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TBE EFPECT OF BOTTmDp;RY-LAYER CONTROL BY SrJCTION APJD OF 

The effect of boundary-layer  control by suction on the aerodymnrLc 
characteristics In yaw of a 47.50 sweptback wing-fuselage cabinat ion 
with high-l i f t  devices and on the effectiveness of a sp l i t - f l ap - tne  
aileron has been Wvesti@ed In the UngLeny fWl-scale  tunnel. The w i n g  
section normal t o  the qmrter-chord lFne waa W A  6k1-AU2, the aspect 
ratio was 3 -5, and the taper   ra t io  WBB 0.5. The canfigurations tested 
included  the plain  wing and the wbg w i t h  samispan s p l i t  and exbensible 
leading-edge fbp8 The investiga.tion was made at a Repold6 llumber 
of 4.2 x 10 corresponding t o  a ~ c h  number of approldmateu 0.07. 6 

The m a x h m  effective dihedral of the plain wing with and without 
boundary-layer control wa8 about 0 .OO3l at approxLmately 84 percent of 
the mxhmm U9t coefficient. The instal la t ion of the semispan s p l l t  
fla.ps increalsed the mxhmm effective dihedral t o  0.0037 &e a result of 
the  increase in l i f t  but did not change the chmacterist ic curve 88 
obtained for the p l a h  wing. Boundary-layer control  increa8ed the maxi- 
mum effective  dlhedral t o  0.0042. The extensible leading-edge f laps  
alone or  in CambiZlELtion with the s p l i t  f l a p s  resul ted  in  a linw varia- 
t ion of effective d f h e d r a l  wlth l i f t  coefficient and a rapid Fncrea6e 
in the  dihedral  effect new mx&am lift e Boundmy-lapr control 
produced an Elddftianal increaee in  effective dihedral and reeulted In a 
maximum effective dihedral of 0.0063 near the lift. 

The wing-fuselage model had a a n d l  amount  of directional  inetabiMty 
and amall lateral-f  orce  pararneters for all f l a p  configurations; however, 
there was a tenctency for  Lncreaefng direct ional   s tabi l i ty  xith increasing 
lift coefficient . Bowdary-layer  control had no si-icant  effect on 
the direct ional   s tabi l i ty  or lateral-force  characterist ics of the mdel. 

Unsweeping the wing by yaw increaeed the effectiveness of the s p l i t -  
flap-type  aileron for all conditiom. Further Fmprovement in  the aileron 
effectiveness was obtalned with bounda;rg-lager suction of f l o w  coefficient: 
of 0.024 and 0.037. 
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The design of airplanes with large amounts of eweepback as a means 
f o r  delaying the adverse  compreeeibility  effects on -8 in high-speed 

flight. The characteristics  inherent of sweptback w i n g s  Fncluding lar 
maxFmLun l i f t ,  high  effective dihedral, reduced lmgltudind stabi l i ty ,  
and lateral-control  deficiency have bsen determined in Fnveetigatims on 
both d - a c d e  and h r g e - a d e  -1s (references 1 and 2). some hprov3- 
menta in the low-speed characterist ics of ewttptback w i n g s  have been ehown 
with the uae of various leading-edge ruid trailing-edge  high-lift  devicea. 
Ih an e f f o r t   t o  improve further the low-epeed characteristics of sweptback 
wings an investigation  has been initiated in the Langley full-scale tunnsl 
on a 47.5O sweptkack w h g  equipped for boundary-layer  control by suction 
and with  both leading-edge and tr&iling-edge  flapa. The w i n g  aspect   ra t io  
w a s  3.5, the t aper   ra t io  was 0.5, and the a f f l o i l  s e c t i m  normal to  the 
quarter-chord line were MAW 64.-,"~112. The wing was mounted in a l o w  mid- 
wing position 3n a fuselage. 

' fl ight  preaents many problem of s t a b i l i t r  and cont ro l   in  low-speed 

The ef fec t  of boundary-layer control by euc-Mon on the lift, drag, 
and 1ongitudAnal s tabi l i ty   character is t ics  of the model at zero yaw aro 
reported in reference 3.  The result8 of tes ta  made t o  debmabe the  effect 
of boundary-layer control br suction on the lateral stabil i ty  character-  
i s t i c s  of the model ami an  the e ectiveness of a split-flap-type ailemn 
at a Reynolcls nuniber of 4.2 x 10 are pmsented herein. The ef fec t  of 
boundary-layer suction through slots  located a t  the 0.20-, 0.40-, and 
O.'/O-chord positions waa determined for suction-flow  coefficients of 0.024 
and 0.037. Forces and ntoments w e r e  masurea with and without  suction for 
the basic wlng and the wing with semispan a p l i t  and partial-span extenerlbla 
leading-edge f lam ueea alone and ,b. ~omMnatim,.. . The d a t a  are presented 
for a range of angle of attack over a range of yaw angle between -loo 
and 6'. 

