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NU.B3ERS FROM 2.50 x lo6 TO 8.10 x lo6 
By Robert R .  G r a h a m  and Willtam A. Jacques 

The effects  of suction  through a porous leading-edge  surface have 
Seen investigated  in  the Tangley  19-2oot pressure  tunnel on a wing having 

of 0.5, and NACA 641-212 a i r fo i l   sec t ions  normal t o  the 27-percent-chord 
lice. T'ae effects  of verylng  the chordwise  and  spanwise extent of porous 
area were investigated on the wing without  trailing-edge flags and the 
effects  of one chorcwise  and sganw5,se extent of porous area were iaves- 
t igated 011 Yae wing v i t h  half-sgan s p l i t  acd double s lo t ted   f lcps .  The 
t e s t s  covered e r a g e  of Reynolds nmber from 2.50 x 106 t o  8.10 x 106 
and a range of Mach  number from 0.08 t o  0.26. 

k 3 7 O  sweepback or" t he   l ea sng  edge, an asqect   ra t io  of 6 ,  taper   ra t io  

L 

The results  indicate  that  at Mach numbers of the  order of 0.12 the 
outboard stall  of the wiEg  calz be  delayed amd nose-down  moments at maxi- 
mum l i f t  can  be  produced  about 8s  effectively by bou-n&ary-layer control 
as by a leeding-edge f l ap  or slat. Suction  over the outer 50 percent of 
the  selrispan  controlled the t i p  stall and allowed maximum lift coeffi- 
cients of 1.33, 1.49, and 1.90 t o  be attained w i t h  treiling-edge  fleps 
oeutral, :h&lf-span spl i t   f lap  def lected,  and hzlf-span  double  slotted 
flap  deflected,  respectively. When a leading-edge f l a p  m s  deflected on 
the s a e  portion of the  solid-leading-edge w i n g ,  corresponding  values of 
1.39, 1.46, and 1.87 were Ettained. 

A t  a free-stream V5ch nuxber of 0.26, t i e  wiag with leading edge 
sealed  s te l led vhen sonic  velocity w a s  reached  locally. The limited 
suction  available, et tht Mzch nu-ber, &elaye& tne tip stall until a 
l ocs l  Mach  number of 1.20 w a s  reached but  did  not  provide nose-down - moments. 

. 
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INTRODUCTION 
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Considerable  research in recent  years has been  carried on for  the 
purpose  of  improving  the  low-speed  longitudinal  stability  of  sweptback 
wings. Most  of  this  work has been  concerned  with  delayir-@;  the  tip stsll 
by means of auxiliary  devices  sxch  as  leadlng-edge  flaps,  slats,  or  droop 
nose.  (See,  for  instance,  refs. 1 to 3.  ) Nore  recently,  attention 'has 
been  directed  toward  the  possibility  that  stability  at  the  stall  might 
be  obtained just as  effectively  by mans of  boundary-layer  control. 

Sane  data  are  available  which  demonstrate  that  longitudinal  stability 
at  the  stall  can  be  improved on sweptback wings by  means  of  suction 
through  leading-edge  slots  or  porous  area  (refs. 4 to 6). An agpraisal 
of  leading-edge  suction  as a stall-control  Cevice on sweptback  wings, 
however,  can  be  =de o w  if its  effects  can  be  directly cqared with 
the  effects  of  auxiliary  devices on the  same  wing. In order  to  make  this 
comparison an& also to  provide  additional  data showing the  effects  of 
leading-edge  suction on sweptback  wings, an investigation  was  made in 
the  Langley  19-foot  pressure tunel on a 370 sweptback  wing  of  aspect 
ratio 5 with  suction through a porous  leading  edge.  The  effects  of  aux- 
iliary  devices on the sae wing  are s h m  in reference 1. 

The  tests  included a few  mede  with half-span sglit or  aouble  slotted 
flaps  deflected  and  were  =de  over a range of Reynolds  number  from 
2.50 x 106 to 8.10 x lo6 and a range  of  Mach  number f r m  0.08 to 0.26. 

SYMBOLS 

Forces and moments on the  wing  are  referred  to  the  wind aes with. 
the  origin at the  qmrter-caord  point  of  the  mean  aerodynmic  chord. 
A l l  coefficients  and  dimension symbols refer  to the model  as a cmslete 
wing. 

cLmax 

CD drag  coefficient, Drag/qoS 

maxbum lift  coefficient 

cDP equivalent  pump-power  drag  Coefficient, C-$a 

c, pitching-moment  coefficient,  Pitching  moment  about 0.25E 
%SE 

n 
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- 
cP 

cQ suction-flow  coefficiellt, Q/V,S 

suction-euct  pressure  coefficient, - % 
a* 

- 
P pressure  coefficient, 

Pcr pressure  coefficien-i; fo r  local sonic  velocity 

xJ - Po 
Q% 

c; 

- Q 

P 

S 

S’ 

b 

- 
C 

C 

Y 

A 

5 + M ~ C O S ~ A  l oce l  Mach number, 
1/3.5 

- 5  

(0.7-m2 + I) 

allgle of attack of root chord, deg 

duct t o t a l  pressure inside porous leading edge 

volme f l o w ,  a t  free-stream  densfty, through porous surface 

locel  stetic  pressure 

t o t a l  vipg  area 

wing area  aTfected by suction (See teble I) 

Xing span 

locel  wing chcrd para l le l  t o  plane of syrmetry 

l a t e r a l  coordinzte 

sveep of l ea6hg  edge 
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PO 

Jk 

VO 

PO 

P 

a 

free-stream static  pressure 

free-stream  total  pressure 

free-stream  velocity 

free-streau air density 

coefficient of viscosity 

speed  of sound 

MODEL APSD APPARATUS 

The model used in   this   invest igat ion w a s  a semispan w i n g  mounted 
in   the  presence of a reflection plane as s h m  in   f i gu re  1. A photo- 
graph of the model. and reflection  plane mounted i n  the tunnel i s  pre- 
sented as figure 2. Except for   the modified leading edge, the w i n g  was 
the sane one described i n  referencd 1. It h d  an aspect  ratio of 6 ,  a - 
taper   re t io  of 0.5, and 37.25O sweegback of the leading edge. The air- 
fo i l   sec t ions  were of NACA 641-212 profile  perpendicular  to the 27-percent- 
chord l ine .  The general p l m  form and some of the  principal  dinensions 
of the model are given in   f igure  3.  

For several tests the node1 was f i t t ed  with 0.50b/2 sp l i t   f l aps ,  
0.50b/2 double s lot ted flaps, and a fence a t   t h e  0.50b/2 s ta t ion,   detai ls  
of which are presented i n  figure 4. 

