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A n  investigation  has been made in the Langley full-scale tunnel 
of a 47.5' meptback wing-f'ueelage ccmibination equipped- .RQr boundary- 
1aEr control by euction. The wFng section was NACA 6 4 1 - ~ E Z o  
the quar&-cho&l line,. the aspect  ratio ~ & a  3.5, -and the taper  ratio 
waa 0.5. The wing canfiguratione  tested included the wing with varioue 
conibinatime of extensible leading-edge and BpUt flaps. 

/ . 
1 

Increasing the Re olds npiber f r o m  2.1 X 10 to 7.1 x 10 and 6 6 
t? 2.1 X 106 t o  5.0 X 10 had no appreciable  effect on the LLft and drag 

characteristics of' the plain w i n g  and the wing with semiepan s p l i t  
flaps,  reepectively. The lncreaee in Reynolde nuniber, however, cams 
a destabil izing  ehift  of the linear portion of the pitching-moment 
curve and progmesively maved an -table break in the curve near the 
stall to  higher lift coefficiente. 

Combinations of s lo t s  utilizing the O.X)-17ercent-ohord slot; 
are the most effective  for  boundaq-layer  control as i n f t i a l  sepazatfon 
occurred near the w€ng leading edge. Applplng euctiqn thr- the 
0.7O-chord s lo t  was not  effective in imprdving the w i n g  characteristics. 

The maximum l i f t   coe f f i c i en t  of the  plain  wag was 0 -96, 1.07, 
- 

and 1.U for euct im flow coefficients of O J  0-024, md 0-037, respectively . 
Boundary-layer control did not  eliminate an lruetable pitching-moment 
break that occumkd near maximmn l i f t .  

Semispan and full-span gllt-flap  deflection  reeulted  in max imum .I 
Uft  coefficients of' 1.02 'and 1 .Og, respectively. Applying a suction .; 
flow coefficient,- o f  0.037 increased the c o r r e a p o n d i n & - i   l i f t  <. 

Coeff ic ients   to  i.14.miL 1-23; With and without boundary-layer control ' ' 
the model was longitudinally unstable a t  the stall. . .  

> 
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boundary-layer control the model configurations w e r e  longitudinally 
unstable a t  the stall. However, applying  suction at flow coefficients 
of both 0 . a 4  and 0.037 t o  the 0.30- and 0.65-eemispan leading-edge flap 
configura.tions  resulted in 1ongLtudLnal s t ab i l i t y   a t  the stall. 

' . .. 

With the semiipas spl i t   f laps  i n  combination wlth the extensible 
leading-edge flaps the highest mximum lift coefficient (1.28) waa 
obtained for  the 0.71-semispan leading-edge f lap configuratlcm at a 
suction flow coefficient of 0.037. All conibinations of split- and 
leading-e,dge-type flaps  remlted in l ong i tud id   i n s t ab i l i t y  at the 
stall w i t h  and without  boundaq-layer  control. 

Changing the wing-tip shape from a round t o  a square t i p  had only 
minor effects on the l i f t  and drag characteristics of the d e l .  The 
pitching-moment characteristics were improved for  the O . ~ - s e m l s p a n  
extensible leading-edge flaps -with and without a c t i o n .  ?lo appreciable 
changes occurred f o r  tihe other flap configuratiLon5. 

Boundary-layer control produced a trend twazti the reduction of the f 

measured drag  coefficients i n  the-higher  lift-coefficient range and did 
not  appreciably change the measured drag coefficienes In tihe low lift- 
coeff1cien.t m e .  For the plain wing the drag coefficient equivalent 6 

t o  the blower parer  required t o  discharge the boundary layer   a t   f ree-  
stream to ta l  head it3 approximately 0.039 and 0.102 for  flqy  coefficienter- 
of 0.024 and 0.037 respectively. 

L . .  

." " 

Blower-power failure would result  in a reduction in the maximum 
l i f t  cwfficient and would ala0 result in an abrupt  longitudinal  insta- 
b i l i t y  at the lower maximum lift coefficient. 

The recent  design  trend taw- the use of thin hi@ly meptback 
wings for  high-speed. flight has  greatly  eqhasized the necessity for 
determining m ~ a m  whereby the luw-speed characteristics of such winge 
can be improved. A study ha6 been made with &e us6 of leading- and 
trailing-eQe at&-lift devices of methods designed t o  eliminate w i n g -  
t i p  stall and to increme the - l i f t  of  8we-$tback wing8 (refer- 
ence 1)- It w ~ l s  e h m  in the early  investigation8 of sweptback wing8 
that the flow of"the boundary layer  contributed largely to  the poor 
longitudinal low-speed cha.racteristic6. An investigatim was init iated 

r a t  the Langley full-.acale  tunnel  .to determine . t h e  effect of boundary- 
. layer control by auction on the aerodynamic characteristicls of a mept- 

I back wing The aweepback  of the w i n g  m e  47.5O; the  aspect  ratio was 3 - 
! the  taper r a t i o  was 0.5,  and the   a i r fo i l  sections no- t o  the quarteri5" 

I chord ulle were NACA 641-All2 The w i n g  panels w e r e  mounted in a law 
/ midwing positian on a circular fuselage. 

