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NATIONAL AwISClRY C 0 " T X  FClR AERONADI'ICS 

By George L- Pratt and Thamas V. Bollech 

The effect of half-span and full-span Bplit f l a p s  through  a 
deflection  range of 00 t o  6oo on the low-speed, longitudinal  charac- 
te r i s t ics  of a sweptback wing equipped with round-nose, extensible, 
leading-edge flaps . w a ~  investigated  at a Reynolde number of 6.8 X 106. 

. Additional t e s t s  w e r e   mad^ a t  a lower Reynolds rider t o  d e t h n e  * 

the  effect of leading-edge roughness on the   l q i tud lna l   s t ab i l i t y  
of the sweptback wing equipped with 0 .725-sdspa~ and 0.575-samispan 
lea--edge flaps. The wing had 42.05O sweep at the leading edge, 
821 aspect ra t io  of 4.01, a taper ratio of 0. @5, and RACA 641-112 
&foil sections  perpendicular t o  the 0-273-chord l ine.  

Although au increase in spli t-flap spas increased  the maxFmum 
lift, calculations of the power-off gliding characteristics  indicate 
that  the  slight decrease i n  gliding speed obtainable w i t h  full-span 
flaps offers no ameciable  admntages over half-span f laps  Both 
half-span and full-span split-flap  deflections greater than 300 result 
in  rapid  increases in ainking speed with o d y  a mall .  reduction in 
gliding sped .  For an assu1ni3d  wing loading of 4.0 pounds per square 
foot, the full-span and half-span split f l aps  give sink- speeds i n  
excess of 25 feet per second at a l l  gliding speeds.for flap  deflections 
greater  than 30° and 50°, respectively. The largest decrease in 
gliding speed f o r  lowest.  increase i n  sinking epeed is obtained by 
dending the lea--edge flaps  with  the  trailing-edge  flaps 

* undeflected.. 

Neither half-span nor full-span split flaps had an appreciable 
s effect on the stall- characteristics of the wing equipped with 

leading-edge flaps in the range of split-flap deflections  tested. 

UNCLASSIFIED 
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Leading-edge roughness calmed an undesirable  variation of pitching 
mament a t  maa.tmxm l i f t  when applied t o  the Xing with 0.725-seqtispan 
l e a w - e d g e  flaps  but had l i t t l e  effect oq. the longitudinal  stability 
w i t h  0-575-semispan leading-edge flaps. 

.. . 

In an  attampt to impmve the low-speed longitudinal  characteristics 
of meptback wings, vq$ous  cc@inatiom of hi&-lif%and stall-control 
devices have been tested  in the Langley 19-foot pressure tunnel on a 
420 meptback wing  having MACA 641-112 d r f o i l  sections. The results 
of these tests are reported in references 1 and-2. 

In order.to supplement these tests,  the  present  investigation has, 
been  conducted primarily t o  determine the effect of fWJ"span and half - 
span split flaps on tb.e Uo sweptback w i n g  through a flap-deflection 
range of &lo. It is exgected that meptback-wing airplanes w i l l  require 
same leading-edge  device t o  eliminate  the  inherent  longitudinal  insta- 
b i l i ty  usually associated  with swept w i n g s  at stall ing angles of attack. 
The spli t   f laps have  been tested,  therefore, i n  conjunction  with a 
0.575-semiepan,  round-noae, extensible, leading-edge flap which has been 
shown t o  provide stability a t  the stall with and uithout.eplit  flaps 
(reference 2 ) .  An analpis has been made t o  determine the  effect of 
split-flap span and deflection on the  power-off gliding  characteristics 
of the 42O sweptback wing operating with an assumed-wing loading 
condition 

- 

t 

Roughnees in  the form of carborundum p m u l e s  was applied t o  the 
leading edge of the wing t o  determine the effect of surface  condition 
on the  stability of a meptback w i n g  w i t h  a leading-edge flap  deflected. 

The split-flap tests were made a% a Reynolds number o f -  6.8 x 10 6 
and a Mach number of approximately 0.16. The effect of roughness was  
determined a t  Reynolds numbers  of 3.0 X 106 and 4.7 X 106. 