The leading edge of the upper surface was constructed from a lam- 
inated skin  attached  to  solid  r ibs.  Two skins were tested, both of which 
coosisted of 1/16-inch  gerforated  plate covered w i t h  a layer of 14 x 18 
mesh bronze  screen and an outer  surface or' 30 x 250  mesh,  Dutch  weave, 
Monel f i l ter  cloth. The filter cloth was rolled from its original thick- 
ness of 0.026 inch t o  O.Cl8 inch for  one of the  skins and t o  0.016 inch 
fo r  the other  skin  to  obtain the desired values of porosit ies and a 
smooth surface of tne skin. The porosity  characteristics of the two skins 
as Instal led on the mosel are shown i n  figure 5. The porosity of the  skin 
with 0.018-inch f i l t e r   c l o t h  is designated as porosity A and that for the 
skin  with 0.016-inch f i l t e r   c l o t h  is designated as pqrosity B. A tMrd 
porosity was inadvertently  tested  in t'ne beginning of the test program 
when the porosity of the 0.016-inch f i l t e r   c l o t h  was reduced by the  cor- 
rosive  action of soldering flux whFch had been used only  along the edge 
of the   sk in   in  the fabrication  process  but which apparently  penetrated 
the  ent i re   ares  of the skin by capillary  action. T h i s  porosity is des- 
ignated as gorosity C and was used f o r  only a few tests  before the skin 
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- was cleaned by  means of hydrochloric  acid,  xater, and steam to  increase 
the  porosity to that desigpated as porosity 3. The 0 . 0 1 8 - i ~ ~ h   f i l t e r  
cloth was ceEented i n  place; hence, no corrosion problezn occilrred. 

c 

The so l id  ribs wbAch supgorted  the  porous skin dtvi-ded the leaGing 
edge into  eight conpartments the dimensions of which are shorn i n  f ig-  
ure 2. Each  compartment was connected. t o  the main suction  duct  through 
en i n d i d d u d  flow-aeasuring  venturi aaCi flaw-control  gate  valve. 

Flow into  the  leadlng edge of the h i n g  w a s  obtained by connectirg 
the suctioo  duct  to  the  outside of the tunael when the air in  the  tunnel 
was compressed t o  about 21 atmospheres or t o  high-capaity vacuun pmps 
when the air i n  the  tunnel w a s  at atmospheric gressure. 

3 

The extent of the porous area w a s  controlled by spraying the leading 
edge with a layer of nonporous stripgable  plastfc and a layer of lczcquer 
sanded smooth End then  strlpsing off only the  area which wes t o  be  porous. 
The porosity of the  skin was snaintained by .oassing a cleaning  agert  such 
as acetone or cerbon tetrachloride  through t'k PO- yous area. 

- The leading edge of the -+ring was equipped  fi-th sur face   o r i f ices   a t  
0, O.OOlc, O.OO3cY and 0.005~ at  the spanwise  midpoint of each  conpert- 
ment t o  measure the De& leading-edge pressures at  those spanwise 

t o t a l  pressure  inside  the  leading edge. 
- locations. Each cmparfmer-t was equipped w i t h  a tube fo r  meesuring the 

Tests 

The t e s t s  were =de in   the Langley 19-foot gressure  tunnel. The 
m j o r i t y  of the t e s t s  were -de w i t h  t he   a i r  i n  the  tunnel compressed t o  
about 21, atmospheres. The Remolds number raage for   those  tes ts  w a s  

4.36 x IO6 to 8.10 x lo6 and the corressonding Mach nmber range vas 0.08 
t o  0.15. In order t o  investigate some of the  effects of compressibility, 
e few tests were  =de xi th   the air i n  the tunnel at  atmospheric  pressure. 
The  Mach  number range for  those tests was 0.10 t o  0.26 and the corre- 
sponding Reynolds nurrber range was 2.50 x 106 t o  6.30 X 106. 

3 

L i f t ,  drag, asd pitchlng-nment data were obtained  through an angle- 
of-sttack range extenang beyond maximum l i f t .  Airfoi l  peak pressures 
and suction-flow rates  were also obtained through this range. The extent 
of gorous srea w a s  varied spanwise between the 0.15b/2 s ta t ion  and the 
0.95b/2 s ta t ion  m d  chordwise between 0 and 0 . 1 0 ~  on the upger surfece. 

Tests were made to  investigate  the  effects of suction on the  plain 
- 

wing, the wing w i t h  0.50b/2 s p l i t  flaps, aad the w i n g  with 0.50b,h double 
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slotted  flaps. An upper-surface  fence at the 0.50b/2 station  was also 
tested on the  preceding  configurations. 

A few  tests  were  made  with  tbe porous skin  exgosed  but  with  the 
suction  valve  closed  to  simulate  suction-power  failure. 

All the  tests  with  suction  were  made  with  the  pressure  inside  the 
leading edge constant  along  the  span.  The pessure was varied  through 
the  angle-of-attack  range,  however,  in  order  to  maintain a constant  value 
of  flow  coefficient CQ. 

COXRXCTIONS TO DATA 

The lift, drag, and pitching-moment hta presented  herein  have  been 
corrected for air-stream  nisalinement  but  have  not  been  corrected f o r  
support  tare and interference  effects.  Previous  experience  on  complete 
models  indicates  that  corrections for the  effects of tine tare ssd inter- 
Terence  caused  by t'ne model  supports  consist of (1) a constant  shift in 
the  pitching-moment  curve  (about -0.008l, (2) a slight  incresse in lift- 
curve  slope  (about 0.0008), and (3 )  a decrease An drag  in  the law lift 
range. 

Jet-boundary corrections  obtained  by  combining  the  methods of refer- 
ences 7 and 8 were made to the angle  of  attack  and  to  the  drag  coefficient 
and  are as follows: 

ACD = 0.O164CL2 

The  correction  to  the  pitching-mcment  coefficient cawed by  the  tunnel- 
induced  distortion of the  loadirrg  is 

= O.01O1CT 

An additioml drag correction was required  in  these  tests  because 
the air  dra-m into  the  wing was discharged  at  right  angles  to  the  air 
stream, ths creating a &ag  force  equal  to tha.t caused by loss or" momen- 
tum  of  the  suction  air in the drag direction.  The  assumption w&8 made 
that  the  nonentum  of  the  suctior-  air was that in the  free strem and  that 
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- no losses occurred in   the  wing bomdaq layer   pr ior  t o  entering the Xing. 
The drag  correction determined frm impulse zmmentum grincis les  is 

ac = -2CQ =Q 

FESULTS mD DISCUSSION 

The r e s d t s  of the investigation are smmarized i n  table 11. Detailed 
resul ts  from sone of the more irteresting  cozfigurations  are  presented 
in   f igures  6 t o  33. 