. .. 

b 

; Boundary-layer control was applied through m c t i a   s l o t s   l o c a t e d  
' at the 0.20-, 0 .m-, and 0.7O-chord spanwise statim8 on the outboard 
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. half of each wing panel-. Additional high-lift devices  tested i n  
I conjunctlon with the  plain wing comisted of full-span and semispan s p l i t  

f laps and par t ia l -qas   extensible  leadfng-edge flaps. 

The results contained  herein present the effect of boundary-layer 
control (551 the maximum lift and longitudinal  stabil i ty  characterfstics 
of the model at zero y". Forces and momsnts  were measured f o r  each 
configuration  tested  with and wfthout suction  for a range of angle of 
attack  thrazgh  the s t a l l .  Reynolds n-er effects w i t h  the slots 
sealed have been determined f o r  the p l a n  w€ng and f a r  the w f n g  w i t h  
semispan s p l i t  f-pe fram 2.1 t o  7 .X. X 106, respectively. AU other 
configurations were tested at  a Repolas n e r  of 4.2 X 106 corresponding 
to a Mach nuniber of approxFmately 0.07. The results of the  effect of 
boundary-layer control on the asrodynamlc C h 8 ~ a C t e r i 8 t i C 8  of the model 
i n  p w  are presented. in reference 2. 

A l l  resul ts  are presented in  standard NACA form of coefficients, 
forces , and m(311~8nts and are referred t o  the wind axes. M-nts m e  
referred t o  the  quarter-chord  point of the mean a e r o a ~ m i c  chord. 

CL 

CD 
t 

cP 

i q  

R 

L 

D 

M 

Q 

masured drag coefficient (D/qS) p;%) 
drag coefficient  equivalent t o  blower power 

pitching-mament coefficient (M/qE) 

suction flow coefficient (Q/VS' ) 

pressure  coefficient (" a.3 
internal  ducting and blower efficiency 

Reynolds nmiber ( pVZ/cr) 

l i f t ,  pounds 

measured drag,. pounds 

pitching m a a e n t ,  positive when  moment tendo t o  -crease angle 
of attack, foot-pounds 

free-stream dynamic pressure, pomda per square foot  
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mass density  of. air, pounds-second per foot 

frewstream  vel&ity,  feet  persecond 

to t a l .  wing area,  feet2 

w i n g  area  affected by suction  slots,  feet2 

2 4 

wing chord, measured i n  plane perpendicular t o  quarter-chord 
l ine,   feet  

wing chord, measured i n  plane paral le l   to  plane of synuuetry, feet  

wing span, f e e t .  . 
t o t a l  air quantity removed through suc t im slote  , feet3  per second 

free-stream  total  pressure,  pound^ per  font2 . . .  " 

t o t a l  pressure inside wing duct, pounds per  foot 2 
.. 

coefficient of viscosity,  po~~n&~-second per foot 2 

angle of attack of w i n g  chord line, measured i n  plane of symmetry, 
degrees 

A three-view drawing showing the  principal dimensim of the model 
is given in figure 1, and figure 2 8hars.the model  mounted i n  th3 
Langley full-scale  tunnel. The wing leadfng-edge sweepback w a s  47.5O 
and tho sweepback of the quarter-chord line was 45O. The airfoil sectlans 
normal t o  t h s  quarter-chord Ilne were NACA 641-2, and the maximum 
thickness and station of maxirmrm t h i chess  in the plane of symmetry 
was 0.09~~ and 0.44ct, respectively. There m a  no geomtric dlhe&al or  
twist and the wing panela were  mounted OLL a circular  fuselage in a low 
midwing pogi t im  a t  z e r o  i n c i . ~ . ~ c e - w l t h . r e ~ e c ~  to the fuselage center .  
l ine 

3-10 wing t i p  wa8 rounded in  both plan form and crolgs section . 

( f igs .  3(a) and 3 ( b ) ) ,  and a square t ip   ( f igs .  3(a) and 3(b) )  was 
install=;d  during  the  latter part of the test p r o m . .  The square t i p  
increased t h e  wing area from 229.4 to  231 square feet .  without changing 
t,he span or  the taper   ra t io  of the wine. 

I 

" 
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A schematic d r a w i n g  sharing cuta.wqs of the wing panel and f'uselage 
is given in figure 4. The wing panels were of a boxde-type construc- 
tion  and t h e  wing skin  was  constructed of laminated mahogmy surfaced 
and  finished  to  the  required  section. Slots  0.01~ wide were located 
at the  0.20c, 0.4Oc, and 0.70~ stations on t h e  outboard half of each 
WEng panel. The wing area affected by the  suction slots was 83.8 feet2. 
A cross  section  showing  the  location  asd  detail  dimensions of t he  slots 
a r e  given in figurea 3(c) and 3(e),  respective-. 

The fuselage which  housed the boundary-layer blower equipment  had 
a fineness  ratio of 9.35:l. The axial-flow single-stage blower was 
coupled  to a variabl-peed  electric motor and the installation  inside 
the  fuselage is shown in flgure 4. 

