  of sideslip, degrees 6 - 6  
SR S~ effective aileron angle, 6a = - 2 , degrees 

wing t rai l ing edge flap angle, degrees, pcsitivc w l e  is 

t rai l ing edge d m  6, + 6 

effective horizontal t a i l  deflection angle, 6t = "R S~ 
2 9 

degrees 

rudder deflection angle, degrees, positive i s  t rai l ing 

edge l e f t  

l e f t  horizontal stabilizer deflection angle, degrees, 

positive is trail ing edge down 



right horizontal stabilizer deflection angle, degrees, 

positive i s  trailing edge dmn 

ving l a g  edge &at deflection aagle, degrees, positive 

is leading edge dawn 

derlectioa angle of spoiler 6-at 1, degrees, negative 

is trailing edge up 

deflection angle of spoiler segment 2, degrees, negative 

is trailing edge up 

deflection angle of spoiler s-nt 3, degrees, negative 

is trailing edge up 

deflection angle of spoiler septent I ,  degrees, negative 

is trailing edge up 

sweep angle of left  orrtboard wing p e l ,  degrees, positive 

is leading edge af% 

s w e g  angie of r ight  outboard ving panel, degrees, positive 

is leading edge aft 



Ikawings of the 1/16-scale variable sweep fighter model o f  the present 

study are presented in  Figure 1. Photographs of  the model installed in 

the Langley 7- by lil-foot high speed tunnel are presented in  Figure 2. The 

basic model consisted o f  a fuselage vith Row through engine nacelles, a 

variable sveep ving in the 22' sveep position vith Ail1 span slats on the 

outboard panels deflected 8.5O sad trail ing edge flaps deflected lo0, 

tvin vertical ta ls ,  and m y  moveable horizontal stabilizers. The 

model was provided with control surfaces for pitch, roll, acd yav control 

as vell as spoilers. 



The intRstigatioa was conducted iu the Wey 7- by :&foot high 

speed tunnel. (see reference 2) Forces and wracnts were measured on a 

six catpnent strain gage balance m u t e d  internally in the model. The 

tes t  uas run at a Marh number of 0.15 corresponding t o  a Reynolds number 

6 of 0.61 x 10 based on the ving reference chord. The aiodel w a s  tested 

over an angle of attack r w e  of c0 t o  3t1° and an angle cf sideslip 

range of -20° t o  20°. Tile aagles of attack and sideslir have been 

corrected for tne effects of sting and balance bending cnderload. It 

should be noted t h a t  the sting support system which p lmi t s  testing over 

this large angle range is designed qecificslly for  s tabi l i ty  testing. 

The drw data obtained m a model mounted on th i s  sting system is not 

suitable for p e r f o m c e  analysis. 

Je t  boundary ma blockage corrections have been applied t o  the data 

based on references 3 and b respectively. The drag m e m o t s  vere 

ad:usted t o  a condition of free stream s ta t ic  pressure actixig over the 

base of the model. Transition s tr ips  0.3 em i n  vidth of KO. PO 

Carbonandm grains were placed 2.5b cm streamwise aft of the l e a i n g  

edge of the w b ,  vertical t a i l ,  ventral fin, and horizontal tail. A 

transition s t r ip  0.3 cn in  vidth of Bo. 9G Carbonmdum g a i n s  w s s  

placed 3.81 ca streamwise aft  of the nose of the fuselaqe. (See 

ref erenc- 5. ) 



The resul ts  are preseated without alalys is  i n  order t o  expedite 

publication. Figure 3 presents surface o i l  flow photographs. 

The s tab i l i ty  axis longitudinal and lateral-directional aerodynamic 

characteristics a t  a s idesl ip  angle of o0 are presented iu the following 

figures: 

Figures 

Effect of pitch control 4 

Effect of r o l l  control 5-7 

Effect of yaw control 8-13 

Effect of wing s l a t  and f lap  14-15 

Effect of spoilers 16-20 

Effect of Asymmetric wing weep 21-22 

The  s tab i l i ty  axis l a t e r a l4 i r ec t i ona l  aerodynamic characteristics, 

as a Function of s idesl ip  angle, are presented for  each configuration 

tested i n  Figures 23-45. 