W i n g  Without Flaps 

W s . -  A cornpmison of the 
l i f t  and pitcbing-nmen=l characterist ics  as shown in  f igure 6 with those 
of reference 1 indicates that at   Repolds  nmbers ebove 4.36 x 106 the 
installatior_ of the sealed gorous skin caused the  ini t ia l   separat ion and 
f i n a l  stall t o  occur a t  lover l i f t  coefficients md l m e r  angles of attack 
tin tnose f o r  the wing x i th   the   so l id   l eaang  edge. A t  the lawer Reynolds 
numbers (2.50 x 106 t o  3.50 x 1 6  the   instal la t ion of t'ne sealed porous 
skin bad prectically no effect .  2 'he mbcn l i f t  coefficient  for  the 
k d n g  at  a Fieynolds  number of 6.80 x 16 was 1.15 vi th  the  leading edge 
sealed and sm&d s~oot'11, 8s cmpared w i t h  1.27 w i t h  the s o l i d  steel 
leading  eQe. A siniler reduction  in maxhum l i f t  was noted i n  refer- 
erence 1 when the wing was tes ted w i t h  a slat in the retracted  posit ion 
( C k  = 1.17). These a f fe rences  i n  naximm l i f t  inaica-le  the  effects 
of small ch.=llges 1s the  leading-edge  contow on the -&hg stall and denon- 
st rate   the  diff icul ty  of accurately  fabriceting s. smoot'n lea- e6ge as 
campared vith  accurately  mchining one fram s o l i d  inaterial. 

Figure 6 a lso shows the  efsects of varying  the Reynolds numbers 
through a range from 2.50 x 106 t o  8.10 x lo6 a t  Path numbers below 0.15. 
The value of C h  varied frm 1-04 at  2.50 x 106 t o  1.15 a t  6.80 x 106 
End 1.13 st 8.10 x 106. The 1 F T t  coefficient et which the  unstable 
gitching-x0aen-i  break  occurred c-hmged from about 0.9 et R = 2.50 x 106 
t o  about 1.1 at  the higher Reynolds nmbers, thus indicating that the 
initial  trailing-edge  separatioE w.=s delayed t o  a higher  angle of attack. 

. 
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Tae plots of  geak measured pressure coefficient  across  the span of 
the "uing (fig.  7) show the  progression 02' the leading-edge stall as  the 
angle of attack is increased in the range near C h .  A t  the lowest 

Reynolds number of the tests (2.50 x 106) tile stall  originated  in  the 
t i p  area and spread  inboard as the angle of attack w a s  increased. As 
the Reynolds number w a s  increased t o  4.36 X 106 the initial stall was 
ddayed   to  a higher angle of attack,  but it covered a larger outboard 
area than a t  the lower Reynolds  numbers.  ,Further increases i n  Reynolds 
number caused a reduction in   a rea  of the i n i t i a l  stall and a more gradual 
spread of the stall w i t h  increasing  angle of attack. 

The effects of  varying the Reynolds number  combined with  those due 
to  compressibility are shown i n  figure 8 where the Reynolds number was 
varied  fron 2.50 X l C 6  t o  6.37 X 106 as the Mach number w a s  varied 
from 0.10 t o  0.26. The value of C increased from 1.03 t o  1 .l3 as 

the Mach  number was increased from 0.10 to 0.20 but  decreased t o  1.09 as 
the Mach  number w a s  further increased t o  0.26. The increase i n  C 

as the Mach nmber was increased from C.10 t o  0.20 was,  of course, due 
to   the  corresponding  increase i n  Reynolds nmber from 2.50 x 106 t o  
4.95 x 100. The decrease ir- Ck that occwred as the Mach nmber 
was increased above 0.20 w a s  due to   cmpressibi l i ty   effects .   Figure 9 
shows that the peak measured leading-edge pressure  coefficient  for  the 
plain wing reached a value of -ll.2 at a Mach nmber of 0.20 and  decreased 
as the Mach  number was increased. A t  a Mach  number  of 0.26 the peak meas- 
ured  leading-edge  pressure  indicated that sonic  velocity h,%& been reached 
locally. A t  that Xach  number the  local  attainment of  sonic  velocity 
apparently  precipitated the stall. A t  Mach numbers between 0.20 and 0.26 
the data do not  indicate that sonic  velocity was attained,  but it may 
possibly have been attained at  some location and angle of attack between 
those a t  which  measurements  were tsken. 

h a x  

h € L X  

/ 

The plots  of peak  measured pressure  coefficient  across  the span of 
the wing (Pig. 10) show that the angle of a t tack at which the outboard 
stall occurred did not  chnge through the Mach  number range from 0.14 to 
0.21;. Apparently increasing the Mach  number above 0.14 offsets  the 
effects  of tne corresponding increase i n  Reynolds nmber above 3.46 x 10 6 . 
Canparison of. figures 7 and 10 shows that at a Reynolds number of 
abodt 4.40 x 106 the ouyooard stall  occws a t  an  angle of attack of 17.30 
at  a Mach  number of 0.08 and E.20 at 0.18. A corresponding  reduction 
i n  the angle of attack  for the outboard stall was  brought  about at a 
Reynolds nmber of about 5.40 x 106 when the Mach  number w a s  increased 
from 0.10 t o  0.22 and a t  about  6.50 x 106 when the Mach  number w&s increased 
from 0.12 t o  0.25. 



2B NACA JIM L52L05 0 9 

- Effects or" varying sminwise extent of Dorous skin.- The date, of 
figures 11 and 1 2  reveal that saction  through  the  outboard 50 percent 
(0.45b/2 to 0.95b/2) of the  leading edge of t3.e wing at a Reynolds nmber 
of 6.80 X 106 increased  the ~llurinm l i f t  coefi'icient CLmwc from 1 .E 
to as much as 1.35 depending on the chordwise extent of gorous aree, 
the  porosity, and the flow coefficient. Extending the porous area  inboard 
as f a r  as the O.E.b/2 s ta t ion  resul ted  in  a slight.  decrease i n  Cb 

for the flow rates obtained. If it had been possible t o  obtain higher 
flow rates ,  Mgher  values of d g h t  have been obtained.  Suction 

over l e s s  than t i e  outer 50 percent of the semispar- resul ted  in  no iccrease 
i n  c over the  values  for  the  sealed-leading-edge  configuration. 