Four pitohtatic tubes located goo apart in the  annulus  ahead of 
the  fan were used to determine the  t o t a l  flow quantity  passing through 
t h e  suction  slots. The  slot  and  wing-duct loeses w e r e  measured  by 
total-pressure tubee  located  at the wing-fuselage junction in each wing 
panel. The location of the  inetmrmantation f a  shown in  figure 4. 

The,installe;tions  and  locations of the  auxiliary  high-lift  devices 
- used in combination  with the plain wing are shown in figure 3(a). The 

dimensions  and  deflection angles of the split- and  extensible  leading- 
edgwtype flaps are given in figures 3(d) and 3(c), reepectively. The 
0.20~' semispan  split  flaps  extended  outward f r o m  the fuselage to the 
0.5% station and the 0.20~' full-~pan aplit flaps extended  outward  to 
the 0.8% statim. The 0.100t extensible lea-dge flaps  were O.$, 
0.6&, and o .7&~pan and extended outward to the o .@ station for the 
rounged-tip w i n g  and to the 1.$ station for the square-tip wing. Each 2 2 

flap was constructed f r o m  thin sheet m e t a l  and was faired to t h e  wing 
contour  at the surface of attachment. 

The model was sanded  and  lacquered to provide  very m o t h  surfaces 
and  the  main  construction wae sufficiently  rigid  to  reduce  deflections 
to a minimum. 

In order to determine the effect of suction-slot  location on t h e  
flow over t h e  wing, extensive  exploratory t e s t s  w e r e  made of t h e  wing 
w i t h  and  without split flaps f o r  a large n&er of s l o t  arrangements. 
The configurations were such  that  the slots w e r e  tested  separately, in 
combination with one another,  and in  partfal spanwise sections. Force 
tests  and f l o w  observations of wing uppewurface t k t s  were made  over 
a large angle-of-attack range at sxction flow coeffioients of 0.024 
and 0.037 at a Reynolds n&er of 4.2 X 106. The l i f t  and arag data 
aa determined f r o m  these  studies  wfth the tuft8  attached  to  the w i n g  
are euitable as q w i t a t i v e  results. The pitching-momant data may have 
8ome scatter  but  is  eufficiently  accurate to indicate t he  longitudinal 
stability  characteristics of t he  wing. 
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A list of the t e s t  configuratione is given in table I. Reynolds 
number effects  for  the w b g  with r a d  t i p s  and with the slot8 sealed 
were determined for  the plain wing and for  the Xing w i t h  semispan 8pUt 
flaps from 2.1 t o  7 -1 X 106 ana 2 .I t o  3 .O X 106, respectively. 
where noted OtherWiSe, the data are for  a Reynold8 number of' 4.2 
and fo r  flow coefficients of 0 -024 and 0 -037 The reeults  for the  zero 
flow coefficient CQ = 0 represent the ccmclitiun having the slots 
seaied and faired t o  a m o t h   c a n t m r  with the wing. A few tes ts  were 
made t o  determine the effect af sudden loss of boundary-layer suction 
caused by a power failure by having the 8 l O t S  open and allowing t h e  
fan  to  windmill 

The atall lsg  characterist ics of the wing w e r e  determined by observing 
the behavior of w o o l  tufts attached  to the upper eurface of the w i n g -  
The tufts were located  approximately a t  t h e  0 .E&, 0*46c, and 0.76~ 8 t a t i 0 ~ 1 ~  
and  were spaced approxhately 12 inches  apmt  along the epen. 

A l l  of the t es t   resu l t s  have been corrected  for jet-boundary 
effects,  blocklng  effects,  stream  alinement, and wing-support Inter- 
ference. In addition, a drag tare  correction has been applied t o  
compensate fo r  the effect of the air-Jet thrust due to the fan operation. 
The drag coefficients as presented in the data f_furee are meamred 
drag coefficients and do not  include  the blower-power drag coefficients. 

DISCUSSION OF RESULTS 

Characteristics of the W i n g  with Rounded Tips 

Remolds number effect.- The effect of Repolder rimer 011 t h e  
longitudinal  aerdynmic  characteristics of the wing with and without 
semispan spl i t   f lap8 6nd without boundary-layer control i s  8haUn in 
figure 5 - The maximum l i f t  coefficient for  the plain wlng increaeee 
slightly (about 0 -04) between Reynolds numbers of 4 -2 X 106 and 6.1 X 106 
whereas for  the flapped wing, an increase i n  C h  of about 0 .m 
occur8 between values of 2.9 X 106 and 4.2 X 106. The l i f t  peaks for  
the plain wing  are m o t h  and rounded  and the elope of t he  l i f t  curve 
gradually decreases  after maxFmum Ilf t , the peaks for  the flapped wing 
are also rounded but  the lift curve remains practically  conatant beyond 
the point of maxim lift 

The lift and drag characteristics am not materially changed at 
the  higher Reynolds numbers;  however, there is an appreciable  influence' 
of Reynolds number on the pitching-mment  characteristics  for. the plain 
and flapped wing copfigurations W i t h  increasing ReDold-8 number there 
is a bestabi l lz ing sh i f t  o f t h e  linear p o r t l m  of the  -pitching-mqnt 
curve and of considerable Importance is' the delay of the unstable  break 
of the  pitching-mment  curve t o  higher l i f t   coe f f i c i en t s  Fram the trend 