SYMBOLS 

The data are  presented i n  standard NACA coefficient and -01 
notation. The forces and mcohents are measured  about a system of wind 
axes with the origin  located on the  root of the wing a t  a point  corre- 
sponding to the quart.er-chord point of the man aerodynamic  chord. 

cL 



W A  RM L9EO2 

k t r h  
llft  coefficient  corrected for tail Uft required to t r i m  the 

pitching m n t  to zero length .equals 3E and 

assumed equal to 1.0 
9 

0, drag coefficient 

LJD lift-drag ratio 

c, 
U angle of attack, desees 

V free-stream velocity, feet  per  second 

P mass density of air, s3.w per  cubic foot 

q, free-stream m c  pressure, pounds per eQuare foot - P V ~  e )  
qt free-stream dpam€c pressure at the assumed tail position, 

pounds per square foot 

S basic wing mea, square  feet 

C local wing chord  parallel to pane of -try, feet 

i5 mean aerodynamic  chard  parallel to plane of spmetry, feet 

b .wing span, feet 

Y s-se coordinate 

% split-flap  deflection,  degrees 

e angle of glide, degrees 

vG 

Vf3 stalling speed, miles per hour 

glid.ing speeh, miles per .hour ’ 

b 
sinking speed, feet  per  second 

R Reynolds number 

3 
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CI coefficient of viscosity 

X 
- distance  framleading edge of root  sectian  to  origin of axes 

system 

' Subscript: 

MODEL 

The model was constructed of laminated mahogany t o  conform to  the 
plan form and dimensions given in figure 1. The wing had an aspect 
ratio of 4.01, a taper r a t i o  of 0.625, an angle of  sweepback of 42.050 
at  the  leading edge, and mACA @t1-l12 airfoil  sections  perpendicular t o  
the 0.273-chord line. The 0.273-chard line corresponds t o  the  quarter- 
chord line of the w i n g  before the wing panels were  swept back. The 
wing had' no geametric twist or dihedral. 

The split flape (fig.  2(a)) were constructed of sheet s teel  and 
were attached t o  the wing with wooden bracketem Flap  deflections of 150, 
30°, 4 5 O ,  and 60' with the lower wing surface meaaured perpendicular t o  
the 0.273-chord line were  obtained by varying the angle of the  attach- 
ment brackets. The chard of the flag was equal t o  18.4 percent of the 
local w i n g  chord i n  the stream direction or 20 percent  of-the chord 
measured perpendicular t o  the 0.273-chard line. The half -span and full-  

span flaps extended fkam the plane of symmetry t o  0. b and 0.973, b 

respectively. 

' The round-nose, extensible, leading-edge f l a p s  (fig.  2(b)) were of 
canstant chord and extended frm *0.45 b t o  0.97% b and f r a n  0 . 2 9  t o  0.979 2 2 
for the  0.573 and 0.722 flaps,  respectively. The flap chord WBB 

b b 

approximately 14.3 percent of the wing chord perpendicular t o  the 
0.273-chord line at the outboard end  and 10 percent at  the inboard 

Pr io r  t o  the  present  investigation, the wing had been altered for 
the  addition of -a leadfng-edge alat and'the  data of the plain wing with 
the  slat  retracted, which  have  been presented fa r  comparative purposes 
(fig. 3) ,  do not give  the same l i f t  characteristics at high q l e s  of 
attack of the unaltered Xing as  reported in reference 3. There was 
little effect, however, on the aerodynamic characteristics of the w i n g  
when a leading-edge f l a p  was  added t o  the  portion of the wlng f i t t ed  
w i t h  the slat. 
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Leading-edge roughness was obtained by applsing No. a carborundm 
grains t o  a thin coat- o f .  shellac on appraximately 2 inches of the 
upper and lower surfaces of the  partion of the wing not f i t t e d  with  the 
leading-edge flap measured along the  surface of the wing f r a m  the 
leading edge. Roughness w a ~  also applied to   the initial 2 inches of the 
upper surface of the leading-edge flap. 

Figure 4 shm the model equipped Kith the 0.573 leading-edge b 

flaps and half-span split flaps. 

