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' EDGE SWEEPBACK Dw=REAsm FROM 45' AT TEEC ROOT 

T o 2 0 O A T T E E T I P A T ~ o ~ m m  

FROM 2.4 x 10' TO 6.0 x lo6 

By Roy H. Lasge 

Results are presented of an investigation of the maxbuR+lift 
characterist ics of a wfng wfth the leadinwdge sweepback decreasing 
f'rom 45O at the root t o  20° at  the   t ip  and having an aspect  ratio 
of 4.12 and'NACA 64AOOg a i r foi l   sect ions.  The investigation was made 
fo r  conditions of leadin@; edge- Bmooth and lea- edge rough for the 
bmic wlng and f o r  the wing with split flaps,  l e a d i w d g e  flaps, out- 
board slats, and combinations of these hi&-lift dgirices a t  Reynolda 
m~mbers from 2.4 x 106 t o  6.0 X 106. The maxlm~m'  li~t coefficient at 
a Reynolds number of 4.84 x lo6 ia O.& for the  basic wing, 1.30 with 
apl i t  flaps installed, 1.24 with "-span leading-edge f lape  i n s t d l e d ,  
and 1.66 f o r  the combinatLon of fullepan leading-edge f laps  and s p l i t  
f laps.  A large astount of s ta t ic   longi tudinal   s tabi l i ty  near maximum 
lift is indicated f o r  all conpigurations except those with f u l l d p a n  
l a n - d g e  f laps  where the s t a b i l i t y  iff marginal. The full"epan 
leading-edge flaps provide a considerable increase th the IFft-drag 
r a t i o  at high angles ;of attack. The results obtained f o r  the subdect . 
wfng are  conqarable to those obtained f o r  conventional sweptback w i n g s  
of moderate sweepback. 

. IKFRODUCTION > 
Some consideration h k t e e n  given t o  a mptback  wing with the 

m e p  decreasing f'rom rbt $6 t i p  as a mea3ls o f  alleviating the poor 
low-speed character isFik ofisweptback wings, The selection of this 
p a r t i c u r  plan form i s  b&ed on the premise that the d l e r  m e  of 
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eweepback i n  the  outboard wing panels would dim5niBh the inherent early 
t ip - f l td l ing  tendencie8 and thue improve the lcxw3peed 8tabFlity and 
control  characteristics. T e a t s  at l o w  scale of this tgpe of sweptback 
wtng (reference 1) &ow, f o r  lo-peed conditiolle, a linear variation 
of pitching-mcansnt coefficienb yith lift coefficient t o  atall with a 
stable break at the &all, and incremsnts in lift due to plain-fhp 
deflection which are considerably hlgher thas those measured for 
conventional eweptback -e. In view of these favorable reeul te  at 
low scale, a general investigation has been conducted in the Lmgley 
full-cale tunnel on a full+cale uing w i t h  the leading-edge sweepback 
decreased fram 45' at the root t o  30° at the midElemispan and t o  20' at 
the t i p ,  The w i n g  has an aspect  ratio of 4.12, a taper   ra t io  of 0.36, 
and MACA 6Uoog airfoil. eectiona para3lel Co the plane of 8pmtr-y. 
The Fnveetigation included t e a t s  t o  determine the maximmlift and 
stall" characteristice, the chordwise and spanwise pressure d3atri- 
butione, and the lateral a tab i l i ty  characteristic8 of the wing f o r  
aeveral flapped  configurations. . . .  

R e s u l t s  are  presented herein at low Mach nuribera and high Reynolde 
number8 of the mximumAift characteristica of the  baeic Xing and of 
the w b g  with s p l i t  f h p ,  leadin&edge fkLp3, &board 8kLt8, and 
combinations of these high-lift devices. The effects of leadlng-edge 
roughness were investigated, and the scale  effect an t h e  aerodymmlc 
characteristic8 was determined f o r  a range of Reynold8 number fram 
about 2.4.x I O 6  t o  6.0 x 10 . 6 

c o m c m s  AND SYMBOLS 

The data are re fer red   to  the wind axes with the o r lg ln  at the 
quarter chord of the mean aerodynamic chord. The data have been reduced 
t o  standard W-4 nondimsneianal coefficiente which are defined ae 
follows : 