EF 
. " 

The data &re presented with respect t o  the a t a b i l i t y  axes. Them 
axes are an orthogonal system having the origLn a t  the center of gmvity 
and i n  which the Z-axia i s  in the plane of symmstq and perpendicuLar to 
the  relative wind, ths X-axis is  Fn the plane of symmetry  and perpandlc- 
ULar t o  the Z-axis, and the Y-aiie is  perpendicular to  the p u  of 
eymmstry. Momsnts are referred to the  quarter-chord point of the mean 
aerodynamic Chord. 

% 
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l i f t  coeffYcient 
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rolling-momsnt  coefficient ($3 

lateral-f o m 0  

lift,  pound8 

coefficient 

coefficient 

pitching  moment  about Y-axis, positive when me8 is  raised, 
foot-pounds 

roU3ng mmsnt about X-ax i s ,  positive when right wing is depressed, 
foot-pounds 

yawing moment about Z-axis,  positive when ri&t wing is retarded, 
foot-pounds 

lateral  force almg Y-axis,  positive when f o r c e  is t0 the right, 
Pound6 

w 3 . q  area cornred by suction  slots, epuare feet 

wing a m ,  feet 

wing chord, msaaured in plane perpendicular to quarter-chord llne, 
feet 

wing chord,  msaeured in plane  parallel to plane of syrmaetry, feet 

wing mean aerodymmtc chord, measured in plane parallel to plane 

free-stream -0 pressure, pouna  per square foot 

mass density of air, slugs por cubic  foot 

free-stream veLoci>y,  feet  per  second 

total guantity f l o w  through suction s l o t s ,  cu%ic feet per  second 
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angle of attack of wing chord line, masured in plane of e y ~ ~ ~ b y ,  
degrees . . .  - - . . . . - - . . . . . . . . . . ". . . - . - -. 

angle of yaw, degrees 

effective-dihedral parameter, rate of change of roll%-mmnt 

coefficient w i t h  angle of yaw, per degree (2) 
cUrectianal-stability paramster, rate  of change of yaw 

moment coefficient with angle of yaw, per de-ee (3 
lateral-force parazmster, rate of change of lateral-force  coeL 

ficient  with angle of yaw, per degree G) 
right aileron deflection,  positive when trrziling edge is deflected 

downward, cbgreee 

aileron effectiveneee, rate of change of rolling-moment coef- 
f i c i en t  w i t h  r igh t  aileron deflection, per degree 

split-flap  deflection, degrees 

extensibh leading-edge-flag deflection,  degrees 

D E S C m I O N  ClE' MODEL 

A three-view drawing ahoxing the ganeral dimnaione of the model and 
a photograph of the model mmted in the Langley fLilJ"scale-tunne1 are 

aweopback of 47.5O, an aspect  ratio of 3.5, a taper r a t io  of 0.5, and ha6 
NACA 641-A112 airfoil sections no& to the quarkr-chord line. The wilg 

was comtructed with no geormtric dihedral, zero incidence, and DX) W e t  
and was mounted in a. l o w  midwing p o s i t i m  m a cfrculm fueelage 

' given in  figures 1 and 2, mspectively. The wing has a leading-edge 

Boundary-layer suction was applied through d o t e  located on the uppor 
surface of each wing panel at  t h e  20-, 40-, and 70-percant chordwiee 
statiora.  m e  suction. slots extended from t h e .  O.901?-span to' the 

0-921-span locations. The wing area affected by the elote wae 83.8 e w e  b 
2 

'2 
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The high-lift  devices  tested in conjunction w i t h  boundary-layer  control 
consisted  of  semispan  split  flaps and extemible leading-edge  flaps. The 
dimensiae and deflection angles of the split and extensible  leading-edge 
flaps m e  given in figme 3(a), 3(b) ,  and 3(c). 

