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A  g e n e r a l i z e d  wind t u n n e l  model was t e s t e d  t o  i n v e s t i g a t e  new component concep ts  
/ u t i l i z i n g  spanwise b l o w i n g  t o  p r o v i d e  improved maneuver c h a r a c t e r i s t i c s  f o r  advanced I 
; f i g h t e r  a i r c r a f t  w i t h  p r i m a r y  emphasis on h i g h  ang l  e - o f - a t t a c k  performance,  s t a b i l i t y ,  
;and c o n t r o l  a t  subson ic  speeds. T e s t  d a t a  were o b t a i n e d  i n  t h e  L a n g l e y  7-  b y  1 0 - f o o t  
; h i g h  speed f a c i l i t y  a t  f ree -s t ream Mach numbers up t o  0.50 f o r  a  range  o f  model a n g l e -  

' 
; o f - a t t a c k ,  j e t m o m e n t u m c o e f f i c i e n t , a n d l e a d i n g - a n d t r a i l i n g - e d g e f l a p d e f l e c t i o n  I 
; a n g l e s .  

Spanwise b l o w i n g  on a  44' swept t r a p e z o i d a l  w ing r e s u l t e d  i n  l ead ing -edge  v o r t e x  
lenhancement w - i t h  subsequent l a r g e  v o r t e x - i n d u c e d  l i f t  inc remen ts  and d r a g  p o l a r  improve-  
m e n t s  a t  t h e  h i g h e r  ang l  e s - o f - a t t a c k .  Small  d e f l e c t i o n s  o f  a  1  eading-edge f l a p  de layed  ; 

I : t h e s e  l i f t  and d'rag b e n e f i t s  t o  h i g h e r  a n g l e s - o f - a t t a c k .  I n  a d d i t i o n ,  b l o w i n g  was m o r e l  
e f f e c t i v e  a t  h i g h e r  Mach numbers. Spanwise b l o w i n g  i n  c o n j u n c t i o n  w i t h  a  d e f l e c t e d  I 

' t r a i l i n g - e d g e  f l a p  r e s u l t e d  i n  l i f t  and d rag  b e n e f i t s  t h a t  exceeded t h e  summation o f  , ,  

t h e  e f f e c t s  of  each h i g h - l i f t  d e v i c e  a c t i n g  a l o n e .  Asymmetr ic  b l o w i n g  was an e f f e c t i v e  
l a t e r a l  c o n t r o l  d e v i c e  a t  t h e  h i g h e r  ang l  e s - o f  - a t t a c k .  Spanwi se b l o w i n g  on t h e  w ing  
reduced h o r i z o n t a l  t a i l  l o a d i n g  and improved t h e  1  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 -  1 t e r i s t i c s  o f  a  w i n g - h o r i z o n t a l  t a i l - v e r t i c a l  t a i l  c o n f i g u r a t i o n .  The e f f e c t s  o f  span- 
w ise  b l o w i n g  i n  t h e  channel  formed b y  e x t e n s i o n  o f  upper  s u r f a c e  l e a d i n g -  and t r a i l i n g - )  
edge f l a p s  were l i m i t e d  due t o  w ing f l a p  d e s i g n  and j e t  l o c a t i o n .  
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AESTRACT 

A genera l ized  wind tunne l  model was t e s t e d  t o  i n v e s t i g a t e  new component 

concepts u t i l i z i n g  spanwise blowing t h a t  w i l l  provide improved maneuver 

c h a r a c t e r i s t i c s  f o r  advanced f i g h t e r  a i r c r a f t  wi th  primary emphasis on high 

angle-of-at tack performance, s t a b i l i t y ,  and c o n t r o l  a t  subsonic speeds. The 

i n v e s t i g a t i o n  was focused on var ious  methods of c o n t r o l l i n g  and delaying t h e  

leading-edge vo r t ex  breakdown and of opt imizing component i n t e r a c t i o n s .  I n  

0 
p a r t i c u l a r ,  spanwise blowing was u t i l i z e d  on a  44 swept t r a p e z o i d a l  wing t o  

determine t h e  e f f e c t  of leading-edge vo r t ex  enhancement on leading-  and 

t r a i l i ng -edge  f l a p  e f f e c t i v e n e s s ,  h o r i z o n t a l  and v e r t i c a l  t a i l  l o a d s ,  and t o  

a s s e s s  t h e  concept a s  a  r o l l  c o n t r o l  device.  I n  a d d i t i o n ,  t h e  e f f e c t  of 

spanwise blowing on t h e  canard o r  wing on close-coupled canard-wing e f f e c t i v e -  

ness  was inves t iga t ed .  Addi t iona l  s t u d i e s  were conducted wi th  a  t r a p e z o i d a l  

wing f e a t u r i n g  a  unique leading-  and t r a i l i ng -edge  f l a p  arrangement which, 

when combined wi th  spanwise blowing c rea t ed  a  "locked vor tex"  system f o r  high 

l i f t  a t  t ake-of f ,  approach, and during maneuvering f l i g h t .  

Test  d a t a  were obtained i n  t h e  Langley high speed wind tunne l  a t  f r e e -  

stream Mach numbers up t o  0 .50 f o r  a  range of  model angle-of-at tack,  j e t  

momentum c o e f f i c i e n t ,  and leading-  and t r a i l i ng -edge  f l a p  d e f l e c t i o n  angle .  

Spanwise blowing r e s u l t e d  i n  s i g n i f i c a n t  vortex-induced l i f t  increments a t  

t h e  higher  angles-of-at tack wi th  consequent improvement i n  t h e  drag p o l a r ,  

and t h e  d a t a  suggested t h a t  blowing was more e f f e c t i v e  a t  t h e  higher  Mach 

number. Small d e f l e c t i o n s  of a  leading-edge f l a p  delayed t h e  b e n e f i c i a l  

e f f e c t s  on l i f t  due t o  blowing t o  higher  angles -of -a t tack ,  bu t  t h e  d a t a  

suggested a  forward r o t a t i o n  of t h e  v o r t e x - . l i f t  vec tor  r e s u l t e d  i n  leading-edge 



t h r u s t  recovery and, hence, po la r  improvement. Spanwise blowing i n  conjunct ion 

wi th  a d e f l e c t e d  t r a i l i ng -edge  f l a p  Yesulted i n  l i f t  and drag b e n e f i t s  t h a t  

exceeded t h e  e f f e c t  of  each h i g h - l i f t  device  a c t i n g  alone.  Spanwise blowing 

on t h e  canard i n  t h e  presence of t h e  wing was more e f f e c t i v e  than  blowing on 

t h e  wing i n  t h e  presence o f  t h e  canard. The d a t a  suggested t h a t  blowing on t h e  

canard enhanced t h e  canard leading-edge vor tex  and improved t h e  favorable  

canard-wing i n t e r f e r e n c e  a t  higher  angles-of-at tack.  Horizontal  t a i l  loading  

a t  h igher  angles-of-at tack was reduced by spanwise blowing on t h e  wing. I n  

add i t i on ,  blowing r e s u l t e d  i n  s t a b i l i z i n g  increments i n  t h e  e f f e c t i v e  

d ihed ra l  and d i r e c t i o n a l  s t a b i l i t y  parameters of  t h e  wing-vert ical  t a i l  and 

wing-horizontal t a i l - v e r t i c a l  t a i l  con f igu ra t ions  and delayed t h e  unfavorable  

break i n  t h e  d i r e c t i o n a l  s t a b ' i l i t y  parameter t o  much higher  angles-of-at tack.  

Spanwise blowing was an e f f e c t i v e  l a t e r a l  c o n t r o l  device a t  t h e  higher  angles-  

of -a t tack  and compared favorably  t o  a t h e o r e t i c a l  e s t ima te  of t h e  e f f e c t  of 

t r a i l i ng -edge  f l a p  a i l e r o n s .  Spanwise blowing i n  t h e  channel formed by 

,extension of upper su r f ace  leading-  and t r a i l i ng -edge  f l a p s  of t h e  "locked 

vortex" wing r e s u l t e d  i n  l a r g e  vortex-induced l i f t  increments but  t h e  d a t a  

suggested t h a t  f u r t h e r  ref inements  i n  t h e  wing f l a p  design and nozzle  

l o c a t i o n  a r e  necessary i n  order  t o  achieve more favorable  l i f t  b e n e f i t s .  

The leading-edge suc t ion  analogy was used f o r  s e l e c t e d  conf igura t ions  and 

provided reasonable es t imates  f o r  t h e  l o n g i t u d i n a l  aerodynamic c h a r a c t e r i s -  

t i c s  r e s u l t i n g  from spanwise blowing. 



TABLE OF CONTENTS 

Page 

ABSTRACT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  iii 

TABLE OF CONTENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  v 

LIST OF TABLES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  vii 

LIST OF FIGURES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  viii 
LIST OF SYl4BOLS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  xvi 
Chapter 

INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  BACKGROUND 3 

EXPERIMENTAL INVESTIGATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 
Model and Apparatus ...................................... 8 

.......................... Instrumentation and Calibration 11 

DISCUSSION OF RESULTS .................................... 15 
44' Swept Trapezoidal Wing Configuration - Flaps 
Undeflected . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15 
44' Swept Trapezoidal Wing Configuration - Deflected 

Leading- and/or Trailing-Edge Flaps . . . . . . . . . . . . . . . . . . . . .  18 
Spanwise Blowing as a Roll Control Device - Blowing on ' 

Right Wing Only . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  26 
44' Swept Trapezoidal Wing with Aft Horizontal Tail . . . . . .  28 
44' Swept Trapezoidal Wing-Vertical Tail and Wing- 

Vertical Tail-Horizontal Tail Configurations ............ 29 



Page 

Close-Coupled Canard-Wing C o n f i g u r a t i o n  . . . . . . . . . . .  32 

Comparison of Ekper iment a 1  and T h e o r e t i c a l  L o n g i t u d i n a l  

C h a r a c t e r i s t i c s  o f  S e l e c t e d  C o n f i g u r a t i o n s  . . . . . . . .  42 

Spanwise Blowing i n  t h e  Channel o f  t h e  "Locked Vortex" 

Wing C o n f i g u r a t i o n  . . . . . . . . . . . . . . . . . . . .  46 

V . CONCLUSIONS . . . . . . . . . . . . . . . . . . . . . . . . .  55 

V I  . RECOI~ENDATIONS . . . . . . . . . . . . . . . . . . . . . . .  58 

REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  60 

MODEL GEOMETRIC CHARACTERISTICS . . . . . . . . . . . . . . . . . . . . .  64 

APPENDIX 

A . - STATIC CALIBRATION RESULTS . . . . . . . . . . . . . . . . . . .  67 
B . - TABUIATED RESULTS . . . . . . . . . . . . . . . . . . . . . . .  70 

FIGURES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



LIST OF TABLES 

Table 

I 

I1 

VIII 

Geometric Characteristics of Model 

Experimental Configurations 

44' Swept Trapezoidal Wing Configuration 

44' Swept Trapezoidal Wing Configuration with Spanwise Blowing - on Right Wing Only; 6LE - 6TE = 0' 

44' Swept Trapezoidal Wing-Zorizontal Tail Configuration; - 
'LE - 'TE = 00 

44' Swept Trapezoidal Wing-Vertical Tail Configuration; - 6LE - = o0 

44' Swept Trapezoidal Wing-Horizontal Tail-Vertical Tail Configuration; - 6L2 - 6TE = O0 

Close-Coupled Canard-Wing Configuration with Spanwise alowing on Wing 

Close-Coupled Canard-Wing Configuration with Spanwise Blowing on 
Canard 

Locked Vortex Wing Configuration 





LIST OF FIGURES 

Figure  

1. System of  axes used showing p o s i t i v e  d i r e c t i o n s  of f o r c e s ,  moments, 
and angles .  

S t a b l e  leading-edge v o r t i c e s  on a s lender  wing. 

Vortex flow generated by a highly-swept maneuver s t r a k e  on t h e  
F-16 a i r c r a f t .  

Vortex-induced l i f t  increments generated by d e l t a  planforms. 

Leading-edge vo r t ex  enhancement by spanwise blowing on a moderately- 
swept wing. 

Generation of a dual-vortex system by spanwise blowing i n  t h e  
channel of a "locked vortex" wing. 

Leading-edge vo r t ex  enhancement by spanwise blowing. 

Spanwise blowing i n  t h e  channel of t h e  "locked vortex" wing. 

Three-view drawing. 

Three-view drawing - "locked vortex" wings. 

Spanwise blowing on t h e  44' swept t r a p e z o i d a l  wing. 

Spanwise blowing on t h e  44' swept t r a p e z o i d a l  wing wi th  h o r i z o n t a l  
and v e r t i c a l  t a i l s  on. 

Spanwise blowing on t h e  wing of  a canard-wing conf igu ra t ion .  

Spanwise blowing o n ' t h e  cana rd 'o f  a canard-wing conf igu ra t ion .  

Spanwise- blowing i n  t h e  channel of  t h e  "locked vortex" wing. 

44'. swept t r a p e z o i d a l  wing. 

"loc'ked vortex1'  wing. 

Planview of a i r  supply system and i n t e r n a l  model assembly f o r  t h e  
spanwise blowing model. 

Wing and canard nozzle geometries and v e r t i c a l  loca t , ions .  

Photograph of #737-B ba lance-a i r  d e l i v e r y  assembly. 

14 .  . D e t a i l s  of s e t t l i n g  chamber. 



Figure 

15 Effect of spanwise blowing on the longitudinal aerodynamic 
characteristics of the 44' swept trapezoidal wing configuration; 
M, = 0.30. 

Effect of spanwise blowing on the longitudinal aerodynamic 
characteristics of the 4b0 swept trapezoidal wing configuration; 
Mm = 0.50. 

Effect of a and C avr on the lift auwentation ratio and lift 
effectiveness of bYdmhg for the 44' swept trapezoidal wing 
configuration; 1% = 0.30. 

Effect of a and Cu,avg on the lift augmentation ratio and lift 
effectiveness of blowing for the 44' swept trapezoidal wing 
configuration; Mm = 0.50. 

Effect of CuYavg and 14, on the lift augnentation ratio and lift 
effectiveness of blowing for the 44' swept trapezoidal wing 
configuration for a z 21'. 

Effect of CL and CvYavg on the drag reduct ion ratio for the 44' 
swept trapezoidal wing configuration for two :iIach numbers. 

Drag-due-to-lift for the 4b0 swept trapezoidal wing configuration 
for two Mach numbers and a range of Cp,avg and angle-of-attack. 

Effect of spanwise blowing in conjunction with a deflected leading- 
edge flap on the longitudinal aerodynamic characteristics of the 
44' swept trapezoidal wing configuration; Mm = 0.30; 6TE = 0'. 

Effect of spanwise blowing in conjunction with a deflected leading- 
ed e flap on the longitudinal aerodynamic characteristics of the 5 44 swept trapezoidal wing configuration; M_ = 0.30; 6TE = 0'. 

Effect of spanwise blowing in conjunction with a differentially- 
deflected leading-edge flap on the longitudinal aerodynamic 
characteristics of the 44' swept trapezoidal wing configuration; 
1% = 0.30; STE = 0'. 

Effect of Cu,avg and 6LE on the lift augmentation ratio and 
lift effectiveness of blowing for the 44' swept trapezoidal wing 
configuration for a = 20.5'; Elm = 0.30; = 0'. 

Effect of CL and Cv>avg on the drag reduction ratio for the 44' 
swept trapezoidal wlng configuration for three 6~~ values and 
a range of C,, , avg; !lm = 0.30; 6TE = 0'. 

Drag-due-to-lift for the 44' swept trapezoidal wing configuration 
for three 6Lg values and a range of and a; M, = 0.30; 
6mv = 0'. C?J, avg 



Figure 

28. Effect of 6LE on the longitudinal aerodynamic characteristics of 
the 44' swept trapezoidal wing configuration with blowing off ; 
Ma = 0.30; ATE = 0'. 

Effect of 6LE on the longitudinal aerodynamic characteristics of 
the 44' swept trapezoidal wing configuration with blowing on; 
Ma = 0.30; 6TE = 0'. 

Effect of 6 on the lift and drag increments due to spanwise 
blowing onLFhe 44' swept trapezoidal wing configuration; 
Ma = 0.30; 6TE = 0'. 

Effect of spanwise blowing in conjunction with a deflected 
trailing-edge flap on the longitudinal aerodynamic characteris- 
tics of the 44" swept trapezoidal wing configuration; Ma = 0.30; 
6 T m  = 0'. 

Effect of spanwise blowing in conjunction with a deflected trailing- 
edge flap on the longitudinal aerodynamic characteristics of the 
44' swept trapezoidal wing configuration; Pdm = 0.30; 6LE = 0'. 

Effect of a and C on the lift augmentation ratio and lift 
effectiveness of bydig?;& for the 44' swept trapezoidal wing 
configuration with a deflected trailing-edge flap; Mw = 0.30, 
6LE = 0'. 

Effectof a and C,avg on the lift augmentation ratio and lift 
effectiveness of byowing for the 44' swept trapezoidal ving 
configuration with deflected trailing-edge flap; M, = 0.30; 
6m = 0'. 

Effect of C,, , avg and 8 on the lift augmentation ratio and 
lift effectiveness of b?gwing for the 44' swept trapezoidal wing 
configuration; M, = 0.30; 6LE = 0'; a : 21'. 

Effect of 6TE on the longitudinal aerodynamic characteristics of 
the 4b0 swept trapezoidal wing configuration with blowing off; 
M,= 0.30; 6LE = 0'. 

Effect of 6 on the longitudinal aerodynamic characteristics 
oTE of the 44 swept trapezoidal wing configuration with blowing on; 

Ma = 0.30; 6LE = 0'. 

Effect of spanwise blowing in conjunction with deflected leading- 
and trailing-edge flaps on the longitudinal aerodynamic 
characteristics of the 4b0 swept trapezoidal wing configuration; 
Mw = 0.30. 



Figure 

39 Effect of spanwise blowing in conjunction with a deflected trailing- 
edge flap and deflected leading- and trailing-edge flaps on the 
longitudinal aerodynamic characteristics of the 44' swept 
trapezoidal wing configuration; Idw = 0.30. 

Effect of C , avg and 6LE and 6TE on the lift augmentation 
ratio and Y ~ f t  effectiveness of blowing for the 44' swept 

0 trapezoidal wing configuration for a - 20.5 . 

Effect of CL and 6 and 6TE on the drag reduction ratio for 
two blowing rates; &: = 0.30. 

Effect of spanwise blowing on the longitudinal aerodynamic 
characteristics of the 44' swept trapezoidal wing configuration 
with blowing on the right wing; Mw = 0.30. 

Effect of a and Cu,avg on rolling moment coefficient for the 44' 
swept trapezoidal wlng configuration with blowing on the right 
wing only; !.Ioo = 0.30. 

Effect of spanwise blowing on the 44' swept trapezoidal wing on the 
longitudinal aerodynamic characteristics of the wing-horizontal 
tail configuration; 1% = 0.30. 

Effect of a and horizontal tail on the lift augmentation ratio 
and lift effectiveness of blowing on the 44' swept trapezoidal 
wing with Cv,a,g - 0.060; Mw = 0.30. 

Effect of a and horizontal tail on the lift augmentation ratio 
and lift effectiveness of blowing on the 44' swept trapezoidal 
wing with Cv,avg = 0.130; blw = 0.30. 

Effect of spanwise blowing on the longitudinal aerodynamic characteris-, 
tics of the wing-vertical tail configuration at 6 z 0'; MW = 0.30; 
horizontal tail off. 

Effect of spanwise blowing on the longitudinal aerodynaanic 
characteristics'of the wing-vertical tail-horizontal tail 
configuration at 6 0'; I.lw = 0.30. 

Effect of spanwise blowing on the lateral-directional stability 
derivatives of the wing-vertical tail configuration; Ma = 0.30. 

Effect of spanwise blowing on the lateral-directional stability 
derivatives of the wing-vertical tail-horizontal tail 
configuration; Mw = 0.30. 

Zffect of spanwise blowing on the 44' swept trapezoidal wing on the 
longitudinal aerodynamic characteristics of the close-coupled 
canard-wing configuration for i = 0'; Mw = 0.30. C 



Figure 

52. Effect of spanwise blowing on the 44' swept trapezoidal wing on the 
longitudinal aerodynamic characteristics of the close-coupled 
canard-wing configuration for ic = 0'; Mw = 0.50. 

Effect of spanwise blowing on the 44' swept trapezoidal wing on the 
longitudinal aerodynamic characteristics of the close-coupled 
canard-wing configuration for i = lo0; Moo = 0.30. C 

Effect of a and C on the lift augmentation ratio and lift 
effectiveness of byowlng for the canard-wing configuration for 
ic = OO; = 0.30. 

Effect of a and Cu,ayg on the lift augmentation ratio and lift 
effectiveness of blowlng for the canard-wing configuration for 
i = 10'; 1% = 0.30. C 

Effect of CL and Cv,avg on the drag reduction ratio for the 
canard-wing configuration for two canard incidence angles; 
blowing on wing; Moo = 0.30. 

Drag-due-to-lift due to spanwise blowing on the wing for the canard- 
wing configuration; i = 0'. 

, C 

Effect of canard incidence angle on the longitudinal aerodynamic 
characteristics of the canard-wing configuration with blowing off; 
4 = 0.30. w 

Effect of spanwise blowing on the canard on the longitudinal 
aerodynamic characteristics of the canard-wing configuration for 
ic = 0'; = 0.30. 

Effect of spanwise blowing on the canard on the longitudinal 
aerodynamic characteristics of the close-coupled canard-wing 
configuration for i = lo0; Moo = 0.30. 

C 

Effect of a and Cy,avg on the lift augmentation ratio and lift 
effectiveness of canard blowing for the canard-wing configuration; 
i = O O ; M m =  0.30. 

C 

Effect of a and Cp,av on the lift augmentation ratio and lift 
effectiveness of canars blowing for the canard-wing configuration; 
i = lo0; = 0.30. C 

Effect of CL and Cu,avg on the drag reduction ratio for the 
canard-wing configuration for two canard incidence angles; blowing 
on canard; Z/IW = 0.30. 

Drag-due-to-lift due to spanwise blowing on the canard for the 
canard-wing configuration; iC = O O ;  bIw = 0.30. 



Figure 

6 5 .  Comparison of the longitudinal aerodynamic characteristics of the 
close-coupled canard-wing configuration with spanwise blowing on 
the wing in the presence of the canard and spanwise blowing on the 
canard in the presence of the wing; i = 0°, Ma = 0.30. C 

Comparison of the longitudinal aerodynamic characteristics of the 
close-coupled canard-wing configuration with spanwise blowing on 
the wing in the presence of the canard and spanwise blowing in the 
presence of the wing, i = 10'; Ma = 0.30. C 

Effect of C , jet location, and 1% on the lift augmentation 
ratio and y~?x'effectiveness of blowing for the canard-wing 
configuration, iC = oO; n - 21'. 

Effect of Cp,avg and jet location on the lift augmentation ratio 
and lift effectiveness of blowing for the canard-wing configuration; 
i = lo0; a z 21'. 

C 

Comparison of the theoretical and experimental longitudinal 
aerodynamic characteristics for the 4b0 swept trapezoidal wing 
configuration with 6,, - - 6,, = 0°, M a =  0.30. 

Comparison of the theoretical and experimental longitudinal 
aerodynamic characteristics for the 44' swept trapezoidal wing 
with the leading-edge flap deflected to 8'; 6TE = 0' ; Eil, = 0.30. 

Comparison of the theoretical and experimental longitudinal 
aerodynamic characteristics for the wing-horizontal tail 
configuration; Ma = 0.30. 

Comparison of the theoretical and experimental longitudinal 
aerodynamic characteristics for the canard-wing configuration 
with blowing on the wing; i = 0'; Mm = 0.30. 

C 

Effect of spanwise blowing on the longitudinal aerodynamic 
characteristics of the "locked vortexf' wing configuration with 

- a, - a,, = 20'; 1.1 = 0.15. 

Effect of spanwise blowing on the longitudinal aerodynamic 
characteristics of the "locked vortex" wing configuration 

- with 6LE - tiTE = 20'; Ma = 0.20. 

Effect of spanwise blowing on the longitudinal aerodynamic 
characteristics of the "locked vortex" wing configuration with 

- 6, - 6,, = 30'; Mm = 0.15. 

Effect of spanwise blowing on the longitudinal aerodynamic 
characteristics of the "locked vortex" wing configuration with 

- 6 - a,, = so0; Mm = 0.20. 



Figure  

77. E f f e c t  of spanwise blowing on t h e  l o n g i t u d i n a l  aerodynamic 
c h a r a c t e r i s t i c s  of t h e  ' 'locked vortexi '  wing conf igura t ion  wi th  

78. E f f e c t  of spanwise blowing on t h e  l o n g i t u d i n a l  aerodynamic 
c h a r a c t e r i s t i c s  of t h e  "locked vortex' '  wing conf igura t ion  wi th  
6* = 4 5 O ,  6TE = 30'; = 0.20. 

79 Ef fec t  of spanwise blowing on t h e  l o n g i t u d i n a l  aerodynamic 
c h a r a c t e r i s t i c s  of t h e  "locked vortex" wing conf igura t ion  wi th  - 6, - 6TE = O O ;  l r n  = 0.15. 

80. E f fec t  of spanwise blowing on t h e  l o n g i t u d i n a l  aerodynamic 
c h a r a c t e r i s t i c s  of t h e  "locked vortex' '  wing conf igu ra t ion  wi th  - 
'LE - = oO; blaj = 0.20. 

81. E f fec t  of  a and C on t h e  l i f t  augmentation r a t i o  and 
l i f t  e f f e c t  i venes~ '6?~E10win~  f o r  t h e  "locked vortex" wing 
conf igura t ion  wi th  - 6,, - BTE = 200; IdCO = 0.15. 

82. E f f e c t o f  a and C on t h e  l i f t  augmentation r a t i o  and l i f t  
Y avg 

e f f e c t i v e n e s s  of bYorlng f o r  t h e  "locked vortex" wing conf igu ra t ion  
wi th  6LE = 6TE = 3oU; Mm = 0.15. 

83. E f f e c t  of  a and C on t h e  l i f t  a ~ ~ e n t a t i o n  r a t i o  and l i f t  , avg 
e f f e c t i v e n e s s  of byowlng f o r  t h e  "locked vortex" wing conf igura t ion  
f o r  bLE = 4 5 O ,  = 300; idrn = 0.15. 6~~ 

84. E f f e c t  of a and C on t h e  l i f t  a u p e n t a t i o n  r a t i o  and l i f t  
e f f e c t i v e n e s s  of byowing f o r  t h e  "locked vortex" wing conf igura t ion  
f o r  ' 6LE = 6TE = 20°; !dm = 0. PO. 

85. E f f e c t  of a and C 
3 avg on t h e  l i f t  augmentation r a t i o  and l i f t  

e f f e c t i v e n e s s  of bYowlne f o r  t h e  "locked vortex" wing conf igu ra t ion  
- f o r  cSLE - 6TE = 30'; Id_ = 0.20. 

86. E f fec t  of a and C y 3 avg on t h e  l i f t  augmentation r a t i o  and l i f t  
e f f e c t i v e n e s s  of b owlng f o r  t h e  "locked vortex" wing conf igu ra t ion  - f o r  6LE - 4503 6TP = 30°; Mrn = 0.20. 

87. E f fec t  of a ,  and 8TE on t h e  l i f t  auginentation r a t i o  and 
l i f t  e f f e c t i v e n e s s  of blowing . f o r  t h e  "locked vortex" wing 
conf igu ra t ion ;  

C ~ y  ave 
= 0.34; LTm = 0.15. 

88. E f fec t  of a ,  6LE, and 6 on the l i f t  augmentation r a t i o  and T" 
l i f t  e f f e c t i v e n e s s  of 5 owing f o r  t h e  "locked vortex" wing 
conf igu ra t ion ,  Cv,avg = O.lg5, lilcD = 0.20. 

89. E f fec t  of 6  and 6,, on t h e  1 o n g i t u J i n a l  aerodynamic 
cha rac t e r ikF ic s  of tkg "locked vortex" wing conf igura t ion  
with blowing o f f  ; idrn = 3.15. 



Figure 

90.  Effect of ALE on the longitudinal aerodynvnic 
"locked vortex'' configuration with 

blowing off; blm = 0.20. 

Effect of dL, and o",, on the longitudinal aerodynamic 
characteristics of t k  "locked vortex'' wing configuration with 
blowing on; C = 0.475; Idw = 0.15. u , avg 

Effect of 6 on the longitudinal aerodynamic 
ti% "locked vortex" wing configuration with 

with blowing on; C = 0.273; ?dm = 0.20. 
lJ Y av!? 

Variation of lift coefficient with Cuyav3 for two Reynolds numbers 
and two angles-of-attack for the "locke vortex1' wing configuration. 

Static calibration of the 44' swept trapezoidal wing nozzles. 

Static calibration of the right nozzle only - 44' swept trapezoidal 
wing nozzle. 

Static calibration of canard nozzles. 

Static calibration of "locked vortexi' wing nozzles. 

Total pressure at nozzle exit versus plenum chamber total pressure - 
44' swept trapezoidal wing nozzles. 

Total pressure at nozzle exit versus plenum chamber total 
pressure - canard nozzles. 

Total pressure at nozzle exit versus plenum chamber total 
pressure - "locked vortexs' wing nozzles. 



The I n t e r n a t i o n a l  Systern of  Uni t s  (SI )  , with  t h e  U.S . Custonary Uni t s  

presented i n  parent l ieses ,  i s  used f o r  t h e  phys i ca l  q u a n t i t i e s  i n  t h i s  paper .  

Measurements and c a l c u l a t i o n s  were rilade i n  t h e  U.S. Customary Uni t s .  A l l  

da t a  presented i n  t h i s  r e p o r t  a r e  r e f e r r e d  t o  t h e  s t a b i l i t y - a x i s  system a s  

i nd ica t ed  i n  f i g u r e  1. 
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nozzle-air  weight flow r a t e ,  ~ / s e c  ( l b f / s e c )  
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chord, cm ( i n . )  

yawing moment due t o  nozzle  t h r u s t  components, N-m ( i n - l b f )  

angle-of - a t t ack ,  deg 
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l e f t  a i l e r o n  d e f l e c t i o n  ang le ,  deg 

r i g h t  a i l e r o n  d e f l e c t i o n  angle ,  deg 

leading-edge f l a p  d e f l e c t i o n  angle ,  deg 

t r a i l i ng -edge  f l a p  d e f l e c t i o n  ang le ,  deg 

sweep angle of l i f t i n g  su r f ace  l ead ing  edce, deg 

sweep angle of  nozzle ,  deg 

r a t i o  of s p e c i f i c  h e a t s ,  1 . 4  ( a i r )  

aerodynamic drag increment due t o  blowing, - 
' ~ , ~ e t  on 

' ~ , ~ e t  o f f  

aerodynamic drag-due-to- l i f t  increment due t o  blowing, 
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('D,L j e t  on (CU,L) j e t  o f f  

aerodynamic l i f t  increment due t o  blowing, -  jet on 

t r a i l i ng -edge  f l a p  a i l e r o n  inboard span s t a t i o n  

t r a i l i n g - e d z e  f l a p  a i l e r o n  outboard span s t a t i o n  



The flow on t h i n ,  highly-swept-back wings a t  moderate-to-high angles- 

of -a t tack  i s  cha rac t e r i zed  by a leading-edgo sepa ra t ion  which forms a 

s t a b l e  vo r t ex  over t h e  ~ J i n g  and provides s i g n i f i c a n t  vortex-induced l i f t  

increments.  This  c h a r a c t e r i s t i c  of  s lender  wings, of t h e  supersonic c r u i s e  

t ype ,  has been understood f o r  many years  ( r e f s .  1 -5 ) .  For moderately-swept 

higher  aspec t  r a t i o  wings s u i t a b l e  f o r  f i g h t e r  a i r c r a f t ,  however, t h e s e  

vortex-induced l i f t  increments a r e  not  achieved due t o  vo r t ex  b u r s t i n g ,  o r  

breakdown, a t  lotr anqles -of -a t tack .  I f  vo r t ex  breakdown could be delayed 

t o  higher  angles-of-at tack,  t h e  r e s u l t i n g  vo r t ex  l i f t  would s i g n i f i c a n t l y  

improve f i g h t e r  maneuver performance. 

A promising technique f o r  enhancing t h e  leading-edge vo r t ex  on 

moderately-swept wings and e f f e c t i v e l y  delaying vo r t ex  breakdotsn t o  h igher  

angles-of-attaclr c o n s i s t s  of blowing a concentrated j e t  over t h e  wing's 
* 

upper su r f ace  i n . a  d i r e c t i o n  e s s e n t i a l l y  p a r a l l e l  t o  t h e  wing leading+eT&e. 

The r e s u l t s  r epo r t ed  i n  r e f s .  6-20 have demonstrated t h e  c o n t r o l  of sgpara ted  

flow reg ions  by t r a n s v e r s e  blowing, app l i ed  t h e  spanwise blowing concept 

t o  d i f f e r e n t  types  of l i f t i n g  s u r f a c e s ,  and determined t h e  amount of vo r t ex  

l i f t  achievable on wings t y p i c a l  of cu r r en t  f i g h t e r  a i r c r a f t .  It i s  d e s i r a b l e  

t o  extend t h e s e  s t u d i e s  t o  eva lua t e  t h e  e f f e c t  of  spanwise blowing on f i g h t e r  

performance, s t a b i l i t y ,  and c o n t r o l  f o r  a v a r i e t y  of  aircraft-component 

arrangements. 

0 
Accordingly, t h e  p re sen t  i n v e s t i g a t i o n  was conducted u t i l i z i n g  a 44 

swept t r a p e z o i d a l  wing conf igura t ion  t o  determine (1) t h e  e f f e c t s  of spanwise 



blowing on leading-  and t r a i l i ng -edge  f l a p  e f f ec t iveness ,  ( 2 )  on h o r i z o n t a l  

and v e r t i c a l  t a i l  e f f e c t i v e n e s s  , ( 3 ) on close-coupled canard-wing i n t e r -  

a c t i o n s ,  (4) t o  a s s e s s  spanwise blowing on a r o l l  c o n t r o l  device ,  and ( 5 )  t o  

eva lua t e  a unique leading-  and t r a i l i ng -edge  f l a p  arrangement which c r e a t e s  a 

"locked vortex" system. 

The wind tunne l  t e s t s  were performed i n  tile Langley high speed 7- by 

l0- foot  f a c i l i t y  a t  Mach numbers up t o  0.50.  Six-component f o r c e  and moment 

da t a  were acquired f o r  a range of  angle-of-at tack and j e t  momentum c o e f f i c i e n t .  



CHAPTER I1 

BACKGROmiD 

The con t r ad ic to ry  requirements f o r  t h i n ,  low aspec t  r a t i o  wings f o r  

e f f i c i e n t  su2ersonic performance and f o r  t h i c k e r ,  higher  aspec t  r a t i o  wings 

f o r  subsonic maneuver and take-off and landing  performance have l e d  t o  

cons iderable  i n v e s t i g a t i o n  of  design concepts t h a t  t a k e  advantage of vortex-  

induced l i f t .  S t a b l e ,  leading-edge v o r t i c e s  a r e  c h a r a c t e r i s t i c  of  t h e  flow 

over t h i n ,  h ighly  swept-back wings a t  moderate-to-high angles-of-at tack.  This  

flow s i t u a t i o n  occurs  because t h e  favorable  spanwise p re s su re  g rad ien t  

causes t h e  separa ted  leading--edge flow t o  f o m  a s t a b l e  s 2 i r a l  vo r t ex ,  a s  

i l l u s t r a t e d  i n  f i g u r e  2 .  The take-off  and landing performance of t h e  Anglo- 

French supersonic t r a n s p o r t  "Concorde" r e l i e s  on favorable  leading-edge 

vortex-induced e f f e c t s .  I n  add i t i on ,  a s t rong  vo r t ex  flow generated by a 

maneuver s t r a k e  i s  very  important t o  t h e  h igh  angle-of-at tack maneuverabi l i ty  

of t h e  F-16 f i g h t e r ,  which i s  shown i n  t h e  photograph i n  f i g u r e  3. Many 

r e sea rche r s ,  f o r  example r e f .  1, have i n v e s t i g a t e d  sharp-edge d e l t a  and 

d e l t a - r e l a t e d  planforms and have shown t h a t  a ful ly-developed leading-edge 

vo r t ex  induces s u b s t a n t i a l  i nc reases  i n  l i f t  beyond t h a t  ob ta inable  with 

a t t ached  flow. These t r e n d s  a r e  i l l u s t r a t e d  i n  f i g u r e  4, which shows t h e  

e f f e c t  of leading-edge sweep angle  on t h e  l i f t  of f l a t - p l a t e  d e l t a  wings a t  

0 
a = 20 . For modera-tely,-swept, higher  aspec t  ra t io . .  ?rings t y p i c a l  of f i g h t e r  

a i r c r a f t ,  t h e s e  vortex-induced e f f e c t s  a r e  not  achieved due t o  vo r t ex  

breakdown a t  low angles-of-at tack.  It i s  of i n t e r e s t ,  t h e r z f o r e ,  t o  incor -  

po ra t e  i n t o  a i r c r a f t  design e i t h e r  an a c t i v e  of pass ive  means, o r  perhaps 

a syn thes i s  of bo th ,  of augmenting t h e  leading-edge vo r t ex  flow f o r  such 
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wings i n  o rde r  t o  improve t h e  maneuver performance a t  moderate-to-high 

angles-of-at tack.  

Spanwise blowing i s  one a c t i v e  method of enhancing t h e  leading-edge 

vo r t ex  on moderately-swept wings and de lay ing  vor tex  bu r s t ing  t o  g r e a t e r  

span d i s t ances  a t  a given angle-of-attack. 'i 'his i s  accornplished by d i -  

r e c t i n g  a concent ra ted  j e t  spanwise over t h e  wing's upper sur face  i n  a 

d i r e c t i o n  e s s e n t i a l l y  p a r a l l e l  t o  t h e  wing l ead ing  edge. A ske tch  of t h e  

concept i s  shown i n  f i g u r e  5 and i l l u s t r a t e s  how t h e  a i r  i s  drawn over t h e  

leading-edge vo r t ex  and r e a t t a c h e s  t o  t h e  wing sur face  behind t h e  j e t ,  much 

l i k e  t h e  reattachment behind a two-dimensional s epa ra t ion  bubble. Spanwise 

blowing induces a flow along t h e  vor tex  a x i s  which de lays  vo r t ex  breakdown 

t o  g r e a t e r  span d i s t ances  and higher  wing angles-of-at tack with consequent 

i nc reases  i n  l i f t ,  and hence enables  a s t a b l e  vo r t ex  flow t o  be maintained 

over a wider range of f l i g h t  a t t i t u d e s  and Mach numbers. Some o r i g i n a l  work 

r e l a t e d  t o  t h i s  concept was performed i n  r e f s .  6-9 which demonstrated t h e  

c o n t r o l  of separa ted  flow reg ions  by t r a n s v e r s e  blowing. Addi t iona l  work 

performed i n  r e f s .  10-14 appl ied  t h e  concept t o  d i f f e r e n t  types  of  l i f t i n g  

su r f aces ,  such a s  wings, leading-  and t r a i l i ng -edge  f l a p s ,  ho r i zon ta l  t a i l s ,  

and v e r t i c a l  t a i l  rudders .  More r e c e n t l y ,  wind tunne l  t e s t s  and t h e o r e t i c a l  

s t u d i e s  have been conducted i n  r e f s .  15-19 t o  determine t h e  e f f e c t s  of 

spanwise blowing on wings of  moderate sweep angles  t y p i c a l  of cu r r en t  

f i g h t e r  a i r c r a f t .  Reference 20 has a l s o  inves t iga t ed  t h e  a p p l i c a t i o n  of 

spanwise blowing on t h e  canard 04 a l a rge - sca l e ,  semi-span canard-wing 

t r a n s p o r t  conf igura t ion  and has i nd ica t ed  t h a t  canard blowing may poss ib ly  

enable a reduct ion  i n  canard s i z e  r equ i r ed  f o r  low-speed f l i g h t  and permit  a 

more optimum canard t o  be used i n  c r u i s e .  



Another concept u t i l i z i n g  spanwise blowing t o  augrnent a  vo r t ex  flow 

has  been i n v e s t i g a t e d  i n  r e f .  21 which c o n s i s t s  of "locking" a  vo r t ex  

flow over a  semi-span, r ec t angu la r  wing by spanwise blowing i n  t h e  channel 

formed by ex tens ion  of upper sur face  leading-and t r a i l i ng -edge  f l a p s .  

This concept i s  i l l u s t r a t e d  i n  t h e  s e c t i o n a l  view i n  f i g u r e  6 which shows 

how t h e  flow sepa ra t e s  from t h e  upper end of t h e  leading-edge f l a p  and 

r o l l s  up i n t o  two d i s c r e t e  v o r t i c e s  wi th in  t n e  channel.  Two co- ro ta t ing  

v o r t i c e s  were found i n  f low v i s u a l i z a t i o n  s t u d i e s  conducted i n  r e f e rence  

22 us ing  neutral ly-buoyant  h e l i u n - - f i l l e d  bubbles t o  v i s u a l i z e  t h e  flow. 

Ref. 21 d id  not  d i sce rn  the vor t ex  ahead of t h e  j e t ,  which i s  probably due 

t o  an inherent  disadvantage i n  ,yeneratine smoke i n  f r o n t  of t h e  model a s  a 

flow v i s u a l i z a t i o n  technique.  A t  s u f f i c i e n t  blowing r a t e s ,  t h e  separa ted  

flow r e a t t a c h e s  t o  t h e  t r a i l i n g - e d z e  f l a p  a f t e r  pass ing  over t h e  vo r t ex  

channel.  It i s  t h i s  flow rea t t achnen t  t h a t  r e s u l t s  i n  l a r g e  inc reases  i n  

l i f t .  The vo r t ex  flow appears  t o  enerq ize  t h e  flow sucn t h a t  a t t ached  flow 

i s  provided over an " e f f e c t i v e "  a i r f o i l  shape possessing a  l a r g e  amount of  

camber an& th i ckness .  Ref. 23 i n i t i a l l y  proposed a p p l i c a t i o n  of spanwise 

blowing i n  conjunct ion w i t h  t h e  unique f l a p  arrangement t o  improve t h e  low 

s2eed f l i g h t  performance of f i g h t e r  a i r c r a f t .  3y extending t h e  f l a p s  

and blowing spanwise i n  t h e  channel during take-off  and landing ,  it may be 

poss ib l e  t o  genera te  h igh  l i f t  a t  r e l a t i v e l y  low angles-of-at tack,  thereby  

improving p i l o t  v i s i b i l i t y  and poss ib ly  decreas ing  t h e  requi red  runway 

l eng th .  Such a  conf igura t ion  may a l s o  augment maneuvering l i f t  a t  higher  

subsonic speeds by apyropr i a t e  ex tens ion  of t h e  f l a p s  and s u f f i c i e n t  blowing 

r a t e s .  Ref.  23 has a l s o  suggested t h a t  t h e  "locked vor tex i '  f l a p  system f o r  a  

swept-back wing be r e t r a c t e d  t o  form a  t h i n  wing f o r  e f f i c i e n t  c r u i s i n g  

f l i g h t .  



Flow v i s u a l i z a t i o n  t e s t s  were conducted i n  r e f s .  22 and 24 t o  determine 

8 q u a l i t a t i v e  e f f e c t s  of spanwise blowing on f l a t - p l a t e ,  semi-span models which 

included a  wing planform t y p i c a l  of f i g h t e r  a i r c r a f t  wi th  leading-  a.nd 

t r a i l i ng -edge  f l a p s ,  and a l s o  unswept and swept-back wings f e a t u r i n g  t h e  

"locked vortex" wing channel.  T n i c a l  r e s u l t s  a r e  sho~sn i n  f i g u r e s  7 (a )and  

7 (  b )  which suggest h i g h - l i f t  condi t ions  when spanwise blowing i s  present .  