CL 

cD 

Cm 

R 

lift coefficient - (T) 

p i t c ~ o m 3 n t  

Reynolds ntnnber 

coefficient (3 

. 
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a 

Q 

s 

P 

M 

v 

C 

.- cap 

x 

maximum lift coefficient 

lift coefficient 88 determined from pressure  distributions 

eection lif% coefficient 

angle of attack, degrees 

angle of attack f o r  maximum lift, degrees 

free-stream Q-nanLc pressure 

w i n g  area (190.24 sq fi) 

mss density of air 

pitching monient 

free+tream velocfty 

coefficient of viscosity 

mean aerodynamic chord measured pazallel to plane of 

chord, parallel t o  p k a  of spmetry 

ayerage chord (3 

spanwiee coordinate 

split-flap deflection, degrees 

taper r a t i o  
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A angle. of sweepback at lead- edge, degrees 

A - aspect r a t i o  

MODEZ 

The geometric characteristics of the wing a d  the arrangement of 
the higl+lift devices are given in figures 1 and 2. Photographs of the 
wing  mounted i n  the Langley full-scale  tunnel are given as figure 3 .  
The airfoi l   sect ion of the wing is the I\IPLCA 64~009 parallel t o   t h e  
plane of symmetry. The w-lqptip shape i s  on- of a body of 
revolution of the a l r f o i l  8ec tion. The w i n g  has no geometric dihedral 
or  txist. 

Tho wing construction consisted of a s-le frarnewmk of 1 "inch 4 
s t ee l  channel spars and ribs covered with a &-inch skin of aluminum 

sheet  rolled t o  the correct   a i r foi l  contour. The Juncture Fn the region 
of the King leading edge where two panels of different weepback inte- 
sected was f i l l e d  and rounded sl ight ly  arid the entire wing surface rns- 
smooth and fair. The wing construction wag rigid and it l e  believed 
that deflections of the w3ng were  negligible  during  the  tests. The 
s p l i t  f laps were made of aheet mtal attached t p   t he  wfng under surfwe 
f o r  flap  deflections of 30°, 45', and 60° msagured fram the xlng chord 
l ine  as shown in  f igure 2(b). The Leadingedge flaps were made of sheet 
metal wellled t o  a l.>inch-dimeter  steel  tube, and f lap  spans of 35, 
70, and 100 percent of the wing epan measured from the wing t i p  were 
provided. (See fig.  2(a).) The deaign'of  the slat (fig. 2(c) )  was 
determined frm the results of tw+dbeneional  teats  reported  in  refew 
erne 2. I n a m c h  as the slat is not retractable  into  the wing leading 
em, it therefore does not repreeent a true slat installation; however, 
it l a  felt  t h a t   t h e - k t a  are representative of the effect8 of the slat 
on the aerodynemic characteristics of the Hng. 

8 

For the   tes ts-  with the leading edge rough, No. 60 (0.011-inch meh) . 
carbomfium grains were applied to a thfn layer of shellac over a 
surface  length of 8 percent chord meamred from the leading edge 
parallel t o  the plane of 8ymnetz-y on both upper and lower wing surfacee. 
The grains covered 5 t o  10 percent of the  affected area. For the t e s t 8  
with  the  leadingedge  flaps  installad,  the roughness was applied only 
t o   t he  upper surface of the flap and around the f lap  le&ding edge. 
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AU. t e s t s  were made through an angl-f-ttack range from about 42O 
through  st^ i n  increments of 2O except near lift, &ere 
lo increments were used. Force mleasuremnts were made t o  determine the 
,lift, the drag, and the  pitching =nt for  conditions of leading edge 
smooth and leading edge r e  of the  basic uing and of the w3ng with 
s p l i t  flaps, leadingedge flaps,  outboard slats, art& f o r  com3inations 
of these high-lift devices. The scale  effect OR the aeroasnamfc  charac- 
t 6 r i s t i c s  of the KLng was determined from t e s t s  made at various tunnel 
airspeeds 30 give a R e y n o l d s  nmiber range of Froan about 2.4 x 10 

to 6.0 x 10 . The highest Mach  number obtained in   the  t es ts  was 0.13 
a t  a  Reynolds nuuiber of 6.0 X 10 . 6 

6 
6 

The s t a l l i n g  characterist ics were determined f r o m  visual obse- 
vation and froan  mation-picture recorda of the action of wool t u f t s  
attached to the upper wing surface. These tuf% studies were made at 
Reynolds m e r s  of about 3.5 X lo6 and 4.8 x lo6, both for conditions 
of leading edge smooth and leading edge rough. 