The model was not  equipped  with controle and, therefore, in order to 
obtain an approximate evaluation of the effectiveness of a lateral-control 
device, a 0.20-chord 8plit-fhp-me aileron w86 installed between t h e  

0.5vspan ana the o.+span stations. m e  s w a t e d  aileron U&B 
attachedoto -the right wing panel anly and provided a deflection range of 
about 1L down f rom the lower wing surface- and 15O up  from  the  upper wing 
s d a c e  . 

b 

TESTS 

The tests  to determine the effect of boundmy-layer.contro1 by auction 
on the lateral  characteristics of the mdel w e r e  made on the 8- yaw 
support and six-companent  balance  syetem of the Langley full"scale tunnel. 
The data'  were  obtained for an angle-of -attack range from small negative 
angles to the m e  for maxim~zm lift  for yaw angles ranging f r o m  -loo to 6O. 
For each model configuration t e s t s  were made without  suction  (slots sealed) 
and  with  suction  at flaw coefficients  of 0.024 and 0.037. 

Aileron  data w e r e  obtained at  approx-tely Oo, 24 , and -loo yaw angles 
for a range  of angle of attack.  between -0. and 17.9'. The aileron- 
deflection angles ranged between - l 5 O  and no in approximately 5O incremsnts. 

All tests were made a t  a Reynoldemmiber of 4.2 x 10 6 corresponding 

0 

to a Mach nwer of  approximately 0.07. 
1 

The results of  tests of the  plaln w i n g  and of the wFng with leading- 
and trailing-edge-flap  .configurations, without suction asd with  suction  at 
a CQ of 0.024, are presented in figures 4 to 7. The baeic  data  for CQ 
of 0.037 axe not presented because of the  similarity to the curves f o r  
the lower  suction-flow  coefffcient.  Stall-prograssion diagram are 
presmted in figure 8 for the various f l a p  configurations at a yaw angle 
of -6O and for suction-flow  coefficiante  of o and 0.037. The effects  of 
boundary-layer control at auction-flow  coefficiehts of 0, 0.024, and 0.037 
on  the  Btabilitr  derivatives aro shown in the summary c w e s  of figures 9 , 

to 12. The basic data  of the aileron  tosts are presepted in figure 13, 
and the sum[~&~y curve ahawing the effectiveness  of the spllt-flap-type 
aileron is given in figure 14 for aQctim-flar coefficiente of 0, 0.024, 
and 0.037. The stability paramstera vare determined by lnttasuring the 
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slopes of the respective data curves  through 24' for sever& 
values of l i f t  coefficient below the s t a l l .  Tne effectiveness 

moment c m e  betwBen of f 5 O  f o r  each angle of attack. 
c-e %EaR was determined by lneebsuring the dopes  af the rolling- 

These data have been corrected f o r  jet-boundary effects, blocking 
effects,  and stream alinement. The thrust tare of the a i r - j e b x h a u e t  
w a s  negligible and themfore was not considered. 

Characterietics of the Plain W i n g  

The effective-dFPl6dra.l parameter C f o r   t h e  plain-wing without 

boundxry-layer control  increased  with  increasing lift coeff ic ient   to  a 
rmximum value of 0 -0032 at  a CL of approximately 0 ..81 thsn . 

decreased  rapidly with further  increme in lift coefficient  (fig. 9). 
The maximum l i p t  coefficient of the model at zero yaw is 0.96 (reference 3) 
and a t  tha t  l i f t  coefldcient the effective-dihedral  parameter is reduced 
t o  a-pproxFmately 0.0036. Tuft observations showed that the t i p  of tho 
leading wing p m e l  stalled first ag is shown i n  figure 8(a). The increase 
in   pos i t ive   e f fec t ive  dihedral in the low and mderate . CL range is 
a t t r ibu ted   to   the  Fncrease in lift of the le-g wing panel poseibly due 
t o  an increase in effective  velocity and e f f ' s t i ve   s ec t im  angle of at tack 
a8 I t  becomes  unswapt. Conversely, the retarded WFng panel become8 mm 
highly swept and thus re tards the rate of l i f t  incream. A t  a higher 
angle of attack the leading w i n g  SWE f i r s t ,  thereby  reducing l i f t  and 
producing a reversal in the rol l ing tendency at tha t  lift coefficient. 
These characteristics. have also been observed in tests of eimilar swept- 
back wings having thin airfoil   sections  (reference8 2 and 4) .  Boundary- 
layer  control a t  suction-flow  coefficients of 0.024 and 0.037 had very 
l i t t l e  e f fec t  on the  variation of the maximLull value of the effective 
dihedral with l i f t  coefficient. The C valws were decreased slightly 

by boundary-lager  suction up t o  a CL of 0.85 but due t o  the increased 
l i f t -coef f ic ien t  rmge the maximum value of 0.0030 was obtained at  
a CL of 0.95. A rapid  reduction i n  dihedral  effect  occurred at higher 
l i f t  coefficients in a manner similar t o  the condition  xithout boundsry- 
layer control. 

z *  

% 

3 -- 

The wing-fuselage combination  produced a small  diract ianal  inatabi l -  
i t y  which was slightly alleviated at higher l i f t  coefficients. Boundary- 
layer control a t  f l o w  coefficiente of 0.024 and 0.037 had very little 
ef fec t  on the directional  chaxacteristics of the mdel. 