r 

c h . x  

h a x  

The ciata of Tigures 11 and 12 show that leading-edge  suction w a s  
required  only on the  outer 37 percent t o  50 percent of the   sdspaz l   to  
a l leviate  the sharp unstable  pitching moments in  the  high lfft range. 
Suction a t  the maxiam flow rates  available over less  than the outer 
37 percent  or over  nore than the  outer 50 percent of t i e  sendspan  caused 
the  pitching noments t o  be stable a t  but did not prevent a serious 

unsteble  trend frm occurring  just below C 
cb - 
k* 

The plots  of lesding-edge peak sressures across the span ( f ig .  13) 
show that suction over the  outer 25 percent of the semispan a t   t he   r a t e s  
obtained did not delay the stall In that area but did malntain some l i f t  
over that portion of the wing as the stall progressed  inboard. Thus the 
initial outboard stall  caused  nose-up monents but enough l i f t  w a s  main- 
tained over that portion of the wing so that a s  the stall progressed 
inboard  the  nments changed t o  a nose-dma airection. Extending the 
porous  area. inboard uatil it included  the  outer 50 percent of the semispan 
caused the stall t o  be delayed t o  a bigher  angle of atteck  but  the  suction 
was not sufficient  to  prevent a stall fro=  occurring  near  the t i p  a t  the 
same t h e  tb.rat a stall occurred j u s t  inboard of' the porous area. !The 
l i f t  that was m&iEteined on the  outer  portion of the wing, however, was 
suf2icien.t t o  cause the  pitching  nment a t  t h e   s t a l l   t o  be i n  a nose- 
dam direction. The area between the tk-o s ta l led  areas  maintained e. 
fa i r ly   l a rge  peak gressure and consequently a fa i r ly   l a rge  l i f t  t o  the 
Xghest  angle of attack  tested. When the gorous area %-as extended well 
inboard, a fairly lerge  pert  of the outer semispan s t a l l ed  when the 
inboard  sections  stalled and the  portion  vhich  mintailled lift was too 
f&r inboad  t o  contribute much to  the  pitctdng moments. Thus the  data 
indicate that, i f  rose-dawn mcrments are t o  be  obtained at  the stal l ,  
the spanwise exter t  of' porosity should be l imited t o  about  the  outer 
50 percent of the semisgan. It is  possible  thet nose-dawn mments could 
be obtained a t   t h e  stall with a longer  spasrise  extent of gorosity i f  the 
flow coefficient  could be increased  over  the  outboard  sections. 

. 
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Effects of varying chordwise extent of Dorow skin.-  Figure 14 shows 
the  effects of varying the chordwise extent of the porous area  while 
holding the spanwise extent  constant  (outboar& 50 percent of the  semispan). 
The flow rates used were those  obtained  with the maximurn pressure drop 
available so that tbe  duct  pressure  coefficient was unchanged regardless 
of extent of porous area. Thus the pressure drop across  the  skin and 
the  local flow ra tes  through  the  porous  skin a t  any particular  angle 
of attack remained unchanged as the chordwise extent of porosity was 
varied. Tie t o t a l  flow rate, however, increased. as the  extent of porous 
area was increased. The data ( f ig .  14) show that suction over only the 
leading  0.0055~ of the upper surface of the  outer 50 percent of tne semi- 
span was sufficient  to  delay the leading-edge stall so that nose-down 
pitching moments were obtained a t  C b .  The outboard  trailing-edge 
separation, however, s t i l l  occurred Just  below C h  as evidenced by 
the unstable pitching-moment t r end   i n  that l i f t  range. Increasing the 
chordwise extent of  porous area caused a sl ight   increase  in  C h  md 

also reduced the range of i n s t ab i l i t y   p r io r   t o  C-. 

The ?lots of leading-edge  pressure ( f ig .  15) show that suction  through 
the leaHng  0.0055~ of the  outer 50 percent of the  senispan  delayed the 
outboard stall  from a = 16.4O to a. = 18.4O, but the inboard stall did 
not  occur mtil 19.ho, w F t h  the result that nose-up moments were obtained 
xhen the outboard stall occurred.  Suction from 0.001~ t o  0.010~ on the 
same portion of the span delayed  the  outboard s t a l l  until an inboard 
stell had developed m-d maintained  the high leading-edge peak pressures 
&ost at tbe maximum obtained as the  inboard stall developed. Increasing 
the c2ordwise extent  delayed the tip stall to  Ngher  angles of attack 
m d  allowed Mgber pressure  coefficients  to be reeched  over  the  suction 
portion of the wing af ter   the  inboard  portion w a s  stalled. 

Effects of varying; suction  flow rate.- The data of figure 16 show 
tiit, at a Reynolds nlxLli)er of 6.80 x 106, reducing  the flow rate  from 
the maxjmum obtained w i t h  0 .015~  chordvise  extent and 50-percent  span- 
wise extent of suction reduced the maxhwn lift coefficient frm 1.33 
fo r  a CQ of 0.00052 t o  1.19 f o r  a CQ 05' o.aoo18. The pitching moments 
were s tab le   a t   the  stall  for  values of CQ of 0.00026 or  greater  but 
the unstable  trend below C k  was more severe a t  the lower flow ra tes .  
Tests a t  higher flow retes and reduced Reynolds numbers indicate that 
increasing  the flow coefficient did not completely eliminate the unstable 
-trend p r io r   t o  Ch. Thus the tests indicate that leading-edge  suction 

delayed  leading-edge  separation, w i t h  the result t-hat considerable  hprove- 
nent io s t eb i l i t y  was obtained a t  c They also indicate tha t  leeding- 
edge suction d id  not eliTd.nate trailing-edge segaration but did delay i ts  

Lma.x- 



spread toward the leading edge, wit’n the resu l t  that the  unstable  trend 
below C h  was less  severe w i t h  suction. It is  possible that e mld- 

chord suction s l o t  or  suction  area  operatfng i n  conjunction w i t h  leading- 
edge suction (similar t o  the  two-dinensfond  Errangenent in re f .  9 )  might 
delay  the  trailing-edge  separetion so that tne pitching-mcment  curve would 
be l inear  us  to C- 

hax’ 

The effects  of varying suction rates oz?. the  leading-edge  pressures 
are sham in  f igure 17. The ?nininum flow coeffictent  tested (CQ = 0.00018) 
delayed  the  outboard  leaafng-edge s t a l l   s l i g h t l y ,  as shmn by a campar- 
ison of t l e  data of figure 17 w i t h  the data of figure 7 obtained at  the 
seme Reynolds nunber w i t h  leadlng edge sealed. An increase  in C 
was obteined w i t h  the minimum flax coefficient  (see f i g .  161, but that 
amount of suctio9 did not maintei-n- enough l i f t  over  the  outboard  portion 
of the wing t o  cause any improvement i n  the  pitching-mment  characteristics. 
Increasing  the  suctioc  rate  to a CQ of 0.00040 delayed the stall t o  8, 

higher -le of attack (a = 19.5O) end caused an  increase in   t he  outboard 
l i f t  beyond tke stall which considerably  bproved the pitchir-g-momert 
charac te r i s t ics   a t  . The l i f t  that was maintained  over  the  outboard 

sectiolls   after  the stall occurred w&s sufficier-t t o  cause the  pitching 
moments t o  be i n  a nose-down direction. A fur ther   increase  in  CQ t o  
the maxhm that could be obtained a t  t i t  Reynolds number eQ = 0.00052) 
did not  czuse  apprecicble c’hange in   t he  spenvise  distribution of the 
peak pressure  coefficients  or  in  the  pitching-mment  characteristics. 
Sone data were obteined w i t h  a C of O.OOOg0 but  the Reyoolds number 

vas reduced t o  4.36 x 106 and the  effects of the Reynolds nmber  re&uction 
on the  ioboard stall ten6 t o  cloud any effects  or’ the increased f l o w  
ra te  . 