The run schedule is  presented i n  Table I. The s t ab i l i t y  axis and 

body axis aerodynamic coefficients are presented i n  Table 11. 
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H A S A  L A N G L E Y  

RUN 
ALPHA 

D k ( i  
9 . 66  

1 4 . 7 1  
13. 72 
24.79 
29.76 
3 4 0 7 8  
3 3 . 6 3  
44051 
43.68 
9.97 

45 
BE T A  C l ( S A I  

DEG 
10.00 09130 
9.97 1.2455 
10.06 1.43&0 
LO0 12 1.6196 
9.92 1 7962 
9.88 1.8385 
9. 91 1.8018 
90 91 1 l 7469 
10.07 1.6580 
100 10 09046 

C S F  ($4 )  

T E S T  
TP 

23 
HACH Q 

P A  . 152 1587.5 
0151 1567.8 
151 1570.0 

r 151 1571.1 
0 1 5 0  1593.1 
149 1543.3 
150 1554.3 

0151 1570.4 
el50 1560.9 
a 150 1363.1 

RUN 
A L P i l 4  

OEG 
3.86 
14.71 
13. 72 
24 70 
2 3 0  76 
34.73 
39.69 
4B.51 
4.3 68 

9 0  97 

4 5  
BETA C N F ( 0 A I  
0 EG 

10000 92 36 
9.97 1 r 2705 
10.06 1.5160 
10.12 1.7613 
9. 92 2.0398 
9. 9 0  2 1992 
0 0  91 2.28 35 
Qe 91 20 3642 
100 07 2.1348 
10010 09143 
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5 r  0 0  
40  8 1  
41 A4 
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T i S f  2 3  
7 P M A C H  

RUN 
A L P q A  

DkG 
04 

9 . 8 3  
1403i) 
13.71 
Z ' c r 7 3  
2 4 . 6 8  
34.76, 
330 0 9  
44.45 
49.64 

. O t  

91 
R i  l A  C l ( S 4 I  

D E G  *. 02 - 0 1 3 4 3  
05 l 6790 

• 06 la0052 
0 1 2  1.1590 
0 1 3  1 . 3 9 1 3  

1 8  1.5'163 
r 20 1.6340 
r 2 5  1 r 9771  
r 29 1.4960 
a 33 1.4172 

- 0  02 -01363 



NASA L A k G L i Y  7 X 10 HIGH SPEED fUNNSL 

T E S T  2 3  
7 P 'I AC t4 

TEST  23 
TP EACH 

RIJh 
ALPHA 

06s 
Yo86 
140cil 
14.~2 
7 4  r 69 
2 9 . 7 0  
3 * 0  7 5  
390 2 1  
44.63 
330 23 

90Y.l 

32 
BETA CNF(BA1  C A F ( B A 1  

D E G  
40 0 9  o 7035 00931 
4 0  79 1.0435 00223 
4.79 102550 00446 
50 01 l o  5 3 5 5  00131 
40 a 3  108187 -00005 
50 A5 1,9707 1.0 0270 
40 d l j  2 . 0 3 9 ~  -0Q543 
4.96 1.9881 -00656 
4r  7 7  201291 - 0 0 9 9 2  
50 02 l 7127 00934 

C S F  ( @ A )  
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9 3 8 2  
$563  
9 5 8 4  
9 5 b 5  
9586  
9 5 6 7  
9 5 0 8  
9 5 8 9  

T E S T  
7P 

9 5 6 0  
9 5 b 1  
9 5 8 2  
9 5 8 3  
9 5 8 4  
91485 
% 5 t b  
9 5 8 7  
9 5 8 3  
9589  





N A S A  LANGLEY 7 X 10 HIGH SPEED TUNNEL 

2 3 
M A C H  

PUN 
A L P H A  

D EG 
9 .  a3 

14.135 
20.76 
24 r 74 
29.72 
34.77 
39.6'4 
4 4 . b ' i  
67.31 
10.06 

06  
BE T4 
DtG 

-190 33  
-19. 72 
-19.61 
-19a60 
-19.98 
-19.Vd 
-19.87 
-1Y. 6 8  
-19.79 
-19.67 

T E S T  
TP  

RUN 
ALPH4 

G t i i  
3 .33  

14.83 
29r76  
24.74 
29.72 
34r77  
33, b9 
4'4.69 
47.31 
10.06 

96 
B E T 4  CNF(0A)  

D E G  
-19.93 06033 
-19a 72 a9482 
-19. 6 1  1.3378 
019.60 1.5074 
-19. 98 1 r 6641 
-19.98 1 8095 
-19. 87 l a 9 1 9 8  
-19.6d 2.0614 
-19.79 200913 
019.67 . b l 57  
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T E S T  23 
T P  M A C  ti 

T E S T  23 
TP 

P U I  97 
A L P Y A  

D t ;  
.Od 

9.83 
15 .02  
13 .62  
2%. 1 3  
2 ' i r ' ) 3  
3 i e 7 +  
34.74 
44.72 
50.13 

e 0 3  

MACH CSF ( @ A )  
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7 X 10 H l G H  SPheO TUNNEL 