PrelAx&mry tests were- =de t o  determine the effect of a change in 
gap between the slat and the wing leading edge €Yam the position shown 
in figure  2(c) t o  a posi t ion. in  w h i c h  the   s la t  was mved forward 
5/8 inch  parallel t o  the wing chord l ine.  Although this change fn slat 
gap produced no appreciable change in the  longitudinal  characteristics 
of the wing, the flow in  the region of the slat was unsteady, and f o r  
this reason all slat t e s t s  -re made with tBe slat ' a s  &own i n  
figure  2(c). 

The, data have been corrected for the stream alinement, the blocldng 
effects,  and the jetSboundary efPects which  were calculated on the basis 
of an unswept w i n g . -  No t e s t s  were made t o  determin3 the support tare 
and interference  effects on the longitudinal c h c t e r i s t i c s ;  however, 
dl investigations of wings d e  recently on the s a m  wing supports 
have shown these  effects to be negligible. 
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The figures covering t h e  maximmklif't results axe outlined to facilitate  the discussion. 
The t e s t  data are presented in the figures dven in   the folladng table: 

I .  ' 
. . . . . . . .  - . . . . . .  -. . .  I 

c 

Reynolds rmnber range 

2,460,000 to 6,~20,000 

3 , P J O O O  

2,3g00,000 t o  ~,800,000 

2,400,000 -bo 4,980,O.OO 

2,440,000 to 4,890,000 

2,360JOo0 t o  4,gOO,OOO 

2,4b3,ooO to 4,950,000 

2,310,000 to 4,620,000 

2,34O,ooo to 4,780,000 

2,490,000 to 4,880,000 

2,320,000 t o  4,700,000 

0 

O J  45J 

60 

0 

0 

0 

60 

60 

60 

0 

60 

smoth 

Smooth and rough 

&moth 

Smooth 

b o t h  and rollgh 

m t h  

Smooth 

4 

5 

6 

7 

8 

9 

10 

U' 

12 

13 

14 

. . . . . .  . . . . . . . .  
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M a l l  diagrams for  the mare impartant  configurations are given In figures 15 and 16. Data 
obtained from preamedfs t r ibu t ion  meawements over the basic wing (reference 3) are gl,ven 
in flgure 17 t o  aid i n  the analysis. Sumnary curves of the  effects of varying the l e a d i n e  
edp-flap span on the longitudinal characteristics of the wing given in figures 18 and 19 
were derived from the data of figures 7 t o  E. A summary of the variation of CLmax v l th  
Reynolds number f o r  the more important  configurations  wlth both smooth and rough ie&g 
edge i s  given i n  figure 20. 

The mRY.lrmlm 1Wt coeflicieut (BS deflaed by the portion of the lift curve where the lift 
ini t ia l ly   levels  o f f )  of the basio wiq is  0.86 at a Reynolds number of 4.84 X lo6. (See 
fig. 4.) The lift curve l e  linear q p  t o  ea angle of attack of about 12O, and a value of 11% 
c m  slope of 0.0625 per degree I s  measured at a Reynalda nuuiber of 4.84. x 10 6 . Although the 
vlng has an unusual plan. form, an attmpt waa made t o  predict  the 1ift ;cme slope  utilizing 
the charta uf reference 4. Using the m e p  of the midaemispan panel of 30°, the data of refs- 
ence 4 predict a lift-curve slope of 0.062 .per degree, which I s  i n  good agreenwnt wlth the 
experimental value a t  the higher Reynolds numbers. 

For the straight-;line portion of the llft c m e  the pitcbhg+uomnt  charaoteriatice 
I r d i c a t e  that the 10 longit-y atable, stat ical ly ,  f o r  the centernf+pavity  location 
selected  (figs. 4(a) and 4(b));  h m r ,  as the lifi curve rounde off at an angle of attack 
of U.8' (at a Reynolds m e r  of 3 41 X lo6),  t h e  &all biaep.ams ~ h w  the ccourrence of 
lea8jllg-edge separation at the   t i p s  (fig. l5(a ) anb the pitcklqpmmant c w e a  show a a l i g h t  
deatabllizing tendency. (See figa. 4(a) a 4 2 r  b .) 'phis destabilizing tendency reaults fram 
a sli&t loss in l o a m  of the  t ip  sections and an inboard ahlf i  of the Bpamrlse center of 
pressure 88 ahuwn in the typical loading curves of figure 17. A small increase la angle o f  
attaak t o  13.80 results In an unsteady, circular motion of the b-r air on the upper 
wlng surface pmceedjmg from the hboard en& of the mldsermiegan panel'toward the outboard end, 
and then ~n a direction  oppoaite t o  that of tha h e  stream toward the le- e m .  (&e 4 