Based on t h e  r e s u l t s  of t h e  flow v i s u a l i z a t i o n  t e s t s  i n  r e f e rences  22 

and 24, and i n  order  t o  supplement t h e  previous r e sea rch  j u s t  d i scussed ,  t h e  

present  wind tunne l  f o r c e  t e s t  program was designed t o  2rovide experimental  

d a t a  t o  quan t i fy  t h e  e f f e c t s  of leading-edge vor tex  enhancement by spanwise 

blowing on a  44'' swept t r a p e z o i d a l  wing conf igura t ion  f e a t u r i n g  convent ional  

leading-  and t r a i l i ng -edge  f l a p s .  Blowing was i n i t i a t e d  on t h e  "clean" wing 

and a l s o  i n  conjunct ion with a  d e f l e c t e d  leading-edge f l a p  and/or a  d e f l e c t e d  

t r a i l i ng -edge  f l a p  i n  an at tempt  t o  conform wing geometry t o  b e s t  u t i l i z e  t h e  

e f f e c t i v e n e s s  of blowing. S p e c i f i c a l l y ,  t h e  t e s t s  were designed t o  determine 

i f  spanwise blowing i n  conjunct ion wi th  a de f l ec t ed  leading-edge f l a p  would 

r e s u l t  i n  drag po la r  improvement a s  a  r e s u l t  of an inc rease  i n  suc t ion  forces 

on t h e  cambered wing su r f ace  and, i n  a d d i t i o n ,  t o  eva lua te  spanwise blowing 

i n  combination wi th  a  d e f l e c t e d  t r a i l i ng -edge  f l a p  a s  a  means of  improving 

t r a i l i ng -edge  f l a p  e f f e c t i v e n e s s .  Two leading-edge f l a p  d e f l e c t i o n  angles  

and two t r a i l i ng -edge  f l a ?  d e f l e c t i o n  angles  were inves t iga t ed ,  along wi th  

one conf igura t ion  having s imultaneously-deflected leading-  and t r a i l i ng -edge  

f l a p s .  I n  add i t i on ,  one case was i n v e s t i g a t e d  f o r  a  d i f f e r e n t i a l l y - d e f l e c t e d  

leading-edge f l a p ,  i n  an at tempt  t o  modify t h e  wing leading-edge ac ros s  t h e  

span t o  b e s t  u t i l i z e  t h e  h ighly-ef fec t ive  j e t  a t  inboard wing s t a t i o n s  and t o  

6 



maintain a t t ached  f low'near  t h e  leading-edge f a r t h e r  outboard where j e t  

spreading and vo r t ex  bu r s t ing  occur.  A f u r t h e r  a p p l i c a t i o n  of spanwise 

blowing may be a s  a r o l l  c o n t r o l  device where d i f f e r e n t i a l  wing blowing a lone  

o r  i n  combination wi th  small  d e f l e c t i o n s  of convent ional  l a t e r a l  c q n t r o l  

devices  may prove an e f f e c t i v e  rneans of improving l a t e r a l  c o n t r o l  charac te r -  

i s t i c s .  I n  t h i s  r ega rd ,  spanwise blowing was i n i t i a t e d  on t h e  r i g h t  wing 

only. The e f f e c t s  of spanwise blowing on t h e  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  of a wing- horizorl ta l  t a i l - v e r t i c a l  t a i l  conf igura t ion  were 

evaluated a t  two s i d e - s l i p  ang le s ,  a l o n ~  wi th  t h e  e f f e c t  of blowing on t h e  

wing on ho r i zon ta l  t a i l  and v e r t i c a l  t a i l  e f f e c t i v e n e s s .  The favorable  

i n t e r a c t i o n  e f f e c t s  between canard and wing a r e  l i m i t e d  due t o  leading-edge 

vo r t ex  breakdown a t  moderate-to-hich angles-of- a t t a c k ,  on e i t h e r  o r  bo th  

of t h e  l i f t i n g  Lurfaces.  Spanwise blowing was t h e r e f o r e  i n v e s t i g a t e d  i n  

conjunct ion wi th  a close-coupled canard-wing conf igura t ion  by blowing on t h e  

wing i n  t h e  presence of t h e  canard and blowing on t h e  canard i n  t h e  presence 

of t h e  wing f o r  two canard incidence angles .  The present  s tudy i s  a l s o  

designed t o  provide an i n i t i a l  eva lua t ion  of t h e  "locked vortex ' '  concept f o r  

a moderately-swept-back wing f e a t u r i n g  a unique upper su r f ace  leading-  and 

t r a i l i ng -edge  f l a p  arrangement. 

The wind t u n n e l  t e s t s  were performed i n  t h e  Langley high speed 7- by 

10-foot f a c i l i t y ,  and d a t a  were acquired a t  a f ree-stream Mach number of 0.30 

f o r  t h e  44' swept t r a ~ e z o i d a l  wing conf igura t ion  ( d a t a  were acquired a t  

M, = 0.50 f o r  s e l e c t e d  conf igu ra t ions )  and a t  f r ee - s t r ean  Mach numbers of 0.15 

and 0.20 f o r  t h e  "locked vortex" wing conf igura t ion .  Six-component fo rce  and 

moment d a t a  were obtained f o r  a range of angle-of-at tack,  leading-  and t r a i l i n g -  

edge f l a p  d e f l e c t i o n  ang le ,  and j e t  momentum c o e f f i c i e n t .  



Model and A p ~ a r a t u s  

A three-view drawing of t h e  gene ra l  r e sea rch  model showing t h e  canard,  

wing, h o r i z o n t a l  t a i l ,  and v e r t i c a l  t a i l  i s  presented i n  f i ~ u r e  8 ( a ) ,  and a  

three-view drawing of  t h e  "locked vortex" wing presented i n  f i g u r e  8 ( b ) .  

Photographs of t h e  var ious  model con f igu ra t ions  i n s t a l l e d  i n  t h e  wind tunne l  

a r e  shown i n  f i g u r e s  g ( a )  - g ( e ) .  It  should be noted t h a t  t h e  ho r i zon ta l  

and v e r t i c a l  t a i l s  shown i n  f i g u r e  9 ( e )  were not i nves t iga t ed  with t h e  

"locked vortex" wings. Table I conta ins  t h e  p e r t i n e n t  geometric parameters 

a s soc i a t ed  wi th  t h e  model. 

0 
The canard had a  leading-edge sweep angle  of 51.7 and an exposed a r e a  

( s ~ )  of approximately 20 per  cent  of t h e  wing re ference  a r e a  ( s ) ,  and was 

t e s t e d  i n  a  p o s i t i o n  i n  t h e  wing chorda l  plane and a l s o  a t  an incidence 

angle ,  i of +lo0.  The canard was untwisted and had uncambered c i r c u l a r  
C ' 

a r c  a i r f o i l  s e c t i o n s .  The th i ckness  v a r i e d  l i n e a r l y  from 6 per  cent  a t  t h e  

roo t  t o  4 per  cent  a t  t h e  t i p .  

The ho r i zon ta l  and v e r t i c a l  t a i l s  haa a  leading-edge sweep angle  of 

51.7' and an exposed a rea  ( S  ) of approximately 25 percent  of t h e  wing 
T 

re ference  a r e a .  Both t a i l s  were untwisted and had uncambered c i r c u l a r  a r c  

a i r f o i l  s ec t ions .  The th i ckness  va r i ed  l i n e a r l y  from 6 percent  a t  t h e  roo t  

t o  4 per  cent  a t  t h e  t i p .  The h c r i z o n t a l  t a i l  was t e s t e d  i n  a  p o s i t i o n  i n  

t h e  wing chordal  plane and t h e  v e r t i c a l  t a i l  was l o c a t e d  along t h e  

c e n t e r l i n e  of t h e  model. 



The untwisted wing planform shown on t h e  model i n  f i g u r e  3 ( a )  i s  shown 

i n  more d e t a i l  i n  f i g u r e  1 0 ( a )  and had a  leading-edge sweep ang le ,  ALE:, of 

44' and a  6 4 ~ 0 0 6  a i r f o i l  s e c t i o n  a t  t h e  wing roo t  ( t h e  roo t  of t h e  wing i s  

taken a t  t h e  i n t e r s e c t i o n  of  t h e  fuse lage  and wing) which va r i ed  l i n e a r l y  

t o  a  6 4 ~ 0 0 4  a i r f o i l  s e c t i o n  a t  t h e  t i p .  The fu l l - span  leading-edge f l a p ,  

which tw i s t ed  and cambered t h e  wing when d e f l e c t e d ,  had a  cons tan t  chord of  

1 5  percent  of  t h e  wing r o o t  chord, and cons i s t ed  of f i v e  spanwise segments 

which a r e  shown i n  d e t a i l  i n  f i e u r e  1 0 ( a ) .  Tlie t r a i l i ng -edge  f l a p  was 

20 percent  of t h e  l o c a l  wing chord and extended from t h e  w i n g - f u s e l a ~ e  

i n t e r s e c t i o n  t o  7 0  percent  of t h e  wing span. The moment r e f e rence  cen te r  i s  

taken t o  be a t  25 per  cent  of t h e  t h e o r e t i c a l  wing roo t  chord a t  t h e  fuse lage  

cen te r  l i n e ,  which i s  i l l u s t r a t e d  i n  f i g u r e s  8(a) and 8 ( b ) .  

The untwisted "locked vortex" wing >-,7lanfori~; sl~own i n  f i ~ r e  3(b) i s  

shown i n  more d e t a i l  i n  f i e u r e  1 0 ( b ) .  The wing had a  leading-edge sweep 

0 
angle ,  ALE, of 44  and f l a t - ? l a t e  a i r f o i l  s ec t ion  a t  all. span s t a t i o n s  (when 

t h e  f l a p s  a r e  r e t r a c t e d )  wi th  a  rounded leadixg-edge and sharp t r a i l i n g  edge. 

The th i ckness  r a t i o ,  t / c ,  was 6 per  cent  f o r  t h e  wing, hence t h e  th i ckness  

va r i ed  l i n e a r l y  from t h e  roo t  t o  t h e  t i p .  The  leading-edge f l a p  chord was 

30 pe r  cent  of  t h e  wing chord a t  t h e  roo t  and 36 per  cent  a t  t h e  t i p .  The 

leading-edge f l a p  hinge-l ine was loca t ed  a t  25 per  cent  of t h e  f l a p  chord 

a t  t h e  r o o t  and 50 percent  of t h e  f l a p  chord a t  t h e  t i p .  The t r a i l i ng -edge  

f l a p  chord was 35 per  cent  of t h e  wing chord a t  t h e  r o o t  and 58 per  cent  

a t  t h e  t i p .  f 'he t r a i l i n g - e d ~ e  f l a p  hinge-l ine was loca t ed  a t  65  per  cent  

of t h e  f l a p  chord a t  tk,e r o o t  and 26 per  cent  a t  t h e  t i p .  



The continuous-flosr a i r  system t h a t  was used t o  provide t h e  d e s i r e d  dry  

high-pressure a i r  t o  each s e t  of convergent nozzles  i s  shown i n  f i g u r e  11. 

High p re s su re  a i r  was de l ive red  through 0.953 cm-diameter b ra s s  tub ing  which 

was f ed  through t h e  h igh  speed s t i n g  ( # 5 )  and coupled t o  t h e  a f t  end of a 

six-component s t r a i n  gage balance i n  t h e  nodel  by means of a f l a r e  f i t t i n g .  

A i r  f low was routed  around t h e  balance and piped i n t o  a s i n g l e  c y l i n d r i c a l  

plenum chamber l oca t ed  i n  t h e  forwara sec t ion  of t h e  model. 

D e t a i l s  of t h e  convergent nozzle ~ e o m e t r y  and l o c a t i o n  a r e  shown i n  

f i g u r e  12 .  Three p a i r s  of  nozzles  were used a l t e r n a t e l y  during t h e  t e s t i n g ;  

one p a i r  f o r  t h e  44' swept t r a p e z o i d a l  wings, a second p a i r  f o r  t h e  "locked 

vortex" wings, and a t h i r d  p a i r  f o r  t h e  canards.  Zach wing nozzle  was made 

of 0.953 cn-diameter s t a i n l e s s  s t e e l  t ub ing ,  whose inne r  diameter converged 

from 0.775 cm t o  t h e  diameter d of t h e  c i r c u l a r  e x i t  shown i n  t h e  f i g u r e .  

0 
The 44 swept t r a p e z o i d a l  wing nozz les ,  which r e s t e d  on t h e  wing upper 

su r f ace ,  were extended out  through t h e  fuse l age  and loca t ed  a t  approximately 

23 per  cent  of t h e  wing roo t  chord. The "locked vortex' '  wing nozzles  r e s t e d  

on t h e  wing su r f ace  and were loca t ed  a t  approximately 38 per  cent  of t h e  wing 

r o o t  chord ( f l a p s  r e t r a c t e d ) .  The o r i g i n a l  sweep angles  of t h e  l a t t e r  

nozzles  (An = 44') were reduced (swept forward) a f t e r  i n i t i a l  assembly of t h e  

model t o  t h e  angles  shown i n  f i g u r e  8(b), which r e s u l t e d  i n  t h e  nozzles  

being extended out  a g r e a t e r  d i s t ance  from t h e  fdse l age .  Each canard 

nozzle was made of 0.635 cm-diameter s t a i n l e s s  s t e e l  tub ing ,  whose inne r  

diameter converged from 0.508 cm t o  t h e  diameter d of t h e  c i r c u l a r  e x i t  

shown i n  t h e  f i g u r e .  The e x i t  diameters  of t h e  two nozzles  i n  a l l  t h r e e  

p a i r s  were s l i g h t l y  d i f f e r e n t .  The canard nozzle s i z e  was smal le r  t han  t h e  

wing nozzle s i z e  t o  r e f l e c t  lower blowing r a t e s  needed on t h e  smaller  canard 



sur face .  I n  add i t i on ,  t h e  canard nozzle  s i z e  was sub jec t  t o  phys i ca l  

l i m i t a t i o n s  i n  t h i s  a r e a  of t h e  fuse l age  (cover  > l a t e s  and canard mounting 

p i n ,  f o r  example). The canard nozzle was l o c a t e d  a t  t h e  50 percent  r o o t  chord 

l o c a t i o n  t o  enable  v a r i a t i o n  of canard incidence angle ,  i without  changing c ' 
t h e  nozzle  l o c a t i o n  r e l a t i v e  t o  t h e  canard su r f ace .  Due t o  t h e  canard 

mounting p i n ,  each canard nozzle  was pos i t i oned  a ~ p r o x i m a t e l y  2.33 nozzle  

e x i t  diameters  above t h e  canard su r f ace .  dozz le  geometry, l o c a t i o n ,  and 

sweep angle a r e  summarized i n  f i g u r e  12.  

Ins t rumenta t ion  and Ca l ib ra t ion  

Six-component fo rce  and moment d a t a  were recorded by means o f t h e  

' internal ly-nounted s t ra in-gage  balance,  designeted 737-2. High-,pressure a i r  

was routed  around t h i s  balance by means of two 0.635 cc'-diameter S-shaped 

tubes  shown i n  t l ie photograpn i n  f i g l ~ r e  13 .  This  a i r -ba lance  system i s  

unique i n  t h a t  t h e  high-pressure a i r  d e l i v e r y  system i s  combined wi th  t h e  

balance assembly such t h a t  t h e  balance i n ~ e r a c t i o n s  a r e  e s s e n t i a l l y  

independent of a i r  p re s su re .  

The forward end of t h e  air-balance assembly i s  connected t o  t h e  c y l i n d r i -  

c a l  plenum chamber by rGeans of two 0.318 c m  - 0.635 cx swage-lock f i t t i n g s .  

D e t a i l s  of t h e  s t a i n l e s s  s t e e l  s e t t l i n g  chamber, which was h y d r o s t a t i c a l l y  

6 t e s t e d  t o  600 p s i  (4.13 x 1 0  pa) p r i o r  t o  i n s t a l l a t i o n  i n  t h e  model, a r e  

shown i n  f i g u r e  1 4 .  The s t agna t ion  p re s su re  i n  t h e  plenun chamber was 

6 monitored and recorded by means of a  590 p s i  (3 .45 x 10  p a )  p re s su re  

t ransducer  l oca t ed  wi th in  t h e  mo5el and connected t o  a  d i g i t a l  vol tmeter  

l oca t ed  e x t e r n a l  t o  t h e  tunne l .  The p re s su re  t ransducer  was c a l i b r a t e d  

p r i o r  t o  t e s t i n g ,  and plenum chmber  t o t a l  p re s su re  was c o r r e l a t e d  wi th  t h e  

d i g i t a l  vol tmeter  reading i n  m i l l i v o l t s  (m~). 



Also shown i n  f i g u r e  14 a r e  t h e  t o t a l  p re s su re  probe and t h e  i ron-  

cons t an t ine  thermocouple (used t o  monitor plenum t o t a l  t empera ture) .  The 

t o t a l  p re s su re  probe, which was cons t ruc ted  of 0.318 cn-diameter s t a i n l e s s  

s t e e l  tub ing ,  and t h e  i ron-cons tan t ine  thermocouple were pre- tes ted  p r i o r  

t o  welding of t h e  end cap t o  t h e  s e t t l i n g  chamber i n  order  t o  ensure proper  

measurement of t o t a l  p re s su re  and temperature,  r e spec t ive ly .  The p re s su re  

probe was bent  90' such t h a t  t h e  t ape red  mouth of t h e  probe was loca t ed  along 

t h e  c e n t e r l i n e  of t h e  plenum and fac ing  t h e  two a i r  i n l e t  ho le s .  This was 

done t o  account f o r  any flow through t h e  plenum and ensure measurement of  

t h e  t o t a l  p re s su re  i n  t h e  plenum. 

The two wing-nozzle assemblies and t h e  canard-nozzle assembly were 

a l t e r n a t e l y  connected t o  t h e  plenum chamber by means of 0.635 cm - 0.953 cm 

swage-lock f i t t i n g s  and 0.318 cm - 0.635 cm swage-lock f i t t i n g s ,  r e s p e c t i v e l y ,  

with 90' elbows. Allen head pipe-plugs were used t o  plug up t h e  p a i r  o f  

tapped ho le s  t h a t  were not  u t i l i z e d  during a given s e r i e s  of t e s t  runs .  

Nozzle a i r  weight f low r a t e  was determined by means of a #8 Flow-Dyne 

v e n t u r i  flow-meter l oca t ed  e x t e r n a l  t o  t h e  tunne l .  The temperature and 

abso lu t e  p re s su re  a t  t h e  flow-meter i n l e t  were monitored a s  we l l  a s  t h e  

d i f f e r e n t i a l  p ressure  ac ros s  t h e  t h r o a t ,  from which an a i r  weight flow 

r a t e  was determined. 

The j e t  momentum c o e f f i c i e n t ,  C i s  def ined a s  
P ' 

where w i s  t h e  measured a i r  weight flow r a t e  and V ( ~ r i t  i s h  u n i t s )  i s  t h e  
j 

j e t  v e l o c i t y  reached by i s e n t r o p i c  expansion from t h e  s tagnat ion  pressure  a t  

t h e  nozzle  e x i t  t o  free-stream p res su re ,  given by 



Since t h e  j e t  momentum c o e f f i c i e n t  va r i ed  s l i g h t l y  w i t h  each d a t a  po in t  

during a  given t e s t  run ,  an average j e t  momenturn c o e f f i c i e n t  was computed 

and i s  designated a s  C 
l-l 7 

Each s e t  of nozzles  was s t a t i c a l l y  c a l i b r a t e d  i n  t h e  t u n n e l  wi th  a l l  

l i f t i n g  su r f aces  removed t o  ob ta in  six-component f o r c e  and moment d a t a  a s  

a  func t ion  of plenum t o t a l  p ressure .  I n  a d d i t i o n ,  t h e  r i g h t  wing nozzle  f o r  

0 
t h e  44 swept t r a p e z o i d a l  wing conf igura t ion  was c a l i b r a t e d  i n  a  s i m i l a r  

manner wi th  t h e  l e f t  nozzle  removed and plenum o u t l e t  plugged. The r e s u l t i n g  

d a t a  a r e  presented  i n  g raph ica l  form i n  Appendix A along wi th  l i n e a r  f a i r i n g s  

of t h e  c a l i b r a t i o n s .  These l i n e a r  c a l i b r a t i o n  curves were used w i t 1 1  t h e  

equat ions presented i n  t h e  appendix t o  c o r r e c t  wi~d-on  d a t a  f o r  t h r u s t  e f f e c t s  

Addi t iona l  s t a t i c  t e s t s  were conducted t o  measure t h e  j e t  t o t a l  p re s su re  

a t  t h e  nozzle  e x i t  a s  a  func t ion  of plenum t o t a l  p re s su re .  This  c a l i b r a t i o n  

was performed i n  order  t o  eva lua te  t h e  assumption used i n  de r iv ing  equat ion  

( 2 ) ,  t h a t  t h e  plenum t o t a l  p re s su re  i s  equal  t o  t h a t  a t  t h e  nozzle  e x i t .  A 

syr inge  was used a s  a  t o t a l  p re s su re  probe and a  300 ? s i  (2.07 x 10' Pa )  

pressure  t ransducer  (p re -ca l ib ra t ed )  t o  measure t h e  p re s su res .  The r e s u l t i n g  

da t a  a r e  presented  i n  g raph ica l  form i n  kL~pendix A. R sepa ra t e  s t a t i c  t e s t  

was conducted f o r  each nozzle  and t h e  probe was ~ ioun ted  on t h e  wing o r  

canard and a l igned  e s s e n t i a l l y  along t h e  j e t  c e n t e r l i n e  near  t h e  nozzle  

e x i t .  A t  t h e  higher  plenum t o t a l  p re s su re s ,  severe  o s c i l l a t i o n  of t h e  t o t a l  

p re s su re  probe occurred due t o  curved shock waves i n  t h e  reg ion  of t h e  probe. 

P r i o r  t o  onse t  of o s c i l l a t i o n ,  however, agreeixent between plenum t o t a l  

p re s su re  was q u i t e  good and t h e  c o r r e l a t i o n s  f o r  t h e s e  ranges of t o t a l  

p re s su re s  were used t o  compute V i n  equat ion ( 2 ) .  
j 



Because of the aerodynamic load, corrections to the model angle-of- 

attack and side-slip were made for deflections of the balance and sting 

support system. Wind-off model-weight-tare runs were made in the wind 

tunnel for each significant configuration change, and wind-on data were 

corrected accordingly. Fuselage base-cavity pressures were measured during 

the test and the drag coefficients were corrected to a zero-base-drag 

condition. Jet boundary and blockage corrections were found to be negligible, 

and therefore were not applied to the data. 



CIWTER IV 

DISCUSSION OF RESULTS 

Wind tunnel data which include nozzle thrust conponents are presented 

in tabulated form in Appendix B. As discussed in the last section, these 

data are corrected for the nozzle thrust components in order to obtain the 

aerodynamic coefficients, which are discussed and plotted in the following 

figures . 

44' Swept Trapezoidal Wing - Flaps Undeflected 

The effect of spanwise blowing on the longitudinal aerodynamic 

0 
characteristics of the 44 swept trapezoidal wing configuration is presented 

in figures 15 - 21 for ?loo= 0.30 and 0.50. Due to the higher free-stream 

dynamic pressure at the higher Xach nunber, the jet momentum coefficient at 

a given plenum total pressure is less than the C at the lower Mach 
- p , avg 

number. 

Spanwise blowing results in an increase in lift at 1% = 0.30 and 

0.50, particularly at the higher angles-of-attack where the wing without 

blowing (C = 0)  experiences partial or complete stall. The data 
1-1 , avg 

indicate that blowing results in nonlinear lift cwves which are characteris- 

tic of lift curves obtained on highly-swept wings havinc e leading-edge 

vortex (see ref. 3 for example). The data suggest that spanwise blowing 

provides a favorable s2anwise pressure gradient that aids in the formation 

of a stable leading-edge vortex ,at the moderate-to-high angles-of -attack. 

Furthermore, these vortex-induced lift increments increase with increased jet 

momentum coefficient. At a = oO, where there is no leading-edge vortex, 

even with blowing, the increase in 
CL 

is due to a jet-induced camber effect, 

rhich has been observed in refs. 13 and 17. 



Because of  t h e  nonl inear  i nc rease  i n  l i f t  produced by spanwise 

blowing, t h e  add i t i on  of blowing r e s u l t s  i n  l a r g e  reduct ions  i n  t h e  high- 

l i f t  drag c o e f f i c i e n t .  I n  add i t i on ,  increased  j e t  momectum c o e f f i c i e n t  

r e s u l t s  i n  f u r t h e r  inprovement i n  t h e  d.rag po la r .  These r e s u l t s  suggest 

t h a t  one b e n e f i t  of t h e  spanwise blowing approach i s  t h a t  higher  l i f t s  

( o r  l oad  f a c t o r s )  can be provided without t h e  weight pena l ty  which would be 

a s soc i a t ed  wi th  t h e  lower wing loadings  r equ i r ed  t o  accomplish t h e  same 

improvement. 

Spanwise blowing r e s u l t s  i n  an ex tens ion  of t h e  l i n e a r  p i t ch ing  moment 

obtained f o r  t h e  blowing-off case  t o  much higher  values of l i f t .  This  i s  

accomplished without adverse ly  a f f e c t i n g  t h e  s t a b i l i t y  l e v e l .  

Another way of eva lua t ing  t h e  e f f e c t s  of spanwise blowing i s  presented  

i n  f i g u r e s  17  and lf! which show t h e  e f f e c t s  of a and C on t h e  l i f t  
P,avg 

augmentation r a t i o ,  AC / C  and l i f t ,  e f f ec t iveness  of blowing, C / C  
L l-l,aveY L L ,oY 

f o r  = 0.30 and 0.50, r e s p e c t i v e l y .  bCL i s  def ined a s  - 
' ~ , ~ e t  on 

and i s  def ined a s  

The d a t a  i n d i c a t e  t h a t  increased  angle-of--attack i n c r e a s e s ,  i n  gene ra l ,  

t h e  l i f t  augmentation r a t i o  from a  minimum value  a t  t h e  lower angles-of- 

a t t a c k  ( t h i s  va lue  would be zero a t  a = 0' i f  t h e r e  were no . je t - induced 

camber e f f e c t )  t o  a  much higher  va lue  a t  t h e  h ighes t  angle-of-at tack.  

The l a r g e s t  l i f t  augmentation r a t i o s  of  4 . 5  and 7 . 9  were obtained a t  

lk = 0.30 and 0.50, r e s p e c t i v e l y ,  a t  t h e  lowest  j e t  momentum c o e f f i c i e n t s ,  

which means t h a t  spanwise blowing genera tes  4 . 5  and 7 .9  t imes t h e  l i f t  

t h a t  would be obtained i f  t h e  j e t  were vectored downward and perpendicular  

t o  t h e  free-stream which would r e s u l t  i n  a  r a t i o  of one. The d a t a  a l s o  suggest 

t h a t  even h igher  r a t i o s  may be a t t a i n a b l e  a t  c r e a t e r  angles-of-at tack.  A t  t h e  



moderate-to-high angles-of-attack, increasing the jet momentum coefficient 

decreases the lift augmentation ratio a trend that is typical of most jet 

augmentation systems. These data suggest that spanwise blowing exceeds the 

0 
effect of thrust vectoring at angles-of-attack above about 12 to 14' 

(depending on C and Mm). These results are typical of other planform 
lJ 9 avg 

configurations featuring spanwise blowing (see ref. 18 for example) , 

although the magnitudes may vary somewhat. 

The data indicate that for a given C , the percentage increase 
P 3 avg 

in lift at the moderate-to-high angles-of-attack that is generated by 

spanwise blowing, presented as 
C L / C ~  ,o , increases with increase in angle- 

of-attack. The largest percentage gains in lift of 45 per cent and 35 per 

cent were obtained at Mm = 0.30 and 0.50, respectively, at the highest jet 

momentum coefficients. 'The data trends also suggest that, larger percentage 

gains in lift may be attainable at higher angles-of-attack. 

The effect of C and Ma on the lift augmentation ratio and 
P , avg 

0 lift effectiveness of blowing at an angle-of-attack of approximately 21 is 

presented in figure 19. For the limited range of jet momentum coefficients 

available for comparison, spanwise blowing is more effective in generating lift 

at a given jet momentum coefficient at the hi,g,her Nach nuinber. Similar 

results have been obtained for a semi-span, cambered wing-body-horizontal 

tail configuration in ref. 16, where blowing at i$Iw = 00.5 was found to 

be more effective than at comparable blowing rates at ITa = G.39. 

Figure 20 illustrates the effect of CL and C on the 
P Y avg 

aerodynamic drag reduction ratio, AC. / C  for !:Im = 0.30 ana 0.50, D p,avg' 

where ACD is defined as - C. . The data indicate that 'lIyjet on D,jet off' 

at the higher values of lift, spanwise Slowing results in a sisnificant 



reduct ion  i n  aerodynamic drag.  I n  f a c t ,  a t  t h e  h ighes t  C ' s ,  s ~ a n w i s e  
L 

blowing becomes more e f f e c t i v e  than  vec tor ing  t h e  t h r u s t  a f t  and p a r a l l e l  t o ,  

t h e  free-stream which would r e s u l t  i n  a drag reduct ion  r a t i o  of  one. F igure  21 

p re sen t s  the measured drag-due-to- l i f t  increment due t o  blowing p l o t t e d  aga ins t  

t h e  f l a t  -p l a t e ,  zero-suct i o n .  drag-due-to- l i f t  increment ( A c  t a n  a )  f o r  
L 

Ma = 0.30 and 0.50 and a range of angle-of-at tack and jet  momentum c o e f f i c i e n t .  

Spanwise blowing r e s u l t s  i n  drag reduct ions  on t h e  order  of 30-40 per  cent  
>: 

(depending on M, and C ) from t h e  zero-suction increment. Pa r t  of t h e  
?J 7 avg 

improvement i n  induced-drag c h a r a c t e r i s t i c s  i s  .undoubt edly due t o  improvement 

i n  t h e  l i f t  curve.  The d a t a  seem t o  i n d i c a t e ,  however, t h a t  t h e  wing develops a 

leading-edge suc t ion  f o r c e  a s soc i a t ed  wi th  t i le flow about t h e  round leading-edge. 

0 44 Swept Trapezoidal  Wing - Leading and/or Trailing-Edge Flaps  Deflected 

Leading-Edge Flaps . -  

The e f f e c t  of spanwise blowing on t h e  l o n g i t u d i n a l  aerodynamic 

0 c h a r a c t e r i s t i c s  of t h e  44 swept t r a p e z o i d a l  wing conf igu ra t ion  i s  presented  

i n  f i g u r e s  22-24 f o r  a range of leading-edge f l a p  d e f l e c t i o n  angle  f o r  

ML-=. 0.30 and 6 = 0'. The 6L, = b0 d a t a  a r e  presented i n  f i g u r e  22, TE 

'LE = 8' i n  f i g u r e  23, and d i f f e r e n t i a l  d e f l e c t i o n s  of a segmented leading-  

0 
edge f l a p  i n  f i g u r e  24. The 6LE = 0 d a t a  presented i n  t h e s e  f i g u r e s  a r e  

shown f o r  r e f e rence .  

For a l l  t h e  6LE va lues ,  spanwise blowing induces p o s i t i v e  l i f t  

increments throughout t h e  angle-of-attack range,  p a r t i c u l a r l y  a t  t h e  h igher  

angles-of-at tack,  t h e  ACL1s due t o  blowing inc reas ing  with increased  C 
?J,avg' 

Nonlinear l i f t  curves r e s u l t  when spanwise blowing i s  p re sen t ,  s i m i l a r  t o  

t h e  d a t a  i n  f i g u r e  15  f o r  = 0°, i n d i c a t i n g  t h e  presence of  a lead ing-  

edge vor tex  augmented by spanwise blowing, e i t h e r  on t h e  leading-edge f l a p  



of  t h e  separa ted  leading-edge flow r a t h e r  t han  maintaining a t tached  flow 

a t  t h e  higher  angles-of-at tack.  

F i g u r e s . 2 8  and 29 a r e  summary p l o t s  f o r  t h e  blowing-off and blowing-on 

cases ,  r e s p e c t i v e l y ,  showing t h e  e f f e c t  of leading-edge f l a p  d e f l e c t i o n  

angle  on t h e  l o n g i t u d i n a l  aerodynamic c h a r a c t e r i s t i c s  f o r  Moo = 0.30. I n  

both f i g u r e s  t h e  d a t a  i n d i c a t e  a  s l i g h t  decrease i n  l i f t  a t  t h e  low-to- 

moderate angles-of-at tack due t o  d e f l e c t i o n  of t h e  leading-edge f l a p .  A t  

t h e  higher  angles-of-at tack,  w i th  blowing o f f ,  t h e  d e f l e c t e d  leading-edge 

f l a p  tends  t o  maintain a t t ached  flow near  t h e  leading  edge, a s  evidenced by.  

a  de lay  i n  wing s t a l l .  With blowing on, t h e  reduct ion  i n  l i f t  c o e f f i c i e n t s  

due t o  t h e  d e f l e c t e d  f l a p  becomes n e g l i g i b l e  a t  t h e  h ighes t  angle-of-at tack.  

The drag po la r s  ob ta ined  f o r  t h e  6 , ~  = 0' case  wi th  blowing o f f  and 

blowing on a r e  improved by d e f l e c t i n g  t h e  leading-edge f l a p  downward. The 

b e s t  drag p o l a r s  f o r  blowing o f f  and blowing on correspond t o  t h e  6LE = 8' 

con f igu ra t ion .  The da t a  suggest t h a t  t h e  augmented vo r t ex  system on t h e  

cmbered  l ead ing  edge r e s u l t s  i n  a  p o l a r  having reduced drag st a given l i f t  

c o e f f i c i e n t ,  which i s  most important Irol.1 a sus t a ined  lnaneuver s tandpoin t .  

The e f f e c t s  of leading-edge f l a p  d e f l e c t i o n  on t h e  l i f t  ana drag 

increments due t o  spanwise blowing a r e  s l i o - ~ , ~ ~  in f i g u r e  30 f o r  $,.Irn = 0.30. 

The d a t a  i n d i c a t e  t h a t  favorable  l i f t  increments due t o  blowing occur f o r  

0 t h e  6LE = 0 
c a s e ,  bu t  a r e  reduced a t  t h e  noderate-to--high anz les -of -a t tack  

when t h e  leading-edge f l a p  i s  d e f l e c t e d .  :his reduct ioi l  i r d i f t  i s  d i r e c t l y  

r e f l e c t e d  i n  a  reduct ion  i n  t h e  favorable  cir,zg b e n e f i t s  due t o  blowing. T h e  

drag r e s u l t s  a l s o  po in t  ou t  t h a t  a t  t h e  lower angles-of-at tack t h e r e  a r e  

small  p e n a l t i e s  a s soc i a t ed  wi th  t h e  a d d i t i o n  of blowing. These r e s u l t s  

a r e  s i m i l a r  t o  t h e  e f f e c t s  observed i n  r e f .  2G f o r  a  inaneuver s t r a k e  on t h e  

2 1 
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0 
p l a i n  and f lapped  44 swept t r a p e z o i d a l  wing. It should be  noted t h a t  

while  t h e  favorable  l i f t  b e n e f i t s  of spanwise blowing and t h e  maneuver 

s t r a k e  f o r  t h e  p l a i n  and f lapped wing cases  a r e  q u i t e  comparable, blowing 

appears t o  r e s u l t  i n  more s u b s t a n t i a l  drag improvements a t  a given va lue  of 

l i f t .  

Trailing-Edge Flaps.-  

F igures  31 and 32 i l l u s t r a t e  t h e  e f f e c t  of spanwise blowing on t h e  wing 

0 which has a pa r t i a l - span  t r a i l i ng -edge  f l a p  with d e f l e c t i o n  angles  of  10  

0 
and 20 , r e s p e c t i v e l y .  The l o n g i t u d i n a l  aerodynamic c h a r a c t e r i s t i c s  f o r  

t h e s e  conf igura t ions  a r e  gresented  f o r  = 0.30 arid 6LE = oO,  where t h e  

blowing-off d a t a  f o r  t h e  "clean: '  wing (6LE = 6Tt = 0') a r e  shown f o r  r e f e rence .  

With blowing on, t h e  da t a  i n d i c a t e  t h e  presence of t h e  j e t - i n & ~ c e d  

camber e f f e c t  a t  t h e  low angles-of-at tack.  A t  t h e  moderate-to-high 

angles-of-at tack,  nonl inear  v a r i a t i o n  i n  l i f t  i s  evident  which suggests  a 

s t rong ,  leading-edge vo r t ex  flow augr~ented by spanwise blowing. The d a t a  

a l s o  i n d i c a t e  t h a t  t h e  vortex-induced l i f t  increments a t  a given angle-of- 

a t t a c k  inc rease  wi th  increased  C . It i s  i n t e r e s t i n g  t o  note  t h a t  t h e  
F.l , 

t o t a l  l i f t  increment due-to-blowing i n  combination wi th  t h e  d e f l e c t e d  

t r a i l i ng -edge  f l a p  i s  g r e a t e r  than  t h e  sum of  t h e  increment due t o  t h e  

d e f l e c t e d  t r a i l i ng -edge  f l a p  ( C  = 0 )  and t h e  increment due t o  blowing 
F.l 9 avg 

on t h e  "clean" wing (hLE = 6TE = 0'). This e f f e c t ,  which can be seen i n  

t h e  f i g u r e s  by comparing t h e  dashed curves w i t h  t h e  d a t a  represented  by 

t h e  t r i a n g u l a r  symbol, becomes more s i g n i f i c a n t  wi th  increased  6TE. This 

i s  an example of  a s y n e r g i s t i c  e f f e c t ,  which has been d iscussed  i n  r e f .  27 

f o r  a canard-wing conf igura t ion .  The d e f l e c t e d  t r a i l i ng -edge  f l a p  inc reases  

t h e  camber a t  t h e  wing t r a i l i n g  edge, which r e s u l t s  i n  increased  c i r c u l a t i o n  



a t  a given angle-of-at tack.  The upwash a t  t h e  leading-edge r e s u l t i n g  from 

increased  c i r c u l a t i o n  may inc rease  t h e  "e f f ec t ive"  angle-of-attack a t  t h e  

leading  edge and, a s  a r e s u l t ,  i nc rease  t h e  blowing-induced e f f e c t s  a t  a 

given angle-of-attack. I n  a d d i t i o n ,  blowing may de lay  flow sepa ra t ion  

from t h e  t r a i l i ng -edge  f l a p ,  hence improving t r a i l i ng -edge  f l a p  e f f e c t i v e n e s s .  

Spanwise blowing i n  cornbination wi th  t h e  d e f l e c t e d  t r a i l i ng -edge  f l a p  

r e s u l t s  i n  l a r g e  improvements i n  t h e  drag po la r  cornpared t o  t hose  obta ined  

f o r  t h e  blowing-off ca se ,  and a d d i t i o n a l  improvements occur wi th  increased  

C . The s y n e r g i s t i c  e f f e c t  noted previous ly  f o r  t h e  l i f t  i iata i s  a l s o  
P , avg 

ev ident  i n  t h e  drag p o l a r s  f o r  6,; = 10' and 20'. That i s ,  t h e  drag po la r  
I 

obta ined  f o r  t h e  conf igura t ion  wi th  s2anwise blowing i n  conjunct ion wi th  a 

d e f l e c t e d  t r a i l i ng -edge  f l a p  i s  more favorable  tlian t h e  drag po la r  t h a t  

would r e s u l t  by sumraing t h e  e f f e c t s  of each h i g h - l i f t  device a c t i n g - a l o n e  

(dashed curve i n  f i g u r e s  31 and 3 2 ) .  

Spanwise blowing f o r  a given 6TE extends t h e  l i n e a r  p i t c h i n g  

moment t o  much higher  va lues  of l i f t  without  causing a n  adverse e f f e c t  on 

t h e  s t a b i l i t y  l e v e l  obtained f o r  t h e  blowing-off ca se .  Furthermore, t h e  

d a t a  i n d i c a t e  a s l i g h t  i nc rease  i n  nose-dowrl p i t ch ing  mo~nent due t o  blowing. 

F igures  33 and 34 i l l u s t r a t e  t i le e f f e c t  of u a i d  C on t h e  l i f t  
L' , :=% 

augmentation r a t i o  and l i f t  e f f ec t iveness  of blowing f o r  6 = 10' and TE 

20°, r e spec t ive ly .  The d a t a  i n d i c a t e  t h a t  spanwise blowing becomes more 

e f f e c t i v e  than  t h r u s t  vec tor ing  wi th in  t h e  range of ar:gle-of'.-attack froin 

go t o  12' (depending on C and 6*,). The lowest bloiring r a t e  r e s u l t s  u > avg 

i n  t h e  h ighes t  l i f t  augmentation r a t i o s  and increased  C r e s u l t s  i n  u 7 ave; 

g r e a t e r  percentage ga ins  i n  l i f t  a t  a ziven angle-of-at tack.  

, 

.* > 
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Figure 35 shows t h e  e f f e c t  of C and 6TE on AC / C  and 
?J J avi5 L UJavg 

0 

C ~ ' C ~ ,  0 
f o r  a approximately 20.6 . The d a t a  r e v e a l  t h a t  f o r  a  given 

C i nc reas ing  t h e  t r a i l i ng -edge  f l a p  d e f l e c t i o n  angle i nc reases  t h e  
lJ,avgy 

l i f t  augmentation r a t i o  and t h e  percentage ga in  i n  l i f t  due t o  blowing. 

These r e s u l t s  imply t h a t  t h e  e f f e c t i v e n e s s  of  spanwise blowing i s  increased  

by combining blowing wi th  a , t r a i l i n g - e d g e  h i g h - l i f t  device.  

The e f f e c t  of t r a i l i ng -edge  f l a ?  d e f l e c t i o n  angle  on t h e  l o n g i t u d i n a l  

aerodynamic c h a r a c t e r i s t i c s  a r e  presented  i n  f i g u r e s  36 and 37 f o r  t h e  

blowing-off and blowing-on cases ,  r e spec t ive ly .  if it:^ blowing o f f ,  C 
L ,max 

and AC occur a t  approximately 18' and cO,  r e s p e c t i v e l y ,  f o r  both 
L ,max 

&TE = 10' and 20'. The d a t a  a l s o  i n d i c a t e  a  s l i g h t  reauc t ion  i n  t h e  l i f t  

increment a t  t h e  higher  angles-of-at tack.  With blowing on, t h e  da t a  i n d i c a t e  

t h a t  t h e  f l a p  l i f t  increment i s  e s s e n t i a l l y  cons tan t  throughout t h e  angle- 

of -a t tack  range.  Def lec t ion  of t h e  t r a i l i ng -edge  f l a p  s h i f t s  t h e  drag p o l a r  

0 
curves obta ined  f o r  ATE = 0 

f o r  bo th  blowing o f f  and blowing on such t h a t  

a t  t h e  h igher  va lues  of l i f t  t h e  aerodynamic drag i s  reduced. I n  a d d i t i o n ,  

a  d e f l e c t e d  t r a i l i ng -edge  f l a p  s h i f t s  t h e  p i t ch ing  moment curve such t h a t  

g r e a t e r  nose-down p i t ch ing  moment occurs  a t  a  given . 
C~ 

Leading-Edge and Trailing-Edge Flaps.-  - 

The d a t a  presented i n  f i g u r e  38 shov t h e  e f f e c t  of spanwise blowing on t h e  

0 
l o n g i t u d i n a l  aerodynamic-character is t ics  of  t h e  44 swept t r a p e z o i d a l  wing wi th  

s imultaneously-deflected leading-  and t r a i l i ng -edge  f l a p s  ( 6  = 8'; 6Tx = l o 0 ) .  LE 

The blowing-off da t a  f o r  t h e  "clean" wing a r e  shown i n  t h e  f i g u r e  f o r  

r e f e rence .  



The d a t a  t r e n d s  w i t h  blowing on a r e  s i m i l a r  t o  t h o s e  observed f o r  t h e  

con f igu ra t ions  wi th  spanwise blowing i n  combination wi th  a  d e f l e c t e d  

t ra i l ing-edge  f l a p  only ( see  f i g u r e  31, f o r  example ) . ,  It should be  noted,  

however, t h a t  t h e  s y n e r g i s t i c  e f f e c t  d i scussed  previous ly  f o r  t h e  

con f igu ra t ions  f e a t u r i n g  spanwise blowing i n  combination wi th  a  de f l ec t ed  

t r a i l i ng -edge  f l a p ,  but  wi th  6 = oO,  does not  occur when both leading-  LE 

and t r a i l i ng -edge  f l a p s  a r e  de f l ec t ed .  The d e f l e c t e d  leading-edge f l a p  

de lays  t h e  more b e n e f i c i a l  e f f e c t s  of blowing t o  higher  angles-of-at tack,  

and t h i s  e f f e c t  i s  i l l u s t r a t e d  i n  f i g u r e  38, where t h e  dashed curves 

r ep re sen t  t h e  lift and drag  c o e f f i c i e n t s  t h a t  would be obta ined  by summing 

t h e  e f f e c t  due t o  blowing o n  t h e  "clean" wing (6 = 6TE = 0') and t h e  e f f e c t  LE 

due t o  d e f l e c t e d  leading-  and t r a i l i c g - e d g e  f l a p s  without  blowing ( C  = 0 ) .  
lJ , avg 

The l o n g i t u d i n a l  aerodynamic c h a r a c t e r i s t i c s  ob ta ined  f o r  t h e  con- 

f i g u r a t i o n  wi th  spanwise blowing i n  combination wi th  leading-  and t r a i l i n g -  

edge f l a p s  d e f l e c t e d  t o  8' and l o 0 ,  r e s p e c t i v e l y ,  a r e  compared i n  f i g u r e  39 

t o  t h e  d a t a  obtained by blowing on t h e  wing wi th  a  t r a i l i ng -edge  f l a p  

d e f l e c t e d  t o  l o 0  (6LE = 0'). The d a t a  i n d i c a t e  t h a t  w i th  blowing on, t h e  

conf igura t ion  wi th  d e f l e c t e d  t r a i l i ng -edge  f l a p  (6 = 0') r e s u l t s  i n  higher  LE 

values  of l i f t  up t o  t h e  h ighes t  angle-of-at tack.  A decreasing l i f t  curve 

s lope  i s  noted,  however, a t  t h e  higher  angles-of-at tack compared t o  t h e  

inc reas ing  C obta ined  f o r  t h e  conf igura t ion  wi th  both  leading-  and 
cl 

t r a i l i ng -edge  devices  de f l ec t ed .  

The b e s t  drag po la r  was obta ined  when both  f l a p s  were d e f l e c t e d .  The 

d a t a  suggest i n  a  manner s i m i l a r  t o  t h a t  d i scussed  i n  f i g u r e  29 f o r  t h e  

ca se  wi th  blowing i n  conjunct ion wi th  a  d e f l e c t e d  leading-edge f l a p  only 



t h a t  t h e  augmented vo r t ex  system on t h e  cambered leat ine-edge r e s u l t s  i n  a 

po la r  having reduced drag a t  a  given l i f t  c o e f f i c i e n t .  These r e s u l t s  a r e  

encouraging i n  t h a t  spanwise blowing on an advanced f i g h t e r  con f igu ra t ion  

employing t h e  variable-camber concept may-of fer  s u b s t a n t i a l  improvement i n  

t h e  drag p o l a r s  throughout t h e  maneuver envelope. 