h 

Q 

Scale  effects w i t h  suction.- The effects  of varying  the Reynolds 
number  of t e s t s  of  the wiw w i t h  suction from 0 t o  0 . 0 1 5 ~  end 0.45b/2 t o  
O.gSb/2 are shorn- in   f igure  18 end 19.  Figure 18 shows that with a 
coostant  flow  coefficier-t GQ = 0 .OOO40) the l i f t  coefficient a t  which 
a severe nose-down c”;1Etnge occurred io the pitching-moment  curve vas about 
constant st I .26 through the  Remolds number r w e  from 4.36 x 106 t o  
8.10 x 106. Below a CL of 1.26 the _Ditching-mment characterist ics 
were similar throughout that Reylzolds nmber  range. One t e s t  was nede 
at a Reynolds omber of 3.46 x 106 aad s CQ of 0.00036. Uoder these 
conditions  the pitclzi-%-moment characterist ics were s h i l a r   t o  those 

severe change i n  the pitckdng-mmezzt curve  occurred a t  a lower l i f t  
coefficiezt  (1.21). 

. obtained e.t higher Reynolds nmkers w i t h  CQ = 0.00040 except tht the - 
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2eference 6 indicates that wi th  varying Reynolds number,  aynamic 
s h i i a r i t y   i n  the boundary layer w i l l  not 'oe obtained wit'n suction unless 
the  product C Q R ~ / ~  i s  held co,n_stant. Figure 19 shows that the  pitching- 
molnent characterist ics and the values  of C were essentially  the 

s m e  through the Reynolds number range from 4.36 X 106 t o  8.10 x 106 
wlren CQRI/~ w a s  held  constant  or when CQ alone w a s  held  constant 
(see  f ig.  18). Wli differences in   t he  pitching-noment characterist ics 
are probably dGe to   scale   effects  on the s ta l l ing  character is t ics  of the 
sections  inboard of the gorous par t  of the  leading edge. 

LmaX 

The spanwise plots of leading-edge pressure  coefficients  (figs. 20 
and 21) show ollly slight variations  in  distribution over the  outboard 
portion of the ving with  suction as the Reynolds number WES varied whether 
the  pro6uct CQ31/2 w a s  held constant a t  approximately 0.00040 48.10 X 106 
or  CQ WES held  constant a t  approximatelg O.OOOk0. In  either  case, how- 
ever, when the stall occurred it covered a larger  inboard (no suction) 
portion of the  ving a t  the low Iieynolds number than at  the  high Reynolds 
nmbers . 

- 
Effects of leading-edge suction on w i n g  characterist ics a t  c r i t i c a l  

speeds.- Same of the effects  of suction on the wing  were determined a t  
speeds a t  vUch  cri t ical   or  superzrit icai   oressure  coefficients were 
xeasurec a t  the  leading edge of  tlie model. The resul ts  are not  conclusive 
because only small flow coefficients were obtainable a t  those  velocities. 
The resul ts   ( f igs .  8 end 22) indicate, however, that the small flow rate 
used a t  M = 0.26 h& x 0.00015) was s e f i c i e n t   t o  delay  the t i p  stall 
somevhat although  not enough t o  cause nose-down pitching moxents a t  C b  
The nose-up moment  due t o  t i p  stall occurred a t  a l i f t  coefficient  about 
0.04 greater  than  the  corresponding l i f t  coefficient with leading edge 
sealea. In  oraer t o  scconplish this delay i.n the t i p  stall, the  suction 
was required  to  maintain the flow arollnd the leading edge eve= though that 
flow reached slightly  supersonic  local  velocities (Mz = 1.20). Figure 9 
show the  increase  in the outboard  leading-edge  presswe  coefficient (-9.3 
t o  -12.2) brought  about by slxtion through the porous skin (CQ W 0.00015). 

The spanwise plots of  leading-edge  gressure  coefficient  (figs. 10 
and 23) show that at  a Mach mxnber of 0.26 a flov coefficient of about 
O.COOl-5 increases  the  angle of attack  for  the outboard stall  from 14.2' 
t o  15.3' and lnaintains s m e  l i f t  over that portion of the w i n g  af te r   the  
stall.  The flox coefficient w a s  not  sufficient, however, t o   d e h y  the 
outboard stall  until &n inboard stall had developed. The resul ts  show 
sinilar changes st lower Mach numbers except that a much larger  increase 
i n  angle of a t tack  for  stall was brought  about by CQ z 0.00015 st the 
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lowest Mxh cumber and Reynolds nmiber the-n- a t  the  higher Mach numbers. 
A t  a Reynolds number of 2.50 x 10 and a Mach nmber of 0.10, the stall 
originated on %he inboard  gortion of the wing and l i T t  was maintained on 
the  outer  portion -well beyond t h e   s t a l l  so that the  pitching moments were 
in  a nose-dovn direction. When the flow w a s  increased t o  the maximum 
obtainable at the lower Mach nmbeTs, the  pitching-nonent  characteristics 
were  Improved (table 11) end the leading-edge pressure  coefficients 
( f ig .  24) indicated a larger l i f t  mintained over the outer  portion  after 
the ioboard stall had occurred. 

6 

Effects of lesding-edge  suctioa on the wing drag.- Tk effects  of 
various ra tes  of suction on the drag of the w i n g  are sho-rn i n   f i g m e  25. 
It can  be seen that suction has no effect  on the drag except i n  the range 
of l i f t  coefficient where the  suction has delayed  separation. The dreg 
data indicate that, in  the  case of  pawer failure,   separation OCCUTS a t  
a nuch lower l i f t  coefficient than k<th the  leading edge sealed and the 
drag coefficient  increases rapt,- a t  l i f t  coefficients ebove 0.8. Com- 
parison of the  drag date w i t h  those from reference I wi-th a leading-edge 
flaD on the same portion of the nodel as was occxpred by the porous area 
(0.45b/2 t o  0.95b/2) shows that, as would  be eqec ted ,  the w i n g  drag was 
l e s s  w i t h  suction than w i t h  the leaung-edge flap. When thz equivalent 
pump-power Cirag coefficient C D ~  f o r  greater than O.OOO3O is added 
t o  the w i n g  &rag,  however, the   to ta l  drag is gregter  than the drag of' %he 
w i n g  w i t h  leading-edge f lap.  

% 

Effects of uqer-surface  fences.-  Figure 26 shows that a fence on 
the  uwer  surface of the wing E t  O.SOb/Z delayed tkLe trailing-edge s e p  
a r a t i i n  so that the unstable-pitching-&oment tre-n-d below Ck was 
considerably improved and i n  some cases w a s  almost eliminated. The fence, 
however, had no ef fec t  on tlre leading-edge  separation so that about  the 
sene suction flow was required t o  produce nose-dam rncane~ts at  the stall 
with or without t'he fence. (See table 11.) 