I 

(I 
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of data sham it is hi- possible that the instabil i ty  occurring  at  
hi& l i f t  coefficients may be eltminated a t  Repolds number greater than 9 7.1 X 106. ~n a ~ .  cases,  the &en m t a b i u t y   i e   c l o s e ~ y  rested t6 
the point 011 the l i f t  curve where initial stall occurs and where the 
drag-coefficient curve elope suddenly increases. The delay of the 
instabil i ty  to  higher l i f t  coefficienta w i t h  increasing Rey3dLd.8 mDiber 
is attr ibuted  to an improvement in the flow of the boundary layer, 
thereby delaying the t l p  stall and the rapid f oyward. s h i f t  of the center 
of pressure. 

P r e l h l n a r y  s l o t  inve8ti~a;tion.- In order to  detemine the effect 
of bdary-layer-suct ion  s lot   locat ion 011 the aerodyna3nic oharacterfstice 
of the wing, a DrelAmlnary investigation of confimrations u e i n g  inaivid- 
u a l  Slot8 and mul t ip le  d o t  CambFnationEI was made. The result8 of th i s  

Eand an angle-of-attack raage from 12' t o  the angle of mxlmm lift at  
several  suction  flaw  coefficients. Additima te s t s  w e r e  made w i t h  
different  percent apanwise lengbhe of slots  but these results were  f o d  
t o  be essentially the s&me as those of figure 6 and therefore a& not ahown. Ei the r  the 0.20~ s l o t  done or i n  conibfnaticma u s i n g  that s l o t  
as  sham  in  f igure 6 gave the beet results f o r  a flow coefficient of 0.024. 
An increase in  CQ from 0 .Wk t o  0 -033 f o r  the 0 .20~ s l o t  ccaribinatfads 
resulted i n  increases in of the order of 0.04. Neither  locatioa 
nor  suction at flow coefficients  abme 0.024 had any appreciable  effect 
on the drag of the model. The unetable  break in the pftching-moment curve 
that occurred f o r  the basic wing w a s  not eliminate& by boundary-layer 
auction f o r  a n y  of the s l o t  arrangements tested. The test program that 
followed this prellnrinary  investigation waa ccanpleted wing all three 
s lots ,  although the results In figure 6 show that suction throu&h the 
0.70~  s lo t  waa ineffective. 

- investigation are given in figure 6 fo r  a ~ e y n o l d ~  number of 4.2 X 106 

In order t o  present  conditions at a given flow coefficient, a portion 
of the data  presented in the paper w a t  obtained by cross-plotting  curves 
O f  CL, CD, and cm w i n s t  CQ fo r  Constant angle Of attack. 

. 

Characteristics of the plain uin6r;.- The char&cterietics of the 
p-in  wing ( f i g  7 )   haw that the ma- l i f t  coefficient without , 

boundary-layer c m t r o l  w a s  0.96 at an atlgle of attack of 21°- The 
pitching m n t  was 'neutrally  etable up t o  a uft coefficient of approxi- 
mstely 0.35 and st&ble frazn thereon t o  CL of 0 .go. A t  a CL of 0 .go, 
which w a s  below the nadrtum lift, there w a t -  a severe  unstable  pitching 
moznent and bey& this l i f t  coefficient the lift-curve slop dec-ased 
and the drag rapidly  increased. The tuft diagraan, figure 8 in  cmjunct im 
with  figure 7, indicates that up t o  a CL of 0.55 the disturbed flow 
at the t ra i l ing  edge of the t i p  had l i t t l e   o r  no effect upon the location 
of the center of preesure In the range of CL fmm 0.55 to 0.90 the 
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region of disturbed flow increased and caused a strang outward flaw of 
the boundary layer  along  the rear 0.30~ l ines  of the wing. A t  a CL 
of 0 .go the t ips  .were intermittently  stalled and the flow over the w i n g  
mea behind the mcBnent center was very unsteady. 

The application of boundary-layer suct im at flow coefficients 
of 0.024 and 0.037 increased-  the maximum l i f t  t o  1 .O7 end. 1. ll, reepec - 
tively. The increa6e i n  maximum l i f t  due to  suction was obtained by the 
clean-up of the flow in t h e  region of the  slots which resulted in a 
slight  increase  in the li€'t-cunre slope and an extension of the linear 
portion of the lift curve t o  higher angles of attack- Q t o  moderate 
liFt coefficients, the flaw mer  t he  region covered by the slots  was 
greatly  inqrmed,but  the flow pattern st the  t ips wa8 elmilar t o  that  
for the sealed  canditim. With boundary-lapr  suction  there w a s  a 
reduction in the lrpanwiee flow of the boundary layer i n  the regiun behind 
the  suction slots The longitudinal s tab i l i ty  waa imgroved by suction 
ae €i result of the  delay in the forward ahift of the center of pl"08SUZ%j 
however, the unstable break near the maxlmm l i f t  was not e-ated. 