Figure 40 p re sen t s  t h e  e f f e c t  of C 
,l ,sYg ' &LE and on t h e  l i f t  

augmentation r a t i , o  and l i f t  e f f e c t  i v e n e s . ~  of  blowing a t  a approximate1,y 

20.5'. A s  suggest.ed by t h e  data' i n  f i g u r e  33, d e f l e c t i n g  t h e  leading-edge 

f l a p  downward ( 6  f i x e d )  tends  t o  reduce ACL/Cll ,avg,  
TE and C L / C L , o  f o r  

t h e  range of C . A s i m i l a r  e f f e c t  due t o  a  d e f l e c t e d  l e a d i n g - e d ~ e  , 

,l., avg 

device i s  seen i n  t h e  d a t a  shown i n  f i g u r e  4 1 ,  which i n d i c a t e  a de lay  i n  

t h e  more s u b s t a n t i a l  aerodyn.an1i.c drag redu,ct.io.ns due t o  blowin'g t o  ,hi,gher 
. . 

Spanwise Blowing a s  a  Rol17Co.ntrol'~.Device. - Blowing on Right Wing Only.. . .  . 

I n  order  t o  eva lua te  spanwise blowing a s  a  r o l l - c o n t r o l  device ,  

blowing was i n i t i a t e d  on t h e  r i g h t  wing of  t h e  44' swept t r a p e z o i d a l  wing 

conf igura t ion  and t h e  r e s u l t i n g  l o n g i t u d i n a l  aerodynamic c h a r a c t e r i s t i c s  a r e  

i l l u s t r a t e d  i n  f i g u r e  42. 

, The d a t a  e x h i b i t  t r e n d s  s i m i l a r  t o  t hose  pbserved i n  f i g u r e  1 5  f o r  

t h e  case  wi th  blowing on bo th  wings ( 6  - 
LE - 'TE = OO). It should be  noted,  

., , 

however, t h a t  a t  t h e  higher  angles-of-attack,.blowing on both wings 

( f i g u r e  1 5 )  a t  a  combined j e t  momentum c o e f f i c i e n t  of  0.0551 r e s u l t s  i n  

more favorable  l ift and drag c h a r a c t e r i s t i c s  than  those  obta ined  f o r  blowing 

on t h e  rightc.king only Por C = 0.067. This may be due t o  t h e  f a &  - -  
lJ , ave 

t h a t  blowing on both wings enables  t h e  spanwise j e t s  t o  a c t  upon more 

, . , , , . .  I 'ORIGINAI: PAGE!= 
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l i f t i n g  su r f ace  a r e a  and t o  augment t h e  leading--edge v o r t i c e s  on both 

wings, p a r t i c u l a r l y  a t  t h e  inboard s t a t i o n s  where t h e  j e t  i s  most e f f e c t i v e .  

Of most s ign i f i cance  i s  t h e  e f f e c t  of d i f f e r e n t i a l  wing blowing on 

t h e  r o l l i n g  moment c o e f f i c i e n t .  The e f f e c t  of a and C on r o l l i n g  
LJ ,avg 

0 moment c o e f f i c i e n t  f o r  t h e  44 swept t r a p e z o i d a l  wing conf igu ra t ion  i s  

shown i n  f i g u r e  43. With blowing o f f ,  CR i s  e s s e n t i a l l y  zero throughout 

t h e  angle-of-at tack range.  Spanwise blowing on t h e  ric,ht wing r e s u l t s  i n  

small  p o s i t i v e  va lues  of CR a t  t h e  low angles-of-at tack,  i n d i c a t i n g  a  

r i g h t  wing-down moment. Despi te  t h e  jet-induced carnber e f f e c t  on t h e  r i g h t  

wing a t  low angles-of-at tack,  t h e  d a t a  suggest t h a t  blowing has a l t e r e d  t h e  

spanwise l i f t  d i s t r i b u t i o n  on t h e  r i g h t  wing such t h a t  t h e  c e n t e r  of l i f t  i s  

l oca t ed  more inboard than  t h e  cen te r  of l i f t  -on t h e  l e f t  wing. A t  t h e  

moderate-to-high angles-of-at tack d i f f e r e n t i a l  blowing r e s u l t s  i n  l a r g e  

negat ive  C ' s ,  i n d i c a t i n g  r i g h t  wing-up r o l l i n g  moment. R CI1 becomes 

inc reas ing ly  negat ive  wi th  increased  angle-of-at tack,  and increased  C 
F.l , avg 

a t  a given angle-of-at tack r e s u l t s  i n  g r e a t e r  nega t ive  va lues  of Ck. These 

r e s u l t s  occur due t o  t h e  augmentation of t h e  r i g h t  wing leading-edge vo r t ex  

wi th  consequent l a r g e  vortex-induced l i f t  increments ,  and,  i n  a d d i t i o n ,  t o  

separa ted  flow condi t ions  on t h e  l e f t  wing a t  t h e  higher  angles-of-at tack.  

Simultaneously-deflected a i l e r o n s  a c t  i n  much t h e  same manner by d e f l e c t i n g  

t h e  r i g h t  a i l e r o n  down t o  inc rease  l i f t  and d e f l e c t i n f  t h e  l e f t  a i l e r o n  up 

t o  s p o i l  t h e  flow on t h e  wing upper sur face .  The dashed l i n e  i n  f i g u r e  43 

r ep re sen t s  a t h e o r e t i c a l  e s t ima te  of r o l l i n g  moment c o e f f i c i e n t  using t h e  

method of  r e f .  20 t h a t  would r e s u l t  a t  a  Nach number of 0.30 by d e f l e c t i n g  

p l a i n  t r a i l i ng -edge  f l a p  a i l e r o n s  on t h e  44' swept t r a p e z o i d a l  wing wi th  

27 



t h e  fol lowing a i l e r o n  c h a r a c t e r i s t i c s :  c f / c  = 0.30; qi = 0.75; ?'lo = 0.95; 

= -150 - 
' l e f t  ' r ight 

= +15'. The theory p r e d i c t s  a  r o l l i n g  moment 

c o e f f i c i e n t  of -0.0105 (independent of angle-of -a t tack) ,  o r  r i g h t  wing-up 

r o l l i n g  moment. The experimental d a t a  i n d i c a t e  t h a t  f o r  t h e  case  wi th  blowing 

on t h e  r i g h t  wing wi th  C = 0.034 a  comparable r o l l i n g  moment occurs  
lJ , avg 

a t  a = 16' and with C = 0.067 a t  a lpha  approximately 13'. A t  t h e  
lJ , avg 

higher  angles-of-at tack,  d i f f e r e n t i a l  blowing f o r  r o l l  c o n t r o l  exceeds t h e  

t h e o r e t i c a l  e s t ima te  due t o  t r a i l i ng -edge  f l a p  a i l e r o n s .  A t  a approximately 

20.5', t h e  r o l l i n g  moment c o e f f i c i e n t s  t h a t  r e s u l t  , w i t h  C = 0.034 and l ~ ,  avg 

0.067 exceed t h e  t h e o r e t i c a l  r o l l i n g  moment due t o  t r a i l i ng -edge  f l a p  

a i l e r o n s  by f a c t o r s  of nea r ly  two and f o u r ,  r e spec t ive ly .  

44' Swept Trapezoidal  Wing with  Af t  Horizontal  T a i l  

The e f f e c t  of spanwise blowing on t h e  l o n g i t u d i n a l  aerodynamic 

c h a r a c t e r i s t i c s  of t h e  44' swept t r a p e z o i d a l  wing-hoiizontal t a i l  

con f i ,wa t ion  i s  presented  i n  f i g u r e  44 f o r  1% = 0.30. Data f o r  t h e  wing- 

a lone  case  wi th  blowing o f f  a r e  shown f o r  r e f e rence .  

With blowing o f f ,  add i t i on  of t h e  ho r i zon ta l  t a i l  r e s u l t s  i n  an  inc rease  

i n  l i f t  compared wi th  t h e  wing a lone  case ,  p a r t i c u l a r l y  a t  t h e  higher  

angles-of-at tack,  and an improvement i n  t h e  drag p o l a r .  The t a i l  loading  

a c t s  we l l  a f t  o f  t h e  moment r e f e rence  c e n t e r ,  hence r e s u l t i n g  i n  a  l a r g e  

nose-down p i t ch ing  moment con t r ibu t ion .  A t  t h e  higher  values of l i f t  where 

t h e  wing a lone  approaches s t a l l ,  t h e  d a t a  i n d i c a t e  a  s i z e a b l e  change i n  

s t a b i l i t y  l e v e l .  

With h o r i z o n t a l  t a i l  on, t h e  e f f e c t  of spanwise blowing on t h e  aero- 
. . 

dyna&c lift and drag c h a r a c t e r i s t i c s  f o r  t h e  t o t a l  conf igura t ion  a r e  s i m i l a r  

t o  thqse  observed f o r  con f igu ra t ions  f e a t u r i n g  wing spanwise blowing with 



t a i l  o f f  ( s ee  f i g u r e  1 5 ,  f o r  example),  hence t h e s e  d a t a  w i l l  no t  be 

discussed.  

Spanwise blowing extends t h e  l i n e a r  p i t ch ing  moment obta ined  f o r  t h e  

blowing-off case  t o  higher  va lues  of l i f t .  The d a t a  suggest t h a t  a t  t h e  

higher  C ' s ,  wi th  blowing on,  t h e  wing downwash t ends  t o  reduce t h e  L 

e f f e c t i v e  angle-of-attack of t h e  t a i l ,  thereby  reducing t h e  nose-down 

p i t ch ing  moment con t r ibu t ion  of t h e  h o r i z o n t a l  t a i l .  These r e s u l t s  imply 

t h a t  spanwise blowing on t h e  wing may r e s u l t  i n  more favorable  t r i m  

c h a r a c t e r i s t i c s  f o r  t h e  wing-horizontal t a i l  con f igu ra t ion .  

The e f f e c t  of angle-of-at tack and t h e  a d d i t i o n  of t h e  h o r i z o n t a l  t a i l  

component on t h e  l i f t  augmentation r a t i o  and l i f t  e f f e c t i v e n e s s  of blowing 

on t h e  wing i s  presented  i n  f i g u r e s  45  and 46 f o r  C approximately u 3 avg 

0.06 and 0.13, r e s p e c t i v e l y ,  f o r  PIm = 0 . 3 0 .  The d a t a  i n d i c a t e  t h a t  blowing 

on t h e  wing i n  t h e  presence of t h e  ho r i zon ta l  t a i l  i s  l e s s  e f f e c t i v e  a t  a  

given angle-of-attack than  blowing on t h e  wing a lone ,  a s  evidenced by lower 

va lues  of  AC /C  and C L / C L y o -  These r e s u l t s  suggest t h a t  t h e r e  i s  
L vyavg 

an unfavorable i n t e r f e r e n c e  e f f e c t  between t h e  wing and h o r i z o n t a l  t a i l ,  

which de lays  t h e  favorable  e f f e c t s  of spanwise blowing t o  s l i g h t l y  h igher  

angles-of-at tack.  

44' Swept Trapezoidal  Tding-Vertical T a i l  and Vinz-Vertical l a i l - I l o r i z o n t a l  - 
T a i l  C o n f i w r a t i o n s  -,--Ap-- 

Figures  47 and 48 i l l u s t r a t e  t h e  e f f e c t  of  spanwise blowing o n - t h e  

l o n g i t u d i n a l  aerodynamic c h a r a c t e r i s t i c s  of t h e  wing-vert ical  t a i l  and 

wirig-vertccal t a i l - h o r i z o n t a l  t a i l  . con f igu ra t ions ,  r e spec t ive ly .  The 

d iscuss ions  p e r t a i n i n g  t o  spanwise blowing on t h e  wing-alone conf igura t ion  

and t h e  wing-horizontal t a i l  con f igu ra t ion  presented  i n  f i g u r e s  1 5  and 44, 

r e s p e c t i v e l y ,  a r e  app l i cab le  t o  t h e  d a t a  i l l u s t r a t e d  i n  f i g u r e s  47 and 48, 
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r e s p e c t i v e l y ,  hence f u r t h e r  a n a l y s i s  i s  not  presented .  

F igure  49 i l l u s t r a t e s  t h e  e f f e c t  of spanwise blowing on t h e  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  d e r i v a t i v e s  of t h e  wing-vert ical  t a i l  conf igura t ion  f o r  

Moo = 0.30. With blowing o f f ,  t h e  wing-vert ical  t a i l  conf igura t ion  e x h i b i t s  

l a t e r a l  s t a b i l i t y  a t  t h e  low-to-moderate angles-of-at tack,  a s  evidenced by 

negat ive  va lues  of t h e  e f f e c t i v e  d ihed ra l  parameter ,  C, , but an unfavorable 
- 

R 
occurs  a t  a - 10'. The d i r e c t i o n a l  s t a b i l i t y  parameter C 

B 
i s  p o s i t i v e ,  i n d i c a t i n g  d i r e c t i o n a l  s t a b i l i t y ,  and remains r e l a t i v e l y  

0 cons tan t  up t o  an angle-of-at tack of  1 4  , a t  which po in t  t h e r e  i s  an 

unfavorable  break i n  C . A t  a = 2 0 . 6 ~ ~  C 2 , t  and C a r e  p o s i t i v e  and 
n  6 P n~ 

negat ive ,  respect iv.ely,  i n d i c a t i n g  an uns t ab le  condi t ion .  

Blowing r e s u l t s  i n  s i g n i f i c a n t  s t a b i l i z i n g  increments i n  and C 

a t  t h e  higher  angles-of-at tack,  wi th  l i t t l e  o r  no e f f e c t  on t h e  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  a t  low angles-of-at tack.  Cy remains e s s e n t i a l l y  
B 

cons tan t  throughout t h e  angle-of-at tack range,  and independent of  blowing. 

The f a c t o r s  r e s u l t i n g  i n  more favorable  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  wi th  blowing on a r e  not  c l e a r  a t  t h e  present  t ime,  hence t h e  

fol lowing d i scuss ion  w i l l  only at tempt  t o  present  some poss ib l e  f a c t o r s  

involved. It i s  noted t h a t  i n v e s t i g a t i o n  of  t h e  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  d a t a  f o r  highly-swept wings wi th  vor tex  flow may provide some 

i n s i g h t  t o  understanding t r e n d s ,  j u s t  a s  t hey  do f o r  t h e  l o n g i t u d i n a l  da t a .  

With blowing o f f ,  a t  t h e  low angles-of-at tack,  s t a b i l i z i n g  increments 

i n  t h e  d i r e c t i o n a l  s t a b i l i t y  parameter r e s u l t  from t h e  v e r t i c a l  t a i l  and 

a l s o  from t h e  advancing wing which experiences increased  drag.  Since t h e  

model c e n t e r  of g r a v i t y  i s  l oca t ed  'at  approximately 50 per  cent  of  t h e  

fuse l age  l e n g t h ,  t h e r e  may be a  de - s t ab i l i z ing  e f f e c t  due t o  t h e  fuse l age .  



I n  a d d i t i o n ,  t h e  v e r t i c a l  t a i l  and advancing wing w i l l  probably c o n t r i b u t e  

s t a b i l i z i n g  increments i n  t h e  e f f e c t i v e  d i h e d r a l  parameter ,  and t h e  

con t r ibu t ion  due t o  t h e  fuse l age  would appear dependent on whether t h e  s i d e  

f o r c e  a c t s  above o r  below t h e  model c e n t e r  of g r a v i t y .  A t  t h e  higher  

angles-of-at tack p a r t i a l  o r  complete s t a l l  occurs  on both  wings. It would 

appear t h a t  t h e  separa ted  flow condi t ions  on t h e  wings would t end  t o  reduce 

t h e  e f f e c t i v e n e s s  of t h e  cen te r - l i ne  v e r t i c a l  t a i l .  A de - s t ab i l i z ing  e f f e c t  

due t o  t h e  fuse l age  may a l s o  occur .  

With blowing on, f a c t o r s  t h a t  may c o n t r i b u t e  favorable  increments i n  

and C a t  t h e  h igher  angles-of-at tack inc lude  improved flow condi t ions  
n~ 

i n  t h e  v i c i n i t y  of  t h e  v e r t i c a l  t a i l ,  enhancement o f  t h e  wing leading-edge 

v o r t i c e s  due t o  spanwise blowing, p a r t i c u l a r l y  on t h e  advancing -ding, and 

wing-induced sidewash e f f e c t s  on t h e  fuse l age  a f te rbody.  It may be t h a t  a t  

t h e  higher  angles-of-at tack,  t h e  adverse flow i n . t h e  v i c i n i t y  of t h e  v e r t i c a l  

t a i l ,  which r e f .  29 has suggested i s  probably due t o  wing wake e f f e c t s ,  may 

not  be a s  severe  wi th  spanwise blowing on t h e  wing, which induces t h e  

separa ted  leading-edge flow t o  r e a t t a c h  t o  t h e  wing upper su r f ace .  On t h e  

0 
advancing wing, t h e  leading-edge sweep angle  i s  reduced s l i g h t l y  t o  40 , 

bu t  blowing undoubtedly enables  higher  l if t  and drag va lues  t o  be a t t a i n e d ,  

which w i l l  produce favorable  increment i n  and C , r e s p e c t i v e l y .  
B 

It i s  not  known what e f f e c t  t h e  -vor tex  emanating from t h e  fuse l age  forebody 

w i l l  have on t h e  downwind wing pane l ,  o r  i f  t h e  e f f e c t i v e n e s s  of  blowing on 

t h e  downwind wing i s  reduced due t o  p a r t i a l  blockage by t h e  fuse l age .  

The Cy d a t a  suggest t h a t  blowing he lps  t o  maintain a cons tan t  l e v e l  of 
B 

s i d e  f o r c e ,  and perhaps enhance t h e  wing-induced sidewash e f f e c t s  on t h e  

fuse lage  a f te rbody a t  t h e  h igher  angles-of-at tack.  



The d a t a  i n  f i g u r e  50 i n d i c a t e  t h a t  f o r  blowing o f f ,  a d d i t i o n  of a  

ho r i zon ta l  t a i l  t o  t h e  wing-vert ical  t a r 1  conf igura t ion    re vents t h e  

unfavorable  s t a b i l i t y  break i n  t h e  e f f e c t i v e  d ihed ra l  parameter C Q  t h a t  
B 

was observed i n  f i g u r e  49 f o r  t h e  con f igu ra t ion  wi th  ho r i zon ta l  t a i l  o f f .  

Due t o  wing downwash, t h e  ho r i zon ta l  t a i l  i s  a c t i n g  a t  a  lower e f f e c t i v e  

angle-of-at tack and t h e  windward t a i l  may be ab le  t o  genera te  a  more s t a b l e  

increment i n  a t  t h e  higher  angles-of-at tack.  The end-plate e f f e c t  

of t h e  ho r i zon ta l  t a i l  on t h e  v e r t i c a l  t a i l  may a l s o  minimize t h e  l o s s  of t h e  

CR con t r ibu t ion  of  t h e  v e r t i c a l  t a i l  a t  higher  angles-of-at tack.  Also t h e  
B 

ho r i zon ta l  t a i l  reduces t h e  s e v e r i t y  of t h e  unfavorable break i n  C 
n B  

obtained f o r  t h e  wing-vert ical  t a i l  con f igu ra t ion .  This  may r e s u l t  from t h e  

increased  drag  on t h e  windward h o r i z o n t a l  t a i l  and a l s o  a  decrease i n  l o s s  

of v e r t i c a l  t a i l  e f f e c t i v e n e s s  a t  t h e  higher  angles-of-attack due t o  t h e  

presence of t h e  ho r i zon ta l  t a i l .  

The primary e f f e c t  t o  no te  f o r  t h e  case  wi th  blowing on i s  t h a t  blowing 

r e s u l t s  i n  a  favorable  increment i n  
c ~ e  

throu$hout t h e  angle-of-at tack 

range,  and t h a t  increased  blowing i n c r e a s e s ,  i n  gene ra l ,  t h i s  favorable  

increment. Otherwise, t h e  d iscuss ion  f o r  f i g u r e  49 i s  app l i cab le  t o  t h e  da t a  

presented  i n  f i g u r e  50. 

Close-Cowled Canard-Wing Configurat- 

Blowing on t h e  winq. - 

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

spanwise blowing on t h e  t r a p e z o i d a l  wing of  a  close-coupled canard-wing 

conf igura t ion  a r e  shown i n  f i g u r e s  51 and 52 f o r  TJm = 0.30 and 0.50, 



r e s p e c t i v e l y ,  and i = 0'. The j e t  momentum c o e f f i c i e n t s  f o r  l#L = 0.50 a r e  
C 

l e s s  t han  t h e  C f o r  1% = 0.30 due t o  t h e  g r e a t e r  dynamic p re s su re  a t  
P Y avg 

t h e  higher  Mach number. The blowing-off d a t a  f o r  t h e  wing-alone conf igu ra t ion  

a r e  shown i n  t h e  f i g u r e s  f o r  r e f e rence .  

Spanwise blowing on t h e  wing i n  t h e  presence of a canard i n  c l o s e  

p r o x i m i t y l t o  t h e  wing r e s u l t s  i n  an inc rease  i n  t h e  l i f t  c o e f f i c i e n t  compared 

t o  t h e  blowing-off c a s e ,  p a r t i c u l a r l y  a t  t h e  higher  angles-of-at tack.  

Furthermore, t h e  l i f t  increment due t o  blowing a t  a given angle-of-at tack 

inc reases  w i th  increased  C . A t  t h e  low angles-of-at tack,  t h e  d a t a  
lJ , avg 

i n d i c a t e  a jet-induced camber e f f e c t  on t h e  wing. A t  t h e  moderate-to-high 

angles-of-at tack t h e  d a t a  suggest t h a t  t h e  wing leading-edge vo r t ex  flow i s  

enhanced by spanwise blowing but  t h a t  t h e  canard downwash, which a c t s  t o  

reduce t h e  e f f e c t i v e  wing angle-of-at tack,  may be delaying t h e  more b e n e f i c i a l  

e f f e c t s  of blowing t o  higher  angles-of-at tack.  

I n  a d d i t i o n  t o  t h e  l i f t  r e s u l t s ,  spanwise blowing inproves t h e  drag 

po la r  compared t o  t h e  blowing-off case ,  and a d d i t i o n a l  improvement i s  

a t t a i n e d  by increased  j e t  momentum c o e f f i c i e n t .  Blowing a l s o  r e s u l t s  i n  a 

s l i g h t  i nc rease  i n  nose-down p i t ch ing  moment a t  a given 
C~ 

and t h a t  

increased C r e s u l t s  i n  more negat ive  C . Furthermore, t h e  d a t a  
lJ , avg m 

i n d i c a t e  t h a t  blowing does not apprec iab ly  a f f e c t  t h e  s t a b i l i t y  l e v e l  

obtained f o r  t h e  blowing-off case .  

The e f f e c t  of spanwise blowing i s  more pronounced when t h e  canard 

0 incidence angle ,  i i s  increased  t o  1 0  , a s  i l l u s t r a t e d  i n  f i g u r e  53 f o r  c , 
!dm = 0.30. The favorable  l i f t  b e n e f i t s  due-to-blowing a r e  l a r g e r  a t  t h e  

higher  angles-of-at tack,  bu t  appear t o  be l i m i t e d  due t o  canard s t a l l  a t  

t h e  higher  angles-of-at tack.  The drag po la r  improvement due-to-blowing i s  

s i m i l a r  t o  t h e  r e s u l t s  discussed i n  f i g u r e  51 f o r  iC = oO, while  t h e  
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p i t ch ing  moment r e s u l t s  show a favorable  e f f e c t  on t h e  s t a b i l i t y  l e v e l  

compared t o  t h e  blowing-off case  a t  t h e  higher  l i f t  va lues ,  bu t  p i t c h  up 

a t  t h e  h ighes t  CL's.  

The e f f e c t  of  a and C on t h e  l i f t  a u ~ n e n t a t i o n  r a t i o  and l i f t  
lJ , avg 

e f f e c t i v e n e s s  of  blowing a r e  shown i n  f i g u r e s  54 and 55 f o r  iC = 0' 

0 
and 10  , r e spec t ive ly .  The d a t a  i n d i c a t e  t h a t  f o r  iC = oO,  spanwise 

blowing i s  l e s s  e f f e c t i v e  than  t h r u s t  vec to r ing  up t o  an angle-of-at tack of 

0 
approximately 19 .5  f o r  both va lues  of  C . The percentage ga in  i n  l i f t  u Y avg 

due t o  blowing a t  t h e  moderate-to-high angles-of-attack remains e s s e n t i a l l y  

cons tan t  a t  a given C , with  a s l i g h t  i nc rease  i n  l i f t  e f f e c t i v e n e s s  
P , avg 

noted a t  t h e  h ighes t  angle-of-at tack.  

The angle-of-attack a t  which spanwise blowing exceeds t h e  e f f e c t  of 

t h r u s t  vec to r ing  i s  reduced when t h e  canard incidence angle  i s  increased  

t o  10' ( f i g .  55 ) .  The maximum AC / C  f o r  a given C occurs  a t  
L lJ,avg P , avi? 

0 
a lpha  approximately 18.7 ,wi th  t h e  lower blowing r a t e  r e s u l t i n g  i n  t h e  l a r g e s t  

AC / c  0 . An abrupt  decrease  i n  AC /C a t  a lpha  approximately 2 1  
L PYavg L u,avk!3 

r e f l e c t s  canard s t a l l .  These r e s u l t s  suggest a s  canard incidence angle 

i n c r e a s e s ,  t h e  canard downwash decreases  a t  t h e  higher  angles-of-at tack due 

t o  canard s t a l l .  This  causes t h e  wing t o  a c t  a t  a higher  e f f e c t i v e  angle-of- 

a t t a c k ,  hence enabl ing g r e a t e r  enhancement of t h e  wing leading-edge vo r t ex  

by spanwise blowing. The d a t a  sugges t ,  however, t h a t  t h e  increased  upwash 

ahead of t h e  wing may cause premature canard s - t a l l .  

Another way of eva lua t ing  t h e  e f f e c t  of canard incidence angle  i s  shown 

i n  f i g u r e  56, where t h e  aerodynamic drag reduct ion  r a t i o  i s  presented a s  a 

func t ion  of CL and C f o r  Mi = 0.30. For iC = oO,  blowing on t h e  
u , avg 

wing i s  l e s s  e f f e c t i v e  than  t h r u s t  vec to r ing  f o r  a l l  values of l i f t  c o e f f i c i e n t .  
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For iC = l o U ,  blowing exceeds t h e  e f f e c t  o f  t h r u s t  vec to r ing  a t  t h e  

higher  l i f t  va lues  and t h e  lower C va lues .  This  i s  f u r t h e r  u ,  avg 

evidence t h a t  t h e  canard downwash on t h e  wing l i m i t s  t h e  b e n e f i c i a l  e f f e c t s  

of spanwise blowing. The measured drag-due-to- l i f t  increment due-to- 

blowing f o r  t h e  canard-wing conf igu ra t ion ,  ,L , i s  shown i n  f i g u r e  57 

p l o t t e d  aga ins t  t h e  f l a t - p l a t e ,  zero-suct ion drag-due-to- l i f t  increment,  

AC t a n  a ,  f o r  ib = 0.30 and 0.50 and i = 0'. Drag reduct ions  on t h e  L C 

order  of 27 per  cent  and 1 2  per  cent  were obtained over t h e  zero-suction 

increment f o r  1 ~ 1 ~  = 0.30 and 0.50, r e s p e c t i v e l y .  The d a t a  suggest t h a t  i n  

a d d i t i o n  t o  t h e  b e n e f i c i a l  e f f e c t s  on drag  r e s u l t i n g  from t h e  improvement 

i n  t h e  l i f t  curve,  a leading-edge suc t ion  f o r c e  i s  developed on t h e  wing 

which r e s u l t s  i n  improved induced-drag c h a r a c t e r i s t i c s .  

The e f f e c t  of canard incidence angle  on t h e  l o n g i t u d i n a l  aerodynamic 

c h a r a c t e r i s t i c s  of t h e  canard-wing conf igu ra t ion  wi th  blowing o f f  i s  shown 

i n  f i g u r e  58 f o r  Ma = 0.30. Addit ion of t h e  canard loca t ed  l o n g i t u d i n a l l y  

near  t h e  l ead ing  edge o f  t h e  wing and i n  t h e  wing chord plane r e s u l t s  i n  

s i g n i f i c a n t  l i f t  increments i n  t h e  moderate-to-high angle-of-at tack range,  

which were shown i n  f i g u r e s  51-53, bu t  not  d i scussed .  Data from r e f s .  

30-33 have ind ica t ed  f o r  a close-coupled canard-wing conf igu ra t ion  t h a t  t h e  

canard and wing, when i n  t h e  presence of each o t h e r ,  genera te  vo r t ex  l i f t .  

I n  t h e  present  s t u d i e s ,  t h e  nonl inear  l i f t  curves shown i n  f i g u r e  58 when t h e  

canard i s  present  i n d i c a t e  t h a t  vo r t ex  l i f t  i s  generated e i t h e r  on t h e  wing, 

t h e  canard,  o r  bo th  l i f t i n g  su r f aces .  Refs.  30-33 have a l s o  shown t h a t  t h e  

l i f t  on t h e  wing not  i n  t h e  presence of t h e  canard i s  g r e a t e r  t han  t h e  l i f t  

on t h e  wing i n  t h e  presence of  t h e  canard up t o  an angle-of-at tack of 

0 
approximately 18'. Beyond an angle-of-at tack of 18 , t h e  wing not  i n  t h e  



presence of  t h e  canard has s t a l l e d ,  and it produces a lower l i f t  than  t h e  

wing i n  t h e  presence of t h e  canard which has not  s t a l l e d .  The p re sen t  d a t a  

i n d i c a t e  t h a t  a t  angles-of - a t t ack  beyond about l a 0 ,  t h e  t o t a l  con f igu ra t ion  

has not  s t a l l e d ,  whereas t h e  wing-alone has experienced p a r t i a l  o r  complete 

s t a l l .  E a r l i e r  s t u d i e s  ( r e f .  34 f o r  example) have ind ica t ed  t h a t  t h e  wing 

i n  t h e  presence of t h e  canard develop a s u b s t a n t i a l  amount of side-edge 

vo r t ex  l i f t .  

Increas ing  t h e  canard incidence angle from 0' t o  10' r e s u l t s  i n  a s l i g h t  

l i f t  increment a t  t h e  low angles-of-at tack,  and a reduct ion  i n  t o t a l  l i f t  

a t  t h e  h igher  angles-of-at tack.  The d a t a  a t  t h e  h igher  a ' s  i n d i c a t e ,  

however, t h a t  s t a l l  f o r  t h e  t o t a l  conf igura t ion  has not occurred.  

With blowing o f f ,  a d d i t i o n  of a canard (i = 0') r e s u l t s  i n  a s l i g h t  
C 

i nc rease  i n  aerodynamic drag a t  t h e  lower va lues  of l i f t .  The drag po la r  

ob ta ined  f o r  t h e  canard-wing conf igu ra t ion ,  however, i s  f a r  more favorable  

t han  t h e  drag po la r  obtained f o r  t h e  wing alone.  References 18 and 33 have 

ind ica t ed  t h a t  t h e  favorable  i n t e r f e r e n c e  between t h e  canard and wing i n  

c l o s e  proximity r e s u l t s  i n  improvement i n  t h e  drag po la r  over what would be 

obta ined  i f  t h e  canard-alone and wing-alone con t r ibu t ions  were added 

toge the r .  This  i s  a f u r t h e r  example of t h e  s y n e r g i s t i c  e f f e c t  noted i n  

r e f .  1 8  and d iscussed  previous ly  i n  f i g u r e s  31 and 32 f o r  t h e  ca se  with 

blowing on t h e  wing i n  combination with a d e f l e c t e d  t r a i l i ng -edge  f l a p .  

0 Increas ing  t h e  canard incidence angle  t o  1 0  r e s u l t s  i n  a s l i g h t l y  l e s s  

favorable  drag  po la r  shape. 1 

Since t h e  canard loading a c t s  we l l  forward of t h e  moment r e f e rence  

c e n t e r ,  t h e  canard causes a p o s i t i v e  p i t ch ing  moment which coun te rzc t s  



t h e  nega t ive  p i t ch ing  moment con t r ibu t ion  due t o  t h e  wing. The t o t a l  

con f igu ra t ion  e x h i b i t s  s l i g h t l y  p o s i t i v e  C up t o  t h e  higher  CL valu'es 
m 

f o r  iC = 0" and Cm does not  vary  s i g n i f i c a n t l y  w i th  CL. Inc reas ing  

t h e  c a n a r l  incidence t o  10' r e s u l t s  i n  more p o s i t i v e  moment and Cm remains 

p o s i t i v e  throughout t h e  CL range.  I n  a d d i t i o n ,  a s t a b i l i t y  break  occurs  

a t  t h e  moderate va lues  of l i f t  c o e f f i c i e n t .  

Blowinp on t h e  Canard.- - 

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

spanwise bl-owing on t h e  canard of t h e  canard-wing conf igu ra t ion  a r e  shown 

i n  f i g u r e s  59 and 60 f o r  i = 0' and l o 0 ,  r e s p e c t i v e l y ,  f o r  Ma = 0.30. 
C 

The reader  should no te  t h a t  t h e  j e t  momentum c o e f f i c i e n t s  ob ta ined  f o r  t h e  

canard-blowing case a r e  smal le r  t han  t h e  C f o r  blowing on t h e  wing 
P , avg 

due t o  t h e  canard ' s  smal le r  converging nozzle  s i z e .  

The d a t a  suggest t h a t  spanwise blowing on t h e  canard i n  t h e  presence 

of  t h e  wing inc reases  t h e  l i f t  c o e f f i c i e n t  throughout t h e  range of angle- 

of -a t tack ,  and t h a t  t h e  p o s i t i v e  l i f t  increment i nc reases  wi th  increased  

C . The l a r g e s t  l i f t  increments a r e  generated a t  t h e  h ighes t  t e s t  
lJ, avg 

angle-of-at tack,  such t h a t  l a r g e r  ACL1s may be a t t a i n e d  a t  even higher  

angles-of - a t t ack .  

The l i f t  increments due t o  blowing a t  t h e  higher  angles-of-at tack may 

r e s u l t  from a favorable  i n t e r f e r e n c e  between t h e  canard and wing. S imi la r  

r e s u l t s  have been obta ined  i n  r e f .  20 f o r  a l a rge - sca l e ,  semi-span canard- 

wing t r a n s p o r t  model f e a t u r i n g  blowing on t h e  canard. This  i n v e s t i g a t i o n  

demonstrated t h a t  canard blowing r e s u l t s  i n  a ne t  CL i nc rease  which may be 

a combination of  canard l i f t  and a b e n e f i c i a l  wing-canard i n t e r f e r e n c e .  



Smoke s t u d i e s  from r e f .  20 have ind ica t ed  t h a t  f o r  a small-scale ,  cqard-wing  

model, t h e  canard downwash a c t s  t o  reduce t h e  "e f f ec t ive"  wing angle-of- 

a t t a c k ,  causing t h e  wing a t  high angles-of-at tack t o  r e a t t a c h  o r  u n s t a l l .  

This flow phenomenon r e s u l t s  i n  an e f f e c t i v e  inc rease  i n  l i f t .  The p re sen t  

da t a  seem t o  i n d i c a t e  t h a t  t h e  canard downwash has a favorable  e f f e c t  on t h e  

wing a t  t h e  moderate-to-high angles-of-at tack when blowing i s  present  on t h e  

canard,  but  i s  a l i m i t i n g  f a c t o r  on wing l i f t  when t h e  j e t  i s  l oca t ed  on t h e  

wing, a s  a r e s u l t  o f  t h e  decrease i n  "e f f ec t ive"  wing angle-of-attack. 

S imi l a r  r e s u l t s  have been obtained i n  r e f s .  35 and 36 f o r  a strake-wing 

conf igura t ion .  Ref. 35 has i nd ica t ed  t h a t  t h e  downwash o f f  t h e  s t r a k e  

decreases  t h e  l i f t i n g  p re s su re  on t h e  upper su r f ace  of  t h e  wing s t a t i o n  behind , 

t h e  s t r a k e .  I n  a d d i t i o n ,  r e f .  36 has found t h a t  t h e  e f f ec t iveness  of  

spanwise blowing from t h e  wing r o o t  i s  l i m i t e d  a t  t h e  inboard s t a t i o n s  behind 

t h e  s t r a k e  due t o  s t r a k e  downwash. 

Spanwise blowing on t h e  canard ( f i g u r e s  59 and 60)  improves t h e  drag  

p o l a r  compared t o  t h e  blowing-off ca se ,  and t h e  da t a  i n d i c a t e  t h a t  increased  

blowing r a t e  r e s u l t s  i n  a d d i t i o n a l  improvement i n  drag-polar shape. 

Canard spanwise blowing a l s o  has a s l i g h t  d e s t a b i l i z i n g  e f f e c t  f o r  

t h e  con f igu ra t ion  a t  h igh  l i f t  l e v e l s ,  which r e s u l t s  because of  t h e  increased  

canard l i f t .  A t  t h e  higher  va lues  of  l i f t ,  p i t ch ing  moment a t  a given C 
P , avg 

appears  r e l a t i v e l y  cons tan t  wi th  C L ,  i n d i c a t i n g  n e u t r a l  s t a b i l i t y  f o r  t h e  

canard-wing conf igura t ion .  I n  add i t i on ,  increased  blowing r a t e  r e s u l t s  i n  

more nose-up p i t ch ing  moment a t  t h e  moderate-to-high va lues  of l i f t .  

The e f f e c t  of a and C on t h e  l i f t  augmentation r a t i o  and l i f t  
P , avg 

e f f e c t i v e n e s s  of  blowing i s  i l l u s t r a t e d  i n  f i g u r e s  61 and 62 f o r  i = 0' 
C 

0 
and 10  , r e s p e c t i v e l y ,  and 1L = 0.30. Spanwise blowing becomes more 



e f f e c t i v e  than  t h r u s t  vec to r ing  a t  an angle-of-attack of  approximately 

0 8' - 9 (depending on i and C 
C AC~'cp  ,avg 

inc reases  wi th  
lJ , avg 

increased  a and t h e  lower blowing r a t e  r e s u l t s ,  i n  gene ra l ,  i n  t h e  h igher  

Ac~'c,, , avg 
values .  I n  a d d i t i o n ,  t h e  l i f t  augmentation r a t i o  a t  a given 

C f o r  iC = 10' i s  cons iderably  g r e a t e r  a t  t h e  moderate-to-high 
P , avg 

angles-of-at tack than  t h e  corresponding AC / C  value  obtained f o r  
L 

The aerodynamic drag augmentation r a t i o  i s  shown i n  f i g u r e  63 a s  a 

func t ion  of C and C 
L 

f o r  i = 0' and l o 0  and ?.Im = 0.30. u , avg c 
Spanwise blowing on t h e  canard exceeds t h e  e f f e c t  of  vec tor ing  t h e  t h r u s t  

a f t  and p a r a l l e l  t o  t h e  free-stream a t  t h e  h igher  va lues  of l i f t  f o r  both 

C va lues  and both canard incidence angles .  The d a t a  suggest t h a t  
P , avg 

blowing enhances t h e  canard leading-edge vo r t ex  a t  t h e  moderate-to-high 

angles-of-at tack,  hence favorably  a f f e c t i n g  t h e  drag c h a r a c t e r i s t i c s  of t h e  

canard. I n  a d d i t i o n ,  t h e  improved canard flow may improve t h e  flow about 

t h e  wing and t h u s  favorably  a f f e c t  t h e  wing drag c h a r a c t e r i s t i c s .  The 

measured drag-due-to- l i f t  increment due t o  spanwise blowing on t h e  canard 

i s  shown i n  f i g u r e  64 p l o t t e d  aga ins t  t h e  f l a t - p l a t e ,  zero-suct ion drag- 

due - to - l i f t  increment f o r  a range of angle-of-at tack,  = 0.30 and iC = 0'. 

Drag reduct ions  on t h e  order  of 1 9  per  cent  a r e  obtained from t h e  zero- 

suc t ion  induced-drag increment.  Since t h e  canard has a sharp l ead ing  edge, 

t h e r e  i s  no leading-edge suc t ion  fo rce  on t h e  canard. The wing, however, has 

a leading-edge r a d i u s  and t h e  d a t a  suggest t h a t  suc t ion  fo rces  a r e  present  

t h a t  t end  t o  improve t h e  drag c h a r a c t e r i s t i c s .  

One o f  t h e  problems a s soc i a t ed  with t h e  des ign  o f  a close-coupled 

canard-wing conf igura t ion  a s  a highly-maneuverable a i r c r a f t  i s  t h e  p rov i s ion  

39 



of an optimum method of  l o n g i t u d i n a l  t r i m  con t ro l .  Ref. 37 has i nd ica t ed  

t h a t  i f  t r i m  i s  obtained by changing t h e  canard incid.ence, a more highly-  

swept canard seems warranted i n  order  t o  a l l e v i a t e  canard s t a l l  a t  high 

angles-of-at tack.  Such conf igu ra t ions ,  however, t end  t o  e x h i b i t  high 

induced-drag c h a r a c t e r i s t i c s  and would t end  t o  have high t r i m  drag.  Span- 

wise blowing on t h e  canard may o f f e r  one means of a l l e v i a t i n g  t h i s  problem. 

Leading-edge vo r t ex  augmentation by spanwise blowing on a moderately-swept 

canard would a l l e v i a t e  canard s t a l l  a t  high angles-of-at tack and a l s o  avoid 

t h e  high induced-drag and trim drag t h a t  a highly-swept canard would be  

expected t o  e x h i b i t .  Ref. 20 has a l s o  ind ica t ed  t h a t  a modest amount of 

spanwise blowing on a canard a t  low speed would reduce canard s i z e  and 

permit a more optimum canard t o  be used i n  c r u i s e .  

The l o n g i t u d i n a l  aerodynamic c h a r a c t e r i s t i c s  ob ta ined  f o r  t h e  con- 

f i g u r a t i o n  wi th  spanwise blowing on t h e  wing i n  t h e  presence of t h e  canard 

a r e  compared t o  t h e  l o n g i t u d i n a l  c h a r a c t e r i s t i c s  obtained by blowing on t h e  

canard i n  t h e  presence of t h e  wing i n  f i g u r e s  65  and 66 f o r  i = 0' and l o 0 ,  C 

r e s p e c t i v e l y .  The canard nozzle  e x i t  a r e a  i s  l e s s  t han  t h e  wing nozzle  

e x i t  a r e a ,  hence t h e  a i r  weight flow r a t e  a t  a given plenum p res su re  and 

consequently t h e  j e t  momentum c o e f f i c i e n t  a r e  reduced. This  precluded a 

comparison of t h e  l .ongi tudina1 c h a r a c t e r i s t i c s  a t  t h e  same blowing r a t e s .  

The d a t a  i n  f i g u r e s  ,65 and 66 ind ' ica te  t h a t  blowing on t h e  canard 

at 'p, avg = 0.030 r e s u l t s  i n  l i f t  and drag  c h a r a c t e r i s t i c s  t h a t  compare 

favorably  t o  those  obta ined  f o r  blowing on t h e  wing a t  C = 0.058 
lJ 9 avg 

throughout t h e  angle-of-attack range. These r e s u l t s  imply t h a t  spanwise 

blowing on t h e  canard r e q u i r e s  approximately one-half t h e  engine b leed  a i r  



r equ i r ed  by spanwise blowing on t h e  wing i n  order  t o  produce comparable 

b e n e f i t s  on l i f t  and drag f o r  t h e  t o t a l  conf igura t ion .  Furthermore, t h e  

conf igura t ion  wi th  blowing on t h e  wing e x h i b i t s  unfavorable  l o n g i t u d i n a l  

s t a b i l i t y  t r e n d s  a t  t h e  moderate-to-high va lues  of l i f t  whereas t h e  - 
conf igura t ion  wi th  blowing on t h e  canard e x h i b i t s  e s s e n t i a l l y  n e u t r a l  

s t a b i l i t y  f o r  t h e  same range of l i f t  c o e f f i c i e n t s .  These l a t t e r  d a t a  

suggest t h a t  w i th  r e l axed  s t a t i c  s t a b i l i t y ,  a canard arrangement can be 

made t o  provide an a l l - l i f t i n g  conf igura t ion  f o r  t r i m  a t  nigher  subsonic 

maneuvering condi t ions .  

F igure  67 p re sen t s  t h e  e f f e c t  of C , j e t  l o c a t i o n ,  and Mw on u , avg 

t h e  l i f t  augmentation r a t i o  and l i f t  e f f ec t iveness  of blowing a t  a lpha  

0 
approximately 21 f o r  i = 0'. Considering f i r s t  t h e  case  w i t h  t h e  spanwise 

C 

j e t  l oca t ed  on t h e  wing, t h e  d a t a  i n d i c a t e  f o r  t h e  r a t h e r  l i m i t e d  range of 

comparable C va lues  t h a t  spanwise blowing i s  more e f f e c t i v e  a t  t h e  
I-l , avg 

higher  Mach number ( M ~  = 0 . 5 0 ) ~  a s  evidenced by higher  l i f t  augmentation 

r a t i o s  and g r e a t e r  percentage ga ins  i n  l i f t  t han  obta ined  f o r  Mw = 0.30. 