No attempt was  made t o  determine the optimun fence arresgensent but 
the trends  indicated by the tests w i t h  one fence are similar t o  the 
%rends shown in  refereace 10, which reports a more complete fence 
investigation. 

The spm-wise plots  of peak pressure  coefficient  (figs. 17 and 27) 
show that, whCr suction,  the  angle of attack a t  which the i n i t i a l  stall 
occurred was about 10 lower for  the configuration with fence  then fo r  . 
the plain-wing  configuration. When the  leading edge was porous but no 
suction was agplied,  the  fence had no noticeable  effect on the stall as 
amlyzed f ro= the  leas=-edge  pressures. 
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The effects of leading-edge suction on the wing w i t h  trailing-edge 
flaps are sho-vn in   f igures  28 to 30. Caparison of the data of figure 28 
with  corresponding data from reference 1 shows that, with half-span s p l i t  
flaps, the  instailation of the sealed porous skin on tine  model caused a 
redwtion of C b x  t o  1.36 from 1.55 for  the  solid  leading edge.  Asplying 
suction  to  the  leading 0.015~ of the upper surface on the  outer 50 percent 
of the smispan a t  a flow  coefficient of o.oook8 increased C t o  1.49. 

The wing exhibited nose-up pitching moments a t  the  stall   with  the  leading 
edge sealed,  just as it did witin the solid  leading edge. With suction 
the pitching moments were i n  a nose-down direction a t  the stall, but   just  
below C b x  they  shared a nose-ug t rend  s imilar   to  that noted when the 
f laps  were neutral .  

bnax 

A comparison of the data for the wing w i t h  suction  (flg.  28) with 
tht for   the wing w i t h  a leading-edge flap on the sme portion of the  wing 
(ref .  1) shows that the maxFmun lift coefficient was aboGt the same for 
bot?  configurztions (1.4.9 and 1.46). The fl-ng with leading-edge flap,  
ha-ever,  exkdbited practically  l inear pitckhing-mozent characterist ics 
below the stall as w e l l  as nose-down  moments a t  the stall. One test was 
made with a fence a t  0 .5Cr~ /Z  bct the resul ts  ( f ig .  26) showed no effect  
on the  pitching-aoaent  characteristics and a slight  reduction  in cLmax 
(1.49 t o  1.45). 

The resul ts  of t e s t s  wLth the Wf-spm double s lot ted  f lap  ( f ig .  29)  
show that smt ion  through the  leading  0.015~ of the  zpper  surface on the 
outer 50 percent of the senis-oan a+, a CQ of 0.00048 was sl ight ly   bet ter  
than  the leading-edge f l&p  ( re f .  1) on the sane portion of the wing i n  
t e n s  of C (1.90 comgared with 1.87) end s t ab i l i t y  a t  the stall.  

Both configurations, however, produced a loop i n  the pitching-moment curve 
a t  the stall such that nose-up noments  were obtained at C but nose- 

down moments as the l i f t  dropped o f f   i n   t i e  stall. The fence at 0.5ob/2 
on the wing w i t h  suction  failed  to change the  loop i n  the pitching-moment 
curve  appreciebly and caused a slight reduction in  (1.90 to 1.85). 

The effects of suction on the  characteristics of the wing w i t h  double 
s lo t ted  f l a p  were also investigated a t  a Mach  nuniber where the stall wa8 
precipitated by ccmpressibility  effects (M = 0.24). The resul ts  (fig. 30) 
are  inconclusive, however, because the lriaximum CQ obtainable was only 

0.00016.  he value of c was increased from 1.68 t o  1.72 by that 
flow but  the pitching-noment characteristics were m f f e c t e d  (nose-up at 
the s ta l l ) .  

LpaX 

hllfAx 

cblax 

blax 
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- The effects of suction on the leading-edge sressures of the k3ng 
with  flaps  are shovn in   f igure 31. The lesdirg-edge  pressures  indicate 
tht the  i n i t i a l  stall and stall srogression x2th flass are similar t o  
those  without flaps.  The s ta l l   wi th  double s lo t ted   f laps  i s  so much l ike  
thet  without f laps that no indication is given of the rezson fo r  thc loop 
in   the pitching-aoment  curve.  Figure 31  also shovs t'mt the  effects of 
the  fence on -the  wing with  flags were similar t o  the  effects observed on 
the wing without  flaps. 

The wing drag zhrac te r i s t ics   wi th  f h g s  deflected  (Pig. 32) showed 
the 8- trends as with  flaps Gectral; that is, sone drag  reductions were 
effected  in  the high l i f t  r awe  by delaying  separation and the wing drag 
w i t h  suction was l e s s  t ' i  the drag with leading-eiige flep ( re f .  1). When 
the equivalent omp-power drag coefTicient IQ&S added t o  that of the 

w i n g ,  however, %he t o t a l  drag was greater  than that for  the wing d-th 
leadicg-edge flzps.  A t  ti. l i f t  coefficieot of 1.40 w i t h  s p l i t   f l a p s  
deflected,  the  total drag with CQ = 0.00048 vas 1 2  percent 'nigher t'nan 
the  drag of the scqe configuretion  with  leafing-edge  flap. At a lift 
coefficient of 1-80 with double s lo t ted  fl&gs deflected  the t o t a l  drag 
with C - 0 . 0 0 ~ 8  w a s  7 percent  higher khan t he t  for the same config- 
urationQ-+rlth  leading-edge flap . 

% 

Power Requirements for Porocs-hading-Edge  Suction 

The power requirenerts (excluail7-9; duct, pms, and ex i t  losses) fo r  
porous-leaang-edge  suction  %ere calculates as follows: 

A wing loading of 50 pounds per  square Toot and standard sea-level air 
density of 0.002378 slug per  cubic  foot were assurned in  calculz%ing s, 
and Vo. The wicg area used w a s  306.1 squere feet ,  w'nich correspouds 
t o  tpzt of a present-day  fighter  aircr&-l  of sqdlar sweenback angle. 

The paver requirercents were calculeted  for  the  flaw  coefficients 
obtained in   the   t es t s  an& the duct  pressure  coefficiects  required t o  
Faintain t'iose flow coefficients through the  angle-of-attack  range. The 
calculations were made for  several  trailing-edge-flap  configurations  with 
e porous leading e&ge fro= 0 t o  0 .015~ end 0.45b/2 t o  0.95b/2 and are  
presented i n  figure 33. 

. The calculations shov that the  plain wing would reguire 109 horse- 
pover t o  maintain a CQ cf 0.00052 (the  maxbm  obtaiced) through the 
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stall (Cp = 49.6). It would require 24 horsepower t o  draw a CQ of 
0.00026 (the minimum that produced  nose-downmments i n   t h e   s t a l l )  through 
the stall  cP = 20.6). 