TESTS 

The  model was mounted on the two-support system of the Langley 
19-foot  pressure tunnel aa &awn i n  figure 4. The tes t s  were  made with 
the air i n  the  tunnel canpressed t o  appraimately 21- atmospheres. The 

spli t-flap  tests were made at a Reynolds n-r of 6.8 X 10 6 , and the 
effect of leading-edge roughness on the wing equipped with leadlng-edge 
flaps was determined a t  Reynolds numbers of 3.0 X lo6 and 4.7 x 106. 
Lift ,  drag, and pitchinglaament characteristics were obtained  through 
an angle-of-attack range *am -bo through the stall. The s t a l l i n g  
characteristics were  determined by observation of wool tufts attached 
t o  the upper surface of the wlng. 

3 

The l i f t ,  drag, and pitchingqaanant  data have  been corrected f o r  
support tare and interference  effects. Air-stream misalinement 
correctfone have  been applied t o  the  angle-of-attack and drag 
coefficients. 

The angle of attack and drag have also been .corrected for Jet - 
boundary effects and the  pitching mcrment corrected for tunnel-induced 
distortion of the loa- using  the  correctians  presented in reference 3. 

In  order t o  provide  a basic model configuration which  would 
result  in a stable break in the  pitching mcrmant at the  st^, a 0.57g 

leading-edge flap w a s  installed on the outboard portion of the wing 
throughout the  split-flap  investigation. It has been ahown that ,   in 
addition to i ts  stabilizing  effect,  the 0.573 b leadlng-edge flap 
produced an increment of of 0.22 over that obtained for  the 
plain w i n g  (figs. 3 and 5 )  . 



6 NMA RM ~ 9 ~ 0 2  

Effect of s w t - f l a p  deflection on l i f t  and stalling characteristic8.- 
The effect of varying the deflection of half-span and full-span split 
flaps on the.llft and sta3ling  characteristics of the 420 sweptback wing 
bre  presented in  figures 5 to 7- A cross plot  of mximm l i f t  veraus 
flap  deflection (flg. 6) indicates  that in proportion t o  their  respective 
spans and a t  moderate deflections,  the full-span split flaps were more 
effective in  increaeing maximum lift coefficient than the half-span 
split flaps. .  A t  a deflection of 600 the  increase i n  l i f t  coefficient 
w a 8  proportianat t o  the flap spm and resulted in  increments of & 
of 0.16 and 0.32 for the half-s-pan and full-span flaps, respectively. 

In  the range of split-flap  deflectitma  tested  neither  the half- 
span nor full-span  flaps had an appreciable  effect on the  longitudinal 
stabil i ty of the wing equi d with leadiqyedge  flaps. The half-span 
flaps  deflected 30° ( f ig .  T 5 resulted  in a alight tendency tarard 
instability  before the stall, but the pitching moanent broke in a stable 
direction at the stall. 

It should be pointed out that the  wing WBB equipped w i t h  an 
aileron whfoh deflected slightly during the flap tests. This deflection 
resulted in  a slight forward movamnt of the Xing center of preeeure 
when  campared with data f’ram previous tests.  (The effect was euminated 
dur ing  the roughness tests by attaching the aileron  rigidly  to the w i n g .  ) 
The pitching-zncansnt m i a t i o n  far the two aileron  conditions is shown 
in  figure 5-  S i m i l a r  changes would occur for the  split-flap-deflected 
configurations. - 

Observation of wool t u f t s  on the upper surface of the wing indicate 
that half-span and Rzll-span split flaps had Little  effect on the manner 
i n  w h i c h  the stalling pattern  spread over the Burface of the wing with 
increasing “ g l e  of attack ( f lg .  7) . 

Effect of split f laps  an gliding chmactezistic8.- The pawer-off 
gliding characteristic8 ofL.ths 420 .weptback Xing with 0.379 leading- 

edge flaps and half-span and full-span split f l a p  at various deflections 
are presented in  figure 8. Contours of cqnstant-vahes of @dung epeed 
and sinking sped for an airplane having a wing loading of 4.0 pounds 
per square foot have been superimposed on the curves of lift-drag rat io  
versus l i f t  coefficient for the various cojnfiguratims. T h e  &ding 
angles correspondlng t o  the values of lift-drag ratio  are a l s o  presented. 
The experimental lift-coefficient  values have been corrected for the 
t a i l  lift required t o  trim the  pitching mcBpsnt (fig. 5 )  t o  zero for an 
assumed value of ~ / q  of 1.0 through the lift range and tail length 
equal t o  3E. Xo attempt has been made t o  correot for the  effects of 
fmelage, nacelles, landing gear, and other protuberances associated 
w i t h  an actual airplane, and the following dlscuesion is based an t he  
power-off condition only. 