. .. ... . 



fig.  l5(a).) Except for rough flow, the flow mer  the t i p  sections has 
not greatly changed fram 'that for the previoua angle of attack, and the 
lift of the  t ip   sect ions is maintained; however, as shown in figure 17, 
there i s  a loss i n  loading at the  midsemispan panel and a rearward 
shif t  in the  local  center of P I W H S U ~ ~ .  A s  shown by the stall diagrm 
and loading c m e s ,  these  effects  continue  with  increasing  angle of 
attack and, together  with  the rearward s h i f t   i n  local center of preasure 
at the midflenispan pesel caused by leading-edge sepaxatian 
(at a = 14.7O), produce increasingly  negative  pitching moments through 
the angle of attack for maximum lift (a = 15. p)  . Accordingly, the 
pitching+ument CUTVBB show a large amount of static  longitudinal 
s t ab i l i t y  at maximum lift for  the center of gravity selected. (See 
fig. 4(b).) 

The increment in  lift coefficient due to 8plit-flap  dsflectfon at 
zero ang le  of attack is  0.58 at 6f = 60°, and the correeponding 
increment in maximum lift coefficient i e  0.43. (See f ig .  5(a).) As 
the meximum lift coefficient of  the wing is the 6 m  for  the  epli t-fhp 
deflections of 45' and 60°, the  deflection of 45' is considered optilUlIDl 

I because of the emaller drag. However, this result  was not apparent from 
the  preliminary  studiee of the wing; therefore, a l l  subsequent data were 
obtained xith a sp l i t - fhp  deflection Of 60°. 

Except f o r  the mual change in trim, aplit-flap  deflection caused 
no appreciable change in the  variation of pitch-nt coefficient 
with lift coefficient as compared with  the  basic uing; however, the 
destabilizing tendency p r io r   t o  nmximum lift is more proxmumx3d fo r  i 
flap  deflection of 60°. (See fig.  5(c).) As i e  aham subsequently, 
h m m r ,  this effect is  modified Kfth increasing Reynolb nuniber. The 
indicated  satisfactor-f l a w p e e d   s t a t i c  longitudinal s t a b i l i t y  of the 
wing with split flaps deflected is  alero signif icant ,   for   the  remlts  of 
reference8 5 p d  6 show that the instabfl i ty  at the s t a l l  f o r  vings 
of 42O and 34 sweepback and of ab& the same aspect r a t i o  is 
intensified by the addition of eplft   f laps.  

The stall diagrams far the wing with split f laps deflected 60° 
show about the ,same stall progression as was noted for the baelc-wing 
configuration. (See figs.  16(a) and 13(a).) 

Effects of Leading-Ed&e Flaps 

Lif% c&xracteristic6.- The effects of varying the l e a d i w d g e  
f l a p  span on the mFLnllmlm-lift characteristics  presented in figure 18(a) 
were obtained from the data of figures 7 t o  12. Theee reenzlte show 



that the major portion of the total   increase fn maxfmum lift obtained 
with full" le" flaps U t a l l e d  is contributed by the 
extension of the f laps  over the midsemispan panel. The maximum lift 
coefficient of the wing with full-span leadingedge f laps  fnetalled is 
increased t o  1.24 with s p l i t  flaps remyed and t o  1.66 with split f laps  
l n e t a l l e d  at a Reynolds ntmiber of about 4.80 X 10 6 . (See fig. 18(a).) 
These v"ues of lift coefficient are from 0.36 t o  0.38 higher 
than those  obtained f o r  the corresponding wing configurations  without 
leading-&@ flaps installed. These increases are due not only t o  a 
delay of the stalling t o  higher arngles of attack as compared with the 
wing wlthout lea-dge f laps  installed, but also t o  an increase in 
wtng area, which has not been taken  into account in the cdcula t ion  of 
the: wLn@; COeffiCi8ntS. 