With half-span split Pla3s the w i n g  would require 98 horsepower 
(Cp = 59.8) and. with  half-span double s lot ted flaps it would require 
78 horsepower (Cp = 58.1 t o  maintain CQ a t  0.00048 beyond C k  . T h i s  
flaw rate was sufficient t o  produce nose-down moaents a t  C when the 

split f l a p  were deflected  but  not when the double s lot ted  f laps  were 
deflected. The suction, however, was as effective as a leaang-edge  flap 
o r  slat (ref. 1) in hproving the pitching-moment characterist ics of the 
wing w i t h  double s lot ted flaps. These  improvements might have been  obtained 
with a lower  value  of C and consequently  lower power but no data were 
obtained t o  determine the minturn requrements. 

c 
1 

LnlElx 

Q 

The resu l t s  of an investigation of the  effects of drawing air throug-5 
a porous skin on  +,he leading eage of E 37O sweptback wing  of aspect  ratio 6 .. 
indiccte that  ct low Mach numbers the outboard stall  of the wing can be 
delayed and  nose-down moroer-ts can be produced at, m x i a u m  lift, about as 
effectively by %hat means &s m s  done wit:? a leading-edge f lap  or slat f n  
a previous  investigation on t h e  same wing. Tne pitching-moment data fo r  
the wing wi th  suction, however, indicated a nose-cp tenclency just   pr ior  
to the maXhm l i f t  coefficient %Ax thEt w'zs not  noted in  the  data 

for   the  wing w i t h  leading-edge f h p  or slzt. 

Sucticn on ei ther  the forward 1 percent of the  octer 37 percent of 
the semispan or  the forward 1/2 percent of the outer 50 percent Of the 
s e d s p m  w a s  suff ic ient   to  produce s t ab i l i t y  a t  the stall.  Inboard  exten- 
sion of the 1-percent chordwise extent of porocs are&  increased C 

but  extension to include more than the outer 50 percent of the semispan 
allowed nose-up mmeats a t  the stall and did not provlcie any additional 
increase i n  Ck. Chordvise extension of the 5C-percent  semispan extent 

of porous area from the  fordard 1 / 2  percent t o  the forward 2 percent O f  
the upFer surface  increased an& fcr ther  inprove&  the  ste-Dility 
a t  the s t a l l .  

4max' 

c h x  

The mxlmum l i f t  coefficient w i t h  suction  over  the  outer 50 percent 
of the  senispan (0.45b/2 t o  0.95b/2) and the  leading 11 2 percent of the 

chord vas ebout 1.33 with flaps neutral, 1.49 with  half-span sp l i t   f l ap ,  
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- end 1.90 w i t h  half -span  double slotted  ?lap. The pitckdng-noment date 
for the  corzigurations w i t h  flcp neutral  znd vi th-&le-spen  spl i t  flap 
indicated nose-down  moneEts a t  ChaX although a nose-up tendency -was 
zloted just pr io r   t o  C h ;  the _nitching-moment data fo r  the double slotted. 
flap configuration  indicated nose-up xmments et  C h  but nose-down 
nomects as the lift decreased i n  tze stall. 

A t  Mach numbers  above 0.2,  stelling occurred  over  the t i p  sections 
of the  sealed-leading-eQe wing as locel  sonic  velocit ies were appro ched. 
Application of the highest  suction-flow  rates  available /C = 0. OCXd) 

delayed  the ti3 stall until local   veloci t ies  of the order of Mz = 1.20 
were attained  but this delay i n   t i p   s t a l l i n g  was not sufficient  to  provide 
nose-&-m  moments a t  C 

( Q  

h a x .  

Langley Aeromutical  hboratory, 
Nationel Advisory C o d t t e e   f o r  Aeronautics, 

Langley Field, Ve. 
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TAJ3JS I .- RATIO OF TOTAL WING AREA TO WING AREA AFFECTED 

3 Y  SUCTION FOR T€E VARIOUS SPNdIS3 EXTENTS 

OF POROSITY 

Spanwise extent 
of porosity 

0.15b/2 t o  0.95b/2 

0.20b/2 to 0.95b/2 

0.2523/2 t o  0.95b/2 

0.30b/2 to o .9513/2 
0.35b/2 t o  0.95b/2 

C .4So/2 t o  0.95b/2 

0.38b/2 to 0.3523/2 

0.70b/2 t o  0.9513/2 

1.290 

1.400 

1.526 

1.674 

1.847 

2.301 

3.223 

5.092 
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Figure 1.- Details of sctup of sweptback semispan wing and reflection 
plana in Langley 19-foot pressure tunnel. AL1 dimensions  are  in  inchea N 
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Fi,we 2.- Model and reflection plane i n  the Lengley lg-foot pressure 
tunnel. 



_ _  - "- 

1 

I 0.05b/2 
O.O25b/2 

- 
I 

4 
8 

I 

-- 0.60b/2 - 

Solid  ribs between 
each  compar f men# 

each compartment 

FOW measuring venturi in 
each compartment duct 

and smded smoofh 
Section A - A (enlarged) 



28 NACA RM L52L05 

(a) Inboma 0.50b/2 splft flap. Section n o m 1  to 0 . 2 7 ~  line. 

(b) Inboard 0.50b/E double slotted flap. Section noma1 -Lo 0 . 2 7 ~  l ine .  

(c) Fence at 0.50b/2 spmwise locetion. Section parallel to plate of 
symmetry. 

.. 

Tigure 4.- Details of treiling-edge flaps and fence. 
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Figure 5.- Porosity characterlstica of leading-edge surfaces. 
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Figure 7.- Effects of  Reyr-olds nwzber variation on the  leading-edge 
pressure coefficients o? the 37' sveptbeck  wing with porous leading 
edge  sealed . 
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Fi.gure 8.- Effects of Mach  number and Reyno1.d~  number variation on the 
aerodynamic characteristics of the 37' swcptback  wing with porous 
leading edge sealed. 
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Figure 11. - Effec.bs of spanwise variation of cx;l;ent of porous area on 
the aerodynamic characteristics of the 37' oweptback wing. Porosity B; 
chordwise extent, 0 to 0.01~; R = 6.80 x 106, M = 0.12. 
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Figure 12.- Eff'ccto of spsnwioe variation of extenl; of porous area on 
the aerodynamic characteristics of the 37' swcptback wing. Porosity C 
(flagged symbols denote porosity B); chord.wise extent, 0 t o  0 .lOc; 
R = 6.80 X 10 ; M = 0.12. 6 
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Figure 13.- Effects of  spanwise variation of extent of porous azee on 
the leading-edge  pressure  coefficients of the 37O sweptback wing. 
Porosity Bj chordwise extent, 0 to OsOlCj R = 6.80 X 106j M = 0.12. 
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Figure 14.- Effects of chordwise  variation of extent of porous area on 
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except; where noted; spanwise  extent, 0 .h5b/2 to 0.95b/2; R = 6.80 X lo6; 
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Figure 15.- Effects of chor&xise variatioo of extent of porous area on 
the Lecdlng-edge pessure  coefficients of She 37' sveptback kzing. 