Characteristics of the Wim w i t h  m l i t  flaps .- The w l n g  w i t h  semi- 
span culd full-span split flaps gave mximm Uft coefficients of 1.02 
and 1-09, respectively, for the slot sealed conditian  (fig. 9 )  . These 
values of C h  are  0.06 and 0 -13 higher than that measured fo r  the 
plain wing. For these flapped  configuration@ the lift incremsnte below 
the stall calculated  ming  the simple sweep theory  (reference 3)  are in 
good agreement with  the remlts presented  herein. With boundary-layer 
suction a t  a CQ of 0.024 the maximum l i f t  coefficient was increased 
t o  1 .Og and 1.06 for the two flapped conditions kcmasing  Cq t o  0.037 
resul ted  in  a further increase i n  C h  t o  1.14 f o r  the semispan flapped 
wing and 1.23 for  the wing with  f'ILl"span flags The pitching-mcanent 
curves for both 'flap  configuration8  indicate t h e  same trend of e t ab iu ty  
as the p l a b  w i n g  w i t h  and without  suctian  particularly as regards the 
longitudinal instabi l i ty  ak the stall. Tuft studies of the eemispan 
flapped w i n g  w i t h  and athout boundary-layer suction (fig.  10) show 
the early t i p  stall and flow pat terns   to  be typical of that   for  t he  plain 
wing 

Characteristics of t he  wiw with  extensible leadiw-edw flaps.- 
The plain wing ELnd the wing with s p l i t  -flap results have shown that 
the  stalling  characteristics are essentially  unaffected by boundary- 
layer   cmtrol .  A two-dimensional-flaw investigation of the 
NACA 6 4 1 - A l l 2  airfoil section  indicatsd  the  stall  to be characterized 
by the tendency f o r  separation t o  occur first a t   t he  leading edge- A 
simple device available f o r  eliminating $he flar__b_llfik@wn at  the leading. 
edge is  a31 extensible leading-edge flap which in effect  modifies the . 

a i r fo i l  contour.  This  type of f lap has been . a h a w n  t o  be an effective 
stall-control: device 011 a wing of lower sweep a t  high Reynolds number 
(reference 1) 



The results  obtained.for t he  extensible leading-edge flaps are 
shown in figure ll. The additicm of t he  flaps  extended  the  lift  curve 
so that  greater  maximum  lift occurred at  slightly  higher angles of 
attack than was observed  for  the  plain WFng, which  results from the 
d e w  of leadingedge eeparatian  and in part from the  effective  increase 
in wlng mea. Without mction, the 0.5*-span, 0.6$-span,- and O.7l5span 
flaps  increased  the  value  of C h  of the  plain wing by  approximately 
0.14 in each  case. The 0.9&-span flap  configuration  with  auction at 
a CQ of 0.024 produced only a d Further increment,  but t he  l a g e r  
flaps  each  produced an increment  of  approximately 0.05 f o r  a flow coef- 
ficient  of 0.024. By increasing  the  suction  coefficient  to 0.037 an 
additional  lift  coefficient  increment  of  approximately 0.03 was obtained 
f o r  all three  flap  configura;ions,  thus  giving a maximum lift  coefficient 
of 1.18 for  the 0.71ppan b flap. 

2 

The pitching+nomsnt  characteristics  of  the wing with  extensible 
leading-edge  flaps and without  Buctiori are aimilar  to those of the  plain 
wing. Approximately neutral longitudinal  stability is ahowr- over the 
low and medium range of k, and at higher  lift  coefficients there is 
an increase in stability follawed by a eudden instability near the  stall. 
The  hf’t  studies  of  the w i n g  with extensible leadingedge flaps (fig. 12) 
show that  begins at the  inboard end of the  flap;  whereas,  for  the 
plain w i n g  stall  first  occurs  at  the wing tips. The initial stall at the 
inboard region is attributed to the  disturbance  created by the vortex 
shed f r o m  the end of the flap.  Without  suction t h e  stall apreads  rapidly 
outboard resulting in a forward movement in center of pressure  with the 
ultimate  longitudinal  Instability. 

Application of a suction flow coefficient  of 0.024 to  both the 
0.5&”pm and o.@-span flap  canfigurations resulted in a clean  up of 
the flow  behind  the  flaps with a slight instability occurring  prior  to 
the  stable pitching m o m e n t  at the stall (fig. 11). A f’urther increase 
in t h e  suction f low coefficient  to 0.037 completely  eliminated  the  slight 
instability  with only the  portion  of t h e  wing affected by the flap  vortex 
being  disturbed. B o u n ~ - l a ; g e r  Buctian did not  eliminate the instability 
at maximum lift f o r  the  0.71$-span  flap  install.&tion. Similar effects 
of  the leadingedge  flaps on the  longitudinal  characteriatics have been 
shown on another sweptback wing without  boundary-layer  control by suction 
in  reference 1. Since  the  flow on the wing is greatly  affected by t h e  
flaps  there  appears  to be an optimum span for control  of  the  longitudinal 
characteriatics  of  the wing near the stall. When the  flap apan exceede 
the optlmum configuration,  the fldw over the outer a portion  assumes 
the  characteristics as shown for the plain wing. 