The lateral-force par-ter w a s  not  apprecfably  'Mfecbd by boundary- 
h y e r  control and haEl a value of less than 0.UOg over the  l i f t -coef f ic ien t  
r a n g e *  
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Characteristic8  of the Wing  with  IIfgh-Lift  Devices 

Semispan split  flaps. - The addftion  of aemispan split  flaps  to the 
wing increased C fram 0.0032 to-0.0037 for the slot-sealed  condition 
and to 0.0042 for suction-flaw  coefficients of 0.024 and 0.037 (fig. lo). 
The variations  of C uith % ane very i3imiLar to those for t he  plain 

wing, and for a l l  flow conditions  the maximum d u e  of C occurs  at 

approximately 0 9 84 L. Tuft diagrams, figure 8(b), show  that  the 
stall  progressions  for  the wing with split  flaps are very similar to those 
for the p m n  ~ i n g  (fig. 8(a) ) . The split fhps do not aid t t ~  elirdnating 
the tip stall at  high lift coefficients;  therefore,  the Budden drop 
of C still  occurs near maximum lift. Boundary-layer  control  at a 
suction-flov  coefficient of 0.024, up to a % of 0.6, no effect 

z*Ma&x 

zlif 
2Jr 

211r 

Czs; however, beyond this U T t  coefficient there m e  a mre' rapid 
rise in C until  the -maximum d u e  (Z 0.0042) was reached.  This  increase 
in effective dlhedral is  attributed to the &Jay in stall ovar the wing 
region affected by the suction  slots.  Although boundary-layer suction at 

coef  icient range, the forward w h g  panel  reached the stall angle before 
the trailing w i n g  pasel givlng the reduction Fn C at hi& lift coef- 
ficients.  Increasing CQ to 0.037 increased C somwhat over the lift- 
coefficient range fram 0.26 to 0.8, after which the C c u e  was similez 
to that  for the lower flow coefficient  of 0.024. 

z* 

a 9 of 0.024 did clean up the flow throughout the low and moderate  lift- 

z* 
9 

zv 

Split-flap  deflection  with and without b o w - l a y e r  control had no 
appreciable  effect on the directional-stability  or  lateral-force,  parametam 
of the model. 

0.5%-span b extensible leading-edge flaps.- With  the installation of 

extensible leading-edge flaps the effective-dihedral  parameter  increased 
&ear* throughout t he  lift  range  (fig. U) . m e  f l o w  diagrams of 
figures 8(a) and 8 ( c )  show that the leading-edge flaps were effective in 
delaying lea--edge  separation and tip stall on the forward wing panel 
until high angles of  attack thus permitting a uniform stall an both wing 
panels. m e  dihedral effect waa greater'wtth  suction than without  suction 
becauee the control of the boundary layer flurther delayed the stall  over 
t h e  outboard portion of the wing with the effect being more pranounced 
for  the leading wing panel. The values of C at a % of 1.03 were 
about 0.0040 for a U  suction-flow  conditions  tested. 

z*  

For this flap configuration, the mod&. is also slightly unstable 
' directionally (\ 515 0.001) for a ~ .  suction  conditione up to a cL of 
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The conibination.Df f a p a  had no appreciatrle  effect on the directional- 
s t ab i l i t y  and lateral-force  parameters omr the other  f l ap  arrangements 
except a t  there is a destabilizing tendency directionally which 