'The stall diagram of the wing wtth the full-epan l e a d i v d g e  
flaps installed alone (fig.  15(b)) &ow that rough flow i n i t i a l l y  occurs 
at the " t r a m  edge In the outer semispan at a comparatively high 
angle of attack, 88 campazed with the initial rough flow at  the leading 
edge f o r  the basic wing. A spanwise flow of the boundary-layer a i r  
begins at the wing t r a i l i n g  edge at an m e  of attack of 18.4O, and 
f o r  a further increase in angle of at tack of only lo the unsteady type 
of flow described  previously  for  the  basic wing is shown over a large 
portion of the xfng. The circular-flow pa t t e rn  occurs i n  the outboard 
spanwise sections at the angle of attack f o r  maxhum lift and then 
shffts s l igh t ly  inboasd after the stall. The addition of s p l i t  flaps 
t o  the full- leading-edge-fhp configuration results in an abrupt 
stall. (See fig. 16(b).) A t  89 angle of attack of 17.80 only a emall 
amount of roughness 1s indicated at the Junctures between panels of 
different sweepback, and 1% is obtained at this point. For . 
an increase in  angle of attack of o d y  lo the f low becorms rough and 
uneteady over about, 75 percent of the span and there   i a  a sharp drop i n  
lift. A stall progression of th i s  type is conaidered  undesirable f o r  
it w o u l d  give no stall warning, aSa a slight aspmetry near stall 
lead to   ser ious roJling instabi l i ty .  

It should be noted that these f'ull-pan lead-dg-flap config- 
urations were sensit ive t o  local  discontinuities a t  the f h p  lea- 
edge and at the  $mcture of the f l a p  and uing whfch resulted in 
aspmetric stalling; therefore, the force measurements were made o d y  
a f t e r  tuft studies had revealed a sgmmstrical s t a l l .  

Pitching+omnt  chara&eristics.- The effect  of vary- the  
leading+dge-flap span on the variations  af pitching-nt coefficient 
d t h  lift coefficient d v e n  in   f igure 18(b) shows no significant change 
in   the   s ta t tc   longi tudina l   s tab i l i ty  as compared with the basic wing 
until the f l a p  span increases beyond O.7Ob/2. A t  lift coefficients 
below the stall, the  progression of flow separation from the  trailing 
edge forward (fig.  15(b)), combined with the added wing area at the  
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leading edge, causes EL forward shif t  i n  the wing aerodynamic center such 
that o n l y  a slight amount of longitudinal  stabil i ty is fndicated for the  
wing with f'ull-span l e a w d g e  flaps imtalled alone. (See fig.  18(b). 
The Occurrence of the previously mentioned unsteady flow at maximum lift 
results in m a r g i n a l .  s t ab i l i t y  through the stall. With split f laps  
installed  the pitching+noment c m e s  indicate a fair degree  of s t a t i c  
longitudinal  stabil i ty  for the ccmibinations  of both  the 0.70b/2 l e a d i w  
edge flaps and Bplit flags and the " B p a n  leadin&edge f laps  and 
s p l i t  flaps (fig.  18(b)). The s tab i l i ty  is marginal at .the stall f o r  
both  configurations. 

Drag characteristics.- As shown by the variations of CL with CD 
given in f5gure 19, the full+- lead lwdge  f laps  provide a 
considerable  increase i n  the liftdirag r a t i o  of the wing at the high 
angles of attack both with split f laps  installed and removed. 

Effects of Leading4Zdge Slats 

The function of' the slats is t o  maintain  unstalled flow over the 
t i p  sectiom up t o  -ea of attack greater than the sta l l  angle for   the 
basic dng, and, as &own by the stall diagram of figure8  15(c) and 16( C )  , 
t h i s  effect  is obtained with the slats. The  -roved flow over the t i p  
sections wlth 0.3%/2 slats installed, however, (f igs.  l3(a) and 14(a)) 
results in  only m m l l  increases in  maximum lift coefficient becauee of 
flow breakdown induced at the inboard end of the slats. The imreasee 
in  maximum lift coefficient of less than 0.10 are of' the aame magnltude 
as those  obtained  with  the 3>percent"span l ead iwdge   f l aps   i n s t a l l ed .  
(See fig.  18(a).) I n  general,  the pitching-mamsnt ck rac t e r i e t i ce  are 
eimilar t o  those  obtained f o r  t he  basic wiw and the w i n g  with s p l i t  
flaps installed. (See ffgs. l3(b) and 14(b).) 

Effects of Reynolds Nmiber  and Roughnese 

Maximum lift .- The =burn lift coefficient l e  increased cmly 
sl ight ly  f o r  all w i n g  configurations with increase in Reynolda n&er 

f r o m  about 2.4 x 10 6 t o  5.9 x lo6. (See f ig .  20.) Leadingedge roughneae 
came8 no appreciable change In maximum lift coefficient at the lowest 
Reynolds numbers btTt decreases the haximum lift -coefficient by about 0.10 
at the  highest Reynolds nunibera inve~t iga ted   for  all configurationa. 
(See fig.  20.) . T u f t  observations a h m d  that leadixqpedge roughnee6 had 
no appreciable  efTect on the stall progression of the  wing f o r  all 
configuratiom  investigated except that the lnitial change from 
undisturbed flow occurred at ~omBwh&t lower angles of attack than for 
the smooth l ead iwdge  condition. 

. 

" 
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Pi tch tw moms&.- En general,  the  effect of increasing Reynolds 
number on the pitching+mnent characterist ics is to delay  the slight 
destabilizing tendency  obtained at moderate lift coefficients t o  higher 
It€% coefficients and t o  provide a m r e  uniform variation of C, 
with CL. (See f igs .  4(b), 6(b), g(b), asd 12(b).) For the conhination 
of the  full-span leading+dge flap and split f laps   ( f ig .  12(b)) the  
adverge break in the pitc-nt curve at stall at a Reynolde number 
of 3.47 x 10 is alleviated at a Reynolds number of 4.69 x 10 . The 
effect o f  lea-dge roughness is to alleviate the  destabilizing 
tendency obtained at moderate l i f t  c o e f f i c i e ~ t s  f o r  the  basic wing asd 
wlng with slplit flaps deflected 60°, especially at the high R e y n o l h  
numbers, With full-span l e a d i w d g e   f l a p s  and split f l a p s   i n e t d e d ,  
roughness caused nos8-uLp pitching m n t s  even a t  the highed Reynold8 
number. (See f ig .  12(b).) 

6 6 

Drag.- The effect of leading-edge roughness on the  &ag coefficient 
of the basic wing (fig.  4(c) ) and wing with s p l i t  f laps  Lnetalled 
(f ig .   6(c))  is t o  decr6ase the angle of attack above which a rapid drag 
r i s e  occurs by about 5 O  at the  highest Reynolds numbers investigated; 
however, this effect  is not sham at the lowest Reynolds nuniber.  With 
full-span leadingedge  flaps in&dled, leading-edge roughness produced 
no increase in drag at the higher angles of a t tack up t o  a t a l l ,  both with 
s p l i t  flaps remved and installed.  (See figa.  g(c) and 12(c).) The 
improvement in 1ift"drag r a t i o  provided by the lead3ngedge f lap  shown 
in figure 19, therefore, will not be appreciably changed by leading-sdge 
roughness. 

Canparison of R e s u l t s  w i t h  Thoae f o r  Conventional Sweptback Wings 

An evaluation of the lawpeed   charac te r i s t ics  of the  subject wing 
must be based p r imz i ly  on the experience gained f r a m  t e s t s  of  nmaerom 
m e p t b a c k w  configuratione eince no t ru ly  cnmparable d a t a  are 
available. The maximum lift, coefficient of the basic wing of 0.86 
at R = 4.84 x 10 is of about.  the  correct magnitude when comgared with 
the da ta . fo r  wings of aspect  ratio 4.5 and RACA 64AOLO a i r f o i l  sections 
which show maximum lift coefficiente of 0.92 and 0.88, respectively,  for 
an increase in sweepback f r o m  =.go t o  38.0~ (references 7 and 8) .  

6 

A study of the low4peed  longitudinal  atability boundary of swept- 
back wings given in reference 9 shows that f o r  aspect ratio of 4.12, 
the maximum angle of sweepback to  obtain  longitudinal  stabil i ty i s  
about 3 5 O .  The eat isfactory  s ta t ic   longi tudinal   s tabi l i ty  of the subject 
wing, therefore, is in accord  with wbat would be expected f r a m  conside- 
ation of w i n g  geometry, since the ~.BU part of the wing having aweep 
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greater than 35' would not be expected t o  have much effect .  With the 
present sweep arrangement the  aspect  ratio could.  probably  be increased 
to 5 and possibly 6. 

The ep l i t  flaps provide a considerable increase in  the lift of the 
wing  throughout the a@"f-a;ttack range, and the  valuee of NL at 
zero angle of attack and ACb are given in the  following table along 
with the data (6f = 60O) from several aueptback w i n g s  for a range of 
sweepback and aspect  ratio. 

win@; 

Reference 6 
Reference 10 
Unpublished 
Unpublished 
Reference 6 
SubJect wing 
- 

A 
(de@;) 

34 
37 9 25 
47 -5 
47.72 
49 

45 t o  20 

A 

- 

4.84 
6 . 0 ~  
3.4 
5 
3.64 
4.12 - 

A i r f o i l   a e c t i d  %, 
~ C A  0013 root 

NACA 23009 ti1 
%ACA 641-212 

~NACA 64.430 
'NACA 641AIJ-2 

~ N A C A  0015 root 
NACA 23009 tix 
NACA 64AOOg 

0.623 

0 65 
65 

.62 

.623 
65 

lAirfoil  sections  not parallel to plane of symmetry. 

0.45 

9 33 . 08 
.06 
.11 

43 

The retrulte show that the data for the  subject wing are  more  r e p r e a e p  
tatfve of those  obtained f o r  winger of moderate aweepliack.. - A s  compared 
with an w e p t  wing of the same aspect  ratio and taper  ratio,  calculations 
based on the lnsthoda of reference .U show that the increment in lift coef- 
f ic lant  at a point 3 O  below stall i s  only 10 percent  greater for the 
unmept wing. 

. " 

The I % 6 d t E  Of h l V 0 6 t i g a t i O l l  8.k high Repolds  ~umber8 and loW 
Mach numbers i n   t h e  Langley full-scale  tunnel of the -maxfmum"lif't c b a c -  
teristics of a wing with the leading-edge sweepback decreasing fYom 45' 
at .the  root t o  20' at the t i p  are s-ized as follows: 

1. The maximum lift coefficient of the basic wing is 0 . g  at a 
Reynolds number of 4.84 x lo6, and the tuft observations show that the 
lifting capabilitieer of the  basic wing are limited because of the 
occurrence of lead- e separation. m e  addition of 65-percent-span 
spli t   f laps  .deflected 60 Increases  the muingm lie .coeffigient  to 1.3O., % 



The maxFnaun lift coefficient of the w i n g  with full-apan l e a w d g e  
f l a p s  instal led is 1.24, and the  addition oe' the sp l i t   f l aps  to t h i s  
configuration  increaaes th ie  value to 1.66. 

2. A large amount of static  longitudinal  stabil i ty is indicated for  
the wing near maximum lift fo r  all configurations  except  those  with  the 
full-apan l e a w Q e  flape imtalled o r  with  the c d i n a t i o n  of 

tudinal s t ab i l i t y  2s marginal. 
' the O.7Ob/2 L e a d i w d g e   f l a p s  and sp l i t   f l aps  where the   e ta t ic  longi- 

3 .  The f Ullrrpan  leading-edge f laps  provide a coneiderable  Increase 
in the  l i f t -drag  ra t io  at the Ugh angles of attack,  both  with  split 
f l a p s  instal led and r e w e d .  

4. Leading-edge roughness decreases  the maxhnm lift coefficient by 
about 0.10 at the  higheat Reynolds nmibers inveatiga,ted f o r  all configu- 
rations  but has no aigxLficant  effect on the pitc-nt charac- 
t e r i s t i c s  except for the c d i n a t f o n  of full+qan leading6dge f laps  and 
h r c e n t - e p a n  sp l i t   f l aps  where nosmp  moments were obtaFned at the 
stall. 

5.  &creasing Reynolds number causes only a sl ight  increase Fn 
maximum lift coefficient of the -0th wing and has no appreciable  effect 
on the pitch-nt characteristics. 

6 .  The outboard 3-ercenkpan slat and leading-edge flap  both 
provide about the 8 & m ~  slight lnprovement in the longitudinal-aerodgnamic 
characterist ics of the wing. 

7. The results  obtained f o r  the  subject wing are comparable to those 
obtained fo r  canVenLional sweptback wings of moderate aweepback. 

Lasgley Aeronautical  Laboratory 
National Advisory Ccmnnittee f o r  AerOmut,ics 

Langley Air Force Base, Va. 
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Aspect ratio 4.1 2 
Taper rotlo 0.36 
Wing area 190.24 sq ft 

Figure 1.- Getmretric characteristics of wing. A l l  dimensione are given & inches. 

. .. . . ... . . . . .  . .  . .. 
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I (01 boding-edge flop. 

I 
1 

I \  

Section B-B (Enlarged) 

fIop. 

v 
Sactbn G-C (Enlarged) 

C-I 

(c) Leading-edge slat. 

Figure 2.- Apangement of high-lift devices  inveatigated. 
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t 
(a) Basic wing. 

Figure 3.- Photographs of wing munted in the Langley flilJ"ecale tunnel. % 
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(a)  Variation o f  CL and C, with a. 

Figure 4.- Effects of Reynolds number and leading-edge roughness on the aeroayIlamic characteristics of 
tbe basic wing. c: 

. .  
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' C  

0 2 .4 6 
G 

. .  
(b ) Variation of em w i t h  CL . 

Figure 4. - Continued. 

." . " 
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(c )  Variation of CD with a. 

~ i g u r e  4.- Concluded. 
31 
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(a) Variation of CL and C, with a. 

0 

Figure 5.- E f f e c t  of aplft-flap deflection o the aerodynamic 
characteristics. R Z 3.5 x 10 ff . 
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a, deg 

(b) Var ia t ion  of CD with a. 

Figure 5.  - Continued. 
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0 .2 .4 . .6 -8 1.0 1.2 I .4 
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( c )  Variat ion of C, with CL. 

Figure 5.- Concluded. 



I . 

Figure 6 . -  Effects  of Reynolds number and  leading-edge roughness on the  aeroaynamic  cbaracterietlcs of 
the wing  with 6~”percent-apaa. e p l i t  flaps deflected 60’. M 
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ACI 80 mugh~mdLngsdge 
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.4 6 .a 1.0 12 1.4 
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(b) Variation of C, with CL. 

Figure 6.- Continued. 
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(a) Variation of cL and C, with a. 

Figure 7.- Effect of Reynolds number on the aerodynamic  cbaracteristlcs of the Xing with 35-gercent- 
span leading-edge flaps. 81 = Oo. 

I 
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""0 2 .4 6 .8 1.0 
CL 

(b) Variation of C, with CL. 

Figure 7.- Continued. 
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(c )  Variation of CD with a. E F 
Figure 7. - Concluded. 
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(a) Variation o f  CL and C, with a. 

Figure 8.- Effect of Reymlas number on EZE aeroaynamic  characteristic6 of  the . K i n g  with  70-percent- 
span k a u - e d g e  f h p s .  = 0'. w VI 
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(b) Variation of Cm with CL. 
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Figure 8.- Continued. 
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(c )  Variation of CD with a. 

Figure 8.- Concluded. w 
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Figure 9.- Continued. 
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( c )  Variation of CD with a. 

Figure 9.- Concluded. 
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(a) Variation of CL and C, wfth a. 

Figure 10.- Effect of ReylIOhb number on the aeroaynamic characteristics o f  the wing vl th  35-wcent- 
span leading-e- fhp. Bf = 60°. 
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(e)  Variation of CD with a. 

Figure 10.- Concluded. 
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( c )  Variation of CD xitb a. 

Figure L1.- Concluded. 
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(b) Variation of C, with CL. 

FSgure 12. - Continued. 
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( c )  Variation o f  CD wlth a. 

Figure 12.- Concluded. 
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(a) Variation of CL and C, with a. s! 
u 
ir; 

Figure 13.- Effect of Reynolds number on the aerodynamic  characteristics of the wing wlth slat  installed. 
sf = 00. 
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(b) Variation of C, with CL. 

Figure 13. - Continued. 



( c )  variation of CD with a. 

Figure 1.3.- Concluded. 
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(a) Variation of CL and C, with a. 

Figure 14.- Effect of ReynolaS nmber on the aeroaynamic characteristics o f  the wing with slat ins-kl led 
8f = 600. ul 
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(b) Variation of. C, with CL. 

Figure 14.- Continued. 
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(c)  Variation of CD -with a. 

Figure 14.- Concluded. 
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Intsrnittentl~ 
ata l la l l  

c 

E'igure 15.- S t a l l  diagrams of w i n g  with several high-lift devices inetal led.  
Arrows indicate direction of flow; 8f = Oo; R 2 3.5 x 10 . 6 
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Figure 16.- 3tali diagrams of wing with several high-lif t  devices installed. 
Arrows indicate direction of flow; 6f = &lo; R X 3.5 X 10 6 . 



(a) Span load distributions. 
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(b) Location of l o c a l  center of pressure. 

Ffgure 1'7.- Typical results from pressure-distribution measurements over 
basic wing. R W 3.5 x 10 . 6 
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Figure 18.- Summary of effects of  varying the leading-edge-flap span. 
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(b) Pi tch ing  moment. R 2 4.8 x 10 6 . 
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Figure 18.- Concluded; 



~igure 19.- Effect of high-lift b v ~ c e s  on the variation o f  CL with cD. R 4.8 X 106. 
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Figure 20.- Summary of maximum l i f t  coefficients ae affected by Reynold8 
number. 
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