2 2 

Cheracterietics  of  the wirw w i t h  conibinations of extensible lea*- 
edge and semispan split  flaps.- The combination8 of extensible le-- 
eQe and semispan sp l i t  f lape produced a mimum lift coefficient of 
approximtely 1.15 which is 0.19 -eater  than that obtained for the plain 
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wing (figs. 7 and 13) .  For these configurations  without  boundarg"layer 
sxction  the wing is neutrally  etable  up  to  stall  and  unstable  at  the 
stall. The instability at & is a result of the  tip  stall due to 
the  induced flow by the  deflection  of the split  flaps (fig. 14). 

Boundary-lapr  control  with a suction  flow  coefficient of 0.024 
increased the to 1.19 for the O.5O$~1pan combinations  and  to 1.21 
and 1.23 f o r  the 0.60ppan and 0.71g-sgan leading-edge  flap  combinations, 
respectively.  Increasing the flow  coefficient to 0.037 increased. the 
values of C h  to 1.21, 1.24, and 1.28 for the O.5ob-span, 0.6&-span, 
and 0.71&span leading-edge flap  combinations,  .respectively. The wing is 
longitudinally  unetable  at  the  maximum  lift  coeffic-lent  for a l l  flap 
conbinations  at a suction f l o w  coefficient of 0.024- and 0.037. The flow 
diagrema (fig. 14), for C - 0.037, indicate  that the flow in the area 
behind the slots is undisturbed up to maximum lift and initial  stall 
OCCWB at  the  inboard end of the leading-edge fhp. Slightly below 
maximum lift the  tip  sections  also  became stalled. At maxhmm lift the 
entire  area  behind  the  suction  slot  suddenly-  stalled  resulting in 
longitu3inal  instability. 

h b  

2 2 

8 -  

Effect of power failure.- B o m w - l e y e r  control in conjunction 
with the high-lift  devices  increased  the. lift- an&-f&< some configuration8 
eliminated t h e  longitudinal i n s t ab i l i t y  at the stall. In the  event of 
auction-power  failure  for an airplane in the  landing  condition us- any 
one of ths  wing  configuratians 3s presented in figures 7, g(a), ll(a), 
m d  l3(a>, the detrimental  effects  of  having  the  suction  elote open and 
fan w h - d m i l l i n g  m e  clearly  shown.  There is a reduction in 
about 0.10 to 0.20 depending  upon t h e  flap  configuration, and also an 
increase  in  the  destabilizing  pitching-moment  tendencies. The maximum 
lift coefficiente  attained fo r  t h i s  condition are in,all cases lower 
than  thosa  determined f o r  the w i n g  without  suction. An interesting cbarac- 
terietic of this  condition  is  that the drag of  the mdel at low lift 
coefficients i s  essantlally  unaffected by the  slots-open  fan-inoperatfve 
conditiaa. 

lkw characteristics.- The variations of warned d r a g  coeff'lcient 
WFth m d  Kithoat bounbry-leer cantrol w e  giv& in figures 7, 9 ,  11, 
and 1 3 .  The drag coefficients as presented do not  Fnclude  blower-power 
drag coeeficients. The addition of split  fsaps  without  suction  gave 
large increments of drag whereas the  leading-edge fhpa incre3sed the 
drag o n 4  0.007. over the plain- drag coefficients.  The  appllcatlon 
of boundary-layer cantrol  produced a trend toward the  reduction of the 
measured &rag coefficients fn the higher liboefficient range. In 
the low and moderate lifkoefficient range for the two suction-flow 
conditione  inveetigated  there is no appreciable  change in the  measured 
drag coefficients  over  the slot-aealed condition. Although no appreciable 
drag reauction was ehown at low lift  coefficients,  it is possible that 
an optimum  configuration would  remlt in 80- reduction in t h e  measured 
drag coefficient  as indicated by recent;  two-dimsnsionrtl  teets of a similar 
airfoil  section. 
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In orderto obtain the totel drag coefficient  with  bounkry-layer 
control, %e drag coefficient  equivalent  to  the  power  required to 
discharge  the  afr  removed from the  boundary layer at f’raeLetream total 
head  must be  inclubd. The blower-ower  equivalent, drag coefficient  is 
determined  from t h e  relatioruship 

The variation of the pressure  coefficient Cp with  angle of attack 
for the model with and wfthout high-lift  devices  and for suction  flow 
coefficients of 0.024 and 0.03’1 a r e  presented in figure 15. Cozputatione 
of the  approximate  magnitudes of the  power  equivalent drag coefficients 
using  average  values of over the angle-of-attack range, give  values 
of % of 0.039 md 0.10 for  flow coefficimts of 0.024 and 0.037, 
respectively,  for  the plain4ng configureti&.  These  values a r e  
undoubtedly  high as no attempt was made to reduce  the internal losses. 
From these  calculations,  however,  it is apparent that the  blower-power . 
&reg is an important  factor $0 be cansidered when boundary-layer  control 
i e  applied and every attempt should be made  to  keep  internal lo8638 at a 
minimum. For the  teat setupused, however, R CQ of 0.037 resulted In 
a blower drag coefficient  which is approximately X) percent of the total 
drag at & and approximately 85 percent of. the  total drag of the 
model at l o w  lift  coefficients. The horsepower requfred for  boundary- 
layer  control Can be estimated by multiplying t h e  equivalent drag coeffi- 
cient by the wing area and the  applicable values of free-stream  velocity 

3 

. and  dynamic  pressure. 