lnag be associated with the rapid increase in dihedral effect.  
ck 

The use of extensible leading-edge flaps In order to delay t i p  s b U w  
has been ahown t o  produce high dihedral effect  on the eweptback wing which 
in  turn introducea d i f f i cu l t  problems of lateral control. Laasmuch as t h  
model -8 not origi- provided with an aileron, lateral control w&8 
obtained by a simulated aileron  consisting of a spl i t   f lap  a t tached to  the 
outboard  portian of the existing semispan split f lap  on the r ight  wing 
panel. The effectiveness of the a h d a t e d  alleron is given in figure 14 
for conditione with and without boundary-wer control. . The aueron power 
f o r  this split-flap-type  control is low with the masimum incrernsnt in 
rolling-moment coefficient  being of the order of 0.025. It i e  evldent  from 
the summry curve8 that eweep has a marked ef lec t  upon the aileron  effec- 
tiveneas. When the model wa8 yawed t o  the l e f t  by approximately loo, or ,  
in effect, the m e p  of the right wing decreased, the aileron effectiveness 
f o r  the sealed candition increased bg approximately X) percent a t  l o w  l i f t  
coefficients and approximately 70 percent at moderate'lift  coefficients. 
The increase was approximately 30 percent f o r  the highest suction-flow coef - 
f i c i en t  up t o  a l i f t  coeff  fcient of 0.9. In the higher % range the 
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effectiveness of the  split-flap  aileron is largdy reduced. The increase 
in effectiveness in the low and moderate  lift-coefficient range is 
explained by the fact  that  the 0.33b-qan aileron extanded outward only 

2 
to the 0. %span station; therefore, a -@e part  of the aileron was 

unaffected  by early tip s t a l l .  A t  high lift coefficients when the WFng 
tip  stalled and.the disturbsd flow spread to  the region covered by t h e  
aileron, the effectiveness was greatly reduced. For all yaw attitudes 
boundary-layer  control  provided some improvenrent in the effectiveness  of 
the simulated  aileron a h  in all instances the effect was more pronounced 
for the larger flow coefficient Fn the hfgher CL range. 

b 
2 

In the t e s t a  of  reference-3  the extensible leading-edge  flaps  produced 
the most satisfactory  longitudinal  etability  characteristics, and althou@ 
this configuration was not  tested, it is possible  that the effectiveness 
of the split-flap-type  aileron would have been imgmved sonaswhat by the 
installation  of the extensible l w - e d g e  flaps. 

The  results  of the effect  of  boundary-layerocontrol by suction on 
the aerodynamic charactbristics In yaw of a 47.5 sweptback  wing-fuselage 
co&inatian with high-lift  derLCeB and on the effectiveness of a split-flap- 
type ailerm are Bummarized as follows: 

1. The mxinumt effective dihedra l  of the plain wing with and d t h o u t  
boundary-layer control w a a  0.0030 and 0.0032, respectively, at lift 
coefficients of approximately 0.84 L. The dihedral effect  is  consid- 

erably  reduced .at higher lift coefficienta. 

2. Installation of semispan split flaps increased  'the maxim 
effective  dihedral  to 0.0037 a8 a r e d t  of the incream in lift but did' 
not  change the characteristic curve aa obtained for the plain h g .  
Boundary-layer  suction increamd CZ* to about 0.0042 at approxhmteu 

0.84%. 

3 .  The addition of the extensible lead-edge flags alone and in 
combktion with the split f h g i  produced a linear miation of c 
with Cr, and a rapid  increase in the dikeikal  effect near 

Bounda.ry-layer  control  produced an additFonal  increase in effective dihe- 
dral asd  resulted in a maxfmum value of C of OJOC63 near maximum lift. 

21), 
%lax- 

z* 
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4. Without  boundary-layer  control the model was directionally unstable 
f o r  all f l a p  canfigurations  with a tendency for increasing  directional 
stability as the lift coefficient  increased.  Boundary-layer  control  produced 
110 eiepFficast  effect on the directional  stability of t h e  mdsl. 

5 The model hae E1121&1L lateral-force p-terer for a U  cmfiguratians. 
Boundary-la;Ver control had no m a t e r i a l  effect 011 the late&-force 
characteristics. 

6. Uneweeping the wing by yaw inoreased the effectiveness of the  split; 
flap-type aileron for all conditions . Boufibary-layer suction -roved tbs 
aileron effectiveness with the improvement being mre pronounced f o r  the 
higher flow coefficient. 
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Wing area 229.4 sq. ft. 
Aspect rat io 3.5 
Taper ratio 0.5 
Airfoil  section NACA 64;A112 
Root chord 10.8 ft 
Tip chord 5.4 ft 
E 8.37 ft 

I 

M@;ure 1.- Three-view drawing of a 47.5' sweptback  win@;-fwelage combinaidon with boundary- 
layer control. 

. . .  