Porosity A; spanwise extent, 0.45b/2 to 0.95-0/2; R = 6.80 X lo5, 
h! = 0.12. 



I. 4 

1,2 

1:o 

.8 

.6 
cL 

.4 

.2 

0 

.-2 

.I 
I 

- 4  0 4 8 I2 16 20 24 28 

0 0 0 0 0 0 I 8 12 16 20 24 28 
cI=, deg 

Figure 16.- ET.eecto of CQ variation on the aerodynamic characteristics 
of the 37’ sweptbnck w i n g .  Porosity A; spanwise extent, 0.45b/2 t o  
0.95b/2; chordwlse extent, 0 t o  0.015~; R = 6.80 X 10 6 ; M = 0.12. 
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Figure 1-7.- Sffects of CQ variation OII the leding-edge pressure 
coefficients or" the 37O swepYoack -ing. Porosity A; spanvise extent, 
0.45'b/2 to O.g5S/2; chordwise extent, 0 to 0.015~; R = 6.80 x lo6; 
M = 0.12. 
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F-igure 18.- Erfects of Reynolds number variation on the aerodynamic 
characteristics of thc 37' sweptback wing. Porosity A; spmwise 
extent, 0.45b/2 t o  0.95b/2; chordwise extent, 0 to 0.015~; 
CQ w 0 .oOob.  
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Figcre 20.- Effects of Reynolds amber variztion on the leading-edge 
pressure coefficients of the 37’ swepyDack wing. Porosity A; span- 
wise extent, 0 .ic5b/2 to 0 .gSb/2; chordwise extent, 0 to 0.015cj 
CQ = 0.000~. ’ 
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Figure 21.- Effects of Reynolds number variation on the leadingredge 
pressure coefficients of the 37' sweptback wing. Porosity A; epan- 
wise extent, 0.145b/2 t o  O.gSb/Z; chordwise extent, 0 .to 0.015~; 
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Figure 22 .- Effects of Mach number and  ReynoJ.ds number variation on the 
aerodynamic  characteristics 01 the 37' sweptback wing. Porosity A; 
spanwise extent, 0.45b/2 t o  0.95b/2; chordwise  extent, 0 t o  0.015~; 
CQ z o.oooL5. 
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Figure 22. - Concluded. 
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Figure 23.- Effects of Mach number and Reynolds  number variation on the 
leeding-edge gressure coefficients of the 37' sxeptbeck wing. 
Porosity A; spe.nw5se extent, O.&b/2 to 0.95b/2; chordwise extent, 
0 to 0.015~; CQ w 0.00015. 



b I 

-24 

- I 6  
P 
- 8  

0 

""_"" 
"_"" ""- - 
""" 

""_ 
"""" 

- t6 

P 
- 8  

0 
0 .2 .4 .6 -8 1.0 

2y/b 
(c )  M = 0.20; ll = L.95 x 

CQ = 0.00022. 

Figure 2)t. - Effects of Mach  number and Reynolds number variation on the 
leading-edge pressure  coefficients of the 37' aweptback w i n g .  
Porosity A; spanwlse extent, 0.45b/2 t o  0.95b/2;  chordwise extent , 
0 to  0.01Sc; CQ = maximum available. Y 
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Figure 25.- Effects of leading-edge  suction on the drag characteristics 
of the 37' sweptback wing. Porosity A; spanwise extegt, 0.45b/2 t o  
0.95b/2;  chordwise extent, 0 to 0.015~; R = 6.80 X 10 ; M = 0.12; 
flagged symbol drag  includes C D ~ .  
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Figure 26.- Effects of m upper-surface fence on the aerodynamic 
characteri6tics of the 3 7 O  sweptback  wing. Porosity A; spanwise 
extent,  0.bb 2 t o  0.95b/2;  chordwise extent, 0 to 0.015~; 
R = 6.80 X 10 k ; M = 0.12. 
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Figure 27. - Effects of an upper-surface fence on the  leding-edge 
pressure coefficientc of the 37' sweptback  wing. Poros:Lty A; 
spanwise extent, O.k5b/2 t o  0.95b/2; chmdwise extent, 0 to  0.015~; 
R = 6.80 X lo6; M = 0.12. 
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Figure 28.- Effects of leading-edge  suction and an upper-surface  fence 
on the  aerodynamic  characteristics of the 3'7' aweptback ying with 
hall-span spl i t  flap. Porosity A; spanwise  extent, 0 .&b/2 to 0.95b/2; 
chordwise  extent, 0 to 0.015~; R = 6.80 X lo6; M = 0.12. 
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Figure 29 .- Effects a€' an upper-surface fence on the  aerodynamic 
characteristics of the 37' sweptback wing with half-span double 
slotted flap.  Porosity A; spanwise extent, 0.45b/2 to O.g5b/2; 
chordwise extent, 0 t o  0.0155~; CQ = O.OOOk8; R = 6.80 X 106; 
M = 0.12. 
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Figure 30. - Effects of leading-edge suction on the aerodynamic 
characteristics of the 3'7O swep'tback  wing with hall-span double 
slottea f lap.  Porosity A; spanwise extent, 0.45b/2 t o  0.95b/2; 
chordwise extent, 0 to  0.015~; R = 5.84. X 106; M = 0.24. 
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Figure 31.- Efr'ects oI" leeding-edge suction and EZI upper-surface fence 
on the leading-e2ge pressure  coefficients of the 370 swep%back wiog 
with half-spm flzp. Porosity A; sp-mlse extent, 0.45b/2 t o  0 . g S ~ / 2 ;  
chordvise extent, 0 t o  0.01%; R = 6.80 x IO6 ;  M = 0.12. 
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Figure 32.- Effects of leading-edge  suction on the drag  characteristics 
of the 37' sweptback  wing with hall-npan flaps. Porosity A; span- 
wise extent, O.k5b/2 to 0.95b/Z; chordwtae  extent, 0 to 0.015~; 
R = 6.80 X 10 6 ; M = 0.12; flagged-symbol drag includes CQ. 

I 1 1 I I 



WCA R24 L52L05 

160 

140 

/ 20 

/ 00 

80 

60 

40 

20 

0 
0 4 8 /2 1 6  20 24 

Ang/e of a f f o c k ,  0: 

33.- Varia-Lior- of  calculated.  suction horsepower with ar?gle of 
a t tack of a knothe'sical  airplane with 37' swegtback ~ n g .  Assumed 
wirtg loaaing, 50 poun6s per s q x r e  foot ;  assumed wing area: 
306.1 sqmre Teet;  porosity A; spsnwise extent, 0.45b/2 t o  
0.95b/2; chordvise extent, 0 t o  0.015~. 