Characteristics  of t h e  Wing with S q w e  Tips 

The  lift and drag characteristicB  of  the wing with  square  tips are 
esssntially t h e  same as those presented for the wing with round tips. 
A summary of  the mesdmwn lifts  obtained  is  presented in table 11. The 
pitching+mmnt characteristics  of t h e  wlng with square tips (fig. 16) 
show  that  with the O.5%-span  extensible  1eading”edge  flaps  installed 
and without  boundary-layer  control,  there l e  a atable pltching+nommt 
break at maximum lift coefffcient  but  preceded by a mild instability. 
The stable  pitching mment Ebt & appear8  to be the  reault  of  the 
improved flaw over-the tips due to t h e  fact that the outboard  end of 
the  flap  was  extended to the extreme  tip. The stable  break at C k  

did  not occw f o r  either  the 0.60”span and 0.7lppan leading-edge  flaps 
and  the stall progression  was e d lar to that of the rounded-tip wing. 
Boundary-layer suction  for  -flow  coefficients-of 0.024 and 0.037 f o r  both 
the 0.5&-span and 0.6&-apan  leading-edge  .flaps  sompletely  eliminated 
the  instability at & and  gave a stable  pitching  moment  at 
Emeyer, for the O.7l$-~pan f l a p s  boundmy-layer control d i d  not 
eliminata the longitudinal  Fnktability at the k i m u m  lift  coefffcient. 

b 

b b 

2 2 
Lo 
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The  results  of the investigation in the LangLey full-scale  tunnel 
of a 47.5O sweptback  wing-fuselege  combination  equipped far boundary-layer 
control  by  suction  with varim high-lift  devices are s m i z e d  88 
f O l l O W 8  : 

1. An increase In Remolds number f r o m  2.1 X 10 6 to 7.1 X 10 6 and 

from 2.1 x 10 6 to 5.0 X 10 6 for  the  plain w i n g  asld for the  wing  with 
semispan split  flap8,  respectively,  caused a destabilizing  shift of the 
linear  portion of the  pitching+mment  curve  progressively  moved an 
unstable  break in the c m e  near t h e  s t a l l  to  higher  lift  coefficbnte. 
The increase in Reynolds nuuiber did not  apgreciably  affect  the  lift. and 
drag characteristice. 

2. Conibinations of slot8  utflizing  the  forward moat s lo t ,  0.20c, 
are the  most  effective  for boundary-layer control a8 initial  separation 
occurred  near t h e  wing leading edge. Applying  suction  through  the 0.70~ 
slot was not effective in improving  the wing characteristics. 

3. The maximum lift coefficient of the  plain wing w i t h  the  rounded 
t i p s  and  without boundary-lager control was 0.96. Boundary-layer sdction 
for flow  coefficient8 of.0.024 and 0.037 increased 

and 0.70~ slot  conibination. 
of 1.07 and 1.11, respectively, .- . -  

4. Without  boundary-layer  auction maximum lift coefficients of 1.02 
and 1.09 were  obtained f o r  the wing with semispan and full-~pan s p l i t  
flaps, respectively.  With a suction  flow coefficient of 0.037 for t h e  
corresponding  flap  con$iguratiqne the ~~..~ift..c~efficiente w e r e .  1.14 
and 1.23. With  and  without boundary--l&yer control t h e  ~&d&l was  unstable 
at  the  stall. . . . .  . . . . . . . . . . . .  . .  -. 

5.  The application of b.oundaq-layer mctian with  the 0.5$-span, 
0.6& -span,  and  0.71k-epan  extensible l e a d i w d g e  flap  configurations 
produced m a x i m  lifg  coefficients of 1.14, 1,17, and 1.18, respectively, 
for  the suction flaw coefficient..& O..OO37. Suction at flqw coefficient+ 
of 0.024 and 0.037 resulted in longitudinal  stability a t  t h e  stall f o r  
both the O.5%-spm b and 0.6%-~pan b flap configurations. The 0.718-epan 
f lap configuration  wae  unstable  at the stall.w3th w.d without boundary- 
layer cantrol. ... - - - . -. - ... -. - .. - . " ... 

2 

6. Cordbinations of 0.  ?$j-span, 0.60"sp&, b and 0.71~-spm leading- 2 2 
edge flaps  with aemiepan split.fl&ps gave the  highest mximum lift coeffi- 
CieZlt6 of 1.21, 1.24, and 1.28, respectively, for the suction flow coefff- 
ciant of 0.037. The mpdel. was longitudinallgl  unstable  at  the 8Wl far 
all  configurations with  and  without bcrundary-layer control. 

." ." 
I 

T 
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7. Changing t h e  wing-tip  shape f r o m  a round to a square tip had 
only minor effects on the  lift and drag characteristics  of the model. 
The longitudinal  stability chmacterietics of the model were improved 
for  the 0.5C$-span e~ten8ible leading+xQe  flaps  with and without 
suction. No appreciable changes in the longitudinal chmacteristfca 
occurred  for the other flap configurations. 