These r e s u l t s  suggest t h a t  t h e  spanwise blowing concept may be an e f f e c t i v e  

means of augmenting maneuvering l i f t  of f i g h t e r  a i r c r a f t  a t  higher  subsonic 

Mach numbers. Ref. 16  has noted,  however, t h a t  a d e t e r r e n t  t o  u t i l i z a t i o n  

of spanwise blowing a t  t r anson ic  Mach numbers may be t h e  l a c k  of  engine 

bleed a i r  t o  supply t h e  momentum requ i r ed  f o r  e f f e c t i v e  vo r t ex  augmentation. 

Blowing on t h e  canard r e s u l t s  i n  higher  l i f t  augmentation r a t i o s  and g r e a t e r  

percentage ga ins  i n  l i f t  than  those  obtained f o r  blowing on t h e  wing f o r  t h e  

narrow band of comparable C va lues  shown i n  f i g u r e  67 f o r  Mw = 0.30. 
lJ 9 avg 

S imi l a r  t r e n d s  a r e  shown i n  f i g u r e  68 f o r  i = 10'. To summarize, t h e s e  
C 



results suggest that spanwise blowing on the canard is favorably influenced 

by the upvash generated ahead of the wing, whereas the canard downwash 

limits the effectiveness of spanwise blowing on the wing. 

Comparison of Experimental and Theoretical Longitudinal Characteristics For 

Selected Configurations 

Comparisons of the experimental and theoretical longitudinal 

characteristics for selected configurations are presented in figures 69-72. 

Theoretical estimates of the lift, drag, and pitching moment characteristics 

were obtained by using the methods outlined in refs. 38, 39, and 40. All 

calculations were made for a Mach number of 0.30 and for a moment reference 

center location the same as that used for the experimental data. 

  he first configuration to be examined is the 44' swept trapezoidal 

wing with - 
'LE - 'TE = 0' (see figure 69). Comparison of the experimental 

lift for the case with blowing off (C = 0) with the potential-flow u , avg 
lift for the zero-leading-edge suction condition (solid line), C 

L,P' 

indicates some degree of nonlinearity, hence, suggesting that the wing 

develops sorze leading-edge vortex lift. Vortex breakdown occurs, however, 

at relatively low angles-of-attack with subsequent loss in lift. Spanwise 

blowing results in significant vortex-induced lift increments and the data 

obtained at the highest jet momentum coefficient are predicted reasonably 

well up to the higher angles-of-attack by the zero-leading-edge suction, 

full vortex-lift estimate (long-short-dash curve) , - - + C +  tot '~,p L,vle 

C . The theoretical estimate for full vortex-lift was modified to L ,vse 

account for the jet-induced camber effect at a = 0' 'obtained for the 

highest blowing rate, and the resulting curve (short-dash curve) results 

in more reasonable agreement with experiment at the low-to-moderate angles- 

of-attack. 

42 



The leading-edge suc t ion  analogy, which was developed i n  r e f .  2 ,  was 

app l i ed  t o  o b t a i n  e s t ima te s  of drag-due-to- l i f t  i n  f i g u r e  69. The express ion  

f o r  t h e  6 6 t e n t i a l  flow case ,  
,P 

t a n  a, overes t imates  t h e  experimental 

drag-due-to- l i f t  ob ta ined  f o r  t h e  blowing-off ( C  = 0 )  condi t ion  up t o  
'J ,avg 

t h e  higher  CL values .  This  i s  due t o  t h e  t h e o r e t i c a l  assumption t h a t  t h e  

leading-edge suc t ion  i s  .zero,  but  s i n c e  t h e  experimental wing has a lead ing-  

edge r a d i u s ,  t hen  a leading-edge suc t ion  fo rce  i s  developed, hence, ob ta in ing  

a lower drag than  es t imated .  The improvement i n  drag po la r  due t o  spanwise 

blowing i s  es t imated  reasonably we l l  by t h e  t h e o r e t i c a l  express ion  C~ , t o t  ' 

t a n  a, which assumes t h a t  t h e  leading-edge suc t ion  i s  zero and t h a t  f u l l  

v o r t e x - l i f t  e x i s t s .  The leading-edge suc t ion  a s soc i a t ed  wi th  t h e  flow about 

t h e  round l ead ing  edge of t h e  wing r e s u l t s  i n  l e s s  drag-due-to- l i f t ,  

however, t han  t h e  t h e o r e t i c a l  e s t ima te s .  Accounting f o r  t h e  jet-induced 

camber e f f e c t  a t  a = 0' provides a s l i g h t l y  b e t t e r  es t imate  of t h e  drag 

p o l a r  i~$ rovemen t ,  b u t  does not  account f o r  t h e  leading-edge suc t ion .  

The next conf igura t ion  f o r  which t h e o r e t i c a l  c a l c u l a t i o n s  were made i s  

t h e  44' swept t r a p e z o i d a l  wing wi th  t h e  leading-edge f l a p  de f l ec t ed  t o  8' 

0 and wi th  6TE = 0 ( s e e  f i g u r e  7 0 ) .  The poten t ia l - f low l i f t  f o r  t h e  100 

per  cent  leading-edge s u c t i o n  condi t ion  ( s o l i d  l i n e ) ,  ob ta ined  from 

theory  f o r  cambered and tw i s t ed  wings from r e f .  39, gene ra l ly  g ives  

reasonable e s t ima te s  of l i f t  f o r  t h e  blowing-off ( C  = 0 )  case.  In  
lJ , avg 

add i t i on ,  t h e  nonl inear  CL da ta  i n d i c a t e  t h e r e  i s  a weak leading-  
CI 

edge vor tex  on t h e  wing a t  t h e  moderate-to-high angles-of-at tack.  

The blowing-induced e f f e c t s  a t  t h e  h ighes t  j e t  momentum coef f ic . ient  a r e  

p red ic t ed  very  wel l  by t h e  theory ,  which assumes f u l l  vor tex  l i f t  and zero 

leading-edge suc t ion  (long-short-dash c u r v e ) .  One of t h e  t h e o r e t i c a l  



assumptions i n  t h e  method from r e f .  39 i s  t h a t  t h e  v o r t e x - l i f t  vec to r  i s  

r o t a t e d  such t h a t  it i s  normal t o  t h e  leading-edge f l a p  chord; t h i s  

assumption appears t o  be j u s t i f i e d  by t h e  agreement wi th  experiment. 

Modif icat ion o f  t h e  t h e o r e t i c a l  e s t ima te  t o  account f o r  t h e  jet-induced 

e f f e c t  a t  a = 0' f o r  t h e  h ighes t  C (short-dash curve)  r e s u l t s  i n  a more 
lJ , avg 

favorable  agreement wi th  experiment a t  t h e  lower angles-of -a t tack .  

The theory  f o r  f u l l  v o r t e x - l i f t  wi th  zero leading-edge suc t ion  (long- 

short-dash curve)  es t imates  very  we l l  t h e  experimental drag-due-to- l i f t  

values obtained a t  t h e  h ighes t  j e t  momentum c o e f f i c i e n t .  It should be  

noted t h a t  t h e  t h e o r e t i c a l  drag po la r  i s  not def ined by t h e  simple r e l a t i o n  

C = C  
D L , t o t  

t a n  a, a s  i s  t i le case  i n  f i g u r e  69 f o r  e;c-3,3?ley s i n c e  a d i f f e r e n t  

t heo ry  was appl ied  i n  f i g u r e  7 0 .  These r e s u l t s  sugzest  t h a t  blowing i n  

cornbination wi th  t h e  canbered and tw i s t ed  leadin:: edge r e s u l t s  i n  some amount 

of t h r u s t  recovery.  It should be noted t h a t  t h e  experiaenta , l  induced-drag 

po la r  f a l l s  between t h e  zero-suct ion,  f u l l  v o r t e x - l i f t  po lar  and t h e  f u l l  

2 suc t ion ,  no v o r t e x - l i f t  po l a r  given by A .  This  suggests  t h a t  t h e  

leading-edge r ad ius  r e s u l t s  i n  a d d i t i o n a l  leading-edge suc t ion .  

0 
The t h e o r e t i c a l  aerodynamic c h a r a c t e r i s t i c s  f o r  t h e  44 swept t r a p e z o i d a l  

wing-horizontal t a i l  conf igura t ion  a r e  presented  i n  f i g u r e  71. The nonl inear  

CL d a t a  exh ib i t ed  by t h e  blowing-off case  i n d i c a t e s  t h a t  t h e  wing-horizontal 
a 

t a i l  conf igura t ion  develops vortex-induced l i f t  a t  t h e  moderate-to-high 

angles-of-at tack.  The vortex-induced l i f t  increments obtained a t  t h e  h ighes t  

j e t  momentum c o e f f i c i e n t  a r e  es t imated ' reasonably  wel l  by t h e  f u l l  vortex-  

l i f t  ( zero leading-edge s u c t i o n )  theory  (long-short-dash cu rve ) .  B e t t e r  

agreement i s  provided by t h e  add i t i on  of t h e  maximum jet-induced camber 

0 
e f f e c t  a t  a = 0 t o  t h e  f u l l  v o r t e x - l i f t  es t imate  and t h i s  i s  p resented  

a s  t h e  short-dash curve i n  t h e  f i g u r e .  



The induced-drag expression f o r  t h e  poten t ia l - f low case ( s o l i d  l i n e ) ,  

C ~ , P  
t a n  a, e s t ima te s  higher  drag l e v e l s  than  those  obta ined  experimental ly  

f o r  t h e  blowing-off case .  This  may be a t t r i b u t e d  t o  t h e  development of  

- leading-edge suc t ion  and t o  t h e  v o r t e x - l i f t  experienced by t h e  wing-tai l  

con f igu ra t ion ,  which r e s u l t s  i n  improvement i n  t h e  drag po la r .  The f u l l  

v o r t e x - l i f t  e s t ima te  (long-short-dash c u r v e ) ,  
C~ , t o t  

t a n  a ,  provides good 

agreement wi th  exper imenta l 'da ta  obtained a t  t h e  lower blowing r a t e .  

Accounting f o r  t h e  jet-camber e f f e c t  r e s u l t s  i n  nominal improvement i n  t h e  

t h e o r e t i c a l  es t imate .  The experimental induced-drag po la r  ob ta ined  a t  t h e  

h ighes t  C f a l l s  between t h e  zero-suct ion v o r t e x - l i f t  po l a r  and t h e  
LJ 3 avg 

2 
f u l l  suc t ion ,  no v o r t e x - l i f t  p o l a r  given by CL/nAFi. The upwash generated 

ahead of t h e  a f t  t a i l  may inc rease  t h e  "e f f ec t ive"  angle-of-at tack a t  t h e  

wing l ead ing  edge, hence inc reas ing  spanwise blowing e f f e c t i v e n e s s  a t  a 

given angle-of-attack. The r e s u l t i n g  reduct ion  i n  angle-of-attack r equ i r ed  

f o r  a given l i f t  c o e f f i c i e n t  and t h e  suc t ion  f o r c e  a s soc i a t ed  wi th  t h e  flow 

about t h e  round l ead ing  edge r e s u l t  i n  drag va lues  t h a t  a r e  l e s s  t han  t h e  

e s t ima te s  provided by t h e  f u l l  v o r t e x - l i f t  theory  ( zero s u c t i o n )  . 
The comparison between t h e  t h e o r e t i c a l  and experimental  l o n g i t u d i n a l  

c h a r a c t e r i s t i c s  f o r  t h e  close-coupled canard-wing conf igu ra t ion  with 

blowing on t h e  wing i s  presented  i n  f i g u r e  72.  Comparison of t h e  blowing- 

o f f  da t a  wi th  t h e  poten t ia l - f low theory  ( ze ro  leading-edge s u c t i o n ) ,  

represented  by t h e  s o l i d  l i n e ,  i n d i c a t e s  t h a t  t h e  canard-wing conf igura t ion  

e x h i b i t s  nonl inear  CL d a t a  and, hence, experiences vo r t ex  l i f t .  The 
a 

theory  which assumes f u l l  v o r t e x - l i f t  ( ze ro  leading-edge s u c t i o n ) ,  shown 

a s  t h e  long-short-dash curve ,  r e s u l t s  i n  reasonable agreement wi th  t h e  

experimental d a t a  obta ined  a t  t h e  h ighes t  C a l though t h e  experimental  
IJ Y avg 



l i f t  i s  s l i g h t l y  l e s s  t han  t h e  theory  a t  t h e  moderate-to-high angles-of- 

a t t a c k .  Addit ion of t h e  jet-induced e f f e c t  on t h e  wing a t  a = 0' t o  t h e  

f u l l  v o r t e x - l i f t  e s t ima te ,  shown a s  t h e  short-dash curve,  r e s u l t s  i n  b e t t e r  

agreement wi th  experiment a t  t h e  low angles-of-attack. 

The expression f o r  induced-drag f o r  t h e  f u l l  v o r t e x - l i f t  case  ( ze ro  

leading-edge s u c t i o n ) ,  
C~ , t o t  

t a n  a, g ives  a reasonable e s t ima te  of  t h e  

experimental d rag  p o l a r s  obtained f o r  bo th  t h e  blowing-off and blowing-on 

cases .  Accounting f o r  t h e  jet-induced camber e f f e c t  improves t h e  t h e o r e t i c a l  

agreement wi th  t h e  blowing-on d a t a ,  a l though t h e  experimental d a t a  a t  t h e  

h ighes t  C i n d i c a t e  l e s s  induced-drag than  t h e  t h e o r e t i c a l  e s t ima te .  
lJ 3 avg 

Theore t i ca l  e s t ima te s  f o r  p i t ch ing  moment were made f o r  t h e  bas i c  wing, 

leading-edge f l a p ,  h o r i z o n t a l  t a i l ,  and canard conf igura t ions  presented i n  

f i g u r e s  69-72. Comparisons wi th  experiment show t h a t  t h e  theory  (wi th  and 

without vo r t ex  f low) p r e d i c t s  t h e  s t a b i l i t y  l e v e l s  wi th  and without blowing 

reasonably wel l .  

Spanwise Blowing i n  t h e  Channel of  t h e  " ~ o c k e d  Vortex'' Winq 

The e f f e c t s  of  spanwise blowing on t h e  l o n g i t u d i n a l  aerodynamic charac- 

t e r i s t i c s  of  t h e  "locked vortex" wing conf igura t ion  a r e  i l l u s t r a t e d  i n  

f i g u r e s  73 and 74 f o r  Ma= 0.15 and 0.20, r e s p e c t i v e l y ,  f o r  6LE= 6TE = 20'. 

The Reynolds numbers corresponding t o  ?dm = 0.15 and 0.20 based on t h e  wing 

6 6 mean aerodynamic chord a r e  0.845 x 10  and 1 .12  x 1 0  , r e spec t ive ly .  Due 

t o  t h e  higher  free-stream dynamic p re s su re  a t  t h e  higher  Mach number, t h e  

j e t  momentum c o e f f i c i e n t  a t  a given plenun: chamber t o t a l  p re s su re  i s  l e s s  

t han  t h e  C a t  t h e  lower T4ach number. 
lJ , avg 



The d a t a  i n d i c a t e  t h a t  spanwise blowing i n  t h e  wing channel i n c r e a s e s ,  

i n  gene ra l ,  t h e  l i f t  c o e f f i c i e n t s  ob ta ined  f o r  t h e  blowing-off case  throughout 

t h e  angle-of-attack range', and t h a t  increased  C i nc reases  t h e  CL a t  a 
lJ , avg 

given angle-of-attack. A t  t h e  low angles-of-at tack,  t h e  d a t a  r e v e a l  no 

c o n s i s t e n t  t r e n d  i n  l i f t  increment wi th  j e t  rnomentum c o e f f i c i e n t  . Simi l a r  

r e s u l t s  were obtained i n  r e f e rence  21 f o r  a semi-span, r ec t angu la r  wing 

f e a t u r i n g  t h e  unique leading-  and t r a i l i ng -edge  f l a p  system. A t  t h e  

moderate-to-high angles-of-at tack,  l a r g e  l i f t  increments a r e  a t t a i n e d  a t  a l l  

va lues  of  C . The l i f t  increments a t  t h e  low angles-of-at tack and 
I-l , avg 

n o n l i n e a r i t y  i n  t h e  l i f t  curves a t  t h e  moderate-to-high angles-of-at tack 

suggest t h e  ex i s t ence  of a vor tex  flow i n  t h e  channel and p o s s i b l e  flow 

reattachment t o  t h e  t r a i l i ng -edge  f l a p .  

Flow v i s u a l i z a t i o n  t e s t s  conducted i n  r e f e rence  22 f o r  a "locked vortex" 

wing of s i m i l a r  planform, have ind ica t ed  t h a t  a t  s u f f i c i e n t  blowing r a t e s ,  

a vo r t ex  flow e x i s t s  w i th in  the .wing  channel a t  a l l  angles-of-at tack and 

flow reat tachment  t o  t h e  t r a i l i ng -edge  f l a p  occurs .  Smoke s t u d i e s  conducted 

during t h e  present-  t e s t  program, f o r  which tunne l  RPEd was s e t  a t  minimum 

and j e t  blowing was ad jus t ed  such t h a t  wing upper surface. flow could be 

v i s u a l i z e d ,  have suggested t h a t  blowing induces t h e  separa ted  flow o f f  t h e  

leading-edge f l a p  t o  r o l l  up i n t o  a vo r t ex  ahead of t h e  j e t .  Blowing a l s o  

appears t o  induce flow reattachment t o  t h e  t r a i l i ng -edge  f l a p ,  t h u s  providing 
r. - 

a fldw s i t u a t i o n  s i m i l a r  t o  t h e  flow about a t h i c k ,  highly-cambered wing. 

,-~ • The second, co- ro ta t ing  vo r t ex  behind t h e  j e t  wi th in  t h e  channel ,  observed 

f o r  t h e  semi-span r ec t angu la r  wing i n  r e f .  22,  was not  observed during t h e  



l i m i t e d  smoke s t u d i e s  of t h e  present  t e s t  due t o  extreme turbulence  i n  t h i s  

region of t h e  wing channel.  

The drag  p o l a r  shape obta ined  f o r  t h e  blowing-off case  i s  improved by 

spanwise blowing. Tile d a t a  a l s o  suggest t h a t  increased  blowing r a t e  r.e- 

s u l t s  i n  a  reduct ion  i n  aerodynamic drag obta ined  f o r  t h e  lower C a t  
P,avg . 

t h e  moderate-to-high va lues  of l i f t .  A t  t h e  low-to-moderate va lues  of l i f t ,  

t h e  con f igu ra t ion  with blowing on e x h i b i t s  higher  drag values than  those  

obta ined  f o r  C = 0. With blowing on,  t h e  flow s i t u a t i o n  t ends  t o  be 
lJ , avg 

s i m i l a r  t o  t h e  flow about an e f f e c t i v e  wing possessing a  l a r g e  amount of 

camber and th i ckness ,  and higher  drag va lues  would be a n t i c i y a t e d  f o r  such 

a  wing. 

The da t a  a l s o  suggest t h a t  spanwise blowing does not s i g n i f i c a n t l y  

a f f e c t  t h e  s t a b i l i t y  l e v e l  obtained f o r  t h e  blowing-off case .  Increased 
i 

j e t  momentum c o e f f i c i e n t  r e s u l t s ,  i n  gene ra l ,  i n  s l i g h t l y  g r e a t e r  nose dam 

p l t ch ing  moment, which seems t o  suggest t h a t  t h e  vo r t ex  flow i n  t h e  channel 

and t h e  flow reattachment t o  t h e  t r a i l i ng -edge  f l a p  induced by blowing 

s h i f t  t h e  c e n t e r  of l i f t  on t h e  wing s l i g h t l y  a f t .  

The e f f e c t s  of spanwise blowing on t h e  l o n g i t u d i n a l  aerodynamic 

c h a r a c t e r i s t i c s  of t i le "locked vortex" wing conf igura t ion  wi th  leading-  and 

0 
t r a i l i ng -edge  f l a p  d e f l e c t i o n  angles  increased  t o  30 a r e  i l l u s t r a t e d  i n  

f i g u r e s  75 and 76 f o r  Moo = 0.15 and 0.20, r e spec t ive ly .  The l i f t  increments 

induced by spanwise blowing a r e  s i g n i f i c a n t l y  l e s s  a t  a  given C 
1-1 , avg 

- 0 
than  those  obta ined  f o r  'LE - 'TE = 20 throughout t h e  angle-of-at tack range.  

These r e s u l t s  seem t o  i n d i c a t e  t h a t  f o r  t h e  given leading-  and t r a i l i ng -edge  

f l a p  geometries and nozzle  l o c a t i o n ,  i nc reas ing  t h e  f l a p  d e f l e c t i o n  angles  

n e c e s s i t a t e s  correspondingly higher  j e t  momentum c o e f f i c i e n t s  i n  order  t o  

induce l i f t  increments t h a t  a r e  comparable t o  t h o s e  obta ined  f o r  smal le r  



f l a p  d e f l e c t i o n  angles  and t o  induce flow reat tachment  t o  t h e  t r a i l i ng -edge  

f l a p .  

The d a t a  a l s o  i n d i c a t e  t h a t  t h e  drag  p o l a r  shape obta ined  f o r  t h e  

C = 0 case  i s  e s s e n t i a l l y  unaf fec ted  by spanwise blowing. The 
lJ , avg 

aerodynamic drag a t  a given l i f t  ob ta ined  f o r  C = 0 i s  increased  wi th  
I.l Y ave 

onset  of blowing, and increased  C r e s u l t s  i n  a s l i g h t  reduct ion  i n  
?J , avg 

drag obta ined  f o r  t h e  lower C va lues  a t  t h e  moderate-to-high C L 1 s .  
lJ , avg 

Spanwise blowing does not  appear t o  a f f e c t  t h e  l o n g i t u d i n a l  s t a b i l i t y  

l e v e l  obtained f o r  t h e  blowing-off case .  P i t c h i c g  moment i s  s l i g h t l y  l e s s  

negat ive wi th  blowing on, i n d i c a t i n g  a forward s h i f t  of t h e  c e n t e r  of l i f t .  

A r eve r se  t r e n d  was observed f o r  t h e  conf igura t ion  wi th  - 
'LE - 6~~ = 20°. 

The e f f e c t s  of spanwise blowing on t h e  l o n g i t u d i n a l  aerodynamic 

c h a r a c t e r i s t i c s  of t h e  "locked vortex" wing conf igu ra t ion  wi th  6m = 45O, 

0 
6TE = 30 a r e  shown i n  f i g u r e s  77 and 78 f o r  bloo = 0.15 and 0 .20 ,  

r e spec t ive ly .  A t  t h e  low angles-of-at tack,  t h e  d a t a  suggest t h a t  spanwise 

blowing has an adverse e f f e c t  on l i f t ,  a s  evidenced by a r educ t ion  i n  t h e  

C ' s  ob ta ined  f o r  t h e  blowing of f -case .  Due t o  t h e  sharp decrease i n  l i f t  L 

obta ined  f o r  t h e  blowing-off case i n  t h e  moderate angle-of-at tack range ,  

t h e  l i f t  increments due t o  spanwise blowing appear l a r g e s t  i n  t h i s  range.  

There i s  a s l i g h t  recovery i n  l i f t  ob ta ined  f o r  t h e  C = 0 case  a t  
lJ 3 ave 

t h e  higher  angles-of-at tack,  and t h e  AC ' s  due t o  blowing a r e ,  L 

consequently decreased.  

The drag po la r  shape acquired wi th  blowing o f f  i s  improved s l i g h t l y  by 

blowing, a l though t h e  aerodynamic drag a t  a given l i f t  i s  g r e a t e r  wi th  

blowing on than  f o r  blowing o f f  f o r  a l l  l i f t  va lues .  The l o n g i t u d i n a l  



s t a b i l i t y  l e v e l  obtained f o r  C = 0 appears  r e l a t i v e l y  unaf fec ted  by 
P , ave; 

spanwise blowing i n  t h e  wing channel.  The d iscuss ion  concerning t h e  t r e n d  

i n  p i t ch ing  moment with blowing on f o r  t h e  conf igura t ion  with - 
'LE - 'TE = 30' 

i n  f i g u r e s  75 and 76 i s  a l s o  app l i cab le  t o  t h e  da t a  presented i n  f i g u r e s  

77 and 78. 

The "locked vortex" wings were designed t o  provide t h e  c a p a b i l i t y  of 

r e t r a c t i n g  t h e  f l a p s  t o  provide a  c r u i s e  conf igura t ion .  It i s  of  i n t e r e s t ,  

t h e r e f o r e ,  t o  eva lua t e  t h e  e f f e c t  of spanwise blowing on t h e  "clean" wing 

f o r  a  range of  angle-of-at tack.  The e f f e c t  o f -  spanwise blowing on t h e  

l o n g i t u d i n a l  aerodynamic c h a r a c t e r i s t i c s  of t h e  "locked vortex" wing 

conf igu ra t ion  wi th  f l a p s  r e t r a c t e d  (6LE = 6TE = 0') i s  shown i n  f i g u r e s  79 

and 80 f o r  Moo = 0.15 and 0.20, r e s p e c t i v e l y .  The d a t a  i n d i c a t e  t h a t  

spanwise blowing on t h e  "clean" wing induces l a r g e r  l i f t  increments a t  a  

given j e t  momentum c o e f f i c i e n t  t han  obta ined  f o r  any of t h e  corif igurat ions 

wi th  f l a p s  extended, shown i n  f i g u r e s  73-78, a t  t h e  moderate-to-high 

angles-of-at tack.  This  con f igu ra t ion  i s  s i m i l a r  t o  spanwise blowing on 

0 
t h e  44 swept t r a p e z o i d a l  wing wi th  convent ional  leading-  and t r a i l i ng -edge  

f l a p s  ( f i g .  1 5 ) .  A t  t h e  low angles-of-at tack,  t h e r e  i s  a p o s i t i v e  l i f t  

increment due . to blowing, which i s  a t t r i b u t a b l e  t o  t h e  jet-induced cam- 

be r  e f f e c t ,  and poss ib ly  due t o  flow sepa ra t ion  i n  t h e  v i c i n i t y  of t h e  

extremely b lun t  leading-edge, thereby  enabl ing s l i g h t  b e n e f i c i a l  blowing- 

induced e f f e c t s .  The nonl inear  l i f t  curve suggests  a  leading-edge vo r t ex  

flow augmented by spanwise blowing. 

Drag p o l a r  shape obta ined  f o r  t h e  blowing-off case  i s  improved by span- 

wise blowing and aerodynamic drag a t  a  given va lue  of l i f t  ob ta ined  f o r  t h e  

C = 0 case  i s  reduced wi th  b1owing.m. Due t o  t h e  extremely b lun t  
' p,avg.  



leading-edge, it may be reasonable t o  assume leading-edge suc t ion  f o r c e s  

a c t  t o  reduce drag a t  a  given l i f t .  Blowing extends t h e  l i n e a r  p i t ch ing  

moment obta ined  f o r  t h e  blowing-off case  t o  much higher  va lues  of l i f t  

without adverse ly  a f f e c t i n g  t h e  s t a b i l i t y  l e v e l .  

The e f f e c t  of  a and C on t h e  l i f t  augmentation r a t i o  and 
?J , avg 

l i f t  e f f e c t i v e n e s s  of blowing i s  shown i n  f i g u r e s  81-83 and 84-86 f o r  t h e  

con f igu ra t ions  wi th  extended leading-  and t r a i l i ng -edge  f l a p s .  The d a t a  
I 

p r e s e n t e d , i n  f i g u r e s  81-83 f o r  Mm = 0.15 and f i g u r e s  84-86 f o r  Ma = 0.20 

i n d i c a t e  t h a t  t h e  con f igu ra t ion  wi th  - 
&,, - &TE = 20' e x h i b i t s  t h e  h ighes t  

l i f t  augmentation r a t i o s  and, i n  gene ra l ,  t h e  l a r g e s t  percentage ga ins  i n  

l i f t  due t o  blowing i n  t h e  moderate-to-high angle-of-at tack range.  A t  t h e  

low angles-of-at tack,  l a r g e  percentage ga ins  i n  l i f t  a r e  a t t a i n e d  a t  t h e  

higher  blowing rates: This  occurs  because t h e  wing without  blowing e x h i b i t s  

low CL qal'ues a t  t h e  low angles-of-at tack and t h e  C L / C L y 0  becomes q u i t e  

l a r g e  a s  a  r e s u l t .  Spanwise blowing i n  conjunct ion wi th  leading-  and 

t ra i l ing-gdge  f l a p s  extended t o  20' i s  t h e  only conf igu ra t ion  exh ib i t i ng  l i f t  

augmentation r a t i o s  exceeding t h e  e f f e c t  of vec to r ing  t h e  t h r u s t  v e r t i c a l l y .  

These r e s u l t s  seem t o  i n d i c a t e  t h a t  t h e  optimum converging nozzle  l o c a t i o n  

r e l a t i v e  t o  t h e  wing su r f ace  i s  dependent on leading-  and t r a i l i ng -edge  f l a p  

d e f l e c t i p n  angles .  As t h e  f l a p  d e f l e c t i o n  angles  i nc rease ,  t h e  d a t a  suggest 

t h a t  f o r  a  f i x e d  nozzle  l o c a t i o n  a  corresponding inc rease  i n  j e t  momentum 

c o e f f i c i e n t  i s  r equ i r ed  t o  a t t a i n  l i f t  increments t h a t  a r e  comparable t o  

t hose  obta ined  f o r  smal le r  f l a p  d e f l e c t i o n  angles  . -  
It i s  o f  i n t e r e s t  t o  compare t h e  e f f e c t i v e n e s s  of  blowing on t h e  "clean" 

0 
wing ( 6LE = 6TE = 0 ) with  spanwise blowing e f f e c t i v e n e s s  i n  conjunct ion wi th  



extended leading-  and t r a i l i ng -edge  f l a p s .  I n  t h i s  regard ,  f i g u r e s  87 and 

88 present  t h e  e f f e c t  of  a and leading-  and t r a i l i ng -edge  f l a p  d e f l e c t i o n  

angles  on t h e  l i f t  augmentation r a t i o  and l i f t  e f f e c t i v e n e s s  of blowing f o r  

Mm = 0.15 and 0.20, r e s p e c t i v e l y ,  f o r  C = 0.34. As suggested by 
U , avg 

t h e  da t a  i n  f i g u r e s  73-86, spanwise blowing on t h e  "clean" wing r e s u l t s  i n  

higher  l i f t  augmentation r a t i o s  and l a r g e r  percentage ga ins  i n  l i f t  due t o  

blowing than  were obta ined  f o r  t h e  con f igu ra t ions  wi th  blowing i n  combination 

w i t h  extended f l a p s .  It should be noted t h a t  two d i s t i n c t  vo r t ex  flow 

phenomena a r e  being compared; a  leading-edge vo r t ex  flow on a  r e l a t i v e l y  

t h i n  wing augmented by spanwise blowing, and a  vor tex  flow "locked" by 
,- 

spanwise blowing i n  a  wing channel formed by extended upper su r f ace  leading-  

and t r a i l i ng -edge  f l a p s .  

For completeness,  t h e  e f f e c t  of leading-  and t r a i l i ng -edge  f l a p  d e f l e c t i o n  

angles  on t h e  l o n g i t u d i n a l  aerodynamic c h a r a c t e r i s t i c s  of t h e  "locked vor tex"  

wing conf igura t ion  wi th  blowing o f f  i s  i l l u s t r a t e d  i n  f i g u r e s  89 and 90 f o r  

Mm = 0.15 and 0.20, r e spec t ive ly .  S imi l a r  p l o t s  a r e  shown i n  f i g u r e s  91 and 

92 wi th  blowing on f o r  Moo = 0.15 and 0.20, r e spec t ive ly .  I n  t h e  l a t t e r  two 

- 0 f i g u r e s ,  d a t a  f o r  t h e  conf igura t ion  wi th  6LE - 6TE = 0 
a r e  not  presented ,  

s i n c e  it i s  des i r ed  t o  eva lua t e  blowing i n  combination wi th  extended f l a p s  

only.  With blowing o f f  ( f i g s .  89 and g o ) ,  extension of t h e  leading-  and 

t r a i l i ng -edge  f l a p s  i nc rease  t h e  l i f t  c o e f f i c i e n t  obtained f o r  t i le f l a p s -  

r e t r a c t e d  case  (6LE = 'TE = 0') p a r t i c u l a r l y  i n  t h e  low angle-of-at tack 

0 
range (-2 t o  6') and higher  angle-of-at tack range (18' t o  20'). P a r t  of 

t h e  l i f t  increment ' i s  undoubtedly a t t r i b u t a b l e  t o  t h e  de f l ec t ed  po r t ion  

of t h e  t r a i l i ng -edge  f l a p  below t h e  wing, bu t  it i s  d i f f i c u l t  a t  t h e  present  



t ime t o  i s o l a t e  t h e  e f f e c t  of leading-  and t r a i l i ng -edge  f l a p s  on t h e  

aerodynamic l i f t  c o e f f i c i e n t .  It should be noted t h a t  wing s t a l l  d id  not  

occur  f o r  t h e  con f igu ra t ions  wi th  extended f l a p s .  

As would be expected,  ex tens ion  of upper su r f ace  leading-  and t r a i l i n g -  

edge f l a p s  i nc reases  t h e  aerodynamic drag a t  a  given l i f t  compared t o  t h e  

f l a p s - r e t r a c t e d  case .  The d a t a  i nd ica t ed  t h a t  f o r  - 6LE - 6TE = 2oU, and 

t h e  drag p o l a r  shape obta ined  f o r  t h e  f l a p s - r e t r a c t e d  case  

i s  improved, bu t  r e l a t i v e l y  unaf fec ted  when 
'LE = 4 5 O ,  €iTE = 30' 

P i t c h i n g  moment, i n  gene ra l  becomes more negat ive  with increased  

leading-  and t r a i l i ng -edge  f l a p  d e f l e c t i o n  angles .  This  may be due t o  t h e  

po r t ion  of  t h e  extended t r a i l i ng -edge  f l a p  below t h e  wing and a l s o  t o  t h e  

weak vo r t ex  system generated i n  t h e  v i c i n i t y  of t h e  leading-edge f l a p ,  which 

may t end  t o  s h i f t  t h e  c e n t e r  of l i f t  more a f t  of t h e  moment r e f e rence  ten- 

t e r .  The d a t a  seem t o  i n d i c a t e  t h a t  t h e  l o n g i t u d i n a l  s t a b i l i t y  l e v e l  ob- 

t a i n e d  f o r  - 
'LE - 6TY = 0' i s  e k s e n t i a l l y  unaf fec ted  by ex tens ion  of t h e  

leading-  and t r a i l i ng -edge  f l a p s .  

With blowing on, t h e  d a t a  shown i n  f i g u r e s  91  and 92 f o r  !dm = 0.15 

and 0.20, r e s p e c t i v e l y ,  i n d i c a t e  t h a t  t h e  con f igu ra t ion  wi th  t h e  sma l l e s t  

f l a p  d e f l e c t i o n  angles  ( 6  - LE - 'TE 
= 20') e x h i b i t s  higher  l i f t  c o e f f i c i e n t s  

throughout t h e  angle-of-at tack range,  lower aerodynamic drag a t  a  given 

l i f t ,  and more favorable  p i t ch ing  moment c h a r a c t e r i s t i c s .  P i t c h i n g  moment 

i s  reasonably l i n e a r  a t  t h e  low-to-moderate va lues  o f  l i f t ,  beyond which 

occurs-  a decrease i n  s t a b i l i t y  a t  t h e  higher  CL1s.  The d a t a  i n d i c a t e  t h a t  

increased  leading-  and t r a i l i ng -edge  f l a p  d e f l e c t i o n  angles  (6LE - - 
- 'TE - 

30'; 6m = 4 5 O ,  tiTE = 30') decreases  t h e  l i f t  c o e f f i c i e n t s  compared t o  t h e  



- 0 
6LE - 6TE = 20 case  and r e s u l t s  i n  s l i g h t l y  higher  CL i n  t h e  low angle  

a 
of-a t tack  range and lower CL a t  t h e  h igher  angles-of-at tack.  Drag po la r  

a 
shape obta ined  f o r  t h e  - 

'LE - 'TE 
= 20' conf igura t ion  i s  e s s e n t i a l l y  

unchanged by increased  f l a p  d e f l e c t i o n  angles .  The d a t a  a l s o  i n d i c a t e  

s e v e r a l  l o n g i t u d i n a l  s t a b i l i t y  breaks f o r  t h e  con f igu ra t ions  wi th  l a r g e r  

f l a p  s e t t i n g s .  These r e s u l t s  seem t o  i n d i c a t e  t h a t  a s  t h e  wing channel 

volume i s  increased ,  t h e  spanwise j e t  becomes l e s s  e f f e c t i v e  i n  inducing a 

s t a b l e  vo r t ex  flow wi th in  t h e  channel and flow rea t t achcen t  t o  t h e  

t r a i l i ng -edge  f l a p .  

Reference 21 has shown t h a t  t h e  l o n g i t u d i n a l  aerodynamic c h a r a c t e r i s t i c s  

of a  semi-span r ec t angu la r  "locked vortex" wing a t  angles-of-attack g r e a t e r  

t han  20' were h ighly  Reynolds number-dependent f o r  t h e  range of Reynolds 

5 5 numbers from 0.5 x 10  t o  1 . 5  x 1 0  . Data from t h e  cu r r en t  t t locked-vortex" 

wing s tudy a r e  presented  i n  f i g u r e  93, whicli'show t h e  v a r i a t i o n  of  l i f t  

c o e f f i c i e n t  w i th  C f o r  two angles-of-at tack and t h e  two Reynolds 
IJ Y avg 

b 
numbers t e s t e d  (0.845 x 1 0  and 1.12 x 106) f o r  t h e  "locked vor tex"  wing 

conf igura t ions .  The d a t a  i n d i c a t e  t h a t  f o r  t h e  t h r e e  conf igura t ions  wi th  

extended leading-  and t r a i l i ng -edge  f l a p s ,  t h e r e  i s  e s s e n t i a l l y  no e f f e c t  

of Reynolds number on t h e  v a r i a t i o n  i n  CL with  C . The r e s u l t s  
IJ , avg 

shown i n  f i g u r e  93 f o r  two angles-of-at tack a r e  r e p r e s e n t a t i v e  of t h e  r e s u l t s  

obtained f o r  a l l  angles-of-at tack considered i n  t h e  p re sen t  t e s t s .  These 

r e s u l t s  appear t o  be c o n s i s t e n t  wi th  t h e  d a t a  i n  r e f e rence  21, which showed 

t h a t  no s i g n i f i c a n t  Reynolds number e f f e c t s  occurred a t  angles-of-at tack 

l e s s  t han  20'. 



CHAPTER V 

COYCLUSIONS 

A genera l ized  wind tunne l  model has been t e s t e d  i n  t h e  Langley h igh  
. , 

speed 7- by 10-foot wind tunne l  t o  i n v e s t i g a t e  new component concepts 

u t i l i z i n g  spanwise blowing t h a t  w i l l .  provide improved maneuver c h a r a c t e r i s -  

t i c s  f o r  advanced f i g h t e r  a i r c r a f t  wi th  primary emphasis on h igh  angle-of- 

a t t a c k  performance, s t a b i l i t y ,  a ~ d  c o n t r o l  a t  subsonic speeds. Since 

separation-induced vo r t ex  flows have been shown under c e r t a i n  condi t ions  

t o  s i g n i f i c a n t l y  i nc rease  maneuver performance, t h e  i n v e s t i g a t i o n  was 

focused on va r ious  methods of c o n t r o l l i n g  and delaying t h e  leading-edge 

vo r t ex  breakdown and of  opt imizing component i n t e r a c t i o n s .  I n  p a r t i c u l a r ,  

spanwise blowing was u t i l i z e d  on a 44' swept t r a p e z o i d a l  wing t o  determine 

t h e  e f f e c t  of  leading-edge vo r t ex  enhancement on leading-  and t r a i l i ng -edge  

f l a p  e f f e c t i v e n e s s ,  h o r i z o n t a l  and v e r t i c a l  t a i l  l o a d s ,  and close-coupled 

canard-wing ef f .ec t iveness ,  and t o  a s s e s s  t h e  concept a s  a r o l l  c o n t r o l  device.  

Addi t iona l  s t u d i e s  were conducted w i t h  a t r a p e z o i d a l  wing f e a t u r i n g  a unique 

leading-  and t r a i l i ng -edge  f l a p  arrangement which, when combined wi th  spanwise 

blowing c r e a t e s  a "locked vortex" system f o r  h igh  l i f t  a t  t ake -o f f ,  

approach, and during maneuvering f l i g h t .  

The d a t a  obtained i n  t h e  t e s t s  i n d i c a t e  t h a t  spanwise blowing r e s u l t s  

i n  s u b s t a n t i a l  improvement i n  t h e  high angle-of-at tack performance of t h e  

44' swept t r a p e z o i d a l  wing conf igura t ion .  I n  p a r t i c u l a r ,  s i g n i f i c a n t  

vortex-induced l i f t  increments occur a t  t h e  higher  angles-of-at tack wi th  

consequent improvement i n  t h e  drag  p o l a r .  I n  a d d i t  i o n ,  spanwise blowing 

extends t h e  l i n e a r ' p i t c h i n g  moment t o  higher  angles-of-at tack without adverse  



pitch-up c h a r a c t e r i s t i c s .  Furthermore, t h e  d a t a  suggest spanwise blowing 

i s  more e f f e c t i v e  a t  higher  subsonic Mach numbers and,  provided s u f f i c i e n t  

engine b leed  a i r  i s  a v a i l a b l e ,  r e p r e s e n t s  a powerful means of enhancing t h e  

h igher  subsonic maneuver performance of  f i g h t e r  a i r c r a f t .  The r e s u l t s  

ob ta ined  a r e  s i m i l a r  t o  t h e  favorable  b e n e f i t s  of a highly-swept maneuver 

\ 

s t r a k e .  

Def lec t ing  a leading-edge f l a p  delays t h e  b e n e f i c i a l  blowing-induced 

e f f e c t s  t o  higher  angles-of-at tack.  The d a t a  sugges t ,  however, t h a t  a 

forward r o t a t i o n  of t h e  vo r t ex  l i f t  vec to r  occurs  and t h e  consequent 

t h r u s t  recovery r e s u l t s  i n  drag-polar improvement. Def lec t ing  a t r a i l i n g -  

edge f l a p  inc reases  t h e  camber, and t h e  d a t a  suggest t h a t  t h e  r e s u l t i n g  

inc rease  i n  c i r c u l a t i o n  inc reases  spanwise blowing e f f ec t iveness  a t  a given 

angle-of-attack. These favorable  l i f t  b e n e f i t s  a t  a given angle-of-attack 

a r e  reduced s l i g h t l y  by simultaneous d e f l e c t i o n  of leading-  and t r a i l i n g -  

edge f l a c s .  The drag p o l e r s  a r e  improved, however, which i s  very  important 

from a sus t a ined  maneuver s tandpoin t .  

The d a t a  i n d i c a t e  t h a t  spanwise blowing i s  an  e f f e c t i v e  l a t e r a l  

c o n t r o l  device a t  high angles-of-attack and may compare favorably  wi th  more 

convent ional  r o l l  con t ro l  devices  such a s  t r a i l i ng -edge  f l a p  a i l e r o n s .  

Spanwise blowing on t h e  wing reduce's hor i ,zonta l  t a i l  loading a t t h e  

h igher  angles-of-at tack,  which may.have a favorable  e f f e c t  on trim 

c h a r a c t e r i s t i c s .  

The 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  of  t h e  wing-vert ical  

t a i l  and wing-horizontal t a i l - v e r t i c a l  t a i l  conf igura t ions  a r e  improved 

by spanwi,s.e blowing on t h e  wing. I n  p a r t i c u l a r ,  blowing r e s u l t s  i n  

s t ab i lTz ing  increments i n  t h e  e f f e c t i v e  d ihed ra l  and d i r e c t i o n a l  s t a b i l i t y  



parameters  and de lays  t h e  unfavorable  break i n  t h e  d i r e c t i o n a l  s t a b i l i t y  

parameter t o  much h igher  angles-of-at tack.  

For t h e  close-coupled canard-wing conf igu ra t ion ,  t h e  e f f e c t i v e n e s s  of  

spanwise blowing on t h e  wing i s  l i m i t e d  due t o  t h e  canard downwash on t h e  

wing. Spanwise blowing on t h e  canard,  however, enhances t h e  canard 

leading-edge vo r t ex  and may improve t h e  favorable  canard-wing i n t e r f e r e n c e  

a t  t h e  h igher  angles-of-at tack.  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  

e f f e c t  o f  blowing i s  more pronounced when t h e  canard incidence i s  increased .  

The r e s u l t s  suggest t h a t  spanwise blowing on t h e  canard may permit t h e  

canard s i z e  t o  be reduced, which would enable 'a more optimum canard t o  be 

used i n  c r u i s e .  Furthermore, blowing on a moderately-swept canard may 

provide a more favorable  method of l o n g i t u d i n a l  t r i m  con t ro l .  