Figure 2.- Three-quarter front view of a 47.5' sweptback "fuselage combination with E 
boundary-layer  control. 
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" '  I 





. .. . .  . .  

- 0.20c' .OIlc'R 

(c) Section BB 

(d) Enlarged view of 
suction slot. -557 

Figure 3. - The location and detail dimensions of high-lift devices, 
bundarg-layer suctlon slots, and sput-flap-tgpe aileron on a 47.5' 
sweptback  wing-fuselage combinatioa 

. . .  . . . . . . . . .. 
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Figure 4.- Aerodynamic characteristics in yaw of a 47.5O sweptback wing- 
fuselage combination with and without boundary-layer control by suction. 
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. (b) CQ = 0.024. 

Figure 4.- Concluded. 
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k g l S  Of Taw, 7 , dSg 

(a) CQ = 0. 

Figure 5.- Effect "of semispan split flaps on the aerodynamic characteristics 
in yaw of a 47.5 sweptback wing-fuselage combination with and without 
bow@ary-layer control by suction. 6 = 60'. f 
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(b) CQ = 0.024. 

Figure 5. - Concluded. 
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(a) CQ = 0. 

Figure 6.- Effect of 0.50 --span extensible  leading-edge flaps on the 

aerodynamic characteristics in yaw of a 47.5' sweptback wing- 
fuselage combination with and without boundary-layer  control by 
suction. 6LE = 127.5'. 

b 
2 
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(b) CQ = 0.024. 

Figure 6.- Concluded. 
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(a) CQ = 0. 

Figure 7. - Effect of semispan split and 0.50 -span extensible leading- 

edge flaps on the aerodynamic characteristics in  yaw of a 47.5' 
sweptback wing-fuselage combination with and without boundary-layer 
control by suction. ef = 60°, 6 = 127.5O. LE 
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(b) CQ = 0.024. 

Figure 7.- Concluded. 



NACA RM No. L&21 

a UNSTEADY FLOW 
INTERMITTENT STALL 

:g a - 16.2- 
GL 9 . E 4  

I i  R 

a - 23.0. / 

Plain wing. 

Figure 8. - Effect of boundary-layer control by suction on the stalling 
characteristics of a 47.5' sweptback wing-fuselage  combination. 
Ilr = -6O. 
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(b) Semispan split flaps; ef = 60’. 
Figure 8.- Continued. 



26 NACA RM Wo. L- 

UNSTEADY FLOW 
INTERMITTENT STALL 
STALLED 

a = 16.2. 

Y 9 16.1. 

I I 1  

(Slots sealed) 

i 
i 
I 

Gp. 0 

(c) 0.50 --span extensible leading-edge flaps; 6 = 127.5'. b 
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Figure 8.- Continued. 
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(d) Semispan split a,nd 0.50 --span extensible leading-edge flaps; b 
2 

6 = 60'; 6 = 127.5'. 
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Figure 8.- Concluded. 
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Figure 9.- Effect of boundary-layer control by suction on the lateral- 
stability parameters of a 47.5O sweptback wing-fuselage combinatdon. 
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Figure 10. - Effect of boundary-layer control by suction on the lateral- 
stability parameters of a 47.5' sweptback wing-fuselage combination 
with semispan split flaps. bf = 60'. 
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Figure 11.- Effect of boundary-layer control by suction on the lateral- 
stability parameters of a 47.5O sweptback wing-fuselage combination 

.. . 

with 0.50 b -span extensible  leading-edge flaps. 6 = 127.5'. 
2 LE 
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Figure 12.- Effect of boundary-layer  control by suction on the lateral- 
stability  parameters of a 47.5' sweptback wing-fuselage combination 

with semispan split and 0.50 ;-span extensible leading-edge flaps. b 
6 



NACA R?4 Bo. -21 

-16 -/Z -a -4 0 4 8 /2 
Right all- deflsat lon,  &%, dag 

Figure 13.- Effect of aileron deflection on the aerodynamic  character- 
istics in J T ~ W  of a 47.5' sweptback wing-fuselage combination with 
and without boundary-layer control by suction. Semispan spl i t  
flaps, 8 = mo. f 
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(b) $ = 0 . 0 

Figure 13. - Continued. 
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Figure 13. - Continued. 
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(d) = -10.2’. 

Figure 13. - Concluded. 
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Figure 14. - Effectiveness of a split-flap  aileron on a 47.5' sweptkck 
wing-fuselage comljination with and without bmdaqg-lager  control 
by suction. Semispan split flaps  installed, 6 = 60 . f 
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