2 
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In order t o  show more clearly the effects of spldt-flap span and 
deflection on the  gliding  characteristics, a cross plot of sinking speed 
versus gliding speed for various  deflections and spans is pesented  in 
figure 9. Data f o r  tbe WFng without leading-edge QT trafling-edge f l a p s  
are also presented for cmpariaan. V a l u e s  oorreqonding t o  a @ding 
speed 20 percent above stall ing speed have been indicated an t h i s  figure 
for the various  ccmfiguratians. The 1.m~ point is believed t o  be the 
min4rm.rm excess speed that would be used in a landing approach. 

Based on an arbitrarg muhum desired rate of descent of 25 feet 
per second and the assumed loading  conditio=, the half-spsn split f lap 
deflected 60° would result in undesirable sinking speeds at all gliding 
velocities. The half-span split flap deflected 450 would provide desir- 
able sinking speeds within a Frmal'f range of glirUng speeds, while 
deflections of 300 or l ess  would give desirable sinking speeds at all 
gliding speeds which may be expected in a landing approach. Pull-span 
split-flap deflections  greater than 300 result in sinking speeds greater 
than the desired maxbmm atr all &idlng velocities. 

A canprison of full-span and half-span spit f l a p  at the s8rm9 
deflection  (fig. 9) indicates that, although the full-span split flaps 
give a decrease in gli- speed, this advantage is largely  offset by 
the  increased rate of descent. Frau a canprison of the full-span and 
half-span  flaps at a given sinking sseed, it appears that the slight 
decrease in  gliding speed and lowe2 deflection required for the full- 
span flap  offer no appreciable advantages over the half-span flap. It 
is  intereating t o  note that the  greatest decrease in gliding speed for 
larest increase in sinking speed is obtaFned by deflecting  the  leading- 
edge flaps alone. 

Effect of leading-edge rou@mms an longitudinal stabil i ty.  - Law- 
scale  tests of a sermispan model of the s- p l a n  form and profile in the 
Langley two-dbensional low-turbulence pressure tunnel (reference 4) 
have shown that,  surface  condition may have an appreciable  effect on the 
s tabi l i ty  of SKeptback wings f i t t e d  with le--edge flaps. The model 
with 0.72% b leading-edge flaps and half-span split flaps was found t o  be 
stable at the stall when i n  a m o t h  condition at Reynolds nunibera 
of 5.2 x 106 and 6.8 x lo6 but =table a t  a R e p d d s  number of 3- 0 x 106. 
(This unstable break at a Reynolds number of 3.0 X 106 has been a t t r i -  
buted t o  bo*-layer effects of the tunnsl w a l l  at the root of the 
semispan model.) The appllcatfan of roughness t o  the  leading edge, 
however, resulted in an unetable break i n  the pitching moansnt at a l l  
three Reynolds numbers. 

Tests of a ~lmilm configuration on the =-span model in   the 
Langley 19-foot  pressure  tunnel at a Reynolds number of 3 0 X 106 
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(fig.  10) show that the pitching-mment  curve broke in a stable direction 
for the smooth wfng but parried i n  an erratic and undesirable marmer at 
the stall when roughnee8 yae applied t o  the  leading edge. 

Leadhg-edge roughness had l i t t i e  effect an the s tab i l i t y  of the 
wing f i t t ed  with 0.57% leading-edge flapa with and without half-span 

@it flape  (fig. II) .. " . - " . 