Spanwise blowing i n  t h e  channel of  t h e  "locked vortex" wing r e s u l t s  

i n  l a r g e  inc reases  i n  l i f t  f o r  t h e  smal le r  f l a p  d e f l e c t i o n  ang le s ,  but  

t h e  d a t a  i n d i c a t e  t h a t  increased  f l a p  d e f l e c t i o n  angles  reduce blowing 

e f f e c t i v e n e s s  and hence a depar ture  from t h e  d e s i r e d  " e f f e c t i v e "  wing 

possess ing  a l a r g e  amount of t h i ckness  and camber. The technique o f  

"locking1' a vor tex  flow i n  t h e  channel by blowing appears  promising bu t  

t h e  interdependence of  t h e  parameters involved i n  t h e  t e s t s  precluded 

a d d i t i o n a l  ref inements  . 



CHAPTER V I  

RECOP!iW3.NDATIOMS 

Resu l t s  of t h e  present  s t u d i e s  i n d i c a t e  t h a t  f u r t h e r  eva lua t ion  of 

t h e  spanwise blowing concept t o  improve maneuver performance i s  warranted.  

I n  p a r t i c u l a r ,  t h e  present  t e s t s  r e q u i r e  ex tens ion  t o  higher  angles-of- 

a t t a c k  s i n c e  t h e  d a t a  i n d i c a t e  i n  many in s t ances  t h a t  t h e  maximum blowing 

e f f e c t s  occur a t  angles-of-at tack beyond those  considered i n  t h e  s t u d i e s .  

Evaluat ion of spanwise blowing a t  higher  subsonic and t r anson ic  Mach numbers 

i s  necessary t o  determine i f  t h e  u t i l i z a t i o n  o f  blowing i s  d e t e r r e d  by a 

l a c k  of engine bleed a i r  t o  provide momentum requi red  f o r  e f f e c t i v e  vo r t ex  

augmentation. Resu l t s  ob ta ined  by spanwise blowing on a cambered wing 

su r f ace  appear very  promising and suggest t h a t  by designing a wing t o  t a k e  

advantage of t h e  enhanced separation-induced vo r t ex  flow a t  h igh  angles-of- 

a t t a c k ,  s u b s t a n t i a l  drag po la r  improvement may be  poss ib l e .  The e f f e c t s  

t h a t  a r e  a c t i v e l y  induced by spanwise blowing a l s o  suggest t h e  r a t h e r  

e x c i t i n g  p o s s i b i l i t y  of modifying t h e  wing leading  edge t o  pas s ive ly  induce 

a spanwise flow and t h u s  enhance t h e  leading-edge vo r t ex  rri thout t h e  

requirement of  engine b leed  a i r  o r  duc t ing  t o  supply a i r  t o  t h e  wings. 

The a p p l i c a t i o n s  of spanwise blowing t o  a i r c r a f t  components a r e  num- 

erous.  For exarhple, b1,owing on a'wirig t r a i l i n g - e d g e  f l a p ,  on a v e r t i c a l  . . 

t a i l  o r  v e r t i c a l  t a i l  rudder, o r  on a hor5zontal  t a i l  o r  e l e v a t o r  may o f f e r  

s u b s t a n t i a l  improvement i n  componenz e f f ec t iveness .  

Locabion-of  a canard above t h e  wing chord plane may a l l e v i a t e  t h e  

downwash e .ffects-  t h a t  appear t o  l i m i t  spanwise blowing e f f e c t i v e o e s s  

on t h e  Wing. The d a t a  sugges t ,  however, t h a t  blowing on t h e  canard e x h i b i t s  



more p o t e n t i a l  t o  expand f l i g h t  envelopes, reduce approach speeds and 

enhance maneuverabi l i ty .  I n  t h i s  regard ,  i n v e s t i g a t i o n  of spanwise blowing 

on canards of va r ious  s i z e s  and planforms and a range of canard l o n g i t u d i n a l  

and v e r t i c a l  l o c a t i o n s  i s  warranted. Addi t iona l  configurat . ions inc lude  

blowing on t h e  canard i n  combination w i t h  a d e f l e c t e d  canard t r a i l i ng -edge  

f l a p  and canard blowing i n  t h e  presence of a cambered wing. 

Of perhaps ' g r e a t e s t  s i g n i f i c a n c e ,  however, i s  a d i r e c t  comparison of  

t h e  spanwise blowing concept w i th  a l t e r n a t e  devices  which a r e  designed t o  

a t t a i n  t h e  same e f f e c t s .  For example, it would be o f  b e n e f i t  t o  compare 

t h e  e f f e c t s  of spanwise blowing and a highly-swept maneuver s t r a k e  on 

h igh  angle-of-at tack performance, t o  compare spanwise blowing on a canard 

wi th  a straked-canard conf igu ra t ion ,  and t o  eva lua t e  spanwise blowing a s  

a primary means of r o l l  c o n t r o l  o r  i n  combination wi th  e x i s t i n g  l a t e r a l  

c o n t r o l  devices .  

More e f f i c i e n t  design of  t h e  "locked vortex" wing f l a p  arrangement 

and more e f f e c t i v e  u t i l i z a t i o n  o f  t h e  spanwise j e t  may provide more 

favorable  l i f t  and drag c h a r a c t e r i s t i c s .  The d a t a  suggest t h a t  t h e  wing 

channel volume may have been excess ive  and t h a t  a nozzle  l o c a t e d  we l l  above 

t h e  wing su r f ace  may provide s u b s t a n t i a l  improvement i n  blowing 

e f f e c t i v e n e s s .  I n  a d d i t i o n ,  t h e  t ape red  wing channel may have adverse ly  

a f f ec t ed  t h e  vor tex- je t  system, which suggests  t h a t  perhaps an untapered 

channel o r  some means of  a l l e v i a t i n g  t h e  adverse p re s su re  g rad ien t  a t  t h e  

wing t i p  may r e s u l t  i n  more' ' e f f i c i e n t  aerodynamic performance . 
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TABLE I. - Geometric Characteristics of E4odel 

Body length, cm (in.) 101.05 (39.78) 

44 swept trapezoidal wing : 

AR 2.56 

b/2, cm (in.) 27.18 (10.70) 

&' deg 4 4 
- 
c, cm (in.) 24.56 (9.67) 

cth, cm (in.) 35.75 (14.08) 

Longitudinal model station of 1/4 cth, cm (in.) 51.81 (20.40) 

Airfoil section: 

Root 64~006 

Tip 64~004 

2, cm2 (in2) 1155.71 (179.14) . 

Root chord (at wing-fuselage juncture), cm (in.) 29.80 (11.73) 

Tip chord, cm (in.) 6.7'7 (2.66) 

11 Locked vortex1' wing : 

(All geometric characteristics refer to flaps-retracted case) 

m 

b/2, cm (in.) 

kEy deg 
- 
c, cm (in.) 

c cm (in.) 
thy 

- Longitudinal model station of 1/4 c cm (in.) 
th ' 



TABLE I.- CONTINUED. 

A i r f o i l  s e c t i o n  

2 2 S ,  cn  ( i n  ) 

Root chord ( a t  wing-fuselage junc tu re )  , cm ( i n .  ) 

Tip chord, cm ( i n . )  

Maximum th i ckness ,  percent  chord, a t  

Root 

Tip  

Canard: 

A i r f o i l  s e c t i o n  

2 sC, cm2 ( i n  ) 

b/2 ,  cm ( i n . )  

Root chord ( a t  canard-fuselage j u n c t u r e ) ,  cm ( i n )  

Tip  chord, cm ( i n .  ) 

Maximum th i ckness ,  p e r  cent  chord a t  - 

Root 

Tip 

Hor izonta l  and v e r t i c a l  t a i l s :  

b' deg 

A i r f o i l  s e c t i o n  

b/2, cm ( i n . )  

Root chord ( a t  t a i l - f u s e l a g e  j u n c t u r e ) ,  cm ( i n . )  

F l a t  p l a t e ;  
round LE; sharp  
TE 

51-7 

C i rcu la r  Arc 

226.90 (35.17) 

17.5 ( 6 . 8 9 )  

15.88 (6 .25)  

3.18 (1.25)  

51.7 

C i r cu la r  Arc 

288.39 (44.77)  

19.03 (7.49) 

17.92 (7.05) 



TABLE I.- CONCLUDED. 

Tip  chord, cm ( i n . )  

Maximum t h i c k n e s s ,  per  c en t  chord at - 

Root 

Tip 



APPENDIX A 

Static Calibration Results 

The nozzle thrust components determined from the static calibration 

tests with a21 lifting surfaces removed are presented and were used to 

accordingly modify the total coefficients presented in Appendix B and, 

hence, to obtain the aerodynamic coefficients. Figures 94 - 97 present the 

forces and moments due to nozzle thrust components as a function of plenum 

chamber total pressure. The resulting expressions which were used ?to obtain 

the aerodynamic coefficients for each appropriate configuration are also 

presented in the following pages. 

In addition, figures 98 - 100 present correlations between the 

jet total pressure at the nozzle exit and the plenum total pressure and 

these results were used to modify the computation of V and, hence, C . 
J lJ 

Expressions for the forces and moments due to nozzle thrust components 

as a function of plenum chamber total pressure: 

(a) 44' Swept Trapezoidal Wing Nozzles. 

PMJ (in-lb) = -0.017067 (pt len ) + 0.1 
YP 

RM (in-lb) = 0.00583 (pt len ) - 0.15 
J 7P 

YMj (in-lb) = -0.01211 (pt,plen ) - 0.578 
 SF^ (1bf) = -0.00106'7 (pt len ) + 0.14 

>P 



(b) 44' Swept Trapezoidal Wing - Right ~bzzle Only. 

N F ~  (lbf) = -0.001063 (pt len ) + 0.07 
YP 

A F ~  (1bp) = -0.019386 (pt len 9 P 
) 

PMJ (in-lb) = -0.013502 (pt len YP 
) 

mJ (in-lb) = -0.0045606 (pt ,plen ) 

(in-lb) = -0.10197 (pt,plen 1 

SFJ (lbf) = -0.023209 (pt len ) + 0.1 
YP 

( c )  Canard Nozzles. 

NFJ (lbp) = 0.002333 (pt len ) - 0.120 
YP 

AFJ (lbf) = -0.017433 (pt len YP 

PMJ (in-lb) = 0.015367 (pt len YP 

RMJ (in-lb) = -0.002967 (pt len YP 

YMJ (in-lb) = -0.007833 (pt len YP 

SFJ (1bf) = -0.000567 (pt ) + 0.08 
YP en 

(d) "Locked vortexU'Wing Nozzles. 

NFJ (lbf) = -0.003617 (pt len ) + 0.120 
,P 

AFJ (lbf) = -0.030045 (pt len YP 
PMJ (in-lb) = -0.01451 (pt 

,plen 

RMJ (in-lb) = -0.0015 (pt ,plen ) + 0.19 

YMJ (in-lb) = -0.02067 (pt len YP 
) 

SFJ (1bf) = -0.005167 (pt len YP 
1 

Force and moment coefficients due to nozzle thrust components: 

J = -  J 

'L,J.. ~s cos, a - - sin a 
LS 



J = -  J 

'D,J ~s cos a + - sin a 
LS 

Y14 
c = -  sin a where C - - -. 

n,J,b qooSb 

C - ---c sin a where C - m 4 ~  m 4 ~  - -  
n,J qo~Sb L,J,b a,J,b &Sb 

Relationships to obtain aerodynamic coefficients: 



APPENDIX B 

QIMF 

ALPHA 

BETA 

CLT 

CDT 

CPMT 

CRMT 

CYMT 

CSFT 

CMU 

KPLEN 

WTFLO 

Tabulated Results 

The symbols used in the tabulated data are defined as follows: 

Free-stream dynamic pressure, psf 

Angle-of-attack, deg 

Angle-of-sideslip, deg 

Total lift force coefficient, including nozzle thrust components 

Total drag force coefficient, including nozzle thrust components 

Total pitching moment coefficient, including nozzle thrust components 

Total rolling moment coefficient, including nozzle thrust components 

Total yawing moment coefficient, including nozzle thrust components 

Total side force coefficient, including nozzle thrust components 

Jet momentum coefficient 

Stagnation pressure in settling chamber, psi 

Air weight flow rate, lbf/sec 



TABLE 11.- Experimental Configurat ions 

Table 
I 

/ 111 
! 

Wing 

44' swept t r a p e z o i d a l  

I I 

I1 

11 

I 1  

11 

I 1  

" ~ o c k e d  Vortex" 

' IV 

v 

VI 

V I  I 

VIII 

I X  

X 

Canard 

Off 

Off 

Off 

Off 

Off 

On 

On 

Off 

J e t  Locat ion 

Wing 

Right Wing 

Wing 

Wing 

Ving 

Wing 

Canard 

Wing 

G T E ,  deg 

range 

0 

0 

0 

0 

0 

0 

range 

GLE,  deg 

range 

0 

0 

0 

0 

0 

0 

range 

iC, deg 

---- 

---- 

---- 

---- 

---- 

range 

range 

---- 

~ o r i z .  T a i l  

Off 

Off 

On 

Off 

 on^ 

o f f  

Off 

Off 

Ver t .  T a i l  

Off 

Off 

Off 

On 

On 

Off 

Off 

Off 

6 ,  deg 

0 

0 

I 

0 

range 

range 

0 

0 

0 
I 





TP BLE I I I. - S P A N W I S E  B L O W I N G  O N  THE 44' SWEPT TRFPEZO IDAL W I N G .  

0 I N F  
PSF 

126 .0374  
125.0662 
125.9050 
1 2 6 - 2 5 8 9  
1 2 6 - 2 6 5 5  
125.7485 
125.6296 
125.3477 
125.9394 
124.9336 
123.3016 
123.7521 
124.4137 
126.6979 

ALPHA 
DEG 

a 0 1  
-1.84 

- 0 4  
1.93 
3.86 
5.85 
7.88 
9.96 

12.08 
14.25 
16 .35  
18.46 
20.56 

. 0 1  

BETA 
DE G -. 0 0  
-.OZ -. 0 0  

.02 

.04  

.07 
- 0 9  
-11 

1 3  
- 1 6  
- 1 8  
.2o 
.23  

-.oo 

COT C P M T  HPL EN 
P S I  

137.4421 
137.4945 
137,5278 
136.3677 
135.8499 
135.6101 
135.5082 
135.4278 
135.4237 
135.3719 
135 .3837  
135.4139 
135.4307 
135.7039 

dTFLU 
LBFlSEC 

- 1 7 7 7  
e1779 
- 1 7 8 4  
.1764 
,1762  
, 1 7 6 1  
.1760 
.1759  
- 1 7 6 2  
,1760  
.1759  
- 1 7 6 2  . 
- 1 7 6 1  
.1755 

Q I N F  
PSF 

126.0344 
1 2 5 - 9 0 4 9  
1 2 6 . 4 8 7 1  
126 .2240  
125.987b 
125.7619 
125.8914 
126.0103 
125.7700 
125.4121 
125.0017 
125.6456 
125.3170 
125.7271 

ALPHA 
OEG 

. 0 1  
-1.84 

.05  
1.94 
3.86 
5.86 
7.89 
9.97 

12.11 
14.29 
1 6 - 3 9  
18.52 
20.61 

. 0 1  

BETA 
OEG 

.oo -. 02 
.oo 
.O2 
- 0 4  
- 0 7  
.09  
-11 
.13 
e l 6  
- 1 8  
.2 1 
.23 -. 0 0  

CLT CDT CPUT HPLEM 
P S I  

295 .3766  
296 .1869  
296 .9791  
297.4610 
298.1612 
298.5843 
298.8826 
299.1272 
298.3965 
297.6161 
297.0508 
296.7721 
296 .5591  
296.3762 

HPLEN 
P S I  

-1.4835 
-1.3766 
-1.4157 
-1.4566 
-1.5 09 7  
-1.5757 
-1.6627 
-1.7138 
-1.7347 
-1.7765 
-1.7637 
-1 .7666 
-1.5034 
-1 .0291 

YTFLO 
LBFlSEC 

- 0 6 5 9  
,0660  
- 0 6 7 2  
.0662 
,0667 

0669  
.0665 
eQ670  
.0656 
.0659 
.0660 
e0658 
- 0 6 6 8  
- 0 6 6 5  

O I N F  
P S F 

127.3139 
127.1926 
127.1325 
126.9802 
127.1898 
127.0215 
126.9613 
127.2190 
126.6515 
126.6127 
127.0426 
126.9224 
126.8703 
127.4086 

ALPHA 
OEG. 
-.oo 

-1.85 
.04 

1.94 
3 - 0 6  
5.85 
7.88 
9.96 

12.07 
14.23 
1 6 . 3 1  
18.38 
20.44 

.oo 

BETA 
DEG -. 0 0  
-.02 -. 00. 

.02 
.04 
.O6 
- 0 9  
.ll 
.13 . 
. I 6  
.18 
.2 1 
- 2 3  

-.oo 

CLT CDT 
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TABLE I I I.- Continued. 

(a )  Continued. 

P I N F  
?SF 

3 1 4 . 9 9 2 8  
3 1 5 . 8 6 4 3  
3 1 5 0 0 0 2 2  
3 1 5 . 9 1 6 3  
3 1 5 . 8 9 0 9  
3 1 5 . 7 5 7 4  
315.6802 
3 1 6 . 0 1 3 9  
3 1 5 . 2 7 8 b  
314.8467 
3 1 4 . 6 2 1 0  
3 1 6 . 5 5 8 7  
3 1 7 . 4 4 9 5  
3 1 5 . 2 9 7 4  

P I N F  
P S F 

315.3700 
3 1 6 . 1 7 6 4  
3 1 5 . 5 3 3 2  
3 1 5 . 6 6 5 4  
3 1 5 . 5 4 5 2  
3 1 6 . 1 5 6 3  
3 1 5 . 1 3 7 3  
3 1 4 . 3 5 3 8  
316.8004 
3 1 5 . 9 2 9 0  
3 1 4 . 1 0 7 0  
3 1 5 . 4 2 3 7  
3 1 7 . 3 2 9 7  
3 1 4 . 9 2 8 0  

Q I N F  
P S F 

3 1 5 . 6 0 5 7  
3 1 7 . 4 7 7 0  
3 1 6 . 2 6 1 2  
3 1 5 . 8 5 7 1  
315.7099 
3 1 5 . 8 6 9 1  
3 1 5 . 5 8 9 2  
315.6578 
316.9375 

ALPHA 
DEG 

- 0 1  
- 1 . 9 0  

. 0 3  
2.00 
4 . 0 0  
6.08 
8.19 

10.35 
12.54 
14 .78  
1 6 . 9 2  
1 9 . 0 7  
21.19 

.O 1 

ALPHA 
OEG 

.02  
-1 .92  

. 0 4  
2 .01  
4  0 2  
6 .09  
8.22 

1 0 . 3 7  
12.58 
14 .85  
17.02 
19 .17  
21 .32  

. O 1  

ALPHA 
OEG -. 0 0  

-1 9 2  
- 0 4  

2.00 
4 .01  
6.07 
8 .18  

10 .35  
12 .52  
1 4 . 7 5  
1 6 . 8 5  
1 8 . 9 0  
20.98 

. 0 1  

BETA 
OE G 
-.01 
-.03 -. 0 1  

.02  

.04  
- 0 6  
- 0 8  
-11 
. 1 3  
- 1 6  
- 1 8  
. 2 1  
- 2 3  -. 0 1  

B E T A  
O E G  -. 0 0  
-.03 -. 0 0  

.02  

.OC 
- 0 6  
. 0 9  
. 1 1  
. 1 3  
. I 6  
- 1 9  
.2 1 
- 2 4  -. 0 0  

BETA 
DE G -. 0 1  -. 0 3  
-.01 

a 0 1  
. 0 4  
. 0 6  
- 0 8  
.A1 
. 1 3  
- 1 5  
. 1 7  
. 2 0  
. 2 2  

-.01 

C L T  

. 0 0 5 2  
- a 0 9 5 2  

. 0 0 6 0  
, 1 0 9 0  
- 2 2 2 5  
- 3 4 4 6  
, 4 6 8 0  
- 5 9 2 2  
, 6 8 5 3  
, 7 8 8 1  
.Be04 
. 9 3 6 2  
. 9 8 1 3  
e 0 0 8 7  

cnu 

, 0 2 2 8  
.O22B 
. 0 2 2 3  
- 0 2 2 8  
- 0 2 2 9  
, 0 2 2 9  
, 0 2 2 8  
- 0 2 2 9  

0 2  3 0  
. 0 2 3 1 '  
. 0 2 3 1  
, 0 2 3 0  
, 0 2 2 9  
- 0 2 3 2  - 

HPLEN 
P S I  

1 3 3 . 5 7 1 2  
1 3 3 . 5 9 2 8  
1 3 3 . 7 3 7 8  
1 3 3 . 7 8 7 4  
133.8292 
1 3 3 . 8 9 1 0  
1 3 3 . 9 5 0 5  
1 3 4 . 2 0 5 9  
1 3 4 . 1 8 2 3  
1 3 4 . 3 4 1 7  
1 3 4 . 3 5 6 1  
1 . 3 4 . 5 1 2 5 ,  
1 3 4 . 5 0 2 7  
1 3 5 . 0 2 1 1  

COT 

-.0006 
- . 0 0 0 1  
- .0008 

- 0 0 3 5  
a 0 1 1 3  
, 0 2 8 7  
e 0 5 6 8  
- 0 9 6 1  
, 1 4 7 5  
, 2 0 6 7  
- 2 7 1 9  
, 3 3 3 1  
. 3 9 6 7  

- . 0 0 1 7  

C L T COT CPHT C flu 

HPLEn 
P S I  

HPLEN 
P S I  

-2 .6578 
-2 .2903 
- 2 . 4 2 7 6  
-2 .5302 
- 2 . 6 7 5 7  
-2 .9626 
-3 .1707 
-3 .3409 
- 3 . 3 8 0 9  
- 3 . 4 1 6 1  
-3 .3649 
-2 .991 7  
-2 .6384 
-2 .1582 

YTFLO 
L B F l S E C  

- 1 7 1 5  
, 1 7 1 4  
, 1 7 1 9  
, 1 7 1 3  
. I 7 2 0  
. I 7 1 7  
m1714 
- 1 7 2 0  
- 1 7 2 1  
- 1 7 2 3  
- 1 7 2 3  
, 1 7 2 6  
, 1 7 2 5  
- 1 7 2 3  

YTFLO 
L B F I S E C  

- 3 3 5 8  
, 3 3 4 9  
. 3 3 5 0  
- 3 3 5 6  
. 3 3 5 7  
. 3 3 6 0  
. 3 3 5 9  
- 3 3 6 2  
, 3 3 5 3  
. 3 3 5 0  
. 3 3 4 7  
, 3 3 3 7  
. 3 3 3 4  
- 3 3 2 9  

YTFLO 
L B F l S E C  

. 0 6 2 1  
e 0 6 3 8  
.0633 
- 0 6 2 6  
. 0 6 4 1  
. 0 6 3 5  
. 0 6 3 3  
, 0 6 3 5  
- 0 6 3 7  
, 0 6 4 3  
.ObCO 
, 0 6 5 1  

0 6 5 5  
- 0 6 4 7  



TABLE I I I.- Continued. 

O I N F  
P S F  

127.4932 
126.7373 
126.6104 
126.6277 
126 .6651  
126.6544 
126.5063 
126.3926 
126 .6330  

ALPHA 
D E G  

20.42 
20 .51  
20.53 
20.55 
20.56 
20.57 
20.59 
20.59 
20.55 

BETA 
OE G 

.22 

.23  

.23 1 

.23 

.23 
- 2 3  
- 2 3  
.23 
- 2  3  

(a) Concluded. 

C L T  C O T  C P M l  H P L E N  
P S I  

13.7909 
53.7492 
9C.8220 

133.8602 
174.5925 
214.0097 
255.0916 
294.0022 
133.2772 



TABLE I l I. - Continued. 

Q I N F  
PSF 

124.8800 
125.6694 
125,5480 
125.6347 
125.3649 
125.3434 
125.4b75 
125.2003 
124.9759 
125.1535 
125 .2656  
125.0037 
124.9636 
124 .9289  

HPLEH 
P S I  

137.1857 
135.0340 
136.9933 
137.2063 
135.0785 
137.2480 
137.8023 
136.3966 
135 .9011  
136.8327 
137.5876 
136.8476 
136.2494 
137.3576 

YTFLO 
LBFlSEC 

1 6 6 7  
,1623 
- 1 6 6 1  
- 1 6 4 0  
0 1 6 2 9  
e1663 
.1654 
- 1 6 4 7  
.1b46 
e1657 

1 6 6 2  
- 1 6 5 2  

1643  
.1660 

ALPHA 
DEG 

. 0 1  
-1.84 

.04 
1.92 
3.85 
5.85 
7 .87 
9.94 

12.06 
14.24 
16.35 
18.44 
20.53 -. 0 0  

BETA 
OE G -. 00 -. 02 -. 0 0  

.02 

.04 
- 0 7  
.09 
-11 
.14 
. l b  
e l 8  
. 20  
.22 -. 0 0  

C L T  c DT  cPnT cnu 

QINF 
P S F 

125 .2461  
1 2 4 - 3 9 2 4  
125.3996 
1 2 6 - 4 6 3 9  
125.5785 
125.1163 
125 .0482  
125.6439 
124.8572 
124.7289 
125.0256 
124.9707 
124.7425 
125.4132 

AL PHA 
DEG 

.oo 
-1.84 

.04 
1.92 
3.87 
5.86 
7.86 
9.95 

12.11 
14.28 
16.38 
18.47 
20.58 

. O 1  

BE T I .  
D E G  

a 0 0  
-.02 

. oo  

.02  

.05 
.07  
- 0 9  
.11: 
e l 4  
a16  
e l 8  
. 2 1  
.23 
.oo 

C L T  C O T  cPnT HPLEN 
P S I  

296.8163 
296.5088 
296.5805 
2 9 6 - 7 6 1 6  
297.1334 
297.4Z11 
297.6382 
297.4120 
295.7197 
297.7795 
297.6039 
294.4564 
296.5171 
296.5402 

UTFLO 
LBFlSEC 

- 3 2 6 0  
3255  

- 3 2 5 5  
.3254 
- 3 2 5 6  
e3259  

3260  
- 3 2 5 3  
,3234 
- 3 2 6 0  

3244  
- 3 2 2 0  

3 2 4 6  
- 3 2 2 9  

Q I N F  
PSF 

125 .1701  
124.4112 
125.2102 
125.8820 
125.9327 
125.3864 
125.5853 
125.1712 
125.1391 
125.2433 
125.2834 
125.5371 
125.5076 
125.6160 

ALPHA 
OEG 
-.oo 

-1.85 
.02 

1.91 
3.86 
5.82 
7.86 
9.93 

12.06 
14.21 
1 6 - 3 0  
18.38 
20.44 -. 0 0  

BETA 
DEG -. 0 0  -. 02 -. 0 0  

.or? 

.04 

.06 
e 0 9  
.11 
- 1 3  
.16 
a 1 8  , 
.20 
- 2 3  -. 0 0  

CLT COT CPHT HPLEN 
P S I  

-.6718 
-.5790 
-.6733 
-.7600 -. 8 0 7 6  
-.8588 
-.9744 

-1.0612 
-1.1054 
-1.1380 
-1.1723 
-1.2267 
-1.1237 -. 4 0 3 9  



TABLE I 1-1 . -  Continued. 

Q I N F  
P S F  

125.6322 
124 .6972  
1 2 5 -  4546  
125.0803 
125.3365 
125.2058 
125.4155 
125.1436 
125.5353 
125.4967 

ALPHA 
D E G  

20.47 
20.50 
20.52 
20.53 
20.55 
20.55 
20.57 
20.56 
20.54 
20. 44 

B E T A  
O E  G 

- 2 3  
.23 
- 2  3 
- 2 3  
e23  
.23 
- 2 3  
.23 
s 2 2  
a23  

(b)  Concluded. 

CLT CDT CPhT C HU HPLEN 
P S I  

l b . 4 5 0 1  
58.6313 
97.4433 

136.8454 
176.72h6 
21b.8422 
256.6389 
297.0409 
137.2265 

-1.3273 

UTFLO 
LBFlSEC 

- 0 5 3 5  
.0910  
- 1 2 5 6  
.1653 
,2049 
,2457 
.2824 
- 3 2 3 6  
,1634 
.0287 

rn1GrnM PKGEW 
OF BOOR & U m  



TABLE I I I.- Continued. 

J T F L O  
LBFlSEC 

- 1 6 8 3  
- 1 6 7 9  
,1682 
.1681  
,1683 
- 1 6 8 4  
, 1 6 8 1  
e 1 6 8 0  

1683  
- 1 6 8 2  
,1683 

1 6 7 8  
- 1 6 8 1  
- 1 6 7 6  

P I N F  
PSF 

124.5860 
124 .4589  
124.9918 
124 .9184  
124.  77b8 
124.5028 
124.7045 
124.871'r  
1 2 4 . 5 9 6 1  
1 2 4 - 6 4 4 2  
124 .2555  
124.6295 
124.7056 
125.0876 

ALPHA 
DEG 

.oo 
-1 .86 

.02 
1 .91 
3.84 
5.83 
7.85 
9.92 

12.05 
14.22 
1 6 - 3 1  
18.42 
20.52 

.oo 

B E T &  
OEG -. 0 0  
-.02 -. 0 0  

- 0 2  
04  

.Ob 
- 0 9  
-11 
a 1 4  
- 1 6  
.18 
.20 
.22 -. 00 

C L T  C D T  C P R T  c nu H P L  EN 
P S I  

136.6714 
136.7314 
136.7455 
136.7676 
136.7791 
136 .8106  
136 .7939  
136.8171 
136.8424 
136.8510 
136.8603 
136 .8890  
136.9090 
137.1717 

O I N F  
PSF 

124.8741 
124.7724 
124.6573 
124.9377 
124.6759 
124 .9268  
124.4740 
124.6356 
124 .6489  
124.6316 
124 .8251  
124 .1226  
123.4933 
124.8586 

ALPHA 
DE G 

. o o  
-1.82 

- 0 1  
1 .91 
3.85 
5.83 
7.85 
9.94 

12.06 
14.24 
1 6 - 3 3  
1 8 - 6 5  
20.55 

.02 

BETA 
DE G 

.oo -. 02 

.oo 

.02 

.04 

.07 
m 0 9  
- 1 1  

1 4  
a 1 6  
- 1 8  
.20 
.2 3  
. oo  

C L T  CDT C P R T  HPLEN 
P S I  

298.1523 
298.1014 
297.4718 
2.97.2467 
297.2653 
298.1812 
298.3961 
297.9417 
297.8961 
297.9080 
290.1667 
298.2378 
298.4190 
297.9213 

Y T F L O  
L B F I S E C  5 

, 0646  
- 0 6 5 3  
,0654 
- 0 6 5 2  
- 0 6 5 7  
.0657 
,0660 
,0654 
.0650  
.0b39 
- 0 6 3 9  
- 0 6 4 9  
.0647 
eO652 

O I N F  
PSF 

124.4908 
124.4374 
124.9768 
124.4733 
125.0983 
124.7497 
124.4986 
124.4479 
124.3891. 
124.7991 
124.8579 
124.2715 
1 2 4 - 5 6 6 6  
124.5321 

ALPHA 
DEG 
-.oo 

-1.86 
. 0 1  

1.90 
3.83 
5.81 
7.83 
9.92 

12.04 
14.21 
16.29 
18.38 
20.46 

-.Ol 

BE TA 
DEG -. 0 0  -. 0 3  -. 0 0  

.02 

.04 

.06  
.09 
r l l  
e l 3  
. I 6  
a18 
. t o  
e23  -. 0 0  

CL T  CDT C  P n T  cnu HPLEN 
P S I  

-.5b19 
-.4607 
-.5490 
-.6112 
-.6700 -. 7 7 1  7 
-.8504 
-a9435  

-1.0328 
-1.0879 
-1.0923 
-1.1482 
-1.2207 

-.4712 



TABLE I I I.- Continued. 

Q I N F  
PSF 

1 2 4 . 4 4 9 7  
1 2 4 . 6 7 6 7  
1 2 4 . 6 3 9 3  
1 2 4 . 8 1 5 5  
1 2 4 . 7 9 5 5  
1 2 4 - 6 7 2 6  
1 2 4 . 6 1 5 1  
1 2 4 . 8 2 4 8  
1 2 4 . 7 1 6 6  
1 2 4 . 5 6 4 3  

AL P H I  
OEG 

2 0 . 4 7  
2 0 . 5 0  
2 0 . 5 1  
2 0 . 5 2  
t o .  5 4  
2 0 . 5 4  
2 0 . 5 5  
2 0 . 5 6  
2 0 . 5 2  
2 0 . 4 6  

BETA 
OEG 

. 2 2  
. 2 2  
. 2 2  
. 2 2  
. 2 3  
. 2 3  
. 2 3  
. 2 3  
. 2 2  
. 2 2  

( c )  Concluded. 

HPLEN 
P S I  

1 6 . 1 5 5 7  
5 7 . 0 1 9 7  
9 6 . 8 0 9 7  

1 3 7 . 0 5 7 8  
1 7 6 . 9 7 5 7  
2 1 7 . 8 8 7 4  
2 5 8 . 5 1 3 5  
2 9 8 . 8 6 1 7  
1 3 7 . 1 9 3 9  

- 1 . 3 9 7 8  



TABLE I l I.-Continued. 

( d )  differentially-deflected 
leading-edge flap; -- = o0 

OIHF 
PSF 

125.9689 
126.4082 
126.4323 
126.6793 
126.7526 
126.5042 
126.6002 
127.0089 
126.9342 
125.9176 
l 2 6 . 3 5 3 I  
125.9791 
126.5041 
126.2288 

ALPHA 
D E G  

BETA 
DE G -. 00 -. 02 -. 0 0  

a02 
04 

- 0 6  
- 0 9  
.11 
.14 
.16  
a18 
. 2 1  
.23 

-.oo 

HPLEN 
P S I  

138.6436 
135.9817 
137.4774 
138.0498 
140.1899 
140.0168 
138.4519 
137.8430 
137.2411 
137.0841 
137.1436 
137.381 7 
137.4892 
137.0060 

YTFLO 
LBFlSEC 

,1747 
- 1 7 2 1  
e1732 
e1744 
- 1 7 6 5  
.1763 
- 1 7 4 4  
- 1 7 3 8  
.1733 
.1731 
.1732 
- 1 7 3 8  
- 1 7 3 8  
,1738 

CLT COT CPMT 

0 I N  F 
PSF 

126.5483 
126.3853 
126.5911 
126.4027 
126.4655 
126.5334 
126.3384 
126.5759 
126.4691 
126.3357 
126.2449 
126.2634 
125.9507 
126.7068 

ALPHA 
D E G  

CLT 

e0227  
-a0840  

.0234 
e l 3 0 2  
.2400 
- 3 5 1 5  
.4665 
.5934 
,7258 
.a624 
- 9 9 3 1  

1.1320 
1.2578 

.02c9  

COT CPRT 

-.0137 
.0102 

-.0140 
-.0374 
-.0596 
-.0828 
- . l ob3  -. 1338  
-.1640 
- e l 9 6 4  
-.2288 
-.2663 
-.2994 
me0142 

HPLEN 
P S I  

299.7120 
299.0652 
300.8356 
301.1158 
300.7020 
301.0976 
301.1761 
300.0660 
300.0586 
300.2915 
300.6511 
300.9175 
300.9091 
299.8101 

0 1  NF 
PSF 

126.5813 
126.3424 
126.5175 
126.4359 
126.5280 
126.2235 
126.0951 
125.8708 
126.6026 
126.7562 
126.4864 
126.4798 
126.2126 
126.3692 

ALPHA 
DEG -. 0 1  

-1.86 
a02 

1.91 
3.84 
5.83 
7.85 
9.92 

1 2  05 
14.23 
16.31 
18.40 
20.44 

-.01 

BETA 
OEG -. 0 1  -. 0 3  
-.oo 

.O2 
.04 
.06 
e 0 9  
-11 
- 1 3  
- 1 6  
.18 
.21 
.22 -. 0 0  

CDT CHU HPLEN 
P S I  

-.9092 
-a7807  
-.8772 
-a9657 

-1.0587 
-1.1229 
-1.2308 
-1.3127 
-1.4243 
-1.4589 
-1.4450 
-1.5243 
-1.5671 

-a8796  

UTFLO 
LBF l S E C  
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.000G 
0.0000 
0.0000 



TABLE I I I. - Continued. 

P I N F  
PSF 

1 2 8 . 3 4 1 5  
1 2 8 . 0 8 3 8  
1 2 8 . 4 4 1 7  
1 2 8 . 6 4 0 6  
1 2 8 . 4 7 6 3  
1 2 8 . 4 3 4 8  
1 2 8 . 1 3 8 2  
1 2 8 . 9 7 6 9  
1 2 8 . 2 2 2 4  
1 2 7 . 9 8 0 4  
1 2 8 . 1 4 8 7  
1 2 7 . 2 4 8 1  
1 2 7 . 8 2 4 0  
1 2 8 . 7 4 8 2  

ALPHA 
DEG 

. 0 2  
-1.84 

- 0 4  
1.93 
3.86 
5.83 
7.88 
9 .94  

1 2 . 0 6  
1 4 . 2 5  
1 6 . 3 3  
18e.43 
20.53 

. 0 2  

BETA 
OE G 
-.oo -. 0 2  -. 0 0  

. 0 2  

. 0 4  
a 0 7  
. 0 9  
.ll 
. 1 4  

1 6  
.18  
. 2 0  
. 2 2  -. 0 0  

C L T  c DT c P M T  c nu H P L E N  Y T F L O  
L B F l S E C  
.i746 
, 1 7 4 9  
e1745 
- 1 7 4 6  
- 1 7 4 6  
, 1 7 4 4  
- 1 7 4 7  
e1752 
, 1 7 4 6  
- 1 7 4 5  
- 1 7 4 3  
- 1 7 4 6  
- 1 7 4 6  
,1743 

P S I  
1 3 9 . 1 2 5 2  
1 3 9 . 0 3 4 1  
1 3 9 . 0 4 9 4  

P I N F  
PSF 

1 2 8 . 2 2 0 5  
1 2 8 . 1 8 8 4  
128.4529 
1 2 8 . 3 8 3 4  
1 2 8 . 2 1 3 6  
1 2 8 . 3 6 7 2  
1 2 8 . 1 7 8 9  
127.9612 
1 2 8 . 3 2 1 9  
1 2 8 . 9 7 8 9  
1 2 7 . 8 7 1 6  
1 2 7 . 9 6 8 9  
1 2 7 . 8 4 0 7  
1 2 8 . 1 2 7 9  

ALPHA 
D E G 

.02  
- 1 . 8 2  

.05  
1.94 
3.87 
5.86 
7.88 
9 . 9 7  

1 2 . 0 9  
1 4 . 2 7  
1 6 - 3 5  
18 .47  
20.58 

.03 

C 1 T CDT CPMT cnu H P L E N  
P S I  

3 0 4 . 1 0 5 5  
3 0 4 . 4 2 0 0  
3 0 4 1 0 3 0 2  
3 0 3 , 4 9 8 5  
1 0 3 . 5 5 3 9  
3 0 3 . 2 5 4 2  
3 0 3 . 4 0 3 8  
303.3782 
3 0 3 . 6 0 7 9  
3 0 3 . 4 6 3 5  
303.6263 
3 0 3 r S b 1 9  
3 0 3 . 8 0 3 9  
3 0 4 . 3 9 8 3  

Y T F L O  
L B F l S E C  

- 3 4 7 2  
m3471 
, 3 4 6 3  
. 3 4 5 6  
, 3 4 5 5  
- 3 4 5 0  
- 3 4 5 2  
. 3 4 5 0  
- 3 4 5 2  
, 3 4 4 8  
- 3 4 5 1  
. 3 4 4 7  
. 3 4 4 9  
e 3 4 5 1  

CDT C  PMT Q I N F  
P S F  

1 2 8 . 2 6 6 3  
1 2 8 . 3 7 1 9  
1 2 8 . 8 6 0 7  
1 2 8 . 3 6 9 1  
1 2 8 . 0 0 5 7  
127.6289 
1 2 8 . 1 8 3 2  
1 2 8 . 6 6 2 7  
1 2 8 . 6 6 2 6  
1 2 8 . 0 5 6 2  
1 2 7 . 6 1 6 7  
1 2 8 . 6 7 0 6  
1 2 8 . 5 8 5 1  
1 2 8 . 0 5 6 2  

ALPHA 
DEG 

. 0 3  
-1.84 

- 0 4  
1 .93  
3 .87  
5 . 8 4  
7.87 
9.93 

12 .07  
14 .23  
16 .31  
18 .39  
20.45 

.02  

BET A  
D E G  -. 0 1  -. 0 3  
-.01 

.02  

. 0 4  

.Ob 
e 0 9  
.ll 
e l 3  
* l b  
- 1 8  
. 2 0  
. 2 3  

-.Ol 

C L T  cnu HPL EN 
P S I  

- a 8 1 2 7  
- a  6 8 2 4  
- a 7 0 8 0  
- .8894 
- a 9 2 7 1  

-1 ,0533 
-1 .1526 
-1 .2541 
-1.3268 
-1.3358 
-1.3497 
-1.4334 
- 1 , 5 2 1 1  

- a 7 2 2 9  

Y T F L U  
L B F l S E C  

, 0 3 7 7  
. 0 4 0 8  
- 0 4 3 4  
.04  18 

0 1 5 9  
, 0 4 2 4  
. 0 4 3 0  
- 0 4 2 0  
. 0 4 2 6  
e0435 
e 0 4 2 4  
- 0 4 4 6  
- 0 4 1 9  
. 0 4 2 7  



TABLE I I I.- Cont inued. 

P I N F  
P S F 

127.9192 
128.1276 
128.1343 
128.2705 
128.5270 
128.0114 
127.9178 
128.5323 
128 .5176  
128.7524 

A L P H A  
OEG 

20.47 
20.50 
20.51 
20.53 
20.55 
20 .56  
20.57 
20.58 
20.53 
20.45 

B E T A  
OEG 

.22 
.22 
.22 
. 2 Z  
- 2 2  . 22 
.22 
- 2 3  
- 2 2  
.23 

(e) Concluded. 

CLT COT CPHT HPL EN 
P S I  

18.7854 
58.0224 
98 .6271  

140.2557 
180.9391 
221.9147 
262.9865 
303.9976 
139.5578 

-1.6312 

YTFLO 
LbF lSEC 

- 0 5 6 5  
- 0 9 0 7  
. 1 3 0 1  
,1745 
e2159  
.2595 . 
- 3 0 1 1  
- 3 4 4 1  
, 1 7 1 1  
- 0 3 6 1  



TABLE I I I.- Continued. 

QINF 
P S F  

127.9874 
127.8218 
128.2331 
127.9472 
127.8924 
127.8630 
128.2035 
128.5948 
128.0086 
128.4039 
127 .1816  
127.3352 
127.1415 
128.0633 

ALPHA 
O i  G 

e 04 
-1.80 

.07 
1.95 
3.90 
5.88 
7.92 
9.98 

12.10 
14.28 
16.39 
18.49 
20.58 

.04 

HPLEN 
P S I  

139.0704 
139.5922 
139.0994 
138.7490 
138.6457 
138.5241 
138.4576 
138.4918 
138.4822 
138.4732 
138.5039 
13815422  
138.4576 
138.7469 

YTFLD 
LBFlSEC 

- 1 7 8 1  
- 1 7 8 2  
- 1 7 7 6  
- 1 7 7 7  
- 1 7 7 1  
- 1 7 6 9  
.1774 
- 1 7 7 2  
, 1 7 7 1  

1772  
1772  
1 7 7 2 .  

.1774 .  
e1773 

BETA 
OEG -. 0 0  -. 02 -. 0.0 

.02 
no4 
.07  
- 0 9  
.11 
.14 
016 
.18 
.20 
.23 

-.oo 

HPLEM 
PSI  

302.0499 
301.8614 
302.0631 
302.3423 
302.6719 
302.3403 
302.3458 
302.2966 
302.3084 
302.41B8 
302.5172 
302.6258 
302.9308 
302.9630 

QINF 
PSF 

127.9805 
127.5436 
128.1074 
128 .2221  
127.7959 
127.9269 
128.3610 
127.6785 
127.4556 
128.0258 
127.3873 
127 .4181  
127.6492 
128.2530 

ALPHA 
OEG 

- 0 4  
-1.81 

.08 
1.96 
3.91 
5.89 
7.92 

10.00 
12.12 
14.34 
16.42 
18.54 
20.63 

.05 

BETA 
DE G 

.OO -. 0 2  
- 0 0  
.02 
.05 
- 0 7  
.09 
.ll 

1 4  
- 1 6  
.18 
. 2 1  
.23 -. 0 0  

PINF 
PSF 

127.8618 
120.2210 
127.7843 
128.2410 
127.9004 
127.9256 
1 2 8 - 0 1 6 5  
127.2203 
127.5862 
128.7214 
129.2995 
127.7091 
127.8827 
128.2301 

AL P H I  
DEG 

BE TA 
OEG -. 0 1  -. 03 -. 0 0  

.02 
- 0 4  
.06  

0 9  
.ll 
.13 
a16 
.18 
.20 
.23 

-moo 

C L T CDT C P ~ T  HPLEN 
P S I  

-1.0296 
-.PC65 

-1.0323 
-1.1400 
-1.1919 
-1.3020 
-1.3852 
-1.4852 
-1.5352 
-1.5686 
-1.6020 
-1.6711 
-1.5155 

- a 9 7 9 0  

YTFLO 
LBFlSEC 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0. 0000  
0.0000 
0.0000 

ORIGnWAG PAGE IS 
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Q I N F  
P S F  

1 2 8 . 0 4 9 8  
1 2 7 . 5 4 4 9  
1 2 8 . 0 4 0 7  
1 2 7 . 8 4 3 0  
1 2 8 . 0 0 7 3  
127.9753 
1 2 7 . 7 0 6 8  
1 2 8 . 4 7 4 7  
1 2 7 . 8 9 7 8  
1 2 7 . 7 4 1 4  

ALPHA 
D E G  

20.47 
20.53 
20.56 
20.57 
20.59 
20.60 
20 .61  
20.63 
20.58 
20.43 

B E T A  
D E G  

. 2 3  

. 2 3  

. 2 3  
- 2 3  
- 2 3  
. 2 3  
. 2 3  
. 2 3  
. 2 3  
.23  

TABLE I 1 1 . -  Continued. 