T E S T  
T P  

RLJN 1 0 4  
A L P Y l  6 t  1 A  

O i b  D k c  
9 . 9 0  - 4 . 9 5  

1%. 7L) -4.96 
1 3 0  8 9  -4.96 
2 4 . 3 3  - 5 .  1 5  
2 9 . 8 3  04.99 
34,. b~ -+a92  
33 . 7tt -5.34 
4G.42 -50 3 8  
50.26 -60 8 3  

9.72 -4. YO 

CC. ( S A )  

T E S T  2 3  
f P R4CH J 

PA 
9 7 2 1  1 5 0  136cje4 
9 7 2 2  1 5 1  1397.b 
9 7 2 3  150 1 5 b 7 r  1 
9 7 2 4  0 1 4 5  1 5 4 5 0 7  
9 7 2 5  r 1 4 9  1551.3 
9 7 2 6  l 150 1566.5 
9 7 2 7  130 1 5 7 2 . 9  
5 7 2 6  r 1 5 1  15h5.3 
9 7 2 9  r 1 4 9  1 5 5 7 0 4  
9 7  30 150  15ue.d 

RUN 1 0 C  
b L  P H I  0 E T A  C N F t B A )  C A F ( 0 A )  

D S G  D E G  
3.90 -40 99 0 7 1 9 5  0 0 5 3 5  

1 4 r 7 0  -40 96 1 r OF27 - 0 0 1 2 0  
1'Jr dB -40 36 1 r 3 4 4 5  0 0 1 9 3  
2 C ( e Y 3  -50  1 5  1 r 6097 - r 0 0 6 1  
2.9. dB - 4 .  99 1 r Y L l 7  - a 0 2 3 5  
3 4 0 5 d  - 4 e 0 2  2.9073 - 0 0 4 5 5  
33.70 -50 0 4  2 0 1 2 4 3  - 0 0 6 2 0  
4 4 r G S  -50 68 2 r l b 9 4  '10 0 9 0 4  
5 0 0 2 b  -40 83  2.2096 -r  1090 

9.72 -4. 9 0  r 7 2 5 1  00610 
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T E S T  
T P  

9754 
9755 
9736 
9 7 5 7  
9758 
9759 
9760 
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9762 
9763 
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9754 
9755 
9756 
9 7 5 7  
9758 
9 7 5 9  
9760 
9761 
9762 
9763 

2 3 
M A C H  

r 151 
r 150 
r 150 
149 

el49 
131 

r 150 
149 

r 150 
.150 

2 3 
R I C H  

e l 5 1  
l 150 
el50 

1 4 9  
I49 
151 

0149 
el50 
l 150 

Bk TI 
O t G  

-4.95 
-5.03 
-4.95 
- 5 0  09 
-4.76 
-40 95 
-4.94 
-50 07 
-40'43 
-40 98 

B E T A  
O E G  

- 4 . 9 5  
-5.03 
-4.95 
-5. 09 
-40 76 
-40 35 
-40 94 
-5. 07 
- 4 0  43 
-40 08  

C L i S A )  

a 8940 
102048 
1,4451 
106434 
lo8231 
I08453 
lrtrO1O 
1 7092 
1.5788 
r @430 

C N F  ( B A )  

90 78 
1.2386 
1.5316 
1.7974 
200772 
2.2176 
2.2(100 
2.3312 
203627 
a8555 

CSF (SA 8 

o r  0299 
0.0461 
0eO476 
0.0149 
00242 
00591 
00586 
0059(, 
e0508 

-00405 

CSF(b4 I  

0.0299 
-00461 
-.0*76 
-a0149 
,0242 
00591 
005111 
e0594 
00588 

-00405 
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. 1 5 0  
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e l 2 0  . 1 4 9  
a 1 5 0  . 1 3 1  

1 4 9  
1 4 6  
167 

a 1 5 0  
0 1 5 3  

23 
P h C H  

1 5 0  . 1 5 0  
1 5 0  

r 1 4 9  
r 1 5 0  

I 5 1  . 1 4 9  
1 4 1  
1 4 7  
1 5 0  
153 

E'JN 1 0 9  
A L P i A  B E T A  C N F  ( E L )  

3 E i  D I S 
0 3  - 0  0 1  - a 0 0 2 4  

d.7 # a 0 1  a t 5 6 3  
14.77 r 0 2  1 0 2 6 5 4  
14.73 . '36 1 . 4 6 2 2  
2v .71  0 5  1 .735s  
23.69 • 1 2  1 r 9883  
34.69 a 27  2 a 2 1 6 1  
39.69 - e  3 1  2 r 2 6 4 8  
44.74 -a 1 0  2 .2830  
50.4U • 0 8  2 .3544 

r OL'. me 0 1  - * 0 0 0 7  
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(a)  General arrangement. The wing i s  show i n  the reference sweep posi t:on. 

Figure 1. Drawings o f  the model tested. A l l  dimensions are i n  centimeters, 
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