8. Boundary-layer  control  produced a trend t m d  the  reduction 
of the  measured drag coefficiente in the  higher  lift-coefficient range 
and did not  appreciably change t h e  measured drag coefficient8 in  the l o w  
lift-coefficient  range. For the plain wing the  drag coefficient equlva- 
lent to the  blower power required to di8che;rge the boundary layer at 
f’ree-stream total  head  is approximtely 0.039 and 0.102 for value8 of CQ 
of 0.024 and 0.037, respectively. 

9. Blower-power  failure would result in  a reduction In t h e  maximum 
lfft  coefficient and would also result in an abrupt  longitudinal in&&- ’ 

bility at the lower maxirmrm. lift  coefficient. 

Langley Aeronautical  Laboratory 
National Advisoq Collmrittee for Aermautics 

Langley Field, Va. 
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Total wing area: 
Rounded tip 229.4 sq. ft. 
Square tip 231.0 sq. ft. 

Aspect rat io 3.5 
Taper ratio 0.5 
Airfoil  section MACA 64,-A112 
Root  chord 10.8 ft 
Tip chord 5.4 ft 
E 0.37 ft 

Figure 1.- Three-view drawing of a 47.5' s w e p t k k  wing-fuselage combination with boundary- 
layer control. 
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-Square tip 

-Rounded tip 

0.20 CI .Ollc' R 

(dl Section CC. 

Square tip 
Rounded tip (e) Enlarged view of 

suction  slot. 

"7 
(6) Section AA. 

Figure 3. - The location and detail dimensions of high-Ut devices. 
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(a) Plain wing. 

Figure 5.- Effect of Reynolds number on the aerodynamic characteristics of a 47.5' sweptback 
wing-fuselage cornthation with rounded tips. C = 0. Q 
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(b) Semispan split flaps. 
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Figure 5.- Concluded. 
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Angla of d o c k ,  a ,  daq 

Figure 8.- Effect of slot location on the aerodynamic characteristics of a 47.5' sweptback 
wlng-fuselage combination with boundary-lager control. Plain wing, rounded tips, 
R = 4.2 X 108. 
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Figure 7. - Effect of boundary-layer control by suction on the aerodynamic characteristics 
of 47.5' swept- wing-fuselage combination Fbunded tips. R = 4.2 x lo6. 
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Figure 8. - S U n g  characteristics of a 47.5' sweptback  wing-fuselage 
combination with and without suction. 
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(a) Semispan split flaps. 

Figure 9.- Effect of boundary-layer control by suction on the aerodynamic characteristics of t-c 
47.5’ sweptback wing-fuselage eombination with split flaps. IZounded tips. R = 4.2 x lo6. ; w 
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Figure 10. - Effect of semispan split flaps on the stalling characteristics 
of a 47.5' sweptback wing-fuselage combination with and without 
suction. 



.4 

8 

! 

(a)  0.60 z-span extensible leading-edge flaps, b 

Mgure 11.- Effect of boundary-layer control by suction on aerodynamic characteristlcs of 
47.5' sweptback wing-fuselage combination with extensible leading-edge flaps. Rounded E 
tips. R = 4.2 x 106, 
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(b) 0.60 5-span extensible leading-edge flaps. 

Mgure 11.- Continued. 
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(c) 0.71 b-spm extensible leading-edge flaps. 

Figure 11.- Concluded. 
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Figure 12.- Effect of 0.50 &-span  extensible  leading-edge flaps on the 
stalling characteristics of a 47.5' swepthack  wing-fuselage  com- 
bination with and without suction. 
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(a) flemispan split  flaps and 0.50 ;-span extensible leading-edge flaps. 

Figure 103.- Effect of boundary-layer contml by suction on aerodynamic characteristics of 
47.5 sweptback wing-fuselage combination with split flaps and extensible leading-edge 
flaps. Rounded tips, R = 4.2 x lo8, 



. . . . . . .  . . . . . . . . . . . . . . . . . . . . .  . - ............ 

...... 

(b) Semispan split flaps and 0.60 2-span extensible leading-edge flaps. b 

Figure 13. - Continued. 
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(c) Semispan split flaps and 0.71 b-span extensible  leading-edge flaps. 2 
Figure 13.- Concluded. 
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Figure 14.- Effect of semispan split flaps and 0.50 --span extensible 
leading-edge flaps on the stalling characteristics of a 47.5’ swept- 
back wing-fuselage combination with and  without  suction.’ 
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(a) CQ = 0.024. 

Figure 15.- Variation of pressure coefficient with angle of attack for 47.5' sweptback wing- 
fuselage combination wi th  boundary-layer control by suction. Rounded tips. \o 
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(b) CQ = 0.037. 

Figure 15. - Concluded. 
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(a) Plain wing. 

Figure 16. - Effect of boundary-layer  control by suction on aerodynamic characteristics of 5 
47.5O sweptback wing-fuselage combination. Square tips. R = 4.2 X lo6, 



(b) 0.50 --span b extensible leading-edge flaps. 

Figure 16.- Continued. 
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(c) 0.N k-span extensible leading-edge flaps. 
Figure 16.- Continued. 
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(d) 0.71 %-span extensible leading-edge flaps. 

Figure 18.- Concluded. 
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