( f )  Concluded. 

C L T  C D T  C P N T  c MU HPLEN 
P S I  

16.3214 
58 .5553 
9 8 . 7 3 6 6  

1 3 9 . 2 7 3 0  
1 7 8 . 7 6 0 2  
2 2 0 . 4 3 8 1  
2 6 1 . 2 6 0 9  
303.3575 
140.0516 

-1 .6187 

YTFLO 
L B F f  S E C  

, 0 6 6 2  
- 0 9 9 4  
, 1 3 6 9  
- 1 7 7 3  
e 2 1 5 1  
, 2 5 9 2  
. 3 0 0 9  

3 4 5 0  
- 1 7 5 0  
- 0 5 5 7  



TABLE I I I.- Continued. 

- P I N F  
PSF 

127.2801 
127.1728 
127.1622 

* 127.2075 

126.9843 
127.0337 
126.7117 
127.4000 
124.8440 
127.0490 
126.9413 
127.0084 
127.1179 
127.1652 

ALPHA 
D E G  

.08 
-1.73 

e l 2  
2.00 
3.94 
5.93 
7.95 

10.02 
12.14 
14.32 
16.43 
18.53 
20.62 

- 0 9  

BETA 
DE G -. 00 -. 02 -. 0 0  

.02 

.04 

.07  

.09> 
0 1 1  

1 3  
e l 6  
- 1 8  
.21  
- 2 3  -. 0 0  

C L T CDT CPNT c HU HPLEN 
P S I  

138.5010 
138.5973 
138.5942 
138 .2171  
137 .9170  
137.8845 
137.8222 
137.8184 
137.8561 
137.8607 
137.8569 
138.0597 
138 .1490  
137.8778 

UTFLO 
L8FlSEC 

Q I N F  
PSF 

127.0793 
126.9657 
127.6126 
127.2945 
127.1686 
127.1832 
127.6648 
126.8921 
126.9857 
127.1206 
126.6421 
126.6478 
127.4520 
127.7221 

A L  P H I  
DEG 

a.12 
-1.75 

. I 2  
2.01 
3.95 
5.94 
7.96 

10.04 
12.17 
14.38 
1 6 - 4 8  
18.57 
20.46 

- 0 9  

CLT C D T  CPNT C NU HPLEN 
P S I  

299.6087 
299.9675 
300.2063 
300.0058 
300.1136 
300.0473 
299.7803 
299.9799 
300.0703 
299.7356 
299.5727 
299.4726 
299.9115 
300.0280 

YTFLO 
LBFlSEC 

.3422 
e3421  

3 4 1  7 
,3412 
.34 12 
,3408 
.3404 
,3403 
- 3 4 0 0  
e3391  
.3386 
r 3 3 8 4  
- 3 3 8 0  
,3368 

P I N F  
PSF 

127.9229 
126.7318 
126.9254 
127.1910 
127.5140 

n 127.1466 

127.3521 
127.3936 
127.5552 
1 2 6 - 6 8 9 5  
127.3907 
127.2358 
126.9351 
127.3733 

ALPHA 
D E G  

- 0 8  
-1.78 

-11 
2.00 
3.92 
5.92 
7.93 

10.01 
12.12 
14.27 
16.36 
18.41 
20.46 

.07 

HPLEM 
P S I  

YTFLO 
LBFlSEC 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 



Q I N F  
P S F  

1 2 7 . 1 1 6 3  
1 2 7 - 1 4 7 5  
1 2 7 . 5 0 0 2  
1 2 7 . 9 2 6 6  
1 2 6 . 7 6 0 1  
1 2 7 . 6 5 3 7  
1 2 7 . 5 2 5 4  
1 2 7 . 2 7 0 2  
1 2 7 . 1 8 5 8  

ALPHA 
DE G 

2 0 . 4 9  
2 0 . 5 5  
2 0 . 5 8  
2 0 . 6 0  
2 0 . 6 1  
2 0 . 6 3  
2 0 . 6 4  
2 0 . 6 5  
2 0 . 4 6  

BE T I  
D E G  

. 2 3  
- 2 3  
- 2 3  
. 2 3  
. 2 3  

2 3  
- 2 3  
. 2 3  
. 2  3  

TABLE I I I.- Concluded. 

(g) Concluded. 

CL T  CDT C  P M T  CNU HPLEN 
P S I  

1 6 . 3 6 3 9  
5 7 . 3 8 9 9  

YTFLO C 

L B F I S E C  
.0b07 
, 0 9 3 1  
, 1 3 1 5  
, 1 7 2 4  
- 2 1 3 7  

, . 2 5 4 2  
- 2 9 4 2  

3 3 6 7  
0 . 0 0 0 0  



Q I N F  
PSF 

1 2 5 . 4 6 2 1  
125 .4474  
1 2 5 . 1 3 8 9  
1 2 5 . 5 7 1 6  
1 2 5 . 3 9 1 3  
125 .4312  
1 2 5 . 2 5 2 2  

Q I N F  
P S F  

1 2 5 . 5 9 4 8  
1 2 5 . 3 5 7 0  
1 2 5 . 2 9 1 5  
125 .7764  
1 2 5 . 5 8 1 3  
1 2 4 . 8 6 9 3  
1 2 5 . 3 9 9 5  
1 2 5 . 6 3 4 6  
1 2 5 . 1 4 8 4  
1 2 5 . 5 9 5 8  
1 2 5 . 0 4 8 1  
1 2 5 . 4 0 7 4  
1 2 5 . 6 9 0 5  
1 2 5 . 1 8 4 5  

ALPHA 
OEC 

- 0 0  
-1.85 

.03  
1 .91  
3.85 
5.83 
7.85 
9 .94  

12.05 
14 .23  
1 6 . 3 1  
18 .40  
20 .46  

. o o  

. - 

ALPHA 
D E G  

. 0 1  
-1.85 

.03  
1 . 9 1  
3.8> 
5.84 
7.86 
9.94 

12 .06  
14 .24  
16.32 
18 .40  
20 .48  

.o 1 

TABLE IV.- SPANWISE BLOWING ON THE RIGHT W I N G  ONLY OF THE 44' SWEPT TRAPEZOIDAL 
W I N G  CONFIGURATION. 

BETA 
OEG 

.o 1 
-.01 

- 0  1 
- 0 3  
.05 
. 0 7  
.10 
- 1 2  
.14  
. 1 6  
.17 
- 1 8  
. 1 9  
. 0 1  

CLT 

BETA C L T 
D E G  

.03 . 0 1 1 6  

. 0 1  - .0854  
- 0 3  . 0 1 5 0  
.05 . 1 1 2 1  
.07  , 2 1 7 6  
. 0 9  3 3 2 4  
. I 2  . 4 5 7 3  
. 1 4  -.5701 
.15  - 6 9 6 6  
. 1 7  - 8 1 7 3  
- 1 8  - 9 2  6 4  
.18  ;9949 
- 1 8  1.0506 
- 0 3  - 0 1 5 2  

CDT CSFT 

-.0075 
-.GO75 
- a 0 0 7 1  
- .0074  
- .00?5 
-moo82  
-.0090 
-.0096 
-.0099 
- .0113 
- a 0 1 2 4  
-.OZLO 
-.0202 
- .0074  

CHU 

,0339  
- 0 3 4 5  
eO340  
e 0 3 4 0  
.0340  
- 0 3 6 1  
- 0 3 4 1  
, 0 3 4 0  
- 0 3 4 0  
mO351 
,0342 
- 0 3 4 3  
, 0 3 4 3  
- 0 3 4 2  

HPLEN 
P S I  

1 3 6 . 8 8 6 5  
1 3 7 . 3 9 2 4  
1 3 6 . 8 8 2 6  
1 3 7 . 5 5 9 4  
1 3 6 . 8 8 7 6  
1 3 6 . 8 7 0 0  
136 .7894  
136 .7467  
136.7135 
136.607.3 
1 3 6 . 6 2 4 7  
1 3 6 . 5 4 3 8  
1 3 6 . 9 1 2 6  
1 3 7 . 4 1 4 9  

YTFLO 
L B F l S E C  

.100b 
, 1 0 2 4  
- 1 0 0 8  
.1012 
.1010 
, 1 0 1 5  
.1012 
.1014 
0 1 0 1 4  
- 1 0 1 6  
.1016 
- 1 0 1 4  
.1018 
.1017 

Mw= 0.30: C = 0. OR; Tt, plen = 5 1 3 ' ~  
p, av9 

COT 

-.OObZ 
- .0057  
- .0066  
- .0035  

- 0 0 3 5  
.O 1 7 8  
, 0 4 3 3  
. 0 7 9 3  
- 1 2 3 8  
. I 7 9 3  
. 2 3 9 3  
- 2 9 9 1  
. 3 5 7 5  

- .0078 

CPHT 

- .0037  
. O l 4 b  

- .0043 
-.0225 
- .0444 
- .0708  
-.OP89 
- .1272  
- . I 5 7 1  
- .1910 
- .2229 
- a 2 5 2 2  
- .2734 
- .0039 

CSFT 

- .0270 
- .0279 
- .0281  
-.0276 
- . 0 2 9 1  
- a 0 3 0 1  
- a 0 3 1 0  
- . 0 3 2 1  
-.0337 
-.0325 
- .0329 
- .0405  
- .0391  
- .0276 

HPLEN 
P S I  

2 9 0 - 3 5 6 6  
298 .4375  
297 .5147  
297.7004 
2 9 9 . 3 8 4 4  
297 .4548  
2 9 6 . 5 9 2 1  
2 9 7 . 8 9 6 0  
2 9 8 . 7 4 8 1  
296 .1899  
2 9 7 . 6 8 0 8  
298 .5735  
299 .3645  
297 .1476  

YTFLO 
L B F l S E C  

.1a15 

.1816 

. 1 8 0 4  
- 1 8 1 7  
, 1 8 1 8  
, 1 8 0 2  

1 8 0 8  
- 1 8 1 2  
- 1 8 0 8  
, 1 7 9 7  
.1810 
a 1 8 1 2  
.1014 
.1a04 

Q l N F  ALPHA BETA CLT COT C P B T  CRMT CVHT CSFT CHU HPLEN UTFLO 
P S F  D E G  DEG P S I  LBF ISEC 

1 2 4 . 9 6 1 1  20.40 .E3 - 8 4 8 5  . 3 4 7 4  -.2312 . 0 0 2 8  - .0019 . 0 0 0 9  0.0000 -1.2761 0 1 0 0 0 0  
1 2 5 . 8 7 6 1  - 0 0  -.OO - a 0 0 3 0  - 0 3 1 0  -00.54 - 0 0 0 7  . 0 0 0 8  , 0 0 3 5  0 . 0 0 0 0  - .a665  0 .0000  

ORHGINAE PAGE 
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OIHF A L P H A  
P S F  DEG 

1 2 4 . 7 7 1 5  - . O D  
1 2 4 . 6 2 9 7  -1.83 

1 C I N F  
P  S F  

IZ4.5Z82 
124.6954 
1 2 4 . 9 8 7 3  
125.163d 
125.1786 
1 2 5 . 3 0 8 0  
1 2 4 . 9 3 1 4  
124.4144 
1 2 4 . 3 3 5 8  
1 2 4 - 6 5 7 3  
1 2 4 . 4 6 3 8  
1 2 4 . 8 5 7 7  
1 2 4 . 6 7 4 7  
1 2 4 . 6 8 8 5  

OINF 
P S F  

1 2 4 . 6 6 4 5  
1 2 4 . 6 2 8 1  
124.30C8 
1 2 5 - 2 5 3 3  
1 2 5 . 1 6 8 0  
1 2 4 - 8 2 4 8  
1 2 5 . 2 5 6 1  
1 2 4 . 8 4 8 8  
1 2 4 . 7 6 0 8  
124.5457 

A L P H A  
O E G  

.02  
-1.82 

- 0 6  
1 .93  
3.56 
5.84 
7.87 
9.94 

1 2 . 0 7  
14.25 
16 .34  
18 .44  
20.52 

.02 

A L P H A  
DEG 

.01  
-1.04 

- 0 3  
1 .91  
3.85 
5 - 0 3  
7.85 
9.91 

12 .02  
14.18 
16.24 
18 .32  
20 .36  

.01 

TABLE V.- SPANWISE BLOWING ON THE 44' SWEPT TRAPEZOIDAL W I N G  - HORIZONTAL TA I1 
CONFIGURATION; qE =6TE = 0'. 

B E T A  C L T  
O E G  
- .OO - 0 0 8 5  
- .02 - .0959 
- .oo  .Dl22  

.02  .1174 

.04  - 2 2 8 9  

.07  . 3 6 0 1  

. 0 9  . 4 9 8 1  

. 1 1  - 6 2 3 0  
. l C  .7447 
- 1 6  - 8 8 5 4  
- 1 8  1 .0403 
. 2 0  1 .1814 
.23 1.2979 

- . O O  . 0 1 4 6  

B E T A  
D E G  

.oo  -. 0 2  

. o o  
- 0 2  
.04  
. 0 7  
. 0 9  
. l l  
. I 4  
. I 6  
.18 
. 2 1  
. 2 3  
. oo  

B E T A  
D E G  -. 00 
- s o 3  
-.OO 

.02 

.04 . Ob 
- 0 9  
. l l  
. 1 3  
. l b  
- 1 8  
.20  
. 2 3  

-.oo 

C L T  

.Ol 69 
- .0949 

, 0 2 0 9  
1387 

, 2 5 5 5  . 3882 
, 5 3 1 0  
, 6 7 3 9  
.8325 

1.0086 
1.1722 
1 . 3 1 4 5  
1 .4304 

. 0 2 4 3  

C L T  

-.0030 - -  1 0 4 1  
-.0014 

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

1.0004 
1 .0409 

- 0 0 5 1  

C O T  C P H T  c a n r  c r n r  C S F T  

CDT 

-.0398 
- .0396 
- . 0 4 0 3  
- .0369 
-.0282 
- .0116 

, 0 1 7 3  
- 0 5 7 3  
. I  1 0 8  
- 1 8 0 3  
, 2 5 7 9  
, 3 4 2 2  
- 4 2 9 3  

- .0434 

C O T  

- 0 3 2 7  
a 0 3 4 9  
- 0 3 3 4  
, 0 3 6 2  
- 0 4 3 9  
.05Bb 
- 0 8 5 2  

1 2 0 8  
, 1 6 6 7  
, 2 2 2 7  
- 2 8 6 2  
. 3 5 4 7  
- 4 1 5 5  
.034Z 

C S F T  

- .0015 
- .0019 
- .0020 
- .0017 
- .0021 
- .0037 
- .0065 
- .0051 
- .0057 
-.0042 
- .0039 
-.0043 
-.0044 
-.0008 

C S F T  

.0038 
- 0 0 3 7  
- 0 0  38 
, 0 0 3 9  
.0032 
.0016 
, 0 0 0 2  
moo03 
, 0 0 0 5  
.0001 

- .0001 
- .0017 
- .0009 

.002e  

c  nu H P L E N  
P S I  

. 0 6 0 5  137.4561 
, 0 6 0 8  138.1303 
mob09 138.2485 
~ 0 6 0 8  138.2842 
a0608 , 138.2927 
, 0 6 0 8  138.3179 
, 0 6 0 5  1 3 8 . 3 0 8 3  
, 0 6 0 8  138.2879 
.0610 138.2385 
- 0 6 0 9  138.2205 
. 0 6 0 9  1 3 8 . 2 0 7 4  
no605 138.1763 
, 0 6 0 9  138.1292 
no609 138.2594 

' C  MU H P L E N  
P S I  

, 1 2 9 9  2 9 7 . 2 7 5 1  
~ 1 3 0 2  298.5660 
a1288 296.2380 
.1294 297.4557 
- 1 2 9 6  2 9 7 . 7 5 5 6  
. I 2 9 6  298.1b01 
e l 3 0 0  298.3234 
.1308 298.5163 
, 1 3 0 9  298.6737 
- 1 3 0 5  298.6281 
, 1 3 0 8  298.7739 
- 1 3 0 5  298.8761 
- 1 3 0 8  298.9141 
- 1 2 8 7  295.8321 . 

H P L  E N  
P S I  

- .5903 
-.Cbb2 -. 5690 
- .6660 
- .7305 
- . a 0 4 6  
- .9225 

-1 .0237 
-1 .0728 
-1 .1086 
-1.1498 
-1 .2486 
-1.1657 

-.5477 

Y T F L O  
L B i l S E C  

, 1 7 8 6  
. I 7 9 3  
~ 1 8 0 2  - 
, 1 7 9 6  
, 1 7 9 4  
, 1 7 9 7  
- 1  796 
, 1 7 9 7  
- 1 7 9 9  
, 1 8 0 0  
.1796 
.1797 
, 1 7 9 6  .. 1 7 9 6  

U T F L O  
L B F l S E C  

, , 0 7 0 2  
- 0 7 0 7  
- 0 7 1 0  
a 0 7 1 6  ' 
- 0 7 3 1  
. 0 7 2 7  
, 0 7 4 0  
. 0 7 4 0  
. 0 7 4 3  ,, 
. 0 7 5 8  
.075+ 
, 0 7 6 3  
. 0 7 5 3  
m0750 



TPBLE VI.-  SPPNWISE BLOWING ON THE 44' SWEPT TRAPEZOIDAL  W I N G  - VERTICAL T A I L  
CONFIGURATION I N  S IDESL IP ;  qE =BTE = 0'. 

,. 

OINF 
PSF 

ALPHA 
D E G  

.oo  
-1.85 

. 0 4  
1.92 
3.85 
5.84 
7.07 
9 - 9 5  

12 .06  
1 4 . 2 5  
1 6 . 3 5  
18.44 
20.54 

. o o  

BETA 
OEG 
-.OD 
-.02 

. o o  
- 0 2  
- 0  4 
.o 7 
- 0 9  
.11 
. 1 4  
. 1 6  
. 1 8  
. 2 1  
. 2 3  -. 0 0  

COT 

~ 0 0 2 6  
- 0 0 3 4  
.OO26 
, 0 0 6 3  
. 0 1 3 9  
, 0 2 8 0  
. 0 5 3 3  
, 0 8 6 7  
. I 2 7 6  
. I 8 5 6  
, 2 4 9 6  
- 3 1 3 8  
. 3 8 3 8  
- 0 0 4 6  

CPHT 

- a 0 0 7 9  
. 0 1 0 1  

- .0082 
- .0265 
-.Oh79 
- .0738  
- . I 0 2 9  
- .1280  
- e l 5 1 4  
- . I 9 2 5  
-.2288 
-.2512 
- .2722 
-.0079 

CRMT 

. 0 0 2 3  

.OOZZ 

. 0 0 2 4  
, 0 0 2 3  
.0024  
, 0 0 2 4  
- 0 0 1 9  
. 0 0 0 9  
. 0 0 1 7  

- .0017  
- .0016  
- .0009  

. 0 0 1 5  
, 0 0 2 3  

CYMT 

-.OD40 
- .0038 
- a 0 0 3 8  
- .0035 
- .0032  
- .ooza  
- .0025  
- .0025  
- .0024 
- .0012  
- a 0 0 1 3  
-.OD18 
- a 0 0 2 6  
- .0036  

CSFT 

- 0 0 7 1  
- 0 0 6 9  
- 0 0 6 8  
- 0 0 5 9  
. 0 0 4 6  
. 0 0 2 9  
, 0 0 2 3  
. 0 0 2 1  
. 0 0 2 2  
- 0 0 1 5  
- 0 0 1 7  
. 0 0 1 8  
, 0 0 2 4  
.OOb4 

HPLEt i  
P S I  

1 3 8 . 2 8 3 9  
1 3 8 . 5 2 6 5  
138 .7939  
138 .3312  
1 3 6 . 9 7 5 5  
1 3 7 . 6 8 6 3  
1 3 6 . 2 8 9 5  
1 3 6 . 1 2 1 4  
1 3 6 . 1 6 6 3  
136 .5392  
135 .8343  
1 3 5 . 6 4 1 7  
137.0329 
13-7.0556 

B E T A  
D E G  

. oo  
-.02 

.oo  
- 0 2  
.05 
. 0 7  
.09  
. I 1  
. I +  
. I 6  
- 1 8  
.2 1 
. 2 3  
.OD 

PI NF ALPHA 
FSF OEG 

1 2 5 . 0 0 3 9  - 0 1  
1 2 5 . 2 4 1 7  -1.83 
1 2 5 . 1 6 5 6  - 0 4  
1 2 5 . 0 6 5 2  1.93 
1 2 4 . 8 1 9 4  3.86 
1 2 5 . 0 9 8 5  5.84 
i 2 4 . 4 3 7 4  7 . 8 8  
1 2 4 . 0 5 7 8  9 . 9 6  
124 .9328  12.09 
1 2 4 . 6 7 7 5  14 .29  
124 .9768  16 .39  
1 2 4 . 7 4 3 1  18.49 
1 2 4 . 4 2 9 0  20.58 
1 2 5 . 0 9 4 5  . 0 1  

CDT CPHT 

-.OZZZ 
- .0037  
- .0226 
- .0418  
- .Oh41  
- . 0 9 3 1  
- . I 2 3 5  
- . I 5 5 0  
- . I 9 1 4  
-.2344 
- .2687  
- a 2 9 2 4  
- .3127 
- a 0 2 0 9  

CSFT 

. 0 0 4 1  
a 0 0 4 5  
, 0 0 4 1  
- 0 0 3 6  
a 0 0 3 0  
, 0 0 1 6  
. 0 0 1 9  
, 0 0 0 8  
- 0 0 0 8  
- 0 0 0 5  
. 0 0 0 4  

- .0002  
, 0 0 0 2  
- 0 0 5 1  

HPLEN 
P S I  

2 9 7 . 7 6 6 4  
2 9 0 - 7 9 3 0  
2 9 9 . 4 4 7 1  
2 9 8 . 8 5 4 0  
2 9 7 . 4 9 0 9  
296 .9292  
296 .9293  
2 9 6 . 8 7 6 9  
296 .9068  
297 .0049  
2 9 7 . 2 1 4 3  
2 9 7 . 4 6 4 3  
297 .6828  
2 9 8 . 4 5 6 0  : 

YTFLO 
L b F I S E C  

~ 3 4 4 8  
. 3 4 5 0  
a 3 4 6 7  
- 3 4 5 2  

3 4 4 1  
3 4 3 0  

, 3 4 2 8  
a 3 4 2 6  
- 3 4 2 4  
. 3 4 2 4  
* 5 4 2 3  
m34ZC 

3 4 2 3  
, 3 4 1 6  

CPHT CRMT CYHT CSFT 

, 0 0 9 5  
~ 0 0 9 6  
~ 0 0 9 4  

0 0 9 5  
- 0 0 9 5  
a 0 0 7 6  
- 0 0 7 2  

0 0 6 9  
- 0 0 6 9  
- 0 0 5 5  
- 0 0 5 4  
- 0 0  5 0  
. 0 0 5 1  
- 0 0 9 7  

HPLEH 
P S I  

-.3073 
-.2097 
- .2878  -. 3 9 3 8  -. 4 7 7 0  
- .5402  
-.6650 
- .7447  
-.7818 
- .a569 
-.a605 
- . P b l 4  
- .a556 
- .3083 

YTFLO 
L 8 F I S E C  
0 .0000  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 .0000  
0 .0000  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 .0000  
0 .0000  
0 .0000  
0 .0000  . 8 

0 .0000  
0 .0000  I 
0 .0000  I 

OINF 
PSF 

1 2 4 . 9 3 1 2  
1 2 3 . 8 9 2 0  

# 
1 2 4 . 9 1 8 1  
1 2 5 . 0 3 0 2  
1 2 5 . 0 9 4 2  
124 .6694  
1 2 5 . 0 7 2 8  
1 2 4 . 8 7 1 1  

L 1 2 5 . 0 1 1 2  
1 2 4 - 9 1 6 5  
1 2 5 . 1 0 0 6  
1 2 4 . 5 5 8 1  
124 .5744  
1 2 4 . 9 6 4 7  

ALPHA 
OEG 
- .oo 

-1.85 
- 0 2  

1.92 
3.86 
5.83 
7.85 
9.92 

1 2 . 0 4  
1 4 . 2 1  
16.29 
18 .36  
20.42 

-.oo 

BETA 
DEG -. 0 0  
-.02 
-.oo 

.02 

.04 

.06  

. 0 9  

.ll 
. 1 3  
. I 6  
. 1 8  
.20  
.23  

-.oo 



TABLE VI. - Continued. 

P I N F  
PSF 

1 2  6 . 0 7 0 9  
1 2 5 . 4 9 3 9  
i 2 6 . 8 0 4 2  
1 2 6 . 0 5 6 3  
1 2 6 . 3 2 3 4  
1 2 6 . 2 2 0 5  
1 2 5 . 7 5 4 2  
126.1297 
1 2 5 . 6 0 7 5  
126 .2033  
1 2 6 . 3 9 9 7  
1 2 5 . 8 3 4 8  
1 2 6 . 4 5 8 5  
1 2 5 . 8 3 0 8  

A L P H A  
OEG 
-,04 

-1 .90  
-.oz 
1 .87  
3 .81  
5.81 
7 - 8 2  
9.92 

12.04 
1 4 - 2 2  
16 .32  
1 8 - 5 4  
20.53 

-.04 

B E T  A 
OEG 
4.02 
3.99 
4.02 
4 .04  
4.05 
4 .06  
4 .07  
4.07 
4.07 
4.06 
4.05 
4.03 
4.01 
4.02 

CLT  

.OOPS 
- .0869  

0 0 8 2  
1 0 8 9  

a 2 1 3 2  
33  42 

, 4 5 6 6  
,5758  
, 6 7 9 4  
, 8 1 0 2  
0 9 4 4 1  

i . 0 5 6 2  
1.1413 

- 0 1 2 7  

t DT C P H T  C R M T  C Y M T  C S F T  HPLEN 
P S I  

1 3 7 . 3 7 9 6  
1 3 7 . 3 8 1 7  137 .4050  

137 .5073  
1 3 7 . 4 0 8 0  
1 3 7 . 3 8 8 7  
1 3 7 . 4 2 9 4  
1 3 7 . 4 3 9 6  
137 .4863  
137 .5065  
137 .5332  
137.5982 
137 .5512  
1 3 7 . 8 5 1 7  

OINF 
P S F  

1 2 6 . 4 5 8 9  
1 2 5 . 9 7 5 4  
1 2 6 . 4 6 1 6  
126 .5577  
126 .8862  
1 2 6 . 3 6 6 5  
1 2 6 . 6 6 6 8  
1 2 5 . 4 7 1 4  
1 2 6 . 2 2 6 1  
1 2 6 . 4 2 9 1  
1 2 6 . 3 3 1 6  
1 2 6 . 3 4 9 0  
1 2 7 . 0 2 6 0  
1 2 6 - 6 3 8 7  

A L P H A  
OEG 
-.04 

-1 .90  
-.02 
1.88 
3 .81  
5.82 
7.85 
9.93 

12.0 6 
14.25 
16 .36  
18.47 
20 .57  -. 0 4  

B E T A  
DEG 
4.02 
4 .00  
4.02 
4.04 
4.05 
4.07 
4.07 
5.08 
4.07 
4.06 
5.05 
6 - 0 3  
4 .01  
4.02 

C O T  C P M T  C R M T  t Y M T  C S F T  c mu H P L E N  
P S I  

- 1 2 7 3  2 9 9 . 3 1 5 1  
, 1 2 7 8  2 9 9 . 3 5 5 9  
- 1 2 7 2  298.8754 
- 1 2 7 2  2 9 9 . 0 8 2 1  
- 1 2 6 9  299 .0735  
. I 2 7 6  299.5272 
. 1 2 7 2  299 .3103  
, 1 2 8 4  299 .1067  
, 1 2 7 6  299.1743 
, 1 2 7 4  299 .1459  
. I 2 7 5  299 .1715  
- 1 2 7 6  299 .3773  
.1264  299 .3873  
.12bO 299 .1168  

O I N F  
P S F  

1 2 6 - 3 3 9 6  
1 2 6 . 8 5 2 5  
1 2 6 . 2 3 2 8  
1 2 6 - 4 3 4 5  
1 2 6 . 4 4 2 5  
1 2 6 . 4 8 7 9  
1 2 6 . 2 5 9 4  
1 2 7 . 0 9 8 0  
1 2 6 . 1 5 7 9  
1 2 6 . 0 8 7 2  
1 2 6 . 2 5 0 3  
126.6895 
1 2 6 . 9 9 4 0  
126 .7031  

ALPHA 
DEG 
-.05 

-1.90 
-.03 
1.87 
3.81 
5.79 
7.81 
9.90 

12.03 
14.19 
1 6 . 2 6  
18.34 
20.39 

-.05 

BETA 
OEG 
4.01 
3.99 
4.01 
4 - 0 3  
4.05 
4.06 
4 0 7  
4.07 
4.07 
4.07 
4.05 
4.03 
4.03 
4.02 

C D T  C P M T  C R ~ T  C Y M T  CSFT 

- .0382  
- .0382  
- .0389 -. 0 3 8 8  
- .0392 
-.0411 -. 0 4 7 2  
-.Oh92 
-.0515 
-.0508 
-.Oh83 
-.Oh00 
-.0273 
-.Oh04 

cnu HPLEN 
P S I  

-.be73 
-.5365 -. 6 3 3 8  
-.7094 
- .7745 
- .8553  
- .9661 

-1 .0713  
-1 .1010  
-1 .1393  
-1.2065 
-1 .2749  



TABLE V I P -  Concluded. 

Q I N F  
P S F  

125.8754 
t 1 2 6 - 0 8 7 7  

125.9451 
156.3962 
125.9608 
125.3075 
125.5611 
125.8244 
125.3155 
125.5560 
125.8673 
124.0222 
125.b014 
125.5426 

A L P Y A  
OEG 

- 0 5  
-1.81 

.08 
1.97 
3.91 
5.89 
7.93 

10.00 
12.12 
14.31 
15.51 
18.52 
20.61 

.o: 

A L P Y P  
C E G  

- 0 5  
- i . 7 8  

so9 
1.98 
3.91 
5.91 
7.94 

10.33 
12.15 
14.34 
16.44 
13.56 
20.66 

- 3 6  

BETA 
DEG 

-4.02 
-4.04 
-4.02 
-3.99 
-3.96 
-3.93 
-3.89 
-3.85 
-3.80 
-3.76 
-3.68 
-3.62 
-3.55 
-4.02 

BETA 
DEG 

-'r.OZ 
-6.03 
- ' ,no1 

-3.99 
-3.96 
-3.93 
-3.89 
-3.84 
- 3 r 7 9  
-3.74 
-3.66 
- 3 , b l  
-3.55 
-%.OZ 

CLT C O T  CPMT C R H 7  CYRT CSFT 

,0565 
- 0 5 5 9  
- 0 5 6 1  
- 3 5 5 0  
- 0 5 4 3  
- 0 5 3 5  
.0545 
- 0 5 5 7  
- 0 5 4 2  
.0552 
- 0 5 C l  
,0527 
,0512 
- 0 5 6 1  

C S F T  

- 0 5 2 8  
~ 0 5 3 2  
.0518 
- 0 5 2 2  

0525 
- 0 5 Z b  
no532 
- 0 5 3 6  
- 0 5 3 0  
a0528 
~ 0 5 1 1  

0500 
- 0 4 9 0  
.0536 

C RU HPLEN 
P S I  

.0571 137.3140 
.0575 137.5394 
e0575 137.3617 
,0572 137.1361 
,0573 137.0826 
- 0 5 7 7  137.0312 
- 9 5 7 7  137.0816 
- 0 5 7 6  137.0639 
,0577 137.0533 
- 0 5 7 6  137.0912 
,0575 137.0528 
.0584 139.1475 
- 0 5 7 7  137.2893 
,0575 137.7369 

OINF 
P S F  

126.2157 
126.0982 
125.8803 
126.4219 
125.8429 
125.9055 
125.8240 
126.1152 
125.6517 
125.8228 
125.5196 
127.2022 
126.0872 
126.8390 

C O l  CPRT CRRT CYRT CNU HPLEN 
PSI 

,1269 299.3181 
- 1 2 6 8  290.9512 
,1267 ZV8.402B 
- 1 2 6 3  238.3583 
.1270 ZJ8.4799 
1 298.9458 
,1273 299.2313 
. I 2 7 1  299.5596 
.A268 298.1265 
,1264 297.3167 
. lZb8 296.9601 
,1253 297,6954 
a1267 298.4012 
,1264 299.3011 

O I N F  
PSF 

125.9002 
125.8735 
125.9590 
126.4118 
126.1914 
126.1673 

ALPHA 
DEG 

- 0 6  
-1.90 

B E T A  CL r 
DEG 

-4.02 -moo27 
-4.04 -.09BC 
-4.02 -.0027 
-6.00 - 0 9 1 1  
-3.97 . I 9 3 3  
-3.93 3056 
-3.89 - 4 2 6 3  
-3.85 .5373 
-3.80 ,6381 
-3.74 .7309 
-3.69 ,8122 
-3.b2 .86%6 
-3.57 . abbb 
- t . D 2  0043 

C O T  

,0307 
,0328 
.032b 
a0353 
- 0 4 1 3  
- 0 5 5 0  
.0801 
- 1 1 3 8  
- 1 5 4 9  
n2036 
,2566 
4 3 0 9 6  
.3535 
- 0 3 5 2  

CPNT CRMT HPLEN 
P S t  

-.6565 
-.4869 
-.5859 
-.6663 -. 7489 
-a8214 
-.4352 

-1,0170 
-1.0753 
-1.1418 
-1.1622 
-1.2422 
-1.0607 

-.5764 
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TABLE V I  I.- SPANW ISE BLOWING ON THE 44' SWEPT TRAPEZOIDAL W I N G  - HORLZONTAL 
T A I L -  V E R T I C A L T A I L  CONFIGURATION I N  S IDESL IP ;  hLE = t i T E = O .  

YTFLO 
LBFlSEC 

,1768 
,1765 
. I 7 6 5  * 
.1774 
,1777 
.1773 
- 1 7 7 5  
.1773 
- 1 7 8 3  
.1777 
- 1 7 8 2  
- 1 7 8 3  
.1785 
.1728 

O I N F  
P S F  

124.6819 
125.1239 
124.8401 
125.0123 
125.2310 
124.8946 
125.3380 
124.7288 
124.5233 
124.5845 
124.3895 
124.4242 
124.6355 
124.4338 

ALPHA 
OEG 
-.oo 

-1.83 
-.01 
1.91 
3.84 
5.83 
7.85 
9.91 

12.03 
14.21 
16.30 
18.39 
20.C7 

-.01 

BETA 
DEG 
-.oo 
-.02 
-.oo 

.02 

.04 

.07 

.09 

.ll 

.1C 

.16  
e l 8  
.21 
- 2  3 

-.oo 

CPMT. 

-.OlZC 
- 0 1 8 7  

-.0117 
-.0442 
-.0797 
- . I255 
-.171+ 
-.2170 
-.2bZ6 
-.3142 
- .3801 
-a4536 
-.5256 
-.0137 

CYMT 

-.0040 
-.0042 
-.0039 
-.0035 
-.0036 
-.0031 
-a0029 
-.OO22 
-.0023 
-.0013 
-.0010 
-.0012 
-.OOZ2 
-.0039 

CSFT 

- 0 0 7 9  
~ 0 0 8 2  
- 0 0 7 3  
,0062 
,0059 
~ 0 0 4 7  
.OOCl 
- 0 0 2 3  . OOZb 
.0022 
.0024 
,0013 
.0021 
, 0 0 7 1  

CHU HPLEN 
P S I  

- 0 5 9 9  138.2049 
,0594 137.5929 
- 0 5 9 5  137.7207 
- 0 5 9 7  137.9507 
- 0 5 9 7  137.9778 
0 0 5 9 7  137.9941 
.0595 138.0510 
.0597 138.0687 
.0602 138.0779 
,0600 138.0816 
.0602 138.0015 
.0602 138.0430 
.ObO2 138a1074 
.0600 1 3 7 - 9 6 5 1  

C I H F  
PSF 

125.1377 
124.8397 
1 2 4 - 6 3 2 6  
125.5179 
125.4992 
124.7392 
124.9127 
125.2612 
124.6057 
125.5591 
125.2969 
124.9524 
125.0409 
124.6295 

ALPHA 
DEG 

.oo 
-1.82 

- 0 4  
1.92 
3.86 
5.84 
7.87 
9.34 

12.06 
14.25 
1 6 - 3 5  
18.4 5 
20.53 

- 0  1 

BETA 
DEG 

.oo 
-.02 

.oo  

.02 

.05 
- 0 7  
.09 
.ll 
- 1 5  
- 1 6  
.18 
.21  
- 2 3  
- 0 0  

CLT t 0 1  CPMT CRMT C Y RT CSFT HPLEN 
P S I  

297.7795 
298.6589 
298.6964 
297.9493 
297.6505 
297.6423 
297.4533 
297. 3457 
297.3051 
297.3978 
297.3683 
297.4132 
297.5021 
297.8690 

YTFLO 
LBF/SEC 

.3464 
- 3 4 6 4  
.3k59 
.3446 
. 3 4 4 l  
,3440 
- 3 4 3 1  
,3427 
- 3 4 2 4  
- 3 4 2 2  
.3418 
. 3 4 l b  
.3413 
, 3 4 0 1  

P I N F  
PSF 

124.7473 
126.5936 
124.8191 
125.1756 
124.9420 
124.7C82 
125.2197 
124.4063 
125.4183 
124.4875 
124.6145 
124.7574 
125.1595 
124.7C16 

AL PHA 
DEG 
-.oo 

-1.85 
.O2 

1.91 
3.84 
5.82 
7.84 
9.90 

12.02 
14.18 
16.24 
18.31 
20.36 

-.DO 

BETA 
OEG 
-.oo 
-.03 
-.oo 

.02 
- 0 4  
a 0 6  
- 0 9  
-11 
- 1 3  
.16 
.18 
- 2 0  
.2 3 

-.DO 

CLT 

-.0028 
- . lo44  

,0019 
. l o 1 9  
.2144 
.3369 
.4696 
.5959 
- 7 0 2 9  
.8128 
.'?zoo 

1.0012 
1.0425 

.0030 

COT 

,0340 
no366 
- 0 3 5 5  
- 0 3 8 3  
- 0 4 5 6  
.0601 
,0865 
- 1 2 2 9  
. I 6 8 2  
,2231 
.2872 
. 3 5 b l  
,4173 
- 0 3 6 2  

C P M T  CRMT CYMT CSFT 

.0093 
- 0 1 0 9  
- 0 1 1 4  
.0104 
.0101 
a0080 
.0072 
.OObb : 
moo59 
- 0 0 5 7  
moo49 
,0038 
.OOS8 
- 0 0 9 6  

c nu H P L E N  
P S I  

0.0000 -.4278 
0 .DO00 -.2797 
0.0000 -.3787 
0.0000 -.4756 
0.0000 -.5660 
0.0000 -.6319 
0.0000 -.7497 
0.0000 -.8405 
0.0000 -.913.1 
0.0000 -.9500 
0.0000 -.9731 
0.0000 -1.0835 
0.0000 -1.0108 
0.0000 -. 3917 

YTFLO 
LBFlSEC 
0.0000 
0.0000 
0.0000 . 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 



TABLE V I  I. - Continued. 
Ib) pct4O 

P I N F  
P S F  

126.4105 
125.8201 
126.0780 
1 2 6 . 5 6 8 1  
126.9500 
125.8481 
126.8136 
126.2180 
126.1766 
125.5073 
125.6529 
124.8243 
126.2565 
125.6688 

ALPHA 
D i G  
-.05 

-1.90 
-.06 
1.86 
3.79 
5.79 
7.81 
9.89 

12.00 
14.18 
16.27 
18.37 
20.45 

-.05 

BETA 
D E G  
4.02 
3.99 
4.02 
4.04 
4.05 
4.06 
4.07 
4.07 
4.07 
4.06 
4.05 
4.03 
4.01 
4.02 

C L T  C O T  C P N T  C R M T  C Y N T  C S F T  cnu H P L E N  
P S I  

139.4298 
139.1341 
137.5929 
137.2 l l c1  
137,054+ 
137.0427 
138.0105 
136.1543 
139.2353 
137.0510 
136.2259 
139.1005 
139.3235 
138.3140 

U T F L O  
L B F I S E C  

- 1 7 3 8  
,1732 
,1721 
, 1 7 2 1  

H P L E N  
P S I  

299.0801 
299.1541 
299.4416 
299.1948 
299.1782 
299.2146 
299.3677 
299.1343 
298.8145 
298.8033 
2 9 8 - 7 7 2 0  
298.8049 
298.8772 
298.7996 

Y T F L O  
L B F l S E C  

- 3 4 2 8  
3424 

,3426 
, 3 4 2 1  
.3419 
e3418 
- 3 4 1 7  
- 3 4 1 3  
,3408 
- 3 4 0 7  
- 3 4 0 3  
.3400 
.3400 
- 3 3 8 4  

C I N F  A 1  PHA 
P S F  D E G  

126.3920 -.04 
126.0754 -1.87 
126.2142 -.04 
126.5948 1.86 
126.6161 3.80 
126.4437 5.80 
125.7091 7.83 
126.4744 9.91 
125.9082 12.05 
126.7029 14.23 
126.0298 16.32 
125.5316 18.42 
125.5422 20.51 
126.1943 -.02 

B E T A  
O E G  
4.02 
4.00 
4.02 
4.04 
4.05 
4.07 
4.07 
4.08 
4.07 
4.06 
4 - 0 4  
4.03 
4.01 
4.02 

C L T  

- 0 1  96 
-.0938 

,0167 
,1335 
.2549 
- 3 8 6 4  
,5323 
- 6 7 3 6  
- 8 3 2 7  

1.0032 
1.1606 
1.3084 
1.4267 

,0204 

C O T  

-.0372 
-.0365 
-.0378 
-.0334 
- .0254 
- .0090 

- 0 1 9 7  
.ObOZ 
.1 142 
,1828 

2 576 
,3428 
- 4 3 1 9  

-.0412 

C P R T  

- n o 0 3 0  
.0371 

-.0020 
-.0413 
-.0022 -. 1 2 7 0  
- e l 7 3 7  
-.2209 
-.2798 
-.3516 
-.4249 
- .4990 
-.5678 
-.0027 

C Y N T  

.0110 

. D l 0 5  
- 0 1 1 3  
.0115 
.0124 
.0131 
.0138 
- 0 1 4 7  
- 0 1 4 8  
- 0 1 5 3  
- 0 1 4 6  
,0128 
.0098 
.011* 

C S F T  

P I N F  
P S F  

126.4443 
126.1291 
126.1132 
126.5866 
126.5473 
126.5486 
125.9328 
125.9048 
126.1853 
126.1199 
126.6007 
127.4685 
126.8117 
1 2 6 - 0 9 9 9  

A L P H A  
OEG 
-a03 

-1.91 
-.03 
1.86 
3.80 
5.78 
7.79 
9.87 

11.99 
14.15 
16.23 
18.30 
20.32 

-a05 

B E T A  
O E G  
4.01 
3.99 
4.01 
4.03 
4.05 
4.06 
4.07 
4.07 
4.07 
4 - 0 6  
4.05 
4.03 
4.02 
4.01 

C L T  

-.0068 -. 1092 
-a0053 

.0983 
,2100 
.3330 
,4634 
,5911 
.6998 
- 8 1 9 5  
a9242 

1.0066 
1.0363 
-.0011 

CYMT 

- 0 1  32 
.0122 
.0133 

0 1  38 
,0137 
,0141 
- 0 1 5 2  
.0155 
.0150 
,0142 
- 0 1 2 9  
e0089 

-.0043 
- 0 1 3 1  

C S F T  

-.0391 
-.0377 
-a0393 
- a 0 3 9 7  
-.0392 
-.0409 
- a  0 4 4 6  
-.0468 
- a  0 4 8 5  
-.0483 
-.0456 
-.0375 
-.0251 
-.0389 

H P L E N  
P S I  

-.2877 
- . l 6 0 1  
-.2361 
-.3327 
-.3838 
-.4754 
-.5765 
-.6700 
-.7240 
- . I844 
-.8438 
-.94OZ 
-.7899 
-.2231 
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TABLE'V I I.- Concluded. 

Q I N F  
P S F  

1 2 6 . 3 9 1 7  
126.3610 
1 2 6 - 5 4 7 8  
126.6854 
1 2 5 . 9 3 6 0  
1 5 6 - 3 3 1 4  
125.6715 
1 2 5 . 3 8 7 0  
126.5987 
126.4745 
1 2 6 . 0 0 5 8  
1 2 5 . 8 6 6 9  
1 2 5 . 7 3 0 6  
1 2 6 . 5 8 2 8  

O I N F  
P S F  

1 2 6 . 4 8 9 3  
1 2 6 . 9 7 2 7  
126.0832 
1 2 6 . 6 8 1 5  
126.8510 
126.0910 
126.5303 
126.4182 
1 2 6 . 3 8 4 8  
125.8626 
125.0396 
1 2 5 . 3 2 5 5  
126.5224 
126.2645 

P I  N F  
P S F  

1 2 6 . 3 3 2 6  
126.6331 
126.2044 
1 2 6 . 3 6 6 0  
126.3499 
126.,0627 
125.3320 
126.5675 
125.4055 
126.0426 
125.9718 
125.8195 
125.4614 
126.1144 

A L P H A  
D E G  

- 0 5  
-1.83 

.o 1 
1.94 
3 .86  
5.84 
7.87 
9.93 

12 .07  
14.24 
16.33 
18 .43  
20.51 

. O 1  

A L P H A  
DEG 

- 0 3  
-1.82 

- 0 6  
1.94 
3.87 
5.85 
7.89 
9.97 

12 .09  
14.27 
16 .37  
1 8 . 4 6  
20.56 

.03  

A L P H A  
D E G  

.01  
-1.84 

.01  
1.94 
3.86 
5.85 
7.87 
9.94 

12 .04  
14 .20  
16 .28  
18 .35  
20.38 

.01  

B E T A  
D E G  

-4.02 
-4.04 
-4.02 
-3.99 
-3.96 
-3.93 
-3.89 
-3.85 
-3 .80  
-3.74 
-3.68 
-3.62 
-3.54 
-4.02 

B E T A  
D E G  

-4 .02  
-4.04 
-4.02 
-3.99 
-3.96 
-3 .93  
-3.89 
-3.84 
-3.80 
-3.74 
-3.68 
- 3 . 6 1  
-3.54 
-4.02 

B E T  A  
D E G  

-4.02 
-4.04 
-4.02 
-4.00 
-3.97 
-3.93 
-3.90 
-3.85 
-3.80 
-3.74 
-3.69 
-3.62 
-3 .56  
-4.02 

C L T  

- 0 0 9 5  
-.0987 

- 0 0  74 
- 1 1 6 4  
- 2 2 9 5  
- 3 6 1 3  
.4937 
- 6 2 0 3  
- 7 4 2 3  
- 8 8 3 6  

1 .0425 
1.1809 
1 .3033 

.0112 

C L T  

- 0 2 5 4  
-.On77 

, 0 2 3 5  . 1378 
- 2 5 6 7  
e 3 9 2 2  
- 5 3 3 1  
- 6 7 8 4  
, 8 2 9 1  
.9995 

1 .1706 
1.30b4 
1.4329 

.0248 

C L T  

-.0037 -. 1 0 3 8  
-.0032 

. l o 1 9  
, 2 1 1 5  
- 3 3 6 7  
- 4 6 7 3  
.5945 
. 7 0 4 7  
- 8 1 8 6  
- 9 2 5 1  

1.0066 
1 .0483 -. 0009 

C D T  

, 0 0 3 5  
, 0 0 1 5  
, 0 0 3 5  
- 0 0 8 1  
- 0 1 4 9  
- 0 3 0 9  
. 0 5 9 0  
, 0 9 5 6  
. I 4 2 8  
.2059 
- 2 7 7 9  
- 3  563 
, 4 4 1 9  
- 0 0 4 7  

C P M T  C Y M T  

-.0225 
-.OZZO 
-.0223 
-.OZZb 
-.0224 
-.0219 
-.0222 
-.O22O 
-.OZll 
- .Ole3  
-.0179 
-.0176 
- .0171 
- . O Z Z O  

C D T  

e 0 3 5 7  
.D375 
, 0 3 6 4  
- 0 3 9 2  
.0458 
- 0 6 0 8  
.0880 
e l 2 4 9  
. I 6 9 0  
, 2 2 7 1  
, 2 9 0 7  
, 3 5 7 2  
- 4 1 9 5  
.0372 

C P M T  CRMT 

, 0 0 9 3  
a 0 0 8 9  
, 0 0 9 4  
. 0 1 0 0  
- 0 1 0 7  
, 0 1 0 7  
. 0 1 0 6  
. 0 0 6 1  
- 0 0 4 3  
. Q O l L  
.0016 
.0040 
.0052 
no095 

C P M T  C R M T  C Y M T  

C S F T  

- 0 5 8 6  
.0581 
.05 77 
.0575 

0558 
- 0 5 4 0  
, 0 5 4 6  
, 0 5 4 7  
- 0 5 4 2  
.0520 
.0532 
, 0 5 0 8  
mob86 
- 0  5 78 

C S F T  

- 0 5 5 8  
- 0 5 6 4  
- 0 5 5 6  
.0544 
- 0 5  36 
- 0 5 2 8  
- 0 5 3 0  
e05  24 
, 0 5 3 3  
.0520 
m0527 
- 0 5 0 2  
, 0 4 7 4  
, 0 5 6 1  

C S F T  

.Ob10 

.Obl4 
, 0 6 0 8  
- 0 6 1 6  
.06QO 
.0500 
- 0 5 9 2  
.0598 
- 0 5 8 7  
- 0 5 7 1  
.0552 
. 0 4 I 4  
- 0 3 1 3  
- 0 6 1 9  

C  MU H P L E N  
P S I  

- 0 5 7 0  136.5299 
.057b 137.8017 
- 0 5 7 2  . 137.6284 
- 0 5 7 2  136.8398 
, 0 5 8 2  138.4304 
- 0 5 7 5  137.8284 
a0572 136.3727 
.0504 1 3 0 - 6 3 6 9  
.0580 139.1155 
- 0 5 7 1  136.5147 
- 0 5 7 8  137.5278 
- 0 5 4 1  138.2026 
mO585 138.8280 
- 0 5 7 3  1 3 7 . 0 1 2 0  

C  MU H P L E N  
P S I  

- 1 2 6 3  297.7629 
- 1 2 5 7  297.5773 
. I 2 6 8  297.9137 
. I 2 6 3  298.2453 
- 1 2 6 3  298.5398 
. 1 2 7 1  298.8601 
. I 2 6 7  298.8815 
, 1 2 6 5  298.2929 
. I 2 6 4  298.0819 
.1270 298.0288 
, 1 2 7 7  297.9774 
- 1 2 7 7  298.2045 
- 1 2 6 4  298.3454 
- 1 2 6 8  299.1124 

H P L  E N  
P S I  

-.3199 
-.E212 -. 3100 
-.3977 
- .4615 
- .5500 
- .6340 
-.748b 
- . e l 6 7  
-.8752 
-.9109 
-.P911 
-.9062 -. 3 0 0 9  

V T F L O  
L B F l S E C  

- 1 7 1 5  
-1 729 
- 1 7 2 3  
e1726 
.1740 
- 1 7 2 7  
, 1 7 1 3  
- 1 7 4 2  
. 1 7 4 4  
- 1 7 2 2  
- 1 7 3 5  
- 1 7 4 0  
- 1 7 5 0  
. 1 7 2 7  

Y T F  L  0 
L B F l S E C  
0 . 0 0 0 0  
0.0000 
0 . 0 0 0 0  
0 .0000 
0 .0000 
0 .0000 
0.0000 
0 .0000 
0.0000 
0 .0000 
0.0000 
0 .0000 
0 .0000 
0 .0000 



QINF 
PSF 

127.1609 

QINF 
P S F  

126.6676 
126.6556 
127.2233 
126.8735 
127.3849 
126.8908 
126.8895 
126.4032 
126.3138 
126.8855 
126.8721 
127.32G6 
127.0549 
126.3069 

PINF 
P S F 

126.8581 

TABLE V I  I I. - S P A N W I S E  BLOWING ON THE 44' SWEPT TRAPEZOIDAL  W I N G  I N  THE PRESENCE 
OF A CLOSE-COUPLED CANARD; 6LE gE = 0'. 

ALPHA 
OEG 

.oo  
- 1 . 8 6 -  

- 0 4  
1.94 
3.90 
5.92 
7.97 

10.07 
12.24 
14.45 
16.57 
18.71 
20.83 

. 0 1  

ALPHA 
OEG 

ALPHA 
OEG 
-.DO 

-1.86 
04 

1 - 9 4  
3.90 
5.93 
7.97 

10.07 
12.23 
14.45 

BETA 
OEG -. 0 0  

BETA 
OE G -. 00 
-.03 -. 00 

.02 
- 0 4  
.06  
.09 
.I1 
.13 
.16 
.18 
020 
.z2 -. 0 1  

CLT 

- 0 0 5 8  
-.0947 

- 0 0 6 9  
- 1 1 0 7  
.2 2 90 
,3565 
,4931 
~ 6 3 4 3  
,7741 
- 9 1 0 1  

1.0551 
1.1918 
1 0 3 2 6 0  

- 0 0 8 3  

- COT 

- 0 0 7 1  
,0087 
~ 0 0 6 6  
.0104 
.0195 
- 0 3 7 4  
- 0 6 4 7  

1 0 3 9  
,1544 
~ 2 1 7 0  
,2906 
.3743 
m4730 
- 0 0 7 7  

CPMT 

- a 0 0 2 7  
-.0058 
-.0019 

,0016 
- 0 0 6 3  
nOOb2 
a0030 

-.0015 
-.0043 
-a0079 
-.0187 
-.OZbP 
-.052b 
-.0017 

COT 

-.030L 
-.0294 
-.0305 
-.OZb7 
- .0168 

n o 0 2 1  
- 0 3 0 3  
.0692 
- 1 2 0 7  
- 1 8 7 8  
,2649 
,3551 
- 4 5 6 7  

-.0377 

CPMT 

CPMT 

CMU 

- 0 5 7 5  
,0582 
.05B5 
- 0 5 7 9  
- 0 5 7 7  
- 0 5 8 1  
- 0 5 8 2  
,0586 
.0584 
- 0 5 7 6  
- 0 5 8 6  
- 0 5 9 3  
- 0 5 8 0  
,0583 

HPLEN 
P S I  

133.5962 
133.9135 
136.0070 
134.5594 
133.4256 
134.2596 
135.0281 
135.5913 
134.5711 
133.5174 

CMU HPLEH 
P S I  

- 1 2 5 3  293.8786 
. I 2 5 1  293.0511 
- 1 2 4 9  293.9119 
,1257 294.7337 
- 1 2 5 4  2 9 5 - 2 6 5 5  
,1259 295.3056 
,1259 295.5402 
,1265 295.6810 
- 1 2 6 8  296.0586 
. 1 Z b l  295.9230 
. I 2 6 2  295.9126 
- 1 2 5 9  296.0260 
,1263 296.1563 
- 1 2 7 0  296.5088 

CMU 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

HPLEN 
P S I  

-.7063 
-.680b 
-.6865 
-.7374 
-.7865 
-.a357 
-.a955 
- .9500 

-1.0229 
-1.0919 
-1.1874 
-1.2755 
-1.2125 

-.5918 

YTFLO 
LBFlSEC 

- 1 7 2 9  

YTFLO 
L B F l S E t  
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 



TABLE V I  I I.- Continued. 

(a) Continued. -. 

BETA 
OEG- -. 0 1  -. 03 
-.01 

.01 
.04 . 06 
- 0 8  
- 1 1  
- 1 3  
mi6  
- 1 8  
.20 
.23 -. 0 1  

COT HPLEN 
P S I  

135.7277 
135.8213 
135.8656 
135.9590 
135.9211 
135.9308 
133,4946 
133.8739 
133.5401 
133.4642 
134.4878 
134.4530 
135.0583 
133.9875 

PINF 
P S F  

315.0950 
315.7025 
316.2226 
315.7808 
315.1810 
314.7034 
314.8503 
313.6629 
316.5352 
314.9911 
314.3251 
315.4496 
319.5236 
315.0404 

ALPHA 
OE G -. 00 

-1.96 
.04 

2.05 
4.11 
6.27 
8.43 

10.66 
12.96 
15.30 
17.56 
19.80 
22.08 

-.oo 

PINF 
PSF 

316.2046 
315.3174 
314.7397 
316.3806 
3 1  5.9591 
316.0650 
315.9705 
316.6333 
314.2142 
313.5913 
315.7304 
314.5855 
314.7673 
315.2685 

AL PHA 
OEG 

.oo 
-1.96 

.04 
2.05 
4.12 
6.27 
8.44 

10.69 

BETA 
DE G -. 0 1  -. 03 -. 0 0  

- 0 2  
.04 
- 0 6  
.09  
.ll 
- 1 3  
.16 
- 1 8  
. 2 0  
.23 -. 0 1  

COT CPMT HPLEN 
P S I  

295.5100 
295.5357 

YTFLO 
LBFlSEC 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

Q l N F  
PSF 

ALPHA 
OEG 

. D l  
-1.96 

- 0 4  
2.05 
4.12 
6 - 2 7  
8.45 

10.69 
12.96 
15.32 
17.56 
19.77 
22.01 

.oo  

BETA 
DE G 
-.01 -. 03 
-.01 

.01  

.03 

.Ob 

.08 
-11 
.13 
.15 
a18 
.20 
.23  -. 0 1  

COT 

- 0 3 4 0  
- 0 3 6 3  
,0337 
.0367 
,0162 
- 0 6 6 3  
- 0 9 8 0  
- 1 4 3 7  
.zoo0 
.2715 
- 3 5 1 9  
.436L 
,5298 
,0324 

CPMT 

- 0 0 4  5 
- .0001 

,0014 
- 0 0 7 9  
. O l l l  
- 0 1 1 7  
.0095 
- 0 0 6 1  
.oooo 

-.0092 
-.a157 . 
-.a307 
- .0323 

,0040 

c nu H P L E N  
PSI  

0.0000 -.7720 
0.0000 -.be58 
0.0000 -a7844 
0.0000 -.a968 
0.0000 -1.0191 
0.0000 -1.1719 
0.0000 -1.4029 
0.0000 -1.5804 
0.0000 ' -1 .8154 
0.0000 -2.0916 
0.0000 -2.3655 
0.0000 -2.3934 
0.0000 -2.5192 
0.0000 -1.2039 



OINF 
P S F  

126.9129 
126.792b 
127.0317 
126.8299 
127.1021 
126.8192 
126.5335 
126.9462 
126.8860 

ALPHA 
DEC 

20.80 
20.81 
20.82 
20.83 
20.84 
20.85 
20.85 
20.86 
20.84 

BETA 
DEC 

.ZZ 
- 2 2  
.22  
.22 
.22 
.22 
.22 
.22  
.22  

TABLE V I  I I.- Continued. 

(a) Concluded. 

COT 

.*bPO 

.4703 

.+700 

.4b9b 

.6b70 
-6633  
.4593 
~ 4 5 5 6  
.+ lo5  



TABLE V I  I I.- Continued. 

(b) iC = 10 0 

PINF 
PSF 

126.6927 
126.6192 
127.2308 
126.8235 
126.3266 
126.6605 
126.8929 
126.5215 
125.9885 
126.3758 
128.4908 
127.2678 
126.6135 
126.0380 

OINF 
PSF 

126.2197 
126.3359 
127.0092 
126.3959 
126.5561 
126.2528 
126.8138 
126.6748 
126.3970 
126.7162 
127.1355 
127.0981 
126.3876 
126.6282 

PINF 
PSF 

126.8657 
126,8137 
126.6307 
126.4130 
129.4552 
127.1501 
126.9378 
126.1269 
125.9933 
127.8670 
126.5918 
127.4157 
126.4248 
126.6746 

AL PHA 
DEG 

.08 
-1.79 
.ll 

2.02 
3.97 
5.90 
8.03 

10.14 
12.27 
14.49 
16.62 
18.75 
20.85 
-09 

ALPHA 
DE G 

a09 
-1.76 

0 1 2  
2.02 
3.99 
5.99 
8 0 4  

10.15 
12.29 
14.50 
16.62 
18.77 
20.87 

.09 

ALPHA 
DEG 

- 0 8  
-1.80 

e l 1  

2.01 
3.98 
5.90 
8.02 

10.12 
12.26 
14.40 
16.57 
18.67 
20.78 

- 0 7  

BETA 
DEG -. 0 0  -. 0 2  -. 0 0  

- 0 2  
m04 
.06 
- 0 9  
.ll 
.13 

-. I6 
a18 
.20  
.23 

-moo 

BETA 
DEG -. 0 0  -. 0 2  

.oo 

.O2 

.04 
- 0 7  
.09 
e l 1  

.14 

. I 6  

.18 

.20 

.23  -. 0 0  

BET4 
DEG 
-.01 -. 0 3  
-.01 

.oz 
a04 
.06 

08 
.ll 
- 1 3  
.16 
e 1 8  
.ZO 
. t Z  

-.01 

CLT COT CPRT 

CLT 

- 0 6 5 0  
-.0391 

.O604 
- 1 7 3 8  
,2961 
-4313  
05685 
- 7 1 8 9  
- 8 6 2 9  

1.0100 
1.1593 
1.2980 
1.3411 

.Ob55 

CDT 

-a0167  
-.0223 
-a0173  
-.0079 

0074 
,0326 
- 0 6 9 2  
,1198 
,1799 
e2540 
,3400 
.4353 
e5047 

-.0258 

CPRT 

CLT CDT CPMT 

HPL EN 
PSI  

134.0730 
134.2370 
134.3058 
134.4543 
136.5319 
134.5926 
134.6527 
134.6821 
134.7203 
134.7828 
134.8097 
134.0372 
134.8493 
135.1168 

HPLEW 
P S I  

294.5937 
295.2856 
295.6393 
295.7478 
296.0101 
295.9915 
295.5022 
295.6537 
295.8274 
295.8456 
295.8130 
294.9142 
294.5626 
295.1399 

HPL EN 
PSI  

-1 . lb00 
-.5573 
-a6215 
-.6677 
-a7385 
-.7649 -. 8 1 6 7  
-48508 
-.7951 
- a  7 9 1  6 
-.8515 
-.9390 
-.9882 
-ebb76 

Y T F L O  
LBFISEC 

e1739 
- 1 7 3 6  

1742  
,1739 
,1746 
e1740 
,1741 
,1745 
- 1 7 4 7  
e1753 
,1750 
- 1 7 5 2  
e1755 
- 1 7 5 0  

UTFLO 
LBF/SEC 

.3418 
- 3 4 2 3  
- 3 4 2 4  
- 3 4 2 2  
.3418 
,3414 
- 3 4 0 7  
,3406 
,3406 
.3399 
,3393 
- 3 3 8 2  
.3375 
.It360 

YTFLO 
LDFISEC 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 



QINF 
PSF 

126.3128 
126.5960 
126r5678  
126.6386 
126.5371 
126.1857 
126.9526 
126.6986 
126.6675 
126.3560 

ALPHA 
DEE 

20.79 
20.81 
20.03 
20.86 
20.85 
20.86 
20.87 
20.88 
20.84 
20.78 

8ElA 
DEG 

.23 

.23 
a23  
-23 
.23 
.22 
- 2 3  
r 2 3  
.23 
- 2 2  

TABLE V I  I I.- Concluded. 

(b) Concluded. 

HPLEn 
P S I  

13.7510 
56.5703 
93.7056 

13*.6111 
175.0890 
215.6146 
255.3420 
295.0319 
133.9299 

-1.0173 



TABLE IX.- S P A N W I S E  BLOWING ON THE CANARD I N  THE PRESENCE OFTHE 44' SWEPT 
TRAPEZOIDAL =ITE = 0' 

P I  NF 
PSF 

126.2592 
125.7155 
1Z6r392Z  
126.3899 
125.8206 
126.2042 
125.6974 
1 2 6 r 0 8 7 8  
126.6767 
125.5653 
125.2749 
125.924b 
125.5781 
126.0052 

ALPHA 
DEG 

. 0 1  
-1.85 

.05 
1.95 

'3.91 
5.93 
7.98 

10.10 
12.25 
14.67 
16.60 
18.73 
20.84 

- 0 5  

BETA 
DE G 
-.oo -. 02 
-.oo 

.02 

.04 

.07 
- 0 9  
.11 
.14 

1 6  
- 1 8  
. 2 1  
.23 

-.oo 

CLT 

.0003 
-a1043 

.0015 
a1045 
a2237  
,3491  
- 4 8 5 0  
- 6 2 7 0  
,7631 
- 9 0 7 4  

1.0527 
1.1793 
1.2978 

.0011 

CDT CPNT HPL EN 
P S I  

135.4660 
135.5433 
135.5508 
135.5731 
135.6220 
135.6814 
135.7034 
135.7368 
135.7473 
335.7848 
135.8950 
135.9470 
136.1C34 
135.6073 

ALPHA 
DE G 

.05 
-1.87 

.05 
1.95 
3.92 
5.93 
7.98 

10.10 
12.27 
16.49 
16.62 
18.77 
20.89 

.o 1 

BETA 
OE G 

.oo -. 02 
moo 
.02 
.04 
007 
- 0 9  
.ll 
.14 

1 6  
.19 
. 2 l  
- 2 3  
.oo 

COT 

.0052 
- 0 0 7 4  
.OD56 
,0095 
- 0 1 8 9  
- 0 3 7 2  
,0654 
,1060 
,1590 
,2260 

3012 
- 3 8 4 7  
.4735 
.0060 

CMU 

- 0 2 9 9  
,0300 
.O298 
,0299 
.0300 
.0302 
- 0 3 0 1  
e0302 
,0301 
e0298 
e0302  
e0297  
- 0 3 0 2  
.O299 

HPLEN 
P S I  

295.9310 
295.3019 
295.3833 
295.8276 
296.1916 
296.3262 
296.5735 
296.7196 
296.9595 
294.8839 
298.0186 
294.5408 
296.6019 
294.9077 

YTFLO 
LBFlSEC 

,1604 
.1606 
- 1 6 0 3  . A607 
.1611 
.1b12 
,1609 
.1611 
- 1 6 1 0  
.1606 
,1613 
- 1 5 9 8  
- 1 6 1 3  
- 1 6 0 0  

Q I NF 
PSF 

126.2483 
126.3299 
126.7838 
126.5570 
126.5567 
125.7712 
126.1185 
125.7921 
126.1105 
126.6674 
125.9329 
126.7650 
125,6346 
126.0154 

ALPHA 
O E G  
-.oo 

-1.86 
.04 

1.94 
3.91 
5.91 
7.97 

10.07 
12.22 
14.44 
16.55 
18.70 
20.81 

.oo 

BETA 
OEG -. 0 0  -. 0 2  -. 00 

.O2 

.04 
mob 

0 9  
.ll 
.13 
.16 
e l 8  
.21  
.23 -. 0 0  

CLT 

-.0077 
-.I061 
-.0052 

- 0 9  64 
a2125 
,3392 
- 4 6 9 0  
,6045 
,7387 
a8780 

1.0042 
1.1324 
1.2228 
-.OO48 

CDT CPNT CNU HPLEN 
P S I  

-.a477 
-.7339 
- . e l 9 0  
-e9112 
-.9959 

-1.0717 
-1.1382 
-1.2182 
-1.3Z86 
-1.4475 
-1.6266 
-1.8465 
-1.7846 

-.7795 

QINF 
PSF 

126.2087 
126.2633 
126.1204 
126.1686 
126.3953 
125.9182 
125.8081 
125.5121 
125.5455 
125.5358 
126.0858 
125.0647 
126.5721 
126.2967 



TABLE IX. - Continued. 

~ b i  i c  = 10'. 

HPLEH 
P S I  

135.332d 
135.3641 
135.4438 
135.5044 
135.6025 
135.6690 
135.7742 
135.8991 
135.9888 
136.0547 
136.1433 
136.2110 
136.4075 
135.6080 

PINF 
PS F 

126 .3304  
126.6482 
126.2195 
126.4065 - 
126.6309 
126.2596 
126.0245 
125.7901 
125.9932 
125.7207 
126.0405 
127.0420 
126.3157 
126.1420 

ALPHA 
DEG 

.07 
-1.78 

- 0 7  
2.01 
3.96 
5.98 
8.04 

10.16 
12.32 
14.53 
16.66 
18.00 
20.91 

.07 

BETA 
DE G -. 0 0  
-.oz -. 0 0  

.02 

.04 
a06  
.09 
.ll 
.13 
. I 6  
- 1 6  
. t o  
.23 

-.oo 

CLT CDT CPHT CHU 

M, = 0.30: C = 0. OM; Tt, = 527'~ 
P, avg 

Q I N F  
PSF 

126.1810 
126.5710 
126.4148 
126.1897 
126.7245 
125.9150 
125.6894 
125.8777 
125.1598 
126.2357 
125.8211 
126.0033 
126.2131 
125.5849 

A1 PHA 
O E G  

no7 
-1.79 

.10 
2.01 
3.97 
5.99 
8.07 

10.18 
12.34 
14.58 
1 6 - 6 0  
10.82 
20.95 

.07 

BETA 
DE G -. 0 0  
-.O2 -. 0 0  

.O2 
04 

.06 
- 0 9  
.ll 
- 1 3  
a16 

..18 
. t o  
. t 3  

-.oo 

CLT 

.O2 16 
-.0800 

- 0 2 3 8  
e l 2 5 6  
.235b 
,3743 
,5285 
- 6 7 2 1  
e8150  
,9539 

1.0783 
1.1923 
1.2963 

.0219 

HPLEM 
P S I  

297.4470 
297.1005 
297.8751 
296.3453 
295.8935 
295.8059 
295.8Ol2 
295.7961 
295.8930 
296.1584 

ALPHA 
DEG 

a06  
-1.80 . 09 

2.02 
3.96 
5.97 
8.00 

10.11 
12.25 
44.45 
1 6 - 5 7  
1 8 - 6 7  
20.78 

.07 

BETA 
DEG -. 0 0  -. 0 2  -. 0 0  

.02  
04 

.06 
- 0 9  
.ll 
e l 3  
a16  
a19 
. Z l  

23 -. 0 0  

C L T  C DT CPHT HPLEH 
P S I  

-.4040 
-.3448 
-.4028 
-.4793 
-a5230  
-a6367  
-.7672 
-a9565 
-.8BtB 
-.7617 
-.7644 
-a8176 
-.a782 
-.3621 

Y TFLO 
LBFlSEC 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0900 
0.0000 
0.0000 
0.0000 

O I N F  
PSF 

125.9710 
126.1522 
125.8332 
126.3002 
126.1030 
126.3716 
126.0630 
126.2780 
125.8104 
125.9145 
125.8955 
126.8399 
126.1240 
125.6200 



P I N F  
P S F  

126.1034 
126.1615 
125.8936 
125.8234 
126.2715 
126.0893 
125.6283 
126.2768 
125.8815 
126.5918 

ALPHA 
O E G  

20.79 
20.86 
20.89 
20.91 
20.92 
20.93 
20.93 
20.94 
20.91 
20.78 

BETA 
DE G 

.22 
- 2 3  
.23 
.23 
.23 
.23 
- 2 3  
.23 
m2 3 
.2 3 

TABLE IX.- Concluded. 

(b) Concluded. 

HPLEN 
P S I  

1 4 r 8 0 1 4  
54.8786 
95.6661 

135.5597 
175 .5891  
217.3693 
256.1552 
286.3208 
135.7412 

-.9578 

YTFLO 
L B F l  S E C  

.0634 

.0711  
- 0 8 2 9  
,0954 
- 1 0 9 8  
. I 2 6 0  
- 1 4 3 0  
- 1 6 0 5  . 
e0958  

0.0000 



OINF 
PSF 

32.3373 
32.3000 
32.4175 
32.4466 
32.4065 
32.6388 
32.5932 
32.4148 
32.2959 
32.1396 
32.8711 
32.4673 
32.4673 
32.1589 

P I  NF 
PSF 

32.8213 
32.7577 
32.8711 
32.7633 
32.7481 
32.7052 
32.6070 
32.5531 
32.1492 
32.1907 
32.2267 
32.3442 
32.8531 
32.2695 

OINF 
PSF 

32.6139 
32.6014 
32.6042 
32.7328 
32.5060 
32.5890 
32.4064 
32.6402 
32.4479 
32.2764 
33.2223 
33.0661 
32.9112 
32.2930 

ALPHA 
OEG 

.oo 
-1.81 

.03 
1.89 
3.79 
5.75 
7.74 
9.76 

11.87 
14.00 
16.06 
18.12 
20.18 

.oo 

ALPHA 
OEG 

.01 
-1 79 

.05 
1.90 
3.80 
5.75 
7.73 
9.77 

11.86 
13.99 
16.05 
18.11 
20.18 

.O2 

AL PHI  
DE6 

.02 
-1.80 

.06 
1.91 
3.80 
5.76 
7.74 
9.78 

11.86 
14.00 
16.06 
18.12 
20.18 

a03 

BETA 
DEG -. 00 -. 02 
-.oo 

- 0 2  
.04 
.07 
- 0 9  
e l 1  

.14 

. l b  
1 9  

- 2 1  
.23 -. 0 0  

BETA 
OtG -. 0 0  -. 02 -. 0 0  

.02 

.04 

.07 

.09  

.12 

. I 4  

.16  
e l 8  
.21  
- 2 3  -. 0 0  

BETA 
DEG -. 0 0  
-.oz -. 00 

.02 
0 4  

.Ob 

.09 

.11 
a13 
a16 
a18 
a 2 1  
- 2 3  

-1  0 0  

C L T CDT CPnT C flu 

CLT COT CPMT C MU 

CLT 

,4055 
- 2 9 2 6  
.COB1 
.5316 
- 6 4 0 7  
- 7 5 4 2  
,8704 
,9815 

1.0674 
1.1712 
1.2834 
1.4022 
1.5398 

.4224 

CDT CPHT 

-.2680 
-.2437 
-.2675 
-.a972 
-.318L 
-.3423 
-.3648 
-.3846 
-.3883 
-.4026 
-.424b 
-a4507 
-.4905 
-.2733 

CMU ' 

- 4 7 6 5  
4780. 

.4768 
,4749 
,4790 
- 4 7 8 6  
- 4 8 2 0  
- 4 7 8 8  
- 4 6 2 0  
e4847 
,4713 
- 4 7 4 0  
.CIS8 
- 4 8 5 2  

HPLEN 
P S I  

95.3980 
95.4408 
94.5640 
94.5179 
94.8732 
94.3740 
94.2746 
96.4660 
95.0714 
95.7038 
95.6128 
95.5756 
95.5719 
95.6990 

HPLEN 
P S I  

214.9973 
215.3258 
215.6009 
215.8119 
215.9796, 
216,2002 
2L6.3021 
216.3848 
216.5989 
216.7650 
216.8700 
217,0097 
217.2225 
217.3291 

HPLEN 
PSI 

296.7731 
297.7158 
296.3055 
296.2696 
296.2894 
296.5676 
296.7228 
296.8442 
2 9 7 - 1 1 9 2  
297.3434 
297.3428 
297.4697 
297.444b 
297.9741 

UTFLO 
LBFlSEC 

e l 2 6 9  
e l 2 6 7  
,1262 

12 69 
,1264 
.12b5 
a1261  
e l 2 8 5  
a1280 
- 1 2 7 8  
e l 2 7 9  
e l 2 7 9  
. I 2 7 9  
- 1 2 7 7  

YTFLO 
LBFlSEC 

.2493 
- 2 4 9 3  
.2497 
,2496 
.2499 
- 2 4 9 9  
- 2 5 0 3  
- 2 5 0 2  
.2502 
- 2 5 0 2  
- 2 5 0 4  
,2505 

2505 
- 2 4 9 4  

UTFLO 
LBFlSEC 

- 3 2 8 7  
- 3 2 9 2  

3280 
,3277 
e3280 
- 3 2 8 3  
- 3 2 8 5  
.3284 
-3284  
,3283 

3283 
- 3 2 8 3  
m32 79 
.32 73 



TABLE X.- Continued. 

(a)  Continued. 

P I H F  
PSF 

57.2774 
56 .9499 
57 .3570 
57 .3953 
57 .2706 
5 7 . 3 4 7 3  
5 7 . 3 5 1 5  
57.2583 
5 7 . 1 9 6 6  
57.3542 
5 7 . 3 7 6 1  
5 6 . 9 4 2 9  
56 .8333 
5 6 . 8 3 3 3  

P I H F  
PSF 

5 7 . 4 6 2 5  
57.3035 
57 .4474 
57 .5927 
57 .3829 
57.2637 
57 .2294 
57 .8009 
56 .8155 
5 7 . 0 5 8 1  
5 6.6797 
57 .4117 
5 7 . 5 1 8 6  
57.2432 

QINF 
P S F  

57.4638 
57.3186 
57.4049 
57 .5570 
57.4008 
57.3213 
57.4515 
57.2884 
57 .4159 
56.8703 
57 .0937 
57.1746 
5 7 . 3 3 9 1  
57 .0403 

ALPHA 
DEG 

.DO 
-1.83 

. 0 4  
1.90 
3 .81  
5.78 
7.75 
9.81 

11.90 
14.05 
16 .11  
18 .19  
20.24 

.O2 

ALPHA 
D E G  

.02 
-1.82 

.04 
1.89 
3.80 
5.76 
7.78 
9 . 8 1  

11 .91  
14.07 
1 6 - 1 3  
18.20 
20.28 

- 0 1  

ALPHA 
DE6 

BETA 
DE G -. 0 0  -. 0 2  -. 0 0  

.O2 . 0 4  

.07  - 
0 9  
.ll 
.14 
a 1 6  
- 1 8  
. 2 0  
. 2 2  -. 0 0  

C L T CDT CPHT 

CLT COT C P H T  CMU 

HPLEH 
P S I  

9 4 . 1 8 7 6  
9 4 . 1 6 3 0  
9 4 . 1 3 8 5  
9 4 . 1 3 4 7  
9 4 . 1 8 5 5  
9 4 . 2 0 2 5  
9 4 . 2 2 4 9  
94 .2758 
9 4 . 3 3 2 7  
94 .3200 
9 4 . 3 2 9 1  
94 .3348 
94 .3296 
94 .4936 

HPLEN 
P S I  

2 9 5 . 1 4 0 1  
294.8396 
296.3097 
2 9 6 . 8 8 9 7  
2 9 7 . 4 8 0 5  
297.7330 
2 9 7 . 8 5 9 1  
297.7132 
2 9 7 . 3 3 3 8  
297.1465 
297.1455 
2 9 7 . 1 7 8 1  
298.2524 
298.0711 

UTFLO 
1 t ) F I S E C  

- 2 4 9 9  
- 2 4 4 9  
. 2 4 3 7  
e 2 4 3 5  
- 2 4 5 2  

2 4 5 4  
- 2 4 5 8  
. 2 4 6 1  
, 2 4 6 1  
- 2 4  6 4  
- 2 4 6 5  
- 2 4 6 7  
- 2 4 6 7  

2 4 6 9  

JTFLO 
L B F l S E C  

n 3 2 5 1  
3 2  6 0  

- 3 2  7 2  
- 3 2 7 8  
, 3 2 8 3  
- 3 2 8 6  
- 3 2 8 8  
,3283 
. 3 2 7 8  
- 3 2 7 8  
- 3 2 7 7  
- 3 2 7 8  

3 2 8 9  
3 2 8 0  



TABLE X.- Continued. 

(a )  Concluded. 

OINF ALPHA BETA CLT COT CPMT CMU HPLEN YTFLO 
P S F  DEG OEG PSI LbFISEC 

32.2985 .01  -.00 a1478 . I 2 4 8  -.1238 0.0090 .1311 0.0000 
32.$617 -1 .81  -.O2 ,0539 .1274 - . I057  0.0000 -1077  0.0000 
32.4963 .03 -.00 - 1 5 1 1  . I 2 6 1  -.1242 0.0000 . l o 6 2  0.0000 
32.5544 1.89 .O2 ~ 2 4 8 0  -1295  - . l454 0.0000 .O910 0.0000 

M,- 0.20; C = 0 r ,  avg 

PlNF 
PSF 

57.0663 
57.0800 
57.4597 
57.4460 
57.1527 
57.1280 
57.0636 
56.9347 

ALPHA 
OEG 

. O 1  
-1 .81 

- 0 3  
1.90 
3.81 
5.75 
7.75 
9.81 

11.88 
14.03 
16.11 
18.16 
20.22 

.O1 

BETA 
OEC 
-.00 
-.02 
-.00 

rO2  
- 0 4  
.Ob 
- 0 9  
.ll 
- 1 3  
. l b  
.18 

CL r cor CPUT cuu HPLEN 
P S I  

.1+33 . I 2 5 1  - . I200  0.0000 . I 9 5 2  
~ 0 4 9 9  - 1 2 7 1  -a1015 0.0000 ,2442 
~ 1 1 7 1  .1249 -.1201 0.0000 .ZOO9 
2 4 1 3  .1290 -.1411 0.0000 . I 6 2 6  
.3360 -1375 - . lbOl  0.0000 ~ 1 2 9 0  
- 4 2 7 1  ~ 1 4 5 9  - e l 7 7 0  0.0000 sO9hb 
- 5 1 5 5  - 1 5 9 9  - . I 9 3 6  0.0000 .Ob52 
.6113 .LIB6 -.Z119 0.0000 .0389 
~ 7 1 2 4  .20bb -.2336 0.0000 -0093  
-0075  .2151 -.2545 0.0000 -.0325 
.anno ,2092 -.277b o.oooo -.0287 
-9528  - 3 3 8 1  -.2983 0.0000 -so155 

1.0017 a3912 -a3152 0.0000 -.0584 
- 1 4 1 6  . I 2 4 9  - . I177  0.0000 . I 9 1 2  

YTFLO 
LBFISEC 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.00o0 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

OF. POOR 



TABLE X.- Continued. 

O I N F  
PSF 

33.1887 
3 3 . 2 1 4 9  
33 .3684 
33.3878 
33.4652 
3 3 . 3 7 8 1  
33 .2730 
33.1762 
3 3 . 0 8 2 2  
33 .1223 
3 3 . 2 0 3 9  
33 .0047 
3 2 . 9 9 7 8  
33 .2786 

AL P H I  
DEG 
-.oo 

-1.02 
. 0 2  

1.88 
3.79 
5.74 
7.72 
9.76 

11 .84  
13.97 
16 .03  
18.08 
20.14 

.oo 

BETA 
DE G 

. o o  -. 0 2  

.oo 

.02  

.04 
- 0 7  
n o 9  
.I1 
. 1 3  
- 1 6  
- 1 8  
.20 
. 2 2  

-.oo 

C L T CDT C PHT cnu HPL EN 
P S I  

9 5 . 9 4 3 8  
9 5 . 2 1 9 6  
94 .9630 
8 4 . 8 3 4 3  
9 4 . 8 0 5 8  
94 .7613 
96 .7609 
9 4 . 7 9 9 4  
94 .7917 
94.8154 
94 .7982 
94 .8435 
9 4 . 8 4 0 3  
95 .2456 

YTFLO 
L B F l S E C  

- 1 3 8 2  
, 1 3 8 0  
e l 3 8 0  
. 1 3 7 6  
e l 3 8 6  
- 1 3 7 9  

1 3 8 0  
1 3 7 9  

, 1 3 7 9  
- 1 3 8 7  
, 1 3 8 2  

1 3 9 4  
- 1 3 8 5  
, 1 3 9 2  

CMU HPLEN 
P S I  

. 3 3 9 9  2 1 3 . 4 9 5 4  
3 4 2 0  212.8656 

. 3 4 2 9  213.6910 
- 3 4 2 5  2 1 4 . 3 4 2 5  
. 3 4 4 5  2 1 4 . 7 8 6 1  
- 3 4 6 1  215.0163 
, 3 4 6 2  2 1 5 . 2 8 5 9  
- 3 4 6 8  215.4688 
, 3 5 0 3  2 1 5 . 6 7 4 2  
- 3 4 9 6  2 1 4 . 7 0 5 9  
- 3 4 7 2  2 1 5 . 9 3 6 4  
- 3 4 7 6  2 1 6 . 1 8 5 1  
,345 1 2 1 6 . 3 0 3 0  
, 3 4 3 2  2 1 3 . 6 8 0 7  

P I  NF 
PSF 

33.6644 
33 .3879 
33 .5248 
33 .6354 
33.5027 
33 .3920 
33 .4377 
33 .4114 
33.1003 
33.2040 
33.4695 
33.4750 
33 .7156 
33 .5054 

ALPHA 
DEC 

.oo 
-1.82 

.o 3 
1.88 
3.78 
5.74 
7.72 
9 .76  

11.84 
13.98 
16.02 
18.08 
2 0 . 1 4  

.00  

BETA 
DEG -. 0 0  -. 0 2  -. 0 0  

-0.2 
. 0 4  
. 0 7  
. 0 9  
.11 
.14 
e l 6  
e l 9  
. 2 1  
.23 -. 0 0  

COT 

- 1 1 3 6  
, 1 0 5 3  
- 1 1 1 3  . I 2 8 0  
, 1 5 2 0  
rn 1 7 6 3  
- 2 0 5 7  
. 2 5 0 8  
, 3 1 1 8  
e 3 2 3 2  
e 3 3 8 6  
e 3 7 0 1  
a 4 1 5 6  
. l o 4 0  

CPMT 

OINF 
PSF 

33.3520 
33.2040 
33.3326 
33 .3105 
33 .2164 
33.5068 
33.3478 
33 .1874 
33 .3699 
33 .0048 
3 3 . 3 8 2 4  
33 .7682 
33.6299 
3 3 . 4 0 3 1  

ALPHA 
DEG -. 0 0  

-1 .80  
.02 

1.88 
3.78 
5.73 
7 .71  
9.75 

11.84 
13 .98  
16 .03  
18.08 
20.13 

-.oo 

CLT HPLEN 
P S I  

2 9 3 . 4 6 3 9  
2 9 4 . 6 9 3 3  
2 9 5 . 4 0 7 0  
2 9 5 . 8 7 2 9  
296.2854 
291.3881 
295.5648 
294.9025 
294.6729 
294.4739 
2 9 4 . 4 2 7 4  
294.8575 
2 9 5 . 1 6 2 5  
296.2304 

I I T F L D  
LBF l S E C  

- 3 3 5 0  
a 3 3 6 0  
e 3 3 6 8  
, 3 3 7 1  
, 3 3 7 3  
e 3 3 7 1  
. 3 3 6 1  
, 3 3 5 3  
. 3 3 4 9  
, 3 3 5 0  

3 3 5 0  
, 3 3 5 3  
, 3 3 5 2  
, 3 3 5 5  



TABLE X. - Continued. 

Ibl Continued. 

Q I N F  
PSF 

59.0849 
58.6450 
58.7985 
58.9424 
58.9219 
58.7231 
58.5888 
58.3270 
58.0652 
58.4243 
58.1749 
57.7047 
58.4312 
59.2686 

AL P H I  
DEG -. 02 

-1.85 
.o 0 

1.87 
3.79 
5.75 
7.73 
9.78 

11.87 
14.02 
16.06 
18.15 
20.20 

-.02 

BETA 
DEG -. 0 0  -. 02 -. 00 

.02 
eO4 
.06 
.09  
. I 1  
.13 
.16 
.18 
.20 
.23 

-.01 

HPLEN 
P S I  

96.6204 
95.5921 
93.2879 
94.4121 
95.3743 
95.6109 
93.1346 
95.7099 
93.1623 
95.4725 
96.0531 
94.8800 
93.7389 
93.4747 

P I N F  
P S F 

58.8300 
58.5916 
58.7588 
58.8670 
58.8012 
58.5162 
58.4997 
58.2694 
58.6107 
58.4394 
58.2215 
58.6601 
57.6841 
58.4600 

AL P H I  
DEG 
- a 0 1  

-1.85 
.OZ 

1.88 
3.79 
5.75 
7.73 
9.78 

11.87 
14.03 
16.07 
18.14 
20.19 -. 0 1  

BETA 
DE G 

.oo -. 02  

.oo 
a02 
- 0 4  
.07 
.09 
.11 
.14 
.16 
.18 
.20 
.22 -. 0 0  

HPLEH 
P S I  

213.2595 
213.9181 
214.8174 
215.3195 
214.8583 
214.6602 
216.5808 
214.7083 
214.9297 
215.1736 
215.5345 
215.7431 
2/4 .1018 
213.7296 

UTFLO 
LBF ISEC 

,2550 
,2560  
.2569 
- 2 5 6 7  
.2568 
- 2 5 6 6  
.2565 
.2570 
- 2 5 7 0  
.2575 
.2576 
,2579 
- 2 5 5 9  
- 2 5 5 8  

CL T COT CPNT 

QINF  
PSF 

58.3257 
58.2105 
58.4257 
58.4408 
58.3750 
58.1653 
58.5230 
58.3654 
58.0721 
58.1913 
57.9185 
58.3311 
58.1734 
58.6628 

ALPHA 
DEG 
-.02 

-1.84 
.01  

1.88 
3.78 
5.75 
7.75 
9.79 

11.89 
14.02 
16.08 
18.13 
20.2 1 

-.a2 

BETA 
DE G -. 0 0  
-.02 -. 0 0  

.02 
- 0 4  
- 0 6  
.09 
.11 
- 1 4  
- 1 7  
- 1 9  
.20 
.22 -. 00 

CLT CDT CPNT CNU HPLEN 
P S I  

295.9975 
295.5637 
295.4615 
295.6188 
295.7466 
295.8445 
296.1350 
296.0912 
296.1730 
295.9729 
295.8140 
295.6150 
295.6220 
296.1447 

YTFLO 
LBFISEC 

,3382 
.3376 
- 3 3 7 8  
.3377 
- 3 3 7 8  
- 3 3 7 8  
.3378 
- 3 3 8 0  
,3379 
a3376  
,3372 
.3370  
- 3 3 7 1  
,3367 
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TABLE X. - Continued. 

(b)  Concluded. 

P I N F  
PSF 

32.5355 
32.6544 
32.6614 
32.6918 
32.5148 
32.5673 
33.2546 
33.0693 
32.7319 
32.6987 
32.8026 
32.9324 
32.7347 
32.3391 

P 1 NF 
P S F  

57.l1049 
57.2434 
57.3969 
57.3243 
57.1653 
57.1242 
57.3394 
57.0694 
56.8102 
57.2969 
57.4065 
56.7910 
5~1.2685 
57.2201 

ALPHA 
DEG 

.oo 
-1 .81 

04 
1.90 
3.79 
5.74 
7.72 
9.75 

11.84 
13.97 
16.02 
18.08 
20.14 

.02 

ALPHA 
DEC 

- 0 2  
-1.81 

- 0 4  
1.91 
3.81 
5.76 
7.74 
9.79 

11.87 
14.03 
16.08 
18.15 
20.23 

. O 1  

BETA 
DEG 
-.oo -. 02 -. 00 

.O2 . OC 
- 0 6  
- 0 9  
. A 1  

13 
e l 6  
.18 
.20  
.22 -. 00 

BETA 
OEC -. 00 
-.O2 -. 0 0  

.02 . 0 4  
.o 6  
.08 
.ll 
- 1 3  

15  
- 1 8  
.20  
.22 -. 0 0  

CLT 

-2278  
. I 2 2 9  
a2257 
.3320 
,4365 
.5202 
- 5 7 9 0  
,6278 

6 9 8 0  
,7863 
- 8 8 3 6  

1.0075 
1.1078 

a2199 

COT CPMT 

C D T  

-1767  
1 7 6 1  

- 1 7 6 7  
e l 8 2 3  
.1909 
- 1 9 9 8  
.2120 
- 2 3 2 0  
- 2 6 0 7  
- 2 9 7 3  
- 3 3 7 6  
e3920 
.4C91 
,1763 

CPHT 

HPLEN 
PSI  
.2369 
- 3 1 2 6  
.3204 
- 3 2 5 6  
.3396 
- 3 2 9 2  
,3301 
,3551 
.3357 
- 3 1 4 1  
'.3128 
.2587 
,2377 
- 4 6 8 0  

HPLEN 
P S I  
.GO91 
- 4 4 0 2  
- 4 0 9 6  
- 3 7 0 7  
,3503 
.3107 
e3091  
,3170  
.2815 
.2349 
- 1 0 8 4  
- 0 1 5 4  

-.0316 
.2153 

UTFLO 
LBFlSEC 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
O.OQ0O 
0.0000 
0.0000 
0.0000 
0.0000 
0.8000 
0.0000 
0.0000 
0.0000 



TABLE X. - Continued. 

CLT CDT C P HT OINF 
PSF 

33.2399 
33.0546 
33.0726 
33.1915 
33.1846 
33.0214 
33.3035 
33.3188 
33.1196 
33.2233 
33.4391 
33.1307 
33.7363 
33.0491 

ALPHA 
DEG 

. 0 1  
-1.80 

04 
1.09 
3.79 
5.74 
7.74 
9.76 

11.84 
13.98 
16.02 
18.08 
20.14 

.02 

BETA 
DEG 
-.00 -. 02 -. 00 

.02 

.04 
- 0 7  
.09 
.ll 
- 1 3  
. l b  
.18 
.zo 
.22 -. 0 0  

HPLEN 
P S I  

214.2586 
214.4415 
214.5570 
214.6404 
214.8073 
214.0738 
214.9011 
214.9573 
214.9838 
213.9401 
213.2551 
213.4201 
213.7663 
214.9043 

YTFLO 
LBFlSEC 

- 2 5 3 8  
- 2 5 3 8  
.2537 
- 2 5 3 9  
,2538 
- 2 5 3 7  
e2538 
- 2 5 3 5  
e2534  
,2520 
a2514 
- 2 5 1 8  
.2520 
a2523 

0 I NF 
PSF 

33.2731 
33.1901 
33.3616 
33.4045 
33.3090 
33.1832 
33.5773 
33.5054 
33.1555 
33.4390 
33.5925 
33.4114 
33.4169 
33.3892 

AL PUP 
DEG 

.01  
-1.80 

.04 
1.89 
3.74 
5.75 
7.73 
9.78 

11.86 
13.99 
16.02 
18.10 
20.14 

.oz  

BETA 
DEG -. 0 0  
-.02 -. 0 0  

.02 
- 0 4  
- 0 6  
- 0 9  
a 1 1  
e l 4  . I6 
.18 
.20 
.22 -. 00 

CLT 

.2149 

.0573 
e l 9 5 3  
- 3 5 0 9  
a5116  
,6442 
. i l l 5 0  
.9470 

1.0575 
1.1111 
1.1470 
1.2448 
1.3383 

-2416  

COT 

a0671  
,0511 
.0620 
e0851  
. I 1 4 8  
,1499 
. z 1 2 1  
.2630 
,3972 
- 3 3 8 7  
,3753 
11321  
- 4 8 9 2  
-0575  

HPLEM 
P S I  

293.2064 
296.2962 
297.2126 
296.9269 
296.5801 
29b.2180 
296.0714 
295.9377 
295.9789 
295.0747 
295.8394 
295.7650 
294.5945 
293.0605 

YTFLO 
LBFlSEC 

- 3 3 2 1  
.334 7 
.3343 
e3340  
,3330 
.3324 
- 3 3 2 1  
- 3 3 2 0  
- 3 3 1 9  
-3314  
- 3 3 1 4  
e3314  
,3299 
- 3 2 0 6  

OlNF 
PSF 

33.0642 
33.2564 
33.1914 
33.3090 
33.2191 
33.2246 
33.2080 
33.0227 
33.2619 
33.5758 
33.0324 
33.1541 
33.2163 
33.4087 

ALPHA 
DEG 

.02 
-1.81 

0 5 
1.89 
3.79 
5.72 
7.70 
9.74 

11.83 
13.94 
15.99 
18.05 
20.10 

.O1 

BETA 
DE G -. 0 0  
-.Or? 
-.00 

a02 
.04 
- 0 6  
a08  
.ll 
e l 3  
.15 
.18 
.20 
*ZZ -. 0 0  

CLT C DT CPNT CMU HPLEM 
P S I  
,0790 
. I 2 2 4  
e0974 
.0035 
.0949 
.091z 
a0073 
,0650 
.0472 
.0263 

-.0280 
-a0145 
-.064C 

e l 5 0 8  

UTFLO 
LBFlSEC 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 



TABLE X. - Continued. 

(c)  Concluded. 

Q I N F  
PSF 

58.0826 
58.2389 
58.5144 
58.6268 
58.4143 
58.3211 
58.1032 
58.1306 
58.0113 
58.1909 
58.4266 
58.2320 
58.0894 
58.5869 

QINF 
PSF 

58.5582 
58.4101 
58.7130 
58.6925 
58.6007 
58.5980 
56.2813 
58.5760 
58.2443 
57.9276 
58.3375 
58.0510 
58.4992 
58.2525 

Q I NF 
PSF 

58.5499 
58.2525 
58.4142 
58.4910 
58.3265 
58.2689 
58.3361 
58.2676 
58.3937 
57.8289 
57.9344 
58.6376 
58.4567 
58.4910 

ALPHA 
DEG 

.02 
-1.81 

.04 
1.90 
3.81 
5.77 
7.7b 
9.81 

11.90 
14.05 
16.09 
18.16 
20.21 

- 0  3 

ALPHA 
D E G  

a03 
-1.81 

.04 
1.92 
3.82 
5.77 
7.77 
9.81 

11.90 
14.05 
16.11 
18.17 
20.25 

.01 

ALPHA 
D E G  

- 0 1  
-1.0 1 

.05 
1.9 1 
3.80 
5.75 
7.75 
9.77 

11.86 
14.01 
16.06 
18.12 
20.18 

.02 

BETA 
OEG -. 00 
-.oz -. 0 0  

.02 . OC 

.07 

.09 
a 1 1  
e l 3  
.1 5 
.10 
.20 
- 2 3  -. 0 0  

CLT CDT CPHl 

CLT 

,2035 
,0543 
m1880 
- 3 1  53 
.4472 
,5642 
,7078 
.7780 
,8848 
- 9 8 7 1  

1.0730 
1.1522 
1.2286 

-2166  

COT 

. I650  
,1483 
,1640 
e l 0 2 7  
-2060  
,2317 
,2729 

2980  
,3371 
a3801  
a4229 
.4603 
a5197 
. I 6 0 8  

CPRT 

- . I406 
-.0950 
-a1317  
-.lbt12 
-a2055  
-a2349  
-.2854 
-.2948 
-.3260 
-.355b 
-.3773 -. 3960 
-.4198 
-.1484 

HPLEM 
P S I  

214.7904 
214.9981 
213.0770 
212.9903 
213.2229 
213.3792 
213.4259 
213.5366 
213.5896 
213.6441 
213.6971 
213.7781 
213.8086 
21C.1760 

HPLEN 
P S I  

295.5371 
297.1447 
296.1704 
295.6489 
295.2284 
294.9048 
294.7539 
2 9 5 - 0 3 6 4  
295.2568 
295.2129 
295.1487 
295.0915 
295.0829 
295.0872 

CRU HPLEN 
P S I  

-.2488 -. 1939  
-.ZOO8 
-.2145 
- . I 8 3 6  
- . I689 
-a1781  
- . I823 
-.2111 
-a2269 
-.2447 
-.2912 
-.3213 
- . lo25 

UTFLO 
LBFlSEC 

- 2 4 8 5  
a2486  
.2463 
e24b6  
.24 69 
,2473 
.2472 
,2474 
- 2 4  75 
a2473 
,2473 
.2477 
,2476 
- 2 4 7 7  

YTFLO 
LBFlSEC 

- 3 3 0 4  
.33 13 
- 3 3 0 1  
-3295  
- 3 2 9 3  
,3289 
- 3 2 9 0  
- 3 2 9 1  
- 3 2 9 3  
e3293 
,3290 

3 2 9 1  
,3291  
,3207 

YTFLO 
LBFlSEC 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 



TABLE X.- Continued. 

P I H F  
P S F  

33.5412 
33 .1845 
3 3 . 3 0 4 7  
3 3 . 4 3 4 7  
33.5536 
33 .6283 
33 .3822 
33.1665 
33 .1222 
33 .1775 
33.3919 
33.3006 
3 3 . 2 6 1 9  
33 .4942 

A L P H A  
OEG 

.O1 
-1 .81  

.05  
1.90 
3.80 
5.76 
7.73 
9.77 

11.85 
1 4 . 0 0  
16.05 
18.12 
20.18 

.oo 

A L P H A  
DEG 

. 0 1  
- 1 . 8 1 ,  

.04  
1.88 
3.79 
5.73 
7.72 
9 . 7 6  

11 .83  
1 3 . 9 7  
1 6 . 0 1  
18 .07  
to. 1 2  

. 0 1  

B E T A  
DE G -. 0 1  -. 0 3  
- a 0 1  

. 0 2  

.04 
a 0 6  
- 0 9  
.11 
- 1 3  
- 1 5  
e l 8  
. t o  
.22  

-.01 

a E T A  
DEG -. 0 0  -. 0 2  -. 0 0  

r 0 2  . 0 4  
. 0 6  
- 0 8  
.11 
. 1 3  
.15  
- 1 8  
.20  
. Z Z  -. 0 0  

C P R T  

- .0605 
- a 0 3 7 4  
- 6 0 5 9 5  
m e 0 8 2 4  -. 1 0 5 0  -. 1 4 1 4  
- . I 9 7 2  
- .2439 
- .2907 
- .3507 
- .4223 
- .4948 
- . 5 5 9 1  
- .0551 

C L T  C D l  C P R T  

HPLEN Y T F L O  
P S I  L B F I S E C  

2 1 3 . 1 6 9 8  - 2 4 8 7  
213.1516 - 2 4 8 2  
213.1825 - 2 4 8 5  
2 1 3 . 1 5 8 5  - 2 4 8 3  
2 1 3 . 2 6 2 7  - 2 4 8 5  
2 1 3 . 2 6 1 2  , 2 4 8 4  
2 1 3 . 3 0 5 4  - 2 4 8 5  
2 1 3 - 3 6 3 1  . 2 4 8 5  
2 1 3 . 8 8 8 2  - 2 4 8 9  
2 1 3 . 9 6 2 7  , 2 4 9 1  
213.9707 - 2 4 9 2  
2 1 4 . 0 6 7 0  - 2 4 9 0  
214.1503 e 2 4 9 3  
2 1 4 . 3 3 4 7  .24P5 

H P L E N  
P S I  
, 0 6 2 9  
, 0 8 5 0  
, 0 6 5 7  
- 0 7 b 8  
. 0 9 0 3  
- 0 6 6 7  
- 0 2 2 7  

- .0173 
- .0739 
- a 1 0 9 8  
- . I 5 1 6  
- .2093 
- .2066 

.OBbO 



TABLE X. - Concluded. 

(d l  Concluded. 

Q I N F  
P S F  

58.1439 
58.6195 
58.8689 
58 .6483 
58.6812 
5 9 . 3 2 6 6  
58.7977 
58 .5757 
58 ,3468 
58 .5346 
5 8 . 0 9 4 6  
5 8 . 0 3 0 1  
5 8 . 2 7 4 1  
5 8 . 6 5 5 2  

P I N F  
P S F  

50.3701 
50 .2290 
5 8 . 8 1 5 5  
59 .0156 
58.9732 
58 .7484 
58 .4647 
5 8 . 5 6 6 1  
58.4633 
58.5195 
58.6182 
58 .5771 
58.6127 
58.7086 

ALPHA 
D E G  

. 0 2  
-1 .81  

.04 
1 .90  
3.82 
5.77 
7.77 
9 . 8 1  

1 1 . 9 1  
14 .06  
16 .12  
1 8 . 2 2  
20.28 

a 0 3  

ALPHA 
DEG 

.02 
-1.83 

. 0 4  
1 .91  
3 .81  
5.76 
7.76 
9.80 

1 1 . 8 8  
14 .04  
16 .10  
18 .15  ' 
20.18 

. 0 1  

BETA C L T  
OE G -. 0 1  - 0 1 8 8  -. 0 3  -.0322 -. 0 1  , 0 7 6 9  

. 0 1  1 0 4 5  

. 0 4  - 3 0 0 8  

.Ob - 4 1 0 2  

. o e  ,5355 

.11 e b b 0 4  

.13  . 0 2 2 8  

. 1 5  1.0013 

. 1 7  1 .1928 
- 2 0  1 .3770 
e2.2 1.5168 

- .01  a 0 7 1 1  

BETA 
DE G 
-.01 -. 0 3  -. 0 1  

. 0 1  

.04  

.Ob 

.08 

.10  

. 1 2  

. 1 5  
e l 7  
. 2 0  . 2 2  -. 0 1  

C D l  CPHT 

CDT 

H P L E N  
P S I  

214.0791 
214.9048 
2 1 4 . 0 6 7 9  
2 1 4 . 8 2 5 4  
214.9370 
2 1 4 . 8 9 2 8  
2 1 4 . 9 4 5 0  
2 1 4 . 9 5 4 5  
215.0283 
2 1 5 . 0 5 0 0  
215.0604 
215.0724 
215.1270 
215.2536 

H P L E N  
P S I  

- .3944 
- .2p14 -. 3 0 4 2  
- .3059 
- .3073 
-.3368 -. 3 9 2 9  
-.4530 
- .440L 
-.5047 
-.5767 -. 6 1 9 9  
-.54C8 
- . l b 3 2  

UTFLO 
L B F J S E C  

. 2 5 0 4  

. Z 5 0 2  
- 2 5 0 5  
.2504 
- 2 5 0 6  

2 5 0 4  
. 2 5 0 7  
- 2 5 0 4  
. 2 5 0 7  
. 2 5 0 8  
. 2 5 0 6  
, 2 5 0 8  
, 2 5 0 7  
- 2 5 0 8  



C 
n  

n d  d i r e c t i o n  

F i g u r e  1 . -  S y s t e m  o f  a x e s  u s e d  s h o w i n g  p o s i t i v e  d i r e c t i o n s  o f  f o r c e s ,  m o m e n t s ,  a n d  a n g l e s .  



Figure  2.- Stable leading-edge vort ices o n  a s lender wing. 



Figure 5.- Vortex f low generated by a highly-swept maneuver strake on the F-16 
aircraft {photograph from ref. 43). 





L e a d i  n g - e d g e  v o r t e x  

1 

I S p a n w i s e  j e t  

F i g u r e  5 . L e a d i n g - e d g e  v o r t e x  e n h a n c e m e n t  b y  s p a n w i s e  b l o w i n g .  
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(b l  "locked vor lex "  wing. 

Figure 10.- Concluded. 
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A i r  s u p p l y  l l n e  . B a l a n c e  l e a d s  
0 . 9 5 3  b r a s s  t u b ~ n g  
r l h r o u g h  r t i n g l  

F i g u r e  1 1 . -  P l a n v i e w  of  a i r  s u p p l y  s y , i I e m  a n d  I n t e r n a l  m o d e l  a s s e m b l y  f a r  t h e  s p a n w s e  b l o w i n g  m o d e l .  

1 A I l  d l m e n r i o n s  a r e  in c , $ ~ n l l m e l e r r . l  
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Figure 15.- Effect of spanwise blowing o" the longitudinal aerodynamic characteristics of the 44' swept trapezqidal wing 
configuration; MmmO. 30. 



Figure 16.- i f f e d  s f  spanwise blowing on  t h e  long i tud ina l  aerodynamic character is t ics  of t he  44" sweptlrapezoidal 
w ing conf igura t ion;  w0.50. 



~ i ~ u r e  17.- Effect of a and C o n  t he  lift augmentat ion ra t io  and lift effediveness of 
,. . . . 

P, avg 
0 blowing f o r  the 44 swept trapezoidal w ing conf igura t ion;  & 0.30. 



a ,  deg 

F i g u r e  1 8 . -  E f f e c t  o f  a a n d  
, a v g  

o n  t h e  l i f t  a u g m e n t a t i o n  

r a t i o  a n d  l i f t  e f f e c t i v e n e s s  o f  b l o w i n g  f o r  t h e  44' 

s w e p t  t r a p e z o i d a l  w i n g  c o n f i g u r a t i o n ;  Mm = 0 .50.  



C 
!J I avg 

F i g u r e  19 . -  E f f e c t  o f  C a n d  Moo o n  t h e  l i f t  a u g m e n t a t i o n  r a t i o  
P # a v g  

a n d  l i f t  e f f e c t i v e n e s s  o f  b l o w i n g  f o r  t h e  44 '  s w e p t  t r a p e z o i d a l  

w i n g  c o n f i g u r a t i o n  f o r  a - 2 1  
0 





aCL tan  a 

F i g u r e  2 1 . -  D r a g - d u e - t o - l i f t  i n c r e m e n t  d u e  t o ' s p a n i i s e  b l o w i n g  f o r  t h e  44 '  s w e p t  

t r a p e z o i d a l  w i n g  c o n f i g u r a t i o n  f o r  t w o  M a c h  n u m b e r s  a n d  a  r a n g e  o f  

C 
0 

a n d  a ;  6 L E  = b T E  = 0 .  - 
IJ7avg  



L . - .  - . . .- , ..., .. A i ,. . . .. - . , . . . . . , ., , 9 

Flqure ?2.- Effect of spanwlse blowlng In mnlunctlon wilh a deflected leadlng-edg flap on Ihe longltudinel 
aerdynamlc cheractercstlcs of the MO swept trapezoMal wing conflguratlon: b E  = 0': M, = 0.30. 



Figure 23 .- Effect of spanwise blowing In  conjunc\ion wlth a dellected leadlng-edge flap on the longltudir 
aerodynamic charactsristlcs of the 44' swepl trapezoidal wing conliguretlon;, 6= = 0': M,= 

iai 
0.30. 





F i g u r e  25. -  E f f e c t  o f  C a n d  b L E  o n  t h e  l i f t  a u g m e n t a t i o n  r a t i o  
Cloavg 

a n d  l i f t  e f f e c t i v e n e s s  o f  b l o w i n g  f o r  t h e  44' s w e p t  t r a p e z o i d a l  
0 

w i n g  c o n f i g u r a t i o n  f o r  a z 20.5'; 6 T E  = 0  ; Mm = 0.30.  



t rapezoidal .wing con f i gu ra t i on  for a r a n g e  o f  6LE; b T E  = 0'; M, = 6.30: 



'D, L 

ACL tan a 

F i g u r e  2 7 . -  D r a g - d u e - t o - l i f t  i n c r e m e n t  d u e  t o  s p a n w i s e  b l o w i n g  f o r  t h e  44 '  

s w e p t  t r a p e z o i d a l  w i n g  c o n f i g u r a t i o n  f o r  a  r a n g e  o f  6 C L E '  p , a v g B  
- 0 

a n d  a ; 6 T E  - 0 ; M, = 0.30. 



- . r ,  - ' . I , . .I c~ , ? , '  

Fluurs 28.- fnm of IdMdlngdge (lap dellectlon angle on the loig~tudinal 
BoMynamic characterlstlcs of the @ svep( trapemldal wlng 
mnflguration nith b1mv1t-q OH; b K  = 6'; M,= 0.30. 



I I L~ 
Figure 29.- Ened of laadlngu@e i l  d e f l a b n  angle on tho longiludinal wmdyrurnk ' 

chsrecterlstlcs of the 4? swept lrapmldal wlng mnllgurallon Mlh Wing 
On: bTE = OD: &= 0.30. 





Fl#uro 31.- E f l d  ct olpnrrlw blavling In cunjunctbn wlth a dallgted tralllng'hge flap on the 
longlbdlnl mdynamlc chederlstlcs d the @ ttrapsmldal wlnq anflguratlon: 
a,= 8: M-= an 



? .. . C~ 
F a  Flgure Y -  E ~ M  OI pnnr~re bla;l;lg In conjunctbn w~th a Benatal tra~l~rrg- t14 on the 

lo~Mlhl.mmdyMmlc chanctsrlstlcs d the & wpl hapsmbl wlng oPI'WratM:. 
bIE = b; %= 0.a 



a, deg 
E f f e c t o f  a a n d  C o n  t h e  l i f t  a u g m e n t a t i o n  

I J l  a v g  
a n d  l i f t  e f f e c t i v e n e s s  o f  b l o w i n g  f o r  t h e  4 4 "  s w e p t  t  

- w i n g  c o n f i g u r a t i o n  w i t h  b T E  = 10'; b L E  = 0'; M, - 

r a t i o  

: r a p e 2 0  

0.30. 



F i g u r e  3 4 . -  E f f e c t  o f  a a n d  o n  t h e  l i f t  a u g m e n t a t i o n  r a t i o  a n d  l i f t  e f f e c t i v e n e s s  
CIJ,, a v 9  

o f  b l o w i n g  f o r  t h e  4 4  s w e p t  t r a p e z o i d a l  w i n g  c o n f i g u r a t i o n  w i t h  6 = 20'; T E 

LE 
= 0'; M, = 0.30.  



g u r e  3 f f e c t  o f  C a n d  b T E  o n  t h e  l i f t  a u g m e n t a t i o n  r a t i o  
v ' , a v g  -. . 

t n d  l i f t  e f f e c t i v e n e s s  o f . b l o w i n g  f o r  t h e  44' s w e p t  t r a p e z o i  
0 

w i n g  c o n f i g u r a t i o n ;  b L ' E  = 0'; M, = 0.30;  a ^ 21  . 





0 . A .  1 . I ,  1 ,  C~ ) . ,. , , 
Flgure 37.- EffeCt of tralllng-edge flap dellectlon angle on the lotqltudlnal aedynamlc charcterlsllcs 

of the 44" swept trapezoidal w~ng arnflgurabn wnh b~ow~ng on; bLI: = 0'. M,= a n  



c~ = c~ lc~ean wing + A' 1 = e: % = loo----f&$--l 
b~ow~q  on blowing on , ,  , .. . . . : r l  11. ' " '  

'1 
Flgure 3.- Enecl of spnwlse Mowlng In mnjunctlon with deflected Idlng- and tralllngdge. flrps 

on the longltudlnal aarodynamlc characteristics of the ddo swpt trapemldal wing 
mnflguratlon: b a  = no. LTE = I@; M,= Cl3Q 



;,,- 1 1  . , . . . .  \ .  L1 , ! , I  

Flgure 39.- Etfed of spanwlse blowing ln;bnj icI lon wilh a deflected irslllngadge f l g  end.ddlsctd 
laadlng- and tralllqalge flaps on lhe longlludlnal m d p a m l c  characteristics of the 
44' swpl trapemldal wing conflguratlon: M-= 0.30. 
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F i g u r e  4 0 . -  E f f e c t  o f  C p , a v g  'LE a n d  ' T E  o n  t h e  l i f t  a u g m e n t a t i o n  

r a t i o  a n d  l i f t  e f f e c t i v e n e s s  o f  b l o w i n g  f o r  t h e  44' s w e p t  
0 t r a p e z o i d a l  w i n g  c o n f i g u r a t i o n  f o r  a z 20.5 . 



F i g u r e  41. - E f f e c t  o f  C L  a n d  l e a d i n g -  a n d  t r a i l i n g - e d g e  f l a p  d e f l e c t i o n  

a n g l e s  o n  t h e  d r a g  r e d u c t i o n  r a t i o  f o r  t w o  j e t  m o m e n t u m  

c o e f f i c i e n t s :  M, = 0 .30 .  



C~ 

, f l g u c  42- E M  of spanwlse blarlng on tho loqHudlfal aerodynamic chamdurisHcr 
of the 460 rwpl lrapsmldal wlng a4fiqurstlon wllh blowlng on Ihe rlghl 
wlng: M, = 0.30. 
. - . , . . . . 



F i g u r e  4 3 . -  E f f e c t  o f  a a n d  C o n  r o l l i n g  m o m e . n t  c o e f f i c i e n t  f o r  t h e  44' 
IJ I_a..vp_..- .. . . - . .- - 

S w e p t  t r a p e z o i d a l  / w i n g - ~ ~ o n f i ~ ~ r a t i o n w i t h  b l o w i n g  o n  t h e  r i g h t  w i n g  

o n l y ;  M, = 0.30. 



- 
"(I 

'U 

. ~ 

Figure 44.- Effect of spanwise blowing on  the 44Oswept trapezoidal wing on the  longitudinal aerodynamic charade, 
of the  wing-horizontal ta i l  configuration; M; 0.30. 

ics 



F i g u r e  4 5 . -  E f f e c t  o f  a n g l e - o f - a t t a c k  a n d  h o r i z o n t a l  t a i l  o n  t h e  l i f t  

a u g m e n t a t i o n  r a t i o  a n d  l i f t  e f f e c t i v e n e s s  o f  b l o w i n g  o n  

t h e  44' s w e p t  t r a p e z o i d a l  w i n g  f o r  C = 0 .060 ;  
P l a " g  

M, = 0.30. 



F i g u r e  4 6 . -  T h e  e f f e c t  o f  a n g l e - o f - a t t a c k  a n d  h o r i z o n t a l  t a i l  o n  t h e  

l i f t  a u g m e n t a t i o n  r a t i o  a n d  l i f t  e f f e c t i v e n e s s  o f  b l o w i n g  

o n  t h e  44' s w e p t  t r a p e z o i d a l  w i n g  f o r  
C , l . a v g  

= 0 .13 ;  

Moo = 0.30.  



~ i ~ u r e  47.- Effect of spanwise b lowing o n  t h e  long i tud ina l  aerodynamic character ist ics 
of t h e  wing-vert ical  ta i l  conf igura t ion at P =: 0'; M, = 0.30. 



..-. ..,. . 
F igure  48.- Effect of ~ p a n w i r s ' b l o w i n ~  o n  t he  long i tud ina l  aerodynamic c9a iac te r i r t i c r  

o f  the, w ing-ver t ica l  ta i l -hor izonta l  tai l  conf igura t ion at P z.0 ; Moo = 0.30. 



.- ~ - -... , - - . - . . . . . 
Figure 49:- Effect of Spanwise blowing'on t h e  lateral-directional stability derivat&s of ; 

the wing-vertical tail configuration: M = 0 30. 
- - -~ .- . . .- . . . .m : 



Figure 50.- Effect o f  spanwise blowing o n  t h e  lateral-direct ional stability derivat i  
o f  t h e  wing-vert ical ta i l -hor izonta l  ta i l  conf igurat ion;  M, = 0.30. 

ves 



L~ 

F b U u  51.- LIM of spanwii blmlng on the dg mtrapemidal wlng on the lo~ghudlnal 
m m m l c  characteristics of the cbwrwupled canard-wlng wnfigumtlon br 

= 8: M, = 0.30. 



L 

Flgare 52.- Effect of  spnwlse blowlng on the 44O swept 4rapmldel wlng on the longltudlnal 
Frodynamlc characterlsllcs of the close-mupled canard-wing mnflgurstion (or 
lc = 8: M, = 0.50. 



',: F l g m  53.- Em of rpanwl~ bbwing on Ihe 460 lrapemldal wing on the lorqludlnal 
aemdy mk c h a r m l c s  of the close-coupled o n a r h l n g  aonflgurallon b r  
I C = 13: M- = 0.30. 



Figure 54. - Effect of a and C on the  l i f t  augmentation ratio 
Pl av9 

and l i f t  effectiveness of wing spanwise blowing for  the canardw ing  

configurat ion; = 0' ; M i  = 0.3. 
'c . 



F i g u r e  5 5 . -  E f f e c t  o f  a a n d  C o n  t h e  l i f t  a u g m e n t a t i o n  
I Jvavg  

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

f o r  t h e  c a n a r d - w i n g  c o n f i g u r a t i o n ;  'C = 10'; Mm = 0.30. 



F i g u r e  56.-  E f f e c t  o f  C L  a n d  C o n  t h e  d r a g  r e d u c t i o n  r a t i o  
.. .- IJ ,avg 

f o r  t h e  c a n a r d  w i n g  c o n f i g u r a t i o n  f o r  t w o  c a n a r d  i n c i d e n c e  

a n g l e s  w i t h  s p a n w i s e  b l o w i n g  o n  t h e  w i n g ;  M, = 0.30. 



"D.L 

F i g u r e  

ACL tan a 

5 7 . -  D r a g - d u e - t o - l i f t  i n c r e m e n t  d u e  t o  s p a n w i s e  b l o w i n g  o n  t 
0 w i n g  o f  t h e  c a n a r d - w i n g  c o n f i g u r a t i o n  f o r  i C =  0 . ,, 



c~ 
F i g u r e  5 8 . -  E f f e c t  o f  c a n a r d  i n c i d e n c e  a n g l e  o n  t h e  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  o f  t h e  c a n a r d - w i n g  c o n f i g u r a t i o n  w i t h  b l o w i n g  o f f i  

M, = 0.30.  



0 .  .2 .4 .6 .8 1.0 1.2 1.4 

gure 59.-  EW ol Wnwiv blowlng on the canard on the lonlludlnal eerodynamlc charecterldlcs 
of Ihe canarbwing configuration b r  IC = 0": M, = 0.30. 



,. - ! r l ukJ  ,I , . . , . x  .. - L~ A , ,  :.. : . .  - .  1 . , 8 ,  ",.. 
Flyre 60. - Elfed o l  spnwlse blavlng on the canwd on the longttudlnal ~ K d Y M m l c  

characlerlstlcr of the close-mupled cenard-wlng conflguraibn for I t  = I@: ' ' 

M- = 0 ,N .  



a ; deg 
. . . .. . 

F i g u r e  61 . -  E f f e c t  o f  a a n d  C o n .  t h e  l i f t  a u g m e n t a t i o n  r a t i o  
Cloavg 

a n d  l i f t  e f f e c t i v e n e s s  o f  c a n a r d  s p a n w i s e  - b l o w i n g  f o r  
. . . . - 0 the  c a n a r d - w i n g  c o n f i g u r a t i o n ;  i C  = 0 ; M, = 0.30. 



F i g u r e  
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a ,  deg 

2 . -  E f f e c t  o f  a, a n d  C o n  t h e  l i f t  a u g m e n t a t i o n  r  
IJ o a v g  

a n d  l i f t  e f f e c t i v e n e s s  o f  c a n a r d  s p a n w i s e  b l o w i n g  
0 

t h e  c a n a r d - w i n g  c o n f i g u r a t i o n ;  i C  = 1 0  ; Moo = 0. 

a t i o  

f o r  

3 0. 



F i g u r e  6 3 . -  E f f e c t  o f  C L  a n d  C o n  t h e  d r a g  r e d u c t i o n  r a t i o  f o r  
I.l e a v g  

t h e  c a n a r d - w i n g  c o n f i g u r a t i o n  f o r  t w o  c a n a r d  i n c i d e n c e  

w i t h  s p a n w i s e  b l o w i n g  t h e  c a n a r d ;  

a n g l e s  



AC. ' tan  a 

Figure 64.- Drag-due-to-lift increment  due to canard spanwise blowing tor t h e  canard- 
0 wing conf igurat ion: iC = 0 ; M, = 0.30. 



c~ 
Figure  65.- Comparison of t he  long i tud ina l  aerodynamic cha rac te r i s t i c s  o f  t he  close-ioupled 

canard-wing conf igura t ion f o r  spanwise blowing o n  t he  wing i n  t h e  presence of 
t he  canard and spanwise blowing o n  t he  canard in t h e  presence of t h e  wing; 
i = 0'; Ma = 0.30. 
C 



Figure 66- Comparison of t he  long i tud ina l  aerodynamic character ist ics of t h e  close- 
coupled c a n a r 6 w i n g  conf igura t ion f o r  spanwise blowing on  t he  w ing  in 
the  presence of the canard and spanwise blowing o n  t he  canard in t he  
presence of t he  wing; ic = 10'; M m  = 0.30. 



L 
PI avg 

F i g u r e  6 7 . -  E f f e c t  o f  C j e t  l o c a t i o n ,  a n d  MOO o n -  t h e  l i f t  a u g m e n t a t  u. a v q '  
r a t i o  a n d  

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

i o n  

c o n f i g u r a t i o n ;  iC  0 = 0': a = 21 . 



LP#  a'Jg 
F i g u r e  6 8 . -  E f f e c t  o f  C a n d  j e t  l o c a t i o n  o n  t h e  l i f t  a u g m e n t a t i o n  

Cc 9 a v g  
r a t i o  a n d  l i f t  e f f e c t i v e n e s s  o f  b l o w i n g  f o r  t h e  c a n a r d - w i n g  

0 0 c o n f i g u r a t i o n ;  = 10 ; a "  21 . i c 



Theory (ref. 40) 
- C  (zero LE suct ion) 

-- L, P  

 tot = 'LP + 'L,v~e + ' ~ v s e  (zero LE suct ion) 
--- 

CL,tot = 'L,p t C ~ , v l e  " l v s e  + 'L,ind (zero LE suct ion) 

Experiment 

L~ 

F i g u r e  69.- C o m p a r i s o n  o f  t h e  t h e o r e t i c a l  a n d  e x p e r i m e n t a l  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  f o r  t h e  44' s w e p t  t r a p e z o i d a l  

w i n g  c o n f i g u r a t i o n  w i t h  6 L E  = 6 T E  = 0 o  ; Meo =.0.30. 

( E x p e r i m e n t a l  d a t a  f r o m  f i g .  15) 



Theory (ref.  39) 

- CLIP ( f u l l  LE suct ion)  
-- 

'~, to t  = ' L , ~  + ' ~ , v ~ e  + ' l v s e  
(zero LE suct ion)  

--- 
'~, to t  = 'I-,~ + Clvle + ' l v s e  + 'L,ind (zero LE suct ion)  

F i g u r e  7 

" - -  
0 .2 .4 .6 .8 1.0 1.2 1.4 

L  
0 . -  C o m p a r i s o n  o f  t h e  t h e o r e t i c a l  a n d  e x p e r ' i m e n t a l  l o n g i t u d i n  

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  f o r  t h e  44 '  s w e p t  t r a p e z o i d a l  
0 

w i n g  w i t h  t h e  l e a d i n g - e d g e  f l a p  d e f l e c t e d  t o  8'; b T E  = 0 ; 



Theory (ref. 40) 
- CLP (zero LE suction) 

-- 
' ~ t o t  = ' ~ p  + ' ~ , v ~ e  + C ~ , v s e  

(zero LE suction) 
--- CLStot - - CLp + CLmvle + CLvSe + CLnind (zero LE suction) 

Experiment 

0  -2 .4 .6 .8 1.0 1.2 1.4 

L 

F i g u r e  71.-  C o m p a r i s o n  o f  t h e  t h e o r e t i c a l  a n d  e x p e r i m e n t a l  l o n g i t u d i n a l  

c h a r a c t e r i s t i c s  f o r  t h e  w i n g - h o r i z o n t a l - t a i l  c o n f i g u r a t i o n ;  

h, = 0.30. ( E x p e r i m e n t a l  d a t a  f r o m  f i g .  4 4 )  



Theory (ref. 40 )  

- C (zero LE suction) 
-- L, P  -  tot - '~,p + ' ~ , v ~ e  + ' ~ v s e  

(zero LE suction) 
--- -  tot - 'lp + CL,vle " l v s e  + 'L,ind 

(zero LE suction) 

F i g u r e  7 2 . -  C o m p a r i s o n  o f  t h e  t h e o r e t i c a l  a n d  e x p e r i m e n t a l  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  f o r  t h e  c a n a r d - w i n g  c o n f i g u r a t i o n  
0 

w i t h  b l o w i n g  o n  t h e  w i n g s ;  i C  = 0 ; M, = 0.30. 

( E x p e r i m e n t a l  d a t a  f r o m  f i g .  5 1 )  



Flgure 73.- Effect of spanwlw blowlng on the longltudlnal wrodynamlc a e m n a m l c  chrmclerlslks 
ol Ihe " l & d  drta" wing conflgurallon wllh hlE = = 200; M- = 0.15. 



'-1 

F!qure 14.- E f M  of spanwire blbing on the longltudlnal aewb'namlc ch rect8rlSti~S 
0, tn. w c . ~  .no WIN configuratan mn = % = 2: M- 0.m. 



Figure 75.- fl(ect ol spanwlse b lwlng on the lonqltudlnal aemdynsmlc chrrKterlrtlcs of 
the "laked vartex" wlng conflguratlon wlth Q = % = @; Mb, 0.15. 



\ c~ 
Flqure 76.- Elfecl of spanwlse blwlnq on the langnudlnal aemdynamlc ch racteristldr 

of the vortoxol ang  conflgunan ~ I t n  aU = = d; & = 0.n. 



'-1 
MU~O 77.- E M  of p n W l W  b k l n g  on the lorqnudlnal rerobymrnlc characlerlstlca 

of the " w e d  vowu wlng mnnguraton rtm q~ - 45°,6n B': M, .a ~ji 



- E W I  spnwlre bbwlng on the longlludliral aermfjma Ic c k n d  rldlcs 
of the ls*I* nrtam1 wlnq conf igu~bn = 2, % C. d: Mm : 



ngun 19.- E M  of qnwlsa Wing on ms bngnudlnal aembynamic charederlsllcs of 
the "Wed vortex" wing mnflguratlon with = % = 8: M, = O.B. 





red 

a , deg 
F i g u r e  8 1 . -  E f f e c t  o f  a a n d  C o n  t h e  l i f t  a u g m e n t a t i o n  r a t i o  

u , a v q  
a n d  l i f t  e f f e c t i v e n e s s ' - o f  b l o w i n g  f o r  t h e  " l o c k e d  v o r t e x "  

w i n g  c o n f i g u r a t i o n  f o r  b L E  = B T E  = 20'; M_ = 0.15. 



a, deg ~. 
F i g u r e  8 2 . -  ~ f f e b t  o f  o a n d  c o n  ' t h e  l i -f t  a u g , m e n t a t i o n  

P, a v g  
' r a t i o  a n d  l i , f t  e f f e c t ~ v e n e s s  o f  b l o w i n g  f o r  t h e  

" l o c k e d  v o r t e x "  w i n g  c o n f i g u r a t i o n  f o r  b L E =  b T E  = 30"; 
WI, = 0.15. 



a ,  deg 
. . . . . 

F i g u r e  8 3 . -  E f f e c t  o f  a a n d  C o n  t h e  l i f t  a u g m e n t a t i o n  r a t i o  a n d  
P ,  a v g  

l i f t  e f f e c t i v e n e s s  o f  b l o w i n g  f o r  t h e  " l o c k e d  v o r t e x "  w i n g  
0 0 c o n f i g u r a t i o n  f o r  b L E  = 4 5  ; I T E  = 3 0  ; M, = 0.15.  



a , deg 

F i g u r e  84.-  E f f e c t  o f  a a n d  C u m a v c r  o n  t h e  l i f t  a u g m e n t a t i o n  r a t i o  
,- . < 

a n d  l i f t  e f f e c t i v e n e s s  o f  b l o w i n g  f o r  t h e  " l o c k e d  v o r t e x "  
0 

w i n g  c o n f i g u r a t i o n  f o r  6 = b T E  = 20 ; M, = 0.20. 
L E 



a , deg 
F i g u r e  8 5 . -  E f f e c t  o f  a a n d  C o n  t h e  l i f t  a u g m e n t a t i o n  r a t i o  

v , a v g  
a n d  l i f t  e f f e c t i v e n e s s  o f  b l o w i n g  f o r  t h e  " l o c k e d  v o r t e x "  

w i n g  c o n f i g u r a t i o n  f o r  6 = b T E  = 30'; Mm = 0 . 2 0 .  L E 



F i g u r e  86 . -  E f f e c t  o f  a a n d  C o n  t h e  l i f t  a u g m e n t a t i o n  r a t i o  
P a v g  

a n d  l i f t  e f f e c t i v e n e s s  o f  b l o w i n g  f o r  t h e  " l o c k e d  v o r t e x "  

w i n g  c o n f i g u r a t i o n  f o r  6 = b T E  = 30': Mm = 0.30. L E 



F i g u r e  87.- 
a ,  deg 

E f f e c t  o f  a a n d  l e a d i n g -  a n d  t r a i l i n g - e d g e  f l a p  d e f l e c t i o n  

a n g l e s  o n  t h e  l i f t  a u g m e n t a t i o n  r a t i o  a n d  l i f t  e f f e c t i v e n e s s  

o f  b l o w i n g  f o r  t h e  " l o c k e d  v o r t e x "  w i n g  c o n f i g u r a t i o n ;  



a , deg 
F i g u r e  8 8 . -  E f f e c t  o f  a a n d  l e a d i n g -  a n d  t r a i l i n g - e d g e  f l a p  d e f l e c t i o n  

a n g l e s  o n  t h e  l i f t  a u g m e n t a t i o n  r a t i o  a n d  l i f t  e f f e c t i v e n e s s  

o f  b l o w i n g  f o r  t h e  " l o c k e d  v o r t e x "  w i n g  c o n f i g u r a t i o n :  

C p , a v g  
= 0 . 1 9 5 ;  M m  = 0 . 2 0 .  



0 .2 .4 .6 .8 1.0 1.2 

. . 

W.- E M  ol leadl and iralllng-e$e f l q  QeRsctton aqles on the longltudlnal 
amtynamic chracteria*r 01 me ll~oa. .nooB a. mn,~uratlon rlth 

. blowlq off; M, = &15. 



T r ,  

i~&b 90.- ~nec,'ot 1eall14- and t ra l l lng -w I I ~  b & ~ o n  angler on the longltudlnal 
mmdynamk charecterlstks of the 'lodted mrlex" wlng mnflguralion WIUI 
bbrrlng off: M, = 0.m. 
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r l  ' - 3  1 wgun 91.- Enact of leadlng- a d  t re l~ lng-m ~ a e  -10" angler on the ~ o r q ~ t h ~ n a i  

-tnlc charalwrldlcs of the 'Wed u o h "  wlnq anf@uretlon wlth 
b M n g  on: M, = 0.15. 
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aarodynamlc charederlstks of the 'lodred wrten" w l q  mnlkluretlon wlth ": 

.bbuliiq on: M, = 0.20. 
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F i g u r e  9 4 . -  S t a t i c  c a l i b r a t i o n  o f  t h e  44' s w e p t  t r a p e z o i d a l  w i n g  n o z z l e s .  
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F i g u r e  9 4 . -  C o n c l u . d e d .  
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F i g u r e  9 5 . -  S t a t i c  c a l i b r a t i o n  o f  t h e  r i g h t  44' s w e p t  t r a p e z o i d a l  w i r l g  n o z z l e  
w i t h  t h e  l e f t  w i n g  n o z z l e  p l u g g e d .  



Rol l ing  
moment. 

i n - l b  

Yawing 
moment. 
i n - l b  

Side 
force. 

'bf 

F i g u r e  95.-  C o n c l u d e d .  
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F i g u r e  96 . -  S t a t i c  c a l i b r a t i o n  o f  t h e  c a n a r d  n o z z l e s  



Figure 96. - Concluded. 



F i g u r e  9 7 . -  S t a t i c  c a l i b r a t i o n  o f  t h e  " l o c k e d  v o r t e x "  w i n g  n g z z l e s .  
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I F igu re  97.- Concluded. 
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! 98.- Total pressure ,at the nozzle exit  versus p lenum chamber total pressure for t he  
swept trapezoidal wing nozzles. 
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Figure 99.- Total p ressure a t  t h e  nozzle ex i t  versus p lenum chamber total p ressure f o r  t h e  canard nozzles. 
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F i g u r e  1 0 0 . -  T o t a l  p r e s s u r e  a t  t h e  n o z z l e  e x i t  v e r s u s  p l e n u m  c h a m b e r  
t o t a l  p r e s s u r e  f o r  t h e  " l o c k e d  v o r t e x "  w i n g  n o z z l e s l  