The effect of leading-edge roughness on the air flow on the upper 
surface of the wing is indicated in figures 12 and 13. Tip  stalling 
a t  high angles of attack  resulted in the undesirable pitching-mcment 
characteristics of the 0 .723  leading-edge-flap  configuration  with 

rougbness. It appears that  in  the  selection of a leading-edge-flap 
span to provide a longitudinal  stabflizingeffect at the stall, 
consideration should be given t o -  surface  condttions which may influence 
the  stability of the wing for  certain  cri t ical   f lap ~ p a n e -  

b 

CONCLUSIONS 

The following  conclusions may be made f'rm the tests of the k 2 O  
sweptback wing xith various  split-flap deflectiona e spans and the  
tes ts  of the le%-edge flaps with roughness: 

1. Although an increase in  spli t-flap span increased  the maximum 
lift, calculation8 of the power-off' gliding  characteristics  indicate 
that the  slight decrease in gliding speed obtainable with a f"-epan . 
flap  offers no appreciable advantages over half-span  flaps. Both 
half-span and full-span split-flap  deflections  greater  than 30° result 
i n  rapid increases-in einking speed with only a a m U  reduction in  
gliding sgeed. Far an assumed wing loading  of. 40 pound8 per squme 
foot,  the full-span and half-span spl i t - f laps  give  sinking speed8 i n  
excess of 25 feet per second at all gliding speeds for flap deflectiane 
greater than 300 and wo, respectively. T I I ~  largest decrease i n  gliding 
speed for lowest increme i n  sinking a p e d  i e  obtained by extending the 
leading-edge f l a p s  with the  trailing-edge  flaps  undeflected. . 

t 

. - .  
1 

2. Xeither haU-epan nor full-syan split flaps had an appreciable 
effect on the  stalling  characterietics of the wing equipped with leading- 
eQe  flaps in  the range of split-flap.  deflectfoqa  tested. 
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3. Leading-edge  roughness  caused  an  undeeirable  variation of 
pitching  moment  at maximm lift, when applied  to  the wing with 
0.723-semispan leading-edge  flaps  but  had  lfttle  effect on the 
longitudinal  stability w i t h  O.575-sdspan leading-edge  flaps. 
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[a) split flops. 

Figure 2.- Details of trailing-edge s p l i t  f laps  and row&-nose, 
extensible, leading-edge flap: (AIL dimensions are in inches. ) 
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Figure 3 .- Aerodynamic characteristice of a 42' meptbaak dng.  R = 6.8 X u) . 6 
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Figure 4.- The 42' sweptback wing mounted for test with 0 . 5 4  leading-edge flaps and half-span 

epllt Plape. G 
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(a) Half-span s p l l t  f l ap .  

Figure 5.- Aerodynamic characterist ics of a bo m f l b a c k  vlng with 0.579 leaaing-edge flaps a t  

varioue spUt-flap  deflections. R = 6.8 x lo6. 
2 
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c,. /133 a;-/3.4" 

. @/.38 C-/8.5" p1.52 A cz- /9.6O 

(a) Spli t  flaps off. (b) Half-span eplit  flaps. . (c) Full-span s p l i t  flaps. 

Figure 7. - Sta l l ing  characteristics of the 42O aweptback wing 4 

with 0 . 5 7 9  lead3ng-edge  flaps s n d .  trailing-edge split flaps. 

6f = 60'; R = 6.8 x d .  
2 . " 
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. Figure 8. - Glide characteristics of a 42' smptback wing with 0 . 5 7 9  
2 

leading-edge flaps at various split-flap  deflections. Wing loading, 

40 porn& per square foot; R = 6.8 x 10 6 . 
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4 0  

/ o  
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Half-span split flap, 

(3 1.2 v, 

200 

(b) Pull-span split flap. 

Figure 9.- Effect of e p l i t  f l a p s  on the gliding characteristics of 
the 42O sweptback wing. 
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(a) Spllt flaps off;  Bp = 60'; R = 4.7 x 10 . 
Pigure ll.- Aerodynamia charactariatics of a 42' mptback wing with 

0 -57% lea--eage flags with and without Isading-eage ro@mess. 
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(b) Half-span spl i t  flaps mj 9 = 63'; R = 3.0 x 10 . 6 
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cL= /. 40 
A 

Cf /. 46 E= 20.5" 
A 

c,= /.44 h G= /9.s 

. 
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CL = 0.97 LC= /6.0" 
A 

LedIng edge smooth Leding edge rough 

(a) SpUt f l q s  off;  R = 4.7 x lo6. 

F i w e  l3.- Effect of roughness on the stalling  characteristics af the 
42' sveptback wing with 0 .!7& leading-edge f laps  with and without 

half-span sp l i t  flaps. S, = Eho. 
2 
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CL' 1.34 a;= /7.4 O 
A 

c,= l.31 * a= /9.4O 